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INTRODUCTION. 13

gated directly along the optic nerve to the retina, and sometimes
even to the vitreous humor.

Tumors, which increase the intra-cranial pressure and that of
the sub-arachnoidal space, cause, through the inter-vaginal space
of the optic nerve, a stasis of the veins of the retina, serous and
hemorrhagic exudations in that membrane, engorgement of the
optic nerve, with strangulation of the papilla with its consequences
(choked disc).

In a less degree the increase of the intra-cranial pressure may
manifest itself by a hypersemia of the papilla, so that the papilla
becomes, in a measure, a page on which we may read the varia-
tions which the intra-cranial pressure undergoes.

There are, furthermore, certain diseases of the heart which are
manifested through a pulsation of the central vessels of the retina.
Bright's disease has often been recognized through a retinitis of a
special form when the existence of albuminuria had not yet been
demonstrated.

Then, too, there are parasites to be found in the organ of
vision, whose presence, when revealed by the ophthalmoscope,
establishes often the nature of an affection previously undetermined,
and of which they are the direct cause,

It would be easy to multiply examples. These are diabetic
cataract and retinitis, the dyschromatopsia of jaundice, etc.; but
the instances we have cited are sufficient to show the importance
of a knowledge of the elements of ophthalmology, particularly
that portion of it which treats of the examination of the eyes, and
the service it may render even to those among you who will leave
to specialists the treatment of ocular affections.

We think we are warranted in saying that as external objects
are pictured upon the interior of the eye, the eye, in its turn,
becomes a mirror, as it were, from which is reflected what is going
on in the interior of the body.

But if ophthalmology has become, within the last twenty-five
years, an exact science, it is not alone on account of the interest
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INTRODUCTION. 17

English savant. But it was this great genius himself who, by
his own labors, really founded scientific ophthalmology, the
department of metrology in particular. With his ophthalmometer
he laid the foundation of physiological optics, with his ophthalmo-
scope that of medical optics.

Availing himself of these newly-discovered facts, Donders, the
renowned physiologist of Utrecht, was enabled to expose, with a
clearness and precision without parallel, the laws governing
refraction and accommodation, and to apply them to the demands
of practice. It is only since the publication of his classical work
on the “ Anomalies of Refraction and Accommodation” that we
have had any clear ideas respecting myopia, hypermetropia,
astigmatism and presbyopia, and have been able to correct, in a
rational manner, the different forms of ametropia, and thus give
to a large class of patients a means by which they could pursue
their work with satisfaction and comfort. It would be a gross
injustice, however, to pass over the names of those who have
extended the work begun by Donders — Javal, MacGillavry,
Giraud-Teulon, Knapp, Nagel, Mauthner, Green, Loring, Couper,
Dyer, Thomson, and many others.

During this time the ophthalmoscope, introduced into practice
specially by the school of Grafe and by Jager, underwent a series
of modifications, all tending to enhance its value. Donders
applied it to the measurement of objects at the fundus of the eye.
Giraud-Tenlon gave relief to the ophthalmoseopic image by
adapting it to binocular vision, while Sichel and others rendered
an examination possible by several persons at the same time. A
number of other names belong to successive modifications and
applications of the instrument.

I have myself treated of the enlargement of the ophthalmoscopic
image, and of the correct appreciation of the size of the objects
observed.

Snellen furnished, in his test-types, the first scientific method
for the determination of the acuteness of vision. He has also
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We shall see further on that a new step has been talen which
had its origin in ophthalmology, but whose advantages extend
thronghout the entire field of optics. I allude to the recent intro-
duction of the metric system into ophthalmology.

The temptation is very great to treat the subject we have
chosen in a strictly scientific manner, for in this, in fact, consists
its great charm and value. But there is another manner of
considering it which is at the same time attractive, and which
will conform more strictly to the objects you have in view. We
shall therefore leave to physiologists the task of working out those
problems which are purely scientific, and only occupy ourselves
with those which are indispensable to our daily practice.

Those who desire to enter more profoundly into the subjeet will
find the questions fully treated of in the chapter on Metrology
which we have published in conjunction with Snellen (Handbuch
der gesammit. Augenheilk., B. I1T), and even more extended in the
worlt we' are at present publishing in connection with Wecker
( Traité Complet d'Ophthalmologie, Paris, 1878),

We divide the subjects we shall treat of in this course of
lectures as follows: 1st. The objective general inspection of the
eye; 2d. Examination of the lids, conjunctiva, lachrymal passages,
and all the other portions of the organ accessible to the naked
eye; 3d. Determination of the distance between the two eyes, their
height and protrusion ; 4th. The movements of the eyes, particu-
larly in their relation to strabismus; 5th. Intra-ocular tension;
6th. Acuteness of vision; Tth. Refraction and accommodation ;
8th. Perception of colors; 9th. Limits of the visual field and
indirect vision; 10th. Ophthalmoscopy, including the examination
of the dioptric media by means of the oblique light.

Of none of these things should a physician of to-day be in
ignorance. You should not leave them to the study of the
specialists if you would bring to your work as general prac-
titioners all the resources of modern diagnosis,







EXTERIOR OF THE EYE. il

Ophthalmoscopy Will form a part of the objective examination ;
but this always dazzles the eye to a greater or less degree, and
renders the functional examination afterward somewhat less
satisfactory. Moreover, the ophthalmoscopic examination requires
a dark room, and it is better to make, at first, all those gxamina-
tions that are possible by daylight. Moreover, the facts gained
by subjective examination are very useful in interpreting the
ophthalmoscopic appearances. These are sufficient reasons for
reserving the ophthalmoscope for the end of our examination.

First, then, of the objective evamination of the patient.

The first thing to which we should direct our attention is the
general condition of the individual under examination. The eye
is not a part of the body separate and distinct from the other
parts, any more than ophthalmology is a branch isolated from the
other divisions of medical science.

When you have to do with an affection of the eye it is, therefore,
advisable not to begin with an examination of that organ, but to
first take a glance at the general aspect of the patient.

Such a rapid general inspection will frequently furnish us with
a clue to an ocular affection, the cause or origin of which wonld
otherwise have escaped our notice. It will give us greater security
in the diagnosis, more assurance in the presence of the patient,
and more certainty in the direction of our treatment.

For example, the form of the cramium is often in direct
relation to the conformation of the eye. Now, the form of the
eye is that which influences most largely its refractive condition;
you can therefore judge, with a greater or less degree of certainty,
of the state of the refraction by the shape of the head,

It is known that hypermetropia depends, in the majority of
cases, on a want of development of the eye in length, while
myopia, on the contrary, iz due to an elongation of the eye in its
lun.gitudiua.l axis, In other words, long eyes are generally myopic,
while short eyes are, on the other hand, mostly hypermetropic.

This difference is frequently pronounced in the appearance of
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than the other, The frontal tuberosities, the zygomatic arches,
the maxills, are much more prominent on one side than on the
other.

Individuals with such a conformation of features are, mearly
without exception, astigmatie, and very frequently anisometropic ;
the refraction is then the stronger on the side which is the more
fully developed, this eye generally being myopic, or at least
emmetropic, while the other eye is, as a rule, hypermetropic.

There is another circumstance which is also worthy of atten-
tion: certain individuals have—it may be congenitally, or in
consequence of an accident or disease, such as syphilis—a sinking
of the root of the nose. This predisposes to catarrh of the
lachrymal passages. Now, in these persons the nasal duct is
usually very narrow and irregular in its course. It is well to
bear this fact in mind, because the sound, which is the basis of
all treatment of catarrh of the lachrymal sae, is inserted, on
aceount of this irregularity, with great difficulty, and a very
serious obstacle is thus thrown in the way of the management of
these cases. This general appearance of the features of the
patient will, therefore, furnish us with very important indications
as to the direction in which the sound shall be introduced. - If]
for example, the osseous parts corresponding to the lachrymal sac
take part in the depression at the root of the nose, or if, aside
from any pa,t-hc-logic-;al condition, the superior portion of the orbit
is very prominent, you should give the sound a strong curve, and
in inserting it press not only in the vertical direction, but make
the free extremity sweep toward the upper edge of the orbit; and
finally direct the lower extremity toward the front.

I mention this point incidentally here because you will find it
of great utility in practice.

When the patient speaks to you do not neglect to take a g[a—.naﬂ
at the teeth. You know that Hutchinson's teeth, wedge-shaped,
with notched edges, indicate, nearly without an-exception, the
existence of hereditary syphilis. On the other hand, indented







EXTERIOR OF THE EYE. 25

the first of these affections a diminution of the intra-ocular
tension, which is absent in the second.

You will be able to recognize, by the peculiar hue of the skin,
that form of ehronic iritis which frequently accompanies leucmmia,
and the special danger of which is the production of punctated
deposits on the membrane of Descemet and yellowish tumors on
the iris. In this conneection you will remember what I said
about this form of disease in the first lecture.

From these examples you will see how important it is to take a
general survey of the patient, and how often it gives us a clue to
diseases affecting the eyes. Whoever neglecis to avail himself of
these helps voluntarily deprives himself of one of the elements of

‘an accurate diagnosis.
. Afterward you will proceed to a special examination of the eyes.

And here, again, you should begin with a general inspection,
You should first Jook at the two eyes at the same time, comparing

the one with the other. Many grave lesions are liable to escape
the notice of those who neglect this comparison and limit their
examination to the eye which appears affected, or only look at one
| at a time.

Sometimes a slight divergence of one eye, or an inequality in
the dilatation of the two pupils, is sufficient to lead us into the way
of a diagnosis of an encephalic affection.

Tumors of the orbit or brain produce frequently a lateral
displacement, or an exophthalmus not sufficiently pronounced to
be detected except by a comparative examination of the two eyes,

A difference in the size of the palpebral opening could not
‘easily escape your notice; but in all these cases take care to
determine whether you have to do with a ptosis in one of the eyes
Or an excess of separation of the lids in the other. If it be a
ptosis on one side the upper lid of that side cannot be elevated to
 its fullest extent, while that of the other eye will enjoy the full
| measure of its movements; in the case of extreme separation of

the lids the eye will not be able to close itself completely, but,
3
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EXTERIOR OF THE EYE. a7

so long as we do not discover the source of the trouble and attack
the granulations themselves.

The inferior cul-de-sae, or retro-tarsal fold, is quite accessible ;
we have only to apply the tip of the finger to the edge of the lid,
and then cause the patient to look upward while we pull the finger
downward. This everts the lid and brings out the cul-de-sac.

For the upper lid we employ a similar proceeding, but there is
greater difficulty in everting it, on account of the breadth and
resistance of the tarsal cartilage. The patient should look down-
ward while you seize gently, with the thumb and index finger, the
edge of the lid; with the other hand you apply some resisting
body, as the point of & peneil, or even the end of the finger above
the cartilage, and make a rotating movement with the other hand
around this body as a centre. The internal surface of the lid
being brought to view in this manner, you can expose it still
farther by drawing the edge yet higher and pressing it against
the edge of the orbit. , :

It is astonishing what we sometimes find hidden away under the
upper lid. It is not only the seat, by preference, of granulations
of the conjunctiva, but also of foreign bodies of all kinds, A
grain of sand, a bit of coal, whenever they fly into the eye, nearly
always seek refuge here, and it frequently happens that these
small bodies, remaining concealed in the retro-tarsal fold for
months and even years, occasion an obstinate and painful conjunc-
tivitis, which leads frequently to papillary hypertrophy of the
mucous tissue. Would you believe that I have found in three
different cases “eye-stones” which the patients had introduced
under the upper lids in order to drive out a grain of sand ?*
And what is still more astonishing than the remedy, is that thesa
gentlemen lived quietly for years with a purulens conjunctivitis
which almost completely disabled them from work, and which was
due entirely to the bodies in question, encased in the hypertrophied

* It is the custom in some portions of the United States to introduce, for this
purpose, a flax seed into the eye.—1%,
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the absence of an exact method for measuring the distance
between the eyes. It is, indeed, almost a matter of impossibility
to measure this distance with a graduated rule, because, what point
shall we take to measure from? The centre of the pupil? In
the first placé, the pupil is not in the centre of the anterior part
of the globe, but a little to the inner side. And further, the
centre of the pupil can only be determined approximately, which
would give chances of error.

Should we take, as proposed by Horner, the edges of the cornea,
the external of one side, the internal of the other? This method
is no more exact than the preceding, because the edges of the
cornea are frequently very unequal, and it is difficult to find the
corresponding points on the same horizontal diameter.

These methods have, moreover, a very serious defect in this,
that we cannot apply the graduated rule to the points the distance
between which we desire to measure, the bridge of the nose
opposing a very considerable obstacle.

In the last place, and this is an essential point, you should not
forget that the distance which separates the corresponding points
of the two eyes (centres of the pupils or edges of the cornea) only
represents the distance between the eyes in a single condition, and
that is when the eyes are directed in lines parallel to each other.
If we measure this distance in a condition of convergence it is
too small; if in a state of divergence it is too great.

Now, it is impossible for any one who has not specially prac-
ticed to that end, to give his eyes a direction absolutely parallel.
There always remains a greater or less degree of convergence, and
the surgeon has no means of judging whether the eyes of his
patient are parallel or not.

And the still further disadvantage of this method is that it
cannot be applied to the eyes of those affected with strabismus,
the very eyes in which it is most important to know the inter-
ocular distance. It is evident that these individuals never bring
their eyes to a state of parallelism.
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A vertical plate divides the box into two parts; it is situated
exactly in the middle of the distance separating the further
extremity of the box and the line uniting the centres of rotation
of the eyes.

The forther extremity of the box is closed by two plates, which
can be moved separately in a lateral direction. In each of these
is a vertical slit (i’ and 4). A similar slit (¢) is made in the
middle of the central diaphragm. A cover encloses the whole.

To measure the distance between the two eyes we apply them
to the anterior extremity of the box, each one looking through its
appropriate opening. By means of the slide on the interior, one
of the openings, for example, the one corresponding to the left
eye, is closed, and the right eye alone looks into the box. This
eye can see nothing so long as the slit in the middle and the slit
on the left at the other end do not correspond with the visual
axis of that eye. We can bring this about, however, by a suitable
movement of the left movable plate at the farther end of the box.

We proceed in a similar manner with the other eye.

You can easily understand that the distance (i’ 7) between the
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demonstrate the existence of a displacement, but it s necessary to
measure its degree, in order to fully appreciate the changes it
may undergo.

It is generally easy to recognize differences in the height of the
two eyes. It usually suffices to let the patient hold the head
perfectly erect, when, in moving the eyes, the affected one will
appear to be restricted in its movements in the direction opposite
to that of the displacement; a tumor on the lower wall of the
orbit will restrict the downward movements and displace the eye
upward.

Ir order to approximate the degree of displacement we hold on
a level with the pupil of the unaffected eye a rule perfectly
horizontal, and estimate the number of millimeters which the
pupil of the other eye is displaced above or below this level ; if we
want to be more accurate we hold another rule. perpendicular to
the first, on which we measure the extent of displacement
precisely.

In those cases where the vertical displacement is so slight as to
escape our notice there is a subjective symptom which will not
fail to furnish evidence of its existence, and that is diplopia.

Diplopia is called forth whenever there exists the least difference
in the height of the two eyes, and it is so much the more
tronblesome because the double images can be ‘united, if at all,
only with the greatest difficulty. In the horizontal direction a
strong contraction of one of the recti, or a slight rotation of the
head, suffices to reéstablish single vision; here it is not so, and it
is frequently the diplopia alone which brings the patient to the
surgeon.

- In such a case it should be determined whether the diplopia is
due to a total displacement of the eye, or whether it is a
consequence of an incomplete muscular paralysis. I say ineom-
plete, because the deviation which follows a complete paralysis
will never be confounded with a total displacement, and vice versa.
Let us suppose, for example, that the left eye of a patient
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cornea; this latter, then, begins to ulcerate, to dry up, desquamate,
and the trouble ends frequently in its total destruction and a
complete loss of vision.

We can measure the protrusion approximately, by taking, as a
point of departure, the external edge of the orbit, and determining
the distance which the cornea of each eye extends beyond it. For
this purpose we employ a graduated rule, which is applied hori-
zontally against the external wall of the orbit, and observe on the
rule the point corresponding to the apex of the cornea.

It is evident that this method is not very exact, because we are
not always certain that we sight the cornea at a right angle.
We can avoid this error by using my double rule.

This small instrument is composed of two rules divided in
millimeters, fixed parallel to each other at a distance of about one
centimeter, and in such a manner that the perpendicular lines
marking the divisions of the rules shall correspond exactly.
We apply the zero point of this double rule against the edge of
the orbit and sight the apex of the cornea acrossit. If the two
corresponding divisions on each rule and the apex of the cornea
are in a line, we are certain that we have sighted at a right angle
to a line perpendicular to the cornea.

This method suffices in the majority of cases, and as it measures
easily with the exactness of one half a millimeter, can replace all
guch instruments as protrusiometers, exophthalmometers, ete.,
which have been invented to measure exophthalmus, and which
I do not think it necessary to deseribe.

There is a condition, however, where this method cannot be
applied, viz., where the orbit has taken part in the process which
produces the exophthalmus. The orbit cannot then be taken as a
point of departure for measurement, and can no longer be com-
pared with that of the other side. But there is one point that
yet remains the same, and that is the bridge of the nose.

We can therefore find the distance the bridge of the nose is in
advance of the apex of the cornea on each side. This plan of
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LECTURE IIL

MOVEMENTS OF THE EYES.

GENTLEMEN :—Having now determined the position of the
eyes, we turn our attention, next, to their direction.

Unfortunately, we have not time to study thoroughly the
physiology of the movements of the eyes. Some knowledge of
this subject is, however, essential to a proper understanding of
the pathological derangements to which they are liable.

You know that the eye is moved by six voluntary muscles.

These muscles, taking their origin mostly from a tendinous ring
around the optic foramen (Fig. 3), pass over to the globe of the
eye, some directly, others after reflexion, and become attached to
the sclerotic, each by a broad, flat tendon.
~ Four of them, which go directly from the optic foramen to the

globe of the eye, have received the name of rectz muscles, and are
distinguished, according to their positions, as rectus internus,
rectus externus, rectus inferior and rectus superior,

A fifth muscle, the superior obligue, arises, like the foregoing,
from the optic foramen, but, after passing along the inner and
superior wall of the orbit, is reflected through a tendinous ring
at the superior and anterior inner edge of the orbital cavity, and
passing backward, is inserted into the upper and outer portion of
the globe. .

The sixth, the inferior obligue, arises from the anterior and
inner part of the inferior wall of the orbit; it passes under the
globe, toward the temple, and is inserted into its outer and
posterior part.

The rectus superior, rectus inferior, rectus infernus and the
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source—the motor oculi eommunis (third cranial pair); the
1l superior oblique and rectus externus each receives a special nerve, |
1Rl the former the patheticus (fourth pair), the latter the abducens |
(sixth pair).

The action of all these muscles is to turn the eye around a point

, i obliquus inferior receive their nervous supply from the same
|

Fig. 8.
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called the centre of rotation, situated on the antero-posterior axis
i of the globe, fourteen millimeters behind the cornea and ten
i millimeters in front of the posterior surface of the sclerotie, in the
| t emmetropic eye, and corresponding to the point of intersection of
& the axes of rotation of the muscles of the eye. (See Fig. 3.)

il From their points of insertion it will be readily seen that these
six muscles form three pairs of antagonistic muscles, each of
which is composed of two muscles turning the eye around the
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same axis, but in opposite directions, Thus, the rectus wnternus
and rectus externus turn the globe inward and outward about a
vertical axis.

The axis of rotation of the rectus superior and rectus inferior
(d d Fig. 3) is situated in a horizontal plane; it is not, however,
strictly transversal, but forms, with the visual axis, an angle of
about 67 degrees, the nasal extremity being in advance of the
temporal. On this account these two muscles, apart from their
principal action in elevating and depressing the cornea, have an
effect to turn the eye slightly inward.

The axis of rotation of the superior and inferior obligue
(oo Fig. 3) is likewise in a horizontal plane, but its direction is
much more oblique than the foregoing, since it males, with the
visual axis, an angle of 38 degrees; its external or temporal ex-
tremity is in advance of its inner or nasal. These two muscles,
therefore, incline the cornea outward, to a considerable degree,
at the same time that they direct it, the first downward, the second
upward.

In a normal condition these muscles, with the exception of the
internal and external recti, never act singly, but are associated in
divers manners for bringing the line of vision into different
positions. .

Thus, to look directly upward the rectus superior and obliguus
inferior are united in action ; to look directly downward, on the
contrary, requires the combined action of the rectus inferior and
obliquus superior. In this combination the deviation inward which
would be caused by the recti superior and inferior, when acting
singly, is counteracted by the opposing action of the obliqui. Baut,
even when a single muscle suffices for any direction of the visual
axis, there will be none the less a simultaneous contraction of all the
other muscles, in order to maintain the eye in the position which
it occupies. This tension of the muscles of the eye is, moreover,
permanent, for on section of all the muscles the globe is seen to
advance several mi':llimetrara_.' In all cases every movement of one
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direction is the deviation ? To take the most common instance,
is it an excess of convergence or of divergence? It is an
excess of convergence when the lines of vision or the visual
axes cross in front of the point of fixation; it is an excess
of divergence when they cross behind it. It is easy to determine
either of these conditions. By causing the patient to fix an object,
as the tip of the finger, for example, we see immediately whether
the eyes converge too much or too little. In the example we
have taken, let us suppose that the visual lines cross in front of
the object fixed : the strabismus is convergent.

We must now determine which eye it is that deviates. In other
words, an excess of convergence being demonstrated, to which eye
is it due? A variety of cases may present themselves.

In the first place, the convergence may be produced either by
a paralysis of the external rectus, or by a spasm of the internal
rectus; the latter, however, being extremely rare.

Or, without a loss of mobility in any of the muscles there may
exist a disturbance in their relative movements, a condition in
which both visual axes are never directed to the same point, but
are always crossed in front of the object, whichever eye is fixed
on it. This is called strabismus concomitans. In this case the
field of excursion of each eye is not diminished, but only displaced
a certain number of degrees inwardly or outwardly.

Finally, strabismus may be only apparent. The centres of the
cornea which guide our judgment in this matter, or rather the
corneal axes, may converge or diverge, while the visual lines
cross af the point of fixation. This is possible for the following
reason: Kven in the normal eye the visual lines do not, as a
general rule, coincide with the axes of the cornea, but form with
them an angle which is called the angle a. You can readily
understand that this angle may be larger or smaller in different
individuals,

Allow me, by way of parenthesis, to say a few words concerning
4
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myopia the yellow spot approaches the optic nerve to such an
extent that it sometimes passes beyond the optic axis and is
found on the tnner side. In this case, the anterior extremity of
the visual axis is situated to the cuter side of the optic axis, and
the angle a is negative ; we give it, then, the negative sign —,

These facts, worked out by Helmholtz, Knapp, Donders and
Doijer, and demonstrated by all who have occupied themselves
with ophthalmometry, coineide perfectly with analogous facts which
I have observed in my measurements of the distance between the
papilla and macula lutea., I have measured the distance in 100
eyes during life, and have found a mean of 3.9 millimeters for the
emmetropic eye, a greater distance for the hypermetropic eye,
and a smaller for the myopic*. M. Dobrowolsky has obtained
similar restlts. :

You understand, now, how it is that when the angle a is
positive the eyes appear to diverge, while they appear to converge
in the opposite condition, notwithstanding the perfectly correct
direction of the visual axis; the observer guiding himself by the
centre of the cornea or the pupil through, or near to which, passes
the optical axis.

For the determination of the angle « we generally use the
ophthalmometer, which is admirably adapted for the purpose and
very exact. But, as the instrument is not always accessible, I
will describe a method much less exact but more simple, which we
owe to Javal,

The eye to be examined is placed in the centre of a graduated
arc like that of the perimeter. The eye is then required to fix a
point (o) which corresponds to the apex of the are, while you
move along the arc a small flame, the reflection of which you
observe in the cornea. At a certain degree of the arc the reflection
of the flame will be just in the centre of the cornea. You find
this point by following the progress of the flame, the eye being
directly above or beneath it. When this point is found we know

* Annali d'ottalmologia del Prof. Quagline. Milano, 1872, I.
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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
angle a.

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 arc,
the flame remaining in its place, until he sees, with one eye, the
roflection 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.

Fig. b

In fig. 5, o is the deviating eye, which should, in its normal
position, be directed toward ., but 18 now directed toward A.
The angle AoL is the angle of the strabismus. The eye of the
observer will see the reflection of the flame L from the centre of

* Annal, d'ocul,, Jan.-Fev., 1878,




MOVEMENTS OF THE EYES. 45

the cornea at B, when the ray Le will be reflected from the cornea
at an angle equal to the angle of incidence Led. This last angle
is almost the same as the angle Lod, which is the angle of the
strabismus, and which is half the angle LeB.

Let us now return to our patient, We must first determine
whether the strabismus is real or apparent. For this purpose we
simply cover, with our hand, one of the eyes of the patient (or we
can use with great advantage, for the same end, a piece of ground
glass, which, applied close to the eye of the patient, allows the
gurgeon to follow the movements of that eye, but through which
the patient is unable to see). We then cause the patient to fix
attentively the forefinger of the other hand with the uncovered eye.

Now, while he fixes the finger closely we cover and uncover
rapidly the other eye. If the eye first covered does not move
while under the glass, or when the cover is removed, and sees
the finger fixed, distinctly, the strabismus is only apparent ; it is

due to the angle a. Already under the hand or glass, that eye

was directed to the object fixed by the free eye. We had
attributed to a deviation of the visual axis that which was due to
the convergence of the corneal axes.

In cases such as we have chosen (convergent strabismus), appa-
rent strabismus will be exceptional, the divergence of the optic
axes being, as we have seen, much more common than converg-
ence. In our case, as soon as we remove the hand from the
covered eye it makes a movement outward, in order to fix the
finger. This shows that under the hand it had been duaﬂtad too
far inward. The strabismus is, therefore, real.

This fact being established, we have now to determine whether
we have to do with a paralysis of one of t?w external recti muscles,
or with a strabismus concomitans.

For this purpose we repeat, successively, on each eye, the
procedure just detailed ; we ascertain, by this means, whether the
movement of readjustment is the same for each eye, in which case
it will be a strabismus concomitans; or whether the deviation
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our finger, which we move to the right, left, upward, downward,
to the furthest limits at which he is able to see it.

We thus compare the degree of adduction and abduction which
each eye is capable of, and ascertain whether these movements
are normal, as they are in the case of strabismus concomitans, or
whether they are limited in one direction, as they would be in
paresis or paralysis.

This is a rough means for determining the limits of the
movements of the eyes, but more latterly I have been using a
method in my clinic which enables me to measure, with a
considerable degree of exactness, the field of fization for each eye,
both in healthy and pathological conditions. I put the head of
the patient at the centre of the hemisphere represented on the
walls by tangents (Fig. 8). The divisions are made in a hori-
zontal and vertical dirvection, as well as in two intermediate
. directions. I cause the eye under examination to follow an
object (t&atllettara], which measures its minimum acuteness of
vision, and which I move along the graduated lines. The patient
indicates the points where it can no longer be seen distinctly.
This marks, of course, the limits of excursion for the eye in the
various directions followed. It is quite necessary to use as an
object one of which the patient can distinguish the details, and
not simply a piece of white paper or a flame of a candle, because,
in order to determine with exactness the limits of movements, we
must take as a basis the line of direct vision which falls on. the
macula lutea. If we use indirect vision we are sure to obtain a
field of fixation larger than exists in reality.

The measurement can also be made by means of the perimeter

and very small printed letters. This plan is especially applicable
to myopes. The field of fization is recorded on the same diagrams
as the fleld of vision (Fig. 24). This method of determina-
tion is of especial importance when we have to do with the
operation of strabotomy. By measuring, before the operation, the
degree of strabismus and the contractile power of the weakened
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of the deviating eye is removed 5 millimeters from the point to
which the centre of the pupil would correspond in a normal
condition.
You will easily see, however, that this is a method of measure-
ment extremely arbitrary. In the first place, what is more difficult
than to determine exactly the points on the lid which correspond [
to the first and second positions ? ‘

|
|
point on the lower lid which corresponds, vertically, to the centre v

Then, again, it is evident that rotary movements, such as those
of the eye, should never be expressed by linear measure. When
we have to do with displacements of the eye in its totality, we _
may say, the eye is moved 5 millimeters upward, downward, to !, |
the left, to the right, or forward. But the movements of the eyes 1
are not displacements en masse, as we well know; they are |
rotations around a centre which remains fixed. ' [1

The expression of the excursive movements of the eye, as well as i F ]
 the limitation of such exeursions, is given by the arc which the
eye has described, or by its corresponding angle, the apex of
which is at the centre of rotation of the globe. I 1

You can see what errors we are liable to commit by measuring I |
this arc by its projection.on a straight line. You find one day, |
we will suppose, a strabismus of 5 millimeters; some time after it
is 10 millimeters ; would you say that it had doubled? Certainly
not. You all know that the projection of equal arcs on a right
line tangent to 0° diminishes more and more in proportion as the
ares approach to 90°, in such a manner that, in the case we speak ; E
of, the rotation of the eye has more than doubled. .

Strabometry based on the measure of displacement of the
centre of the pupil is, therefore, a method radically wrong, and it
is astonishing that any one should propose a linear strabometer. l

If we use a graduated rule across which we sight at the centre ' q
of the pupil, if we use the edge of the lid, which is neither a
straight line nor an arc concentric with the excursions of the eye, |
or if we use the pretended strabometers, which consist of a it
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bismus. It does not answer sowell as the foregoing in the higher
Lit‘E,t't‘Uc?S.
If the eve is deviated upward or downward, we proceed in the

same way, placing the arc vertically.

FiG. 8.

!
5|

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, h
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

T
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LECTURE IV. ,

MOVEMENTS OF THE EYES (Costisven)—PRISMS.

GENTLEMEN :—The objective examination, of which we spoke in
the last lecture, is the only one possible in cases where the
deviating eye has lost its power of vision. Where the power of
vision is still preserved this should be followed by the subjective
examination.

The principal subjective symptom of paralytic strabismus is
diplopia. The diplopia is due to the fact that the retinal image
of the object fixed, which, in the unaffected eye is formed on the
macula, falls, in the deviating eye, on another part of the retina,
and is projected as if the eye was in its normal position.

Let, for example, D (Fig. 7) be the right eye, and S the left
deviating inward. The centre of rotation is in r, the macula in
m ; O is the object of fixation. The macula of the right eye is
directed toward the point O; that of the left is directed toward
the point X. The image of O, instead of being formed in the
latter eye at m, is formed at o, and the eye S, which judges of
the position of exterior objects as if it was in the proper position,
projects its retinal image o in the direction from which the
luminous rays should come, that, in a normal position of the eye,
form their image in o.

In order to find this last direction we have, then, to suppose the
gye returned to its normal direction, toward 0. In this case the
point 7 will be at o in front of O; and o will be displaced at an
equal angle, and be found in of, and consequently the image will
be projected in the direction o 0/, The object fixed is really,
therefore, seen by the left eye S at 0'. It is at O’ that the

——
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object should be found which forms its image, when the eye 18

!

normally directed, at o’. As this projection of the object is

situated on the same side as the deviating eye, we call this form

of diplopia homonymous.

H : y Sy A +1
The reverse of this takes place In strabismus divergens, wien
the eve is deviated outward. The anterior portion of the eye
being then turned outward, the posterior part 18 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

4—~




MOVEMENTS OF THE EYES. 55

temporal part of the retina. Since, in a normal condition, it is the
objects situated on the opposite gide which form their images on
the outer portion of the retina, the image is projected in the
direction of the nose, that is to say, to the side of the unaffected
eye, and the diplopia is crossed.

Hence the general law: T'he diplopia is always in the direction
opposite to that of the deviation: strabismus convergens,
homonymous diplopia ; strabismus divergens, crossed diplopia ;
eye deviated upward, image below ; deviation downward, image
above. In the example which we have selected we will have,
therefore, a homonymous diplopia.

The diplopia is only noticeable by the patient, and causes him to
seek advice, when the deviation occurs suddenly, in consequence
of an apoplexy, for example, or in rheumatic, syphilitic, or
traumatic paralysis, etc. When the strabismus is developed
slowly, especially in anisometropia, or when there is a notable
difference in the acuteness of vision in the two eyes, the patient
soon learns to suppress the image of the deviating eye and to
look only with the other, whether there be a persistent deviation
on one side, or each eye fixes in succession. L

In these cases we sometimes bring out the diplopia by covering,
with a colored glass of a strong tint, the eye which is habitually
in use, and cause the patient to look at the flame of a candle
placed at about two or three meters distance. This method has,
moreover, the additional advantage of enabling us to control
better the answers of the patient, since we always know to which
eye to refer each image.

In our case, therefore, we will cover the right eye with a deep
red glass, and the patient will say that he sees two flames, one, of
the usual yellow color, to the left, the other, red, to the right. If
the diplopia is not immediately pronounced we ask him the color
of the flame he sees; he will probably answer “red.” We then
cover the right eye with the hand in order to draw his attention
and fix it on the image of the left eye. By thus covering each
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In the first place, the diplopia varies, for the same deviation,
according to the distance between the object fived and the eyes of
the patient; it increases and diminishes directly as this distance.
You can easily convince yourself of this fact by producing an
artificial diplopia by means of a prism. You will thus see that
the two images approach to or remove from each other, as the
object is approached to or removed from the eyes. If we would
express the degree of the strabismus by the distance between the
double images, it is necessary to state the distance between the
object fixed and the eyes of the patient.

This method is the one generally adopted for the measurement
of diplopia. It is said, for example, “here is a patient who, at
a distance of two meters, has a diplopia of ten centimeters; it
increases toward the left and amounts to thirty centimeters at a
distance of two and a half meters.” The diplopia for vision to the
right, upward and downward, is determined in the same way.
What strikes us at once in this manner of proceeding, is the large
number of figures employed, and the confusion which they ave
liable to canse. But its principal defect lies in the fact that we
express the value of angles in linear magnitudes. We have
rejected linear strabometry in the objective examination ; we should
therefore, for the same reason, reject it in subjective strabometry
by means of diplopia,

Here again we say : the line of vision is deviated to the_righf or
left, not for so many meters, but by so many degrees.

Again, we do not content ourselves with indicating the distance
between the double images, but measure, by the diplopia, the
angle of the strabismus. According to the definition we have

already given, the angle of the strabismus is the angle formed by
the visual axis of the deviated eye with the direction which it
should normally have.

Let us now refer for a moment to Fig. 7. We place a lamp at

| 0, at a distance of three meters in front of the deviating eye S ;

00 is therefore the direction which the visual axis should normally
5
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strabismus remains the same for all movements of the eyes, the
diplopia must necessarily increase in all the directions of the field
of fixation. In such a case we have to do with a true strabismus
concomitans, and the increase in the distance between the double
images simply corresponds to the increase in the tangents of the
same angle.

You thus see what an error we commit in taking for a direct
measure of the strabismus the linear distance between the two
images.

We remark, finally, that our method of measuring the angle of
the strabismus is in no way more complicated than the linear
‘ measurement. In this latter you must likewise use a graduated
tape. Now, the tangent division is as easily made as the linear,
since you have all your lengths calculated in the table which we
have just given. The final advantage of this method is that it
gives results which can be compared with those furnished by the
objective measurement, and allows one to be controlled by the
other,

PRISGMS.

We come now to an important method for correcting, and at
the same time measuring, the strabismus, that is, the use of
prisms.

In looking through a prismatic glass we find that it produces
an effect analogous to that of a deviation of the eye, that is to say,
it causes a displacement of the objects looked at. It follows
from this that, employed in a contrary sense, the prism would
nentralize the diplopia caused by the deviation of an eye,

The action of a prismatic glass is explained as follows :—

A luminous ray coming from the point a (Fig. 9) and falling at
b on a prism under an angle of incidence a b d, is deviated toward
the normal, let fall at b, and crosses the prism in the direction b e.
It leaves the prism inclining from the normal to the point ¢, and
pursues’ its course toward the eye o in a direction e o, very
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The offect of a prism with its base directed outward will be to
turn the rays coming from the object in that direction, and make
them fall on the yellow spot.

By this means, the images of the object fixed being formed
simultaneously on the macula of each eye, single and binocular.
vision is reéstablished.

Whence we obtain the general law: The apex of the correcting
prism should be turned in the same direction as that in which the
eye is devialed; deviation upward, apex upward ; strabismus
divergens, apex outward, etc.

The intermediate or oblique deviations can be corrected by
single prisms placed obliquely ; but we prefer, in the determina-
tion of the strabismus, to divide them into their two component
parts, the one vertical, the other horizontal, and in their correction
to use two prisms with their apices directed in the corresponding
directions. We have no need, then, to determine directly the
inclination of the prism. You can readily see that it is also pos-
sible to correct the diplopia by holding & prism in front of the
unaffected eye and directing the apex in the contrary direction.

We, however, prefer to correct directly the deviating eye, or to:

divide the correction equally between the two eyes.

The greater the deviation of the eye, and consequently the
more considerable the diplopia, the stronger must be the prism.
The angle of deviation of the prism should, therefore, increase
with the angle of the strabismus, and, theoretically, the one should
be a measure of the other, in such a manner, for example, as that
a diplopia corrected by a prism No. 8 (having an angle of
deviation of 4°) should correspond to a strabismus of 4°.

This method of measuring strabismus is, indeed, the one quite
generally employed. But, in the majority of cases, the value of
the angle of strabismus, determined objectively, is greater than
the angle of deviation of the correcting prism.

This can be explained as follows: When, by the aid of a certain
correction, the double images are brought very close to one
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The muscles which are the most frequently paralyzed singly, are
the external rectus and the superior oblique, each supplied by a
special nerve. The other muscles, internal recti, superior recti,
inferior recti, and inferior obliques, all supplied by the motor
oculi communis, ave generally affected together, and are accom-
panied by paralyses of other muscles supplied by the same nerve;
the levator palpebrs superioris, sphincter of the iris, and muscle
of accommodation ; constituting a very characteristic group of
symptoms, We should say, however, that isolated paralyses of
one of the muscles innervated by the third pair are not altogether
rare.

Grife, whose authority on all points touching the troubles of
motility of the eye is incontestable, has recorded, among 40,000
observations of eye affections, 183 cases of paralysis of the muscles,
and, among this number—

105 paralyses [1solated} of external rectus.

o A “ superior obligue.

111 § ¢ rectus inferior,
2 R 1" # ¢ puperior,
Sttt & # % internua.
Al ] “ inferior oblique.

I cannot here enter into a detail of the special symptoms offered
by the paralyses of these different muscles. I would refer you, for
that, to the Chart to be found at the end of the volume. But as
all these symptoms, however various they may be, are under the
dominion of a few general laws which follow from what we have
been considering in this lecture, I will conclude by giving an
exposition of them :—

A. In incomplete paralysis, the deviation which the unaffected
eye undergoes while the affected eye fixes, is greater than the
deviation of the affected eye during the fixation of the unaffected
eye.

B. The impaired motility and the diplopia increase in the
direction of the action of the paralyzed muscle. This is why, in







MUSCULAR ASTHENOPIA. 67

LECTURE V.

MUSCULAR ASTHENOPIA.—TONOMETRY.

GeNTLEMEN :—I cannot leave the consideration of the move-
ments of the eyes without speaking of certain visual troubles
which, at first sight, would appear quite independent of muscular
function, but which, in reality, are in the most intimate connection
with it.

A patient complains, for example, that his vision is fatigued
very quickly; in the evening, especially, he cannot read nor write
for any length of time, because when he has read for a short while
the letters dance before the eyes. If he attempts to overcome
this faulty vision he is successful only for a time, and invariably
experiences, in consequence, pain in the eyes and head, especially
the forchead. We have, in a word, the condition which is termed
asthenopia.

Your first thought would be that the patient is hypermetropic
or presbyopic, since the complaints of such patients are difficulty
in vision near at hand and the impossibility to continue work for
a length of time without pain. The cause of these phenomena is,
as you are aware, an error of accommodation.

But on examination you find, on the contrary, a myopia,
and frequently of a considerable degree. .

You can here exclude presbyopia, because the patient, even
without an effort of the accommodation, can see near. at hand.
You should now get a full and complete account of the symptoms
of which the patient complains. * Ask him, in particular, if he
does not sometimes see the letters double when the eyes begin to
ache. If he answers in the affirmative, as iz usually the case,
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under the hand or ground glass; it is necessary to study it more
closely and determine its degree. For this purpose we cannot
use the objective mensuration, because there is generally no
spontaneous deviation, and it is only manifest after considerable
use, and in consequence of fatigue.

We must have recourse, therefore, to the diplopia. But again,
this does not manifest itself spontaneously, especially for vision at
a distance. In order to produce it we place in front of one of the

eyes of the patient a prism of about 15°, with its apex directly

upward or downward.

We have already seen, in considering strabismus of low degrees,
that the saper-position of images produced by the prism renders
their fusion impossible. So the patient abandons his eyes to the
natural play of their muscles, and then there is made manifest, in
the case under consideration, a crossed diplopia. In order to
prove it you place before the patient a sheet of paper on which is
marked a black dot on a vertical line. You cause him to hold
this at the distance at which he habitually reads.

The patient looking through the prism will, naturally, see two
black dots, but not on the same vertical line; the left eye will see
one of them to the right, and the right eye the other one to the left.

Crossed diplopia corresponds, as we have seen, to a divergence
of the eyes. We seek, therefore, the prism which, held horizon-
tally with its apex directed ontward, again brings the two images
on the single vertical line. It is solely for the purpose of
facilitating the judgment of the patient as regards the position of
the two images that we draw the vertical line through the dot.
The patient has, then, only to indicate the moment when the
double lines are exactly super-posed. You should take the
precaution not to make the lines so long that, with the prism
employed and the distance at which the experiment is made, they
touch each other. The degree of insufficiency is determined by
the number of the prism, held horizontally, which corrects the
diplopia.
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tropes or presbyopes Who wear convex glasses, we can produce, on
the other hand, the same effect by approzimating the glasses;
the external portions of the convex glasses will act as prisms with
their apices directed outward, An examination of Figure 10 will
show at once the mechanism.

We can easily obtain the prismatic effect by having the glasses
g0 cut and fitted into the spectacle frame that the centres of the
pupils shall fall to any desirable extent to the outer or inner side
of the centre of the lens. We can thus attain the desired end and
avoid the somewhat striking appearance which widely separated
glasses present,

When the insufficiency of the internal recti is greater than 15°,
and when the patient has passed the age of infancy, we can
remedy the error by a delicately performed tenotomy of one of
the external recti, or even of both. But we must be on our guard
and not give too much effect to the operation; we should the
rather leave a slight degree of divergence than run the risk of
a possible convergent strabismus. Under such circumstances we
prefer the horizontal incision in the subconjunctival tenotomy.

We meet, sometimes, with an insufficiency of the external recti.
It is found nearly always in Aypermetropes. It is much less
frequent than that of the internal recti, and the consideration of
it will not detain us, since it has the same symptoms, but 1 an
opposite sense, as those we have been considering. The diplopia
is homonymous, and in order to correct it we must separate the
conver lenses, which then represent prisms with their apices turned

inward ; or, if we prefer, we give prismatic glasses turned in the
same direction.

TONOMETEY.

The resistance which the eyeball opposes to external pressure is
called the intra-ocular tension, and is a condition which sometimes
assnmes great importance in diagnosis and in treatment. As an
example, I instance glaucoma. You are aware of the extreme
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gravity of this affection, which, requiring prompt surgical
interference, is very frequently misunderstood, especially at the
beginning of its course. Now, glaucoma is characterized by an
increase in the tension of the eye, and if the surgeon neglects
the examination of the state of tension he will not recognize the
affection in its first stage, and will not be prepared to combat it
effectunally.

The following case, which recently came under my obgervation,
will serve to illustrate the importance of this examination. A
poor patient came to me from the provinces, completely blind ;
she came, she said, to be operated on for cataract; and, in fact,
the lenses in both eyes were somewhat turbid; and this was the
more apparent on account of slight dilatation of the pupils. But,
on an ophthalmoscopic examination, which was easily possible, in
spite of the opacity of the lens, 1 discovered an excavation of botl
optic papillee, and a complete atrophy of the optic nerves; the
globe, on both sides, was as hard as stone; there was not a trace
of perception of light. It was a case of double absolute glaucoma,
and T was obliged to send the unfortunate woman home without
any hope of recovery of her vision. -

How did this come about ? The affection was developed slowly,
first in one eye and afterward in the other. When this woman
was suffering she went to her physician, who told her that she
had a cataract, but that she could not be operated upon until the
cataract was ripe, that is to say, when she could no longer see at
all. This happened, indeed, but at a time when she was beyond
all hope of cure. If the physician had recognized the necessity
of examining the tension of the eye, he would have recognized
at once the nature of the trouble, and would have been able to save
the eyes of his patient. :

This, unfortunately, is not an isolated instance. Every ophthal-
mologist can cite analogous cases. It is important, therefore, that
you should have your attention directed toward a symptom of 80
much consequence, and that you should know how to test the
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sntra-ocular tension. To do this, we proceed in very much the
same manner as we make palpation. We place the tips of the
forefingers lightly on the eye, covered by the upper lid, and press
gently with each in turn, the other fingers resting against the
edge of the orbit. This palpation should be made solely by the
muscles of the fingers, and never by a pressure of the entire hand.
During this examination the patient should look downward, in order
that we may press only on the sclerotic; if the eye is directed
upward, pressure is made on the cornea, which causes the tension
to appear higher. For a similar reason the tips of the fingers
should be applied above the tarsal cartilage, the thickness and
resistance of which will give a false idea of the tension of the eye.
| Coccius has proposed that the fingers be applied directly to the
| globe, the proceeding being, according to him, exceedingly well
| supported, if precaution is taken to moisten the fingers in tepid

water. This is, of course, much more exact than the other method,

on account of the variation in the volume and consistency of the

lids in different individuals. However, when one has become used

to making palpation through the lid, an exactness sufficient for

practical purposes can be attained. The direct palpation can be

reserved for doubtful cases, or those in which the lid is deformed.

For comparison you can take the eye of the opposite side when
it is healthy ; but it is best to take your own eye. This com-
parison you should never neglect.

Bowman, of London, has endeavored to find how many distinct
degrees of intra-ocular tension he could recognize by the aid of
the touch simply. By comparing his results with those of his

- colleagues, he concluded that there could be recognized three
different degrees of augmentation and three of diminution of intra-
ocular tension. Designating, then, by 7' the normal tension, he
calls 7+1, T+2, T+3, the various degrees of elevation, 7—1,
T—2, T—3, the different degrees of diminution of the tension of

the eye.
In order to measure in a manner still more exact the intra-
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- At a reunion of physicians at Utrecht I proposed to construct a
tonometer according to the following principle :—

Take a compressible ball the size of the eye and communicating
with a receptacle which, as well as the ball, is filled with water.
Apply this ball against the eye in such a manner that the latter
shall make a certain depression in it; afterward increase, by any
means whatever, a weight or spring, the pressure on the ball until
this shall have recovered its original form; its tension will then
equal that of the eye. This moment will be indicated by a return
of the water contained in the ball to the level of that of the
receptacle. The pressure which you have to make on the ball in
order to restore it to its form will represent the intra-ocular tension,

I have not pursued this idea to its realization, but I give it to
' you, and think that, proceeding on this principle, we can make
a good tonometer.

In practice, it is true, the educated fingers nearly always suﬁoe
to appreciate the intra-ocular tension; but who knows if, with the
means of measurement rendered perfect, we should not obtain, on
this point, new indications important for diagnosis and therapeusis?
In any event, physiology demands a tonometer which can replace,
without any lesion to the eye, the manometer which the
experimenter is obliged to introduce into the anterior chamber in
order to determine the pressure of the interior of the eye.

Among the diseases in which we especially find an increase of
the intra-ocular tension, we mention, in the first place, glaucoma,
of which it forms, as we have previously remarked, the principal
symptom. It is this excess of pressure which produces the
corneal trouble, the dilatation of the pupil, the pulsation of the
veins and frequently of the arteries of the retina, but, first of all,
the excavation of the papilla and the compression of the nervous
fibres which canses the progressive contraction of the field of
vision, and finally complete amaurosis. You are aware that a
large iridectomy, peripherally situated, almost certainly arrests
the progress of the disease.
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LECTURE VL

REFRACTION.

GexrLEMEN :—The different parts of the apparatus of vision
can be divided into three groups: The first group comprises the

external parts, serving to protect the eye or to move it: lids

orbit, external musacles, ete.

In the second group we range the parts transmitting the light,
or the dioptric apparatus, serving to bring the optic nerve in
relation with the external world.

The third comprises the nervous apparatus which receives and

conducts to the central organ the luminous impressions transmitted
by the media of the second group.
- Tp to the present we have been occupied with the parts which
enter into the formation of the first group, and we have studied
them with an eye single to the object to which these lectures are
devoted, viz., to their importance in a diagnostic point of view.

We now enter on the consideration of the second group, still
more important than the first. It is constituted, as I have told
you, of the dioptric apparatus, and it is this which gives to the
organ its properties of refraction and accommodation.

The dioptric apparatus is composed of the cornea, aqueous
humor, the crystalline lens and vitreous humor. Our knowledge of
‘these media is to-day quite advanced, though it has but recently
become o, since it was only in 1611 that Kepler proved scientifi-
cally, for the first time, that the dioptric media produced images,
real and inverted, on the fundus of the eye.
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The only thing which seems likely to complicate our task is
that, just now, we find ourselves in a period of transition from the
old to a new system of measurement of refraction, and this change
must influence, more or less, our manner of investigating the
subject. I allude to the

INTRODUCTION OF THE METRICAL SYSTEM INTO OPTICS.

It is not my purpose to treat of refraction and accommodation
according to the old system, which is destined to fall into disuse,
as well as the expressions in feet, inches and lines, on which it
iz founded. But we cannot dispense with some consideration of
the old methods of measurement, and it is necessary for. us to
point out the differences between the old and the new systems.
This is the more imperative as we have learned the elements of
optics according to the old system. And this latter differs from
the new system in many important particulars.

The refracting power of a lens depends, on the one hand, on the
index of refraction of the glass of which it is made, and, on the
other, on the radius of curvature of its surfaces.

The refracting power of a lens is the inverse of its focal distance.
The more strongly the lens refracts the light the closer to it is its
focus and the shorter its focal distance ; inversely, the greater the

focal distance the feebler the lens.
 The formula expressive of the relations between the focal
length %, the radius of curvature », and the index of refraction n,
of a bi-spherical lens, is—

3
F =g

A rational system of notation should indicate either the focal
distance of the lens or its power of refraction.

The numbers which belong to the lenses of the old system
(bi-spherical) indicate, in inches, the radii of curvature of their
surfaces. Now, as the above formula shows us, the radius of
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Tn practice we have much more to do with the refracting power
of a lens than with its focal distance. Now, supposing the
number to give the focal distance of the lens, the refracting power
will be the inverse of that number; and this being expressed in
inches, the unit of the system was necessarily a lens of 1" focal
distance, with a refracting power of }. This lens is not found in
boxes of trial glasses, and we seldom have need of it in practice,
because it is too strong. We have need of lenses feebler in their
refracting power than the unit, and it is for this reason that all
our lenses are represented by fractions of the unit. *

This is inconvenient, because the combination of lenses, and

all calculations relative to the values of the refraction which we
have to make in the daily routine of practice, must be made in
fractions, and thus become complicated.
- Moreover, the inch is not a wniform measure corresponding to
a standard universally adopted ; it is a measure arbitrarily chosen,
and different in different countries, Thus, we have the Paris
inch, the English inch, the Austrian inch, ete., all of which differ
from one another.

Thus—
1/ Paris — 27.07 mm,
1’ English = bl o
1/' Austrian = 2b.34
1/ Prussian — 2618

Spectacles are manufactured in accordance with each of these
measures. A lens No. 5, made in France, does not correspond,
therefore, to a No. 5 English, Austrian or Prussian lens.

Finally, the intervals between the different numbers of the old
series are very unequal, and it was difficult to estimate their value,
because it must be done through the subtraction of fractions.

*If we had need of lenses of } or } inch foeal distance, they would be
represented by }ir }%, ete. ; that is to say, by the whole numbers 2 and 4, ete.
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Girand-Teulon pointed out* how much the calculations which
are to be made in the determination of the refraction and accom-
modation are simplified, when we express in whole numbers, not
the focal distance, but the refracting power. By adopting, as a
unit, a refracting power of g}y (216 focal length), Giraud-
Teulon made a great step toward procuring for us the introduction
of a new system in the numbering of glasses.

Finally, at the International Congress of Ophthalmology, held
at Paris in 1867, Javal, in the name of many colleagues, proposed
to number lenses no longer according to their radii of curvature,
but by their focal length, and to use, as a basis of measurement of
that distance, the meter instead of the inch.

On the same occasion Nagel, recognizing as well as Javal the
necessity of introducing the metrical system in the numbering of
‘glasses, again brought forward his plant to use, in giving numbers
to the lenses, not their focal distance, but their refracting power.

This method of numbering necessitated the choice of a unit of
refraction, and Nagel proposed as such a unit a lens of one meter
focal distance, and offered to the Congress exactly the series of
lenses which we now employ.

This proposition was, however, not immediately adopted. But
a commission, composed of Messrs. Becker, Donders, Giraud-
Teulon, Javal, Leber, Nagel, Quaglino and Scelberg-Wells, was
appointed to examine this question, and at the Ophthalmological
Society held in Heidelberg in 1875, and at the International
Medical Congress held in Brussels in the same year, a new system
of numbering glasses was adopted, which is now in use, and which,
as we shall see, is precisely the one proposed by Nagel, and for a
long time contended for by him alone. The principles of this
new system are as follows:—

1st. Numbering the lenses according to their refracting power.

* Giraud-Teulon in Makenzie’s “ Traité pratique des maladies des yeux,” 4th
edition-Supplement, 1865,
1 Nagel's Compendium der Refractions Anomalieen, p. 30, 1866,
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9d. The choice of a unit sufficiently feeble, so that the numbers
of the lenses generally in use should be expressed in whole numbers
and not in fractions.

8d. The substitution of the meter for the inch as a basis of
measurement of the focal distances of the lenses.

4th. Having the intervals increase gradually from the feebler
to the stronger numbers, -

The unit of the new system, No. 1 of the new series of lenses,
is @ lens of 1 meter focal distance. It is called a DIOPTRY (D) in
accordance with the proposition of Monoyer. Its refracting power

is, therefore, represented by s

=

We call No. 2 the lens which has two units of refraction, two
dioptries, ;% = 2 D; No. 3 has three dioptries; No. 4 has four,
and consequently is four times as strong as No. 1, (4x}t=4)and
g0 On. '

By thus following the simple cardinal numbers we obtain a
geries of lenses having the same interval, namely, one dioptry.

It has been found in practice, however, that we have need of
lenses weaker than one dioptry. And for this reason there have
been admitted into the scale fractions of a dioptry. We have
lenses of § D (0.75 D), 3 D (0.5 D) and 3 D (0.25 D).

Quarters of a dioptry have likewise been introduced hetween
the weaker numbers of the series up to No. 2.5, and half dioptries
from No. 2.5 up to No. 6. In the higher numbers of the series
the interval of one dioptry is too small, a slight variation in the
distance between the lens and the eye producing an effect greater
than 1 D. No. 19 has, for this reason, been suppressed. The
geries found in column V of the Table has been adopted for the
trial cases in use in practice. :

The interval which separates any two adjacent numbers of the
series, as is seen, is 1, or %, or } of the unit, that is to say, of one
dioptry; and in all cases the interval between any two numbers
can be readily found by the simple subtraction of whole numbers
or decimals. We can thus easily tell by how much one glass is
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weaker or stronger than another, or how much an ametropia or
presbyopia has increased or diminished.

Focal distance. It is very easy to find the focal distance of the
lenses of the new system, when we remember that the focal
distance is the inverse of the refracting power. We have, for
example, a lens of a power of 4 D, 1%1 or ﬁi!’ its focal
distance is = 1-{5' or © +—=25cm. 6 D corresponds to 1m:m.
— 16 centimeters focal distance, etc.

We can determine with the same facility the number of the
lens, that is the number of dioptries, corresponding to a given
focal distance. Sinee the dioptry is the inverse of the focal

distance, the number is found by means of a fraction whose
numerator is one meter or 100 centimeters, and the denominator

| the foeal distance.

To find, for example, the number of diapfriea (d) corresponding
to a focal length of 40 centimeters, we write—

d:n—hﬂraﬂ;ﬂg=2.4ﬂ.
In order to express in a general formula the above facts we call

the number of dioptries d, the focal distance F, and then write—
d=+F=21dF =1

THE RELATIONS OF THE OLD 8YSTEM TO THE NEW.

When we wish to know the focal distance in inches of a lens of
a given number of dioptries, we have only to bear in mind that
1 meter = 37" of Paris, or 39.5"” English.

Therefore :—

1Dor rew = a7 Paris, = == English,
Enﬂrﬁ-i—“:= ﬁﬂsnrﬁ?@, (L =ﬁ%n0rﬁ%?& w“
3Dﬂrmsum.= E-:Furﬁ, R =B%”Gr1ﬁ 0
d])orm':m'=£w- i ﬁﬁ%‘} i
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TABLE

Showing the Relations between the Old and New Systems of Numbering (lasses.
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We can accomplish the
when, for a given index of refraction, we calculate at first the
dioptric equivalent.

Thus, for an index of refraction of 1.53, a lens of 37" = 1 meter
focal distance, should have a radius of curvature of 39.15" (Paris,)
and should have, therefore, the number 89.15. In order to find

same thing in a more simple manner
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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 agueous hwmor, 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

Fia. 11,

millimeters; its thickness is 4 millimeters (see Fig 11). After
having crossed these media the light pursmes its way in the
vitreous humor up to the retina. The index of refraction of the
aqueous and vitreous humor is, on an average, 1%, and that of
the lens 1§.

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
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What is of much more importance than the posture of the
retinal image is its distincéness. If the image is not distinct the
eye cannot see clearly. Now, in order that the image be distinct
the retina must lie exactly at the place where the image of the
dioptric system is formed, for, as with all dioptric systems, the eye
ean furnish distinet images only of objects situated at one and the
same distance, unless its dioptric apparatus is capable of alteration,
Fortunately, however, we can see equally well at different
distances,

The cause of this is found in the accommodative power of the
eye. Accommodation, of which we shall speak more fully further
on, consists in an increase of the convexity of the lens, caused by a
contraction of the ciliary muscle. Accommodation, therefore,
increases the refracting power of the eye, and adapts it to objects
. nearer at hand.

The eye, in a state of repose, is adapted to the furthest point at
which it is able to distinguish objects, that is to say, to its
punctum remotum. Now, the greatest distance at which an
object can be situated, and at which we have need to see, is
infintty. For this reason we consider as normal an eye whicl,
| in a state of rest, seez at an infinite distance, and we call that

condition emmetropia,
EMMETROPIA.

The emmetropic eye is, therefore, one which, in a condition
of rest, sees at an infinite distance; and since, in order to see
clearly, it must have an image formed distinctly on its retina, the
retina of the emmetropic eye should be found where the rays
coming from irfinity, that is to say, parallel rays, are brought to
‘a focus by the dioptric system of the eye. It is at the principal
focus of this system that the ‘rays coming from infinity are
brought to a focus. We can, therefore, define an emmetropic eye
as follows :—

T'he emmetropic eye is one the retina of which is found at the
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prineipal focus of its dioptric system, or one which unites parallel
rays on its retina, or, expressed in another manner, the punclum
remotwm of which is 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 (EE
Fig. 12). The sun, or any object far removed, forms a distinet
image on the screen.

Fig. 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 eye, a
distance sufficiently great for rays coming from it to be considered
parallel.

AMETROPIA,

All eyes which are not emmetropic are ametropic. In ametropa
parallel rays are not anited on the retina, but either in front of
or behind it. If we advance the screen toward, or withdraw 1t
from, our lens, we will find that the image of the flame becomes
diffuse (a b, b’ o, Fig. 12). The same phenomenon occurs in
the eye.

HYPERMETROPIA.

When the retina is found in front of the focus of the dioptric
system, parallel rays are united behind it (Fig. 18) and make &
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-

el 5 % B
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cated by the broken lines in Fig. 13. Now, there do not exist
any cun:,'erging 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 distinctly. By prolonging

Fia. 13,

these rays we find this point of intersection (K 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 is too feeble
relative to its 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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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
punetum remotum 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 distinetly, it must have rays diverging from
ita punetum remotum. Now, the action of a concave lens is to
render parallel rays divergent, as if they came from its focus.

FiG. 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 puncium
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
legs, that is, 14 centimeters, and the lens will then be not 6, but 7,
dioptries (142 = 7 D).
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You see that it is by no means a matter of indifference as 1o
where you place the correcting lens; the further the concave lens
is from the eye the stronger it must be, and viee versa. Those
among you who use concave glasses have doubtless frequently
observed that the closer they are approached to the eyes the
stronger is their action. _

Since it is only necessary to measure the distance between the
punctum remotum and the eye in order to know the degree of the
myopia, we can determine this degree even without the inter-
vention of a lens. It is sufficient to cause the individual to read
small print at the greatest distance he is able. In this manner we
find the punctum remotum ; and the distance which separates this
from the eye is the focal distance of the lens which gives the
degree of the myopia.

Suppose a myope to read without any effort of the accommo-
dation at a distance of 9 centimeters, His myopia will be equal to
11 D, because 9 centimeters represent the focal distance of 11 D
@ge = 11).

In the determination of myopia we should again take account
of the accommodation; if this is not absolutely suspended, the
myopia will appear much higher than it is in reality, on account
of the increase in the refracting power of the eye. It is for this
reason that we should always choose the feeblest concave lens which
gives the best vision ata distance. In the direct determination
we should take as the focal distance of the lens for correcting the
myopia the greatest distance at which small print is read.

. Causes of Myopia.—Myopia, like hypermetropia, has different
cauges for its production.

1st. The eye may be too long for a dioptric system as strong as
that of an emmetropic eye; awial myopia (myopie axile), M*.

92d. The dioptric system may be too strong, while the length of
the eye remains emmetropic; myopia from excessive curvature
(myopie de courbure), M*.
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3d. The index of refraction of the dioptric system may be
increased, M

I. AXTAL MYOPIA, M*,

Myopia from an excessive length of the eye is by far the most
frequent form. You doubtless call to mind the protruding eyes of
certain myopes, even when the myopia was of slight degree.

As we said, in the second lecture, hypertrophy of the globe (if
we can call it such) can attain to such a degree that the eye is
restricted in its movements. The lengthening is more pronounced
in the direction of the optic axis by the formation of a staphyloma
posticum, an ectasia in the region of the macula lutea which is so
frequently a cause of myopia.

II. MYOPIA FROM EXCESSIVE CURVATURE, M°

Myopia from excess of curvature is much rarer than the axial
form, the cornea of the myope not differing generally from that of
the emmetrope, having, indeed, frequently a longer radius of
curvature. Examples of this kind of myopia are conieal and
staphylomatous cornece.

We sometimes see an apparent myopia due to an excess of
curvature of the lens, caused by a spasm of the ciliary muscle. In
this case the myopia disappears under the influence of atropine.

III. MYOPIA FROM AN INCREASE OF THE INDEX OF REFRAC-
TION, ML

Sometimes in the course of the development of a cataract we
find a myopia which did not exist previously. It is due, without
doubt, in such cases, to an increase of the index of refraction of
the lens. ,

We have seen, gentlemen, that the great majority of cases of
ametropia is due to differences in the length of the eye, the
dioptric apparatus remaining the same as that of the emmetropic
eye.
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LECTURE VIL

ASTIGMATISM.

GENTLEMEN :—In the different forms of refraction of the eye
which we have hitherto studied it has always been supposed that
its refracting surfaces were spherical, a condition in which, since
all the meridians have the same curvature and refract equally, the
rays are brought to a focus in one and the same point.

We have no need to speak of the eye as not being a perfect
instrument in the strict sense of the word. We seldom ever find
an eye which fulfills, mathematically, the conditions of a perfect
instrument. The departure from a spherical form is, however, in
the majority of cases, so small that we can very properly neglect
it, in practice.

But frequently this inequality in the curvature of the different
meridians of the refracting surfaces of the eye is so great as to
influence, in no inconsiderable degree, the acuteness of vision, and
it then constitutes a peculiar form of anomaly of refraction which
is known as astigmatism.

Astigmatism consists in an vrregularity of the curvature of the
dioptric surfaces of the eye, which deviate in various degrees from
the normal spherical form. The refraction of an astigmatic eye
is, therefore, not the same in its different meridians. It is
strongest in the meridians with the strongest curvatures, and
most feeble in those where the curvature is least.

We can imitate, artificially, this anomaly by means of a
cylindrical lens. A cylindrical lens is one formed by a section of
a cylinder of glass made parallel fo its axis, or by two of these
sections symmetrically associated.
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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 Fig, 17, thicker or thinner, according as it is made nearer
the border or middle line of the cylinder. The rays of light
which pass through the cylinder in & 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.

Fia. 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. & 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 cylinder are affected only by the spherical glass, the cylinder
exerting no influence on if 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 cylindrical No. 5, making,

———'
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together, 55 D; they will be brought to a focus, therefore, at
1900 — 18 mm. behind the lens, consequently 2 mm. in front of
the point of union of the rays passing through the plane of the
axis, and at a place where these latter form an image of diffusion.
On the contrary, at the focus of the rays which have passed parallel
to the axis of the cylinder, the rays of the plane perpendicular to
the axis form an image of diffusion by diverging after their union.

In the space comprised between the foei of the two PRINCIPAL
MERIDIANS (that is to say, those meridians with the maximum
and minimum of curvature) are to be found the foci and the
images of diffusion of the rays which pass through the system in
the intermediate meridians.

From this it results that such a system can never furnish a
distinct image of a luminous point. At whatever point we place
the screen to receive the image, there will always be only one
part of the rays which comes to a focus there; the other makes an
image of diffusion. If we place a cylindrical lens like the one we
have mentioned in such a position that its axis is horizontal, and
if the screen is 18 mm. behind the combination, then the vertical
meridian only is adapted for the distance of the luminous point,
and the image will be a horizontal line, becanse all the rays which
have passed through the vertical meridian are united on the
screen, while the others, especially those which pass through the
horizontal meridian, form images of diffusion.

By removing the screen the line enlarges at the same time that
it gets shorter, and the image becomes an ellipse with a long
horizontal axis. If we continue to remove it, the long axis of the
ellipse becomes shorter while the short axis becomes longer; the
image of diffusion assumes a circular form, to again become an
ellipse, with its long axis vertical ; finally this ellipse grows nar-
rower and narrower until it becomes, at 20 mm, behind the com-
bination, a simple vertical line. In this last position the focus
of the horizontal meridian is found on the screen.

The image of a luminous point made by a dioptric system the




I!
th
(F]1

104 EXAMINATION OF THE EYES.

different meridians of which have different refracting powers, is,
therefore, never a point, but a line, or an image of diffusion,
elliptical or round in shape.

This condition may occur in the eye. Suppose an eye, whose
vertical corneal meridian has a curvature stronger than the hori-
zontal ; this eye looking at a point will always see a horizontal
or vertical line, or a diffuse luminous spot, but never a point.
From this fact comes the name astigmatism (from a, privative,
and ¢etZw, srtyud, a point,) which has been given to this anomaly
of refraction.

When, as in the example which we have taken, the curvature
remains the same throughout the whole extent of the same meri-
dian, the astigmatism is called regular.

If, on the contrary, not only the different meridians have
different radii of curvature, but the curvature of the same
meridian varies in ite different parts, it is called trregular astig-
matism.

We would therefore define reqular astigmatism to be that
condition in which the refraction is different in the different
meridians of the eye. 1t has its seat nearly always in the cornea,
which, instead of being spherical, has the form of a sphere com-
pressed from two opposite sides.

The principal meridians (mos frequently the horizontal and
vertical) are, in the great majority of cases, perpendicular to
one another, and in that case the vertical meridian is nearly
always the more strongly curved. The exceptions to this,
however, are not rare. The principal meridians are frequently
inclined, and sometimes we see the feebler curvature corresponding
to the vertical. '

Returning now to our two combined lenses, let us apply their
principles to the eye, in order to bring clearly before our minds
the symptoms which are manifest in the astigmatic eye, 8s well
as the manner of determining and correcting that anomaly of
refraction. -
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Suppose the eye to have a length of 20 mm., and that its
dioptric system is represented by the combination of a + 50
spherical lens, and a + 5 cylindrical lens axis horizontal. The
horizontal meridian of the eye will then be emmetropic, since
the cylinder exercises no influence on the direction of the rays in
the plane of its axis; the spherical lens alone refracts the light,
. and brings parallel rays to a focus at 20 mm. behind it, that is to
say, on the retina. |

In the vertical meridian, on the other hand, the refraction of
the eyeis 5 D stronger than that of the emmetropic eye. The
eye has, therefore, a myopia of & D' in that meridian. Rays
coming from infinity are united in front of the retina, and in
order to see clearly, the object must be brought up to 1§% = 20
cm. An eye having this irregularity of refraction cannot see
horizontal lines distinctly when they are placed beyond 20 em.,
the vertical meridian being adapted only for objects nearer than
20 em.. A line can be considered as eomposed of an infinite
number of points placed close to one another; each of these points
will form an image of diffusion in the vertical axis, and all the
points together will form a broad and ill-defined line.

In order to see the horizontal line clearly, it must be brought
up to 20 centimeters. Then the images of diffusion of the points
which make up the line are horizontal, that is, in the direction of
the line, consequently they overlap each other, while the rays
which come from the vertical direction are accurately focused on
the retina. The line, therefore, does not appear broader, but only
slightly elongated, on account of the horizontal diffusion at its two
“extremities,

The contrary takes place for a vertical line. It will be seen
clearly at a distance because the horizontal meridian, pefpendicul&r
to its direction, is adapted to its distance, while it will be confused
on nearer approximation because it forms images of diffusion in

the horizontal axis. An eye of this kind will, therefore, never sce
8
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horizontal and vertical lines distinctly when they lie in the same
plane. If you place a black cross made on white paper before it,
it will see either the one or the other line distinctly, according as
the paper is approximated to or removed from it, or as its
accommodation adapts the one or the other of its principal meridians
to the distance at which the paper is placed, but it will never see
the cross, as a whole, clearly and distinctly.

It was this observation, among others, which led to the discovery
of astigmatism, and which furnished a means for its determination.

The astigmatic eye never has a perfect acuteness of vision, and,
indeed, often presents a Very high degree of amblyopia. When
we have found a spherical glass which gives relatively the best
visual acuteness, and when we have reason to suspect the exist-
ence of astigmatism—the indications of which we shall see further
on—we place before the patient a figure composed of black rays
spread out like a fan on a white ground (SNELLEK, Greex). It
chould be about & meters (16 feet) removed from the eye. While
one eye is covered, and the other is armed with the lens giving
the best vision (if a glass be required), we ask if all the lines
appear equally sharp, black and broad. If the answer is in the
negative we then ask which ray appears clearest, and which most
indistinct. These rays will correspond to the two principal
meridians, and are most generally perpendicular to each other.

Since one of the two lines appears clear and distinet, the
meridian which is perpendicular to it is adapted to the distance of
that line, whether the patient sees with or without the aid of
glasses. It only remains for us, therefore, to correct the ametropia
of the other meridian. This is effected by means of a cylindrical
glass, the axis of which is perpendicular to the meridian to be
corrected, and which must be added to the correcting spherical
lens.

The eylindrical lens will be convex or concave according as the
meridian to be corrected is hypermetropic or myopic; and the
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cylinder which, with the spherical lens, gives the best vision, is
the correcting cylinder required. Its number gives the degree of
astigmatism, that is, the difference in the refraction of the meri-
dians of least and greatest curvature.

To verify the exactness of our examination the patient is caused
to look at the fan, and if the astigmatism is corrected all the lines
will appear of the same sharpness.

Donders has given the name of simple astigmatism to that form
in which one of the principal meridians is emmetropic, and makes
a subdivision into simple hypermetropic and simple myopic astig-
matism, according as the ametropic meridian is hypermetropic or
myopic.

The astigmatism is compound when both the principal meridians
are ametropic but of the same character. Thus we see frequently
an eye myopic in all its meridians have its myopia stronger in
the vertical than in the horizontal meridian. An analogous
condition is frequently found in the hypermetropic eye. In these
cases we say, for instance, there is M. 5 D. + As. M. 1 D. in the
vertical meridian, which is equivalent to saying that the horizontal
meridian presents a M. of 5 D., the vertical a surplus M. of 1 D.;
a total of © D). Finally, the astigmatism is mized when one of the
principal meridians is hypermetropic and the other myopic.

All these forms of astigmatism are of frequent occurrence; the
mized form, however, is less common than the others.

Simple astigmatism is corrected by a simple cylindrical glass
with the axis perpendicular to the ametropic meridian ; compound
astigmatism by glasses which are spherical on one side and
cylindrical on the other; and mized astigmatism by bi-cylindrical
glasses whose axes are perpendicular to each other.

The first studies in astigmatism were made by Thomas Young*

¥ Philosophical Transactions,” 1783, vol. 83, p. 169, and * Miscellaneous

Works" of the late Thomas Young, edlted by Peacock, London, 1855, vol. 7,
p- 26.
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cornea was proved to be the principal seat of astigmatism, and the
Sehool of Utrecht has been mainly instrumental in introducing
into practice the methods which are employed for its determina-
tion and correction,

IRREGULAR ASTIGMATISM,

While regular astigmatism, in spite of the difference in
curvature of the various meridians of the refracting surfaces,
presents a regular curvature in each meridian taken singly,
irvegular astigmatism consists in a difference of curvature in the
different parts of the same meridian. This anomaly of refraction
may have its seat in either the cornea or lens.

In the case of the cornea the astigmatism is most frequently
produced by inflammatory processes and ulcers which have left
its surface of an irregular form. Flat, or even excavated parts,
are often found by the side of partial ectasies, and frequently each
small part of the cornea has a curvature different from that
adjacent to it.

The individual is sometimes more inconvenienced by such an
irregularity of the corneal curvature than by leucomata, because,
the light undergoing a very irregular refraction at the first
refracting surface of the eye, the retinal image becomes in the
highest degree distorted. No object is seen distinetly, straight
lines sometimes appearing enlarged and blurred at certain parts,
or showing inflections and irregularities of all kinds. It is
evident that such an anomaly of refraction cannot be corrected by
eitherhcjrlindrica.l or any other kind of glasses, becanse it would
be impossible to give to glasses a form similar to that of the
irregular cornea.

In such cases we can somewhat improve vision by a means firat
proposed by Donders. Since the amblyopia here is due to the
fact that the different parts of the cornea have different curva-
tures and the rays of light passing through them are not united
in the same place, only that part of the cornea can be utilized for
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and Donders. The classical deseription which they have given of
it is to be found in the memoirs of the Society of Buology, for
the year 1861, t.iii, p. 335 (Vulpian), and in “The Anomalies
of Accommodation and Refraction of the Eye,” pp. 4561-549, 1864
(Donders).

This polyopia becomes especially apparent when the eye is not
adapted to the distance of the object that is fixed, because then
the images corresponding to the different sectors are separated
further from each other than when it is aceurately accommodated.

Vulpian observed his polyopia principally when looking at the
crescent of the moon. Other observers, as La Hire, Th. Young
and Donders, have generally used a luminous point brought quite
close to the eye. We can, according to Donders, easily produce a
polyopia monocularis by means of a small globule of mercury
placed on a piece of black velvef. The globule acts as a very
strong convex mirror, from which can be reflected a small image
of any luminous source, such as the sun, lamp, etc; this small
image acting as a luminous focus from which rays diverge. By
bringing the globule to within a few millimeters of the eye, instead
of a single round image of diffusion we see numerous images,
which, to a greater or less extent, overlap each other. These are
the entoptic images furnished by the different sectors of the lens.

Tt is this same irregularity in the structure of the lens which
causes a luminous point to appear to us as if radiated. Indeed, is
it not surprising that the luminous heavenly bodies, in spite of
their spherical shape, make on the human eye, not the impression
of round, luminous points, but the impression of bodies with rays?
From this circumstance we have the extension of the word stellate
to all bodies presenting a similar appearance. This fact is a proof
that human eyes have for all time presented the same irregular
astigmatism, There are only two examples known of men having
possession of their crystalline lenses that were exceptions to this
rule. One was a tailor, named Schoen, of whom Alexander von
Humboldt reported that the stars appeared to him as points clearly
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rounded. The other is in the person of one of my own pupils.
Mr. D. has never been able to understand why the stars are
compared to figures with radiating lines. They appear to him as
luminous points without any rays. The lenses of Schoen and
Mr. D. must have been constructed with great exactness, or the
irregularities of the anterior surface of the lens must have been
neutralized by the irregularities of an opposite kind on the
posterior surface. :

We are able, however, to put ourselves in conditions analogous
to these fortunate men by looking at the stars through a
diaphragm perforated with a small hole. In this way we deprive
the stars of their rays, and reduce them to small, luminous points,
because their images are formed on our retinz by only one of
the sectors, or by a part of the lens which has approximately
the same curvature throughout its whole extent; only, the
luminous points appear less brilliant to us than they must have
appeared to Schoen or do to Mr. D., since they saw them through
the whole extent of their pupils, while we see them only through
an excessively small pupil, the stenopaic hole in our diaphragm.

The irregular astigmatism of the lens does not influence vision
very much under ordinary conditions, but it can become a very
serious obstacle in astronomical observations. Irregular astigma-
tism renders it impossible to determine the exact point of contact
of two bodies.

Thus, if you close one eye and fix, with the other, the ends of
the thumb and index finger and bring them together gradually,
you will observe that before contact there will be formed between
them a kind of drop, and that they appear to run into one an-
other, as it were.

This phenomenon is the result of the irregularity of the lens
which we have just been studying, and which prevents the forma-
tion of images, absolutely clear, on our reting, and, consequently,
renders impossible the exact determination of the moment when
the two fingers touch each other.
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This fact attracted considerable attention in connection with
the observation of the transit of Venus across the face of the
sun. It was a question as to how it would be possible to tell the
precise moment when the edge of the disc of Venus came in
contact with that of the sun, and the moment when the two
separated.

It was Giraud-Teulon who, giving the explanation of the
phenomenon, indicated the method to obviate it.* We have only to
arm ourselves with a stenopaic hole, in order to make the contours
clear, and the difficulties are removed. If we place before the eye
a card perforated with a hole 0.5 millimeter in diameter, we will
see that the drop is not formed between the fingers.

Irregular astigmatism changes with the alterations in the
structure of the lens; and it is especially observed during the
formation of cataract. You frequently hear aged persons say
that since a certain time the stars present more and longer rays,
that such and such a star seems to have satellites, or that the moon
appears multiple. In such cases you will nearly always find
opacities of the lens on examination with the oblique light.

After a successful operation for cataract, irregular astigmatism
disappears, but only to give place, in many cases, to a regular
astigmatism coming from a change in the form of the cornea, due
to the cicatrization of the wound. This astigmatism can, however,
be corrected in the majority of cases by cylindrical glasses, while,
for irregular astigmatism there is, aside from extraction of the
lens, no remedy but the stenopaic hole. 4

* Ann, d'occul, t. lxviii, p. 39.
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LECTURE VILL

THE CAUSES OF AMETROPIA.

GENTLEMEN —As many of you have expressed a desire that I
should consider yet further the causes of ametropia, I take this
opportunity to give a general outline of the various canses which
may render an eye ametropic, and of the manner in which I would
have the matter considered.

Vou will remember that in all questions pertaining to the opties
of the eye we take, as a standard, the emmetropic or normal eye.

The emmetropie eye is one in which the retina is at the focus of
its dioptric system. Its usual length is 23 millimeters; but this
is by no means a characteristic of emmetropia, which is in reality
only a relation between the length and the refracting power of the
eye. We can easily conceive of an eye shorter than 23 milli-
meters but possessed of a more than usually strong refracting
power; or of one longer with a dioptric system of less power. In
both of these cases the retina may be found in the focus of the
dioptric system, and the eye, consequently, be emmetropic.

When the retina is not found at the focus of the dioptric system
the eye is ametropic, and it may appear under two forms :—

a. The retina may be in front of the focus (hypermetropia).

b. The retina may be behind the focus (myopia).

These anomalous conditions can be produced by a variety of
causes.

Causes of Hypermetropia.—In hypermetropia, as we have said,
parallel rays are united behind the retina. The hypermetropic
eye, therefors, possesses a refracting power too wealk in relation to
its length.
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This may be due to the fact that, while possessing a dioptric
system equal in its refracting power to the emmetropic eye, it is
shorter than normal. We call this form axial hypermetropia, H".

On the other hand, an eye which has the same length as an
emmetropic eye will be hypermetropic if its refracting power is
too weak to unite parallel rays on the retina. This is refractive
hypermetropia, H".

The dioptric system of the human eye being more constant than
its length, axial ametropia is more frequent than the refractive
form, although a difference in the radius of curvature of the
cornea has a much greater influence on the refraction than a
similar difference in the length of the ocular axis.

The animals which we have examined as regards their refrac-
tion by meauns of the ophthalmoscope, such as frogs, rabbits, cats,
dogs, ete., are all hypermetropic, sometimes as much as three or
four dioptries (about No. 10 of the old system)., This fact is the
more surprising as their ciliary muscles are not well developed,
and it is highly probable, therefore, that they cannot accommodate
accurately for objects close at hand.

Infants are, in the majority of cases, hypermetropic, even many
of those who afterward become emmetropic and myopic. The
ophthalmometric measurements of Donders and others have
proved that the cornea is not generally less convex than that of
emmetropes and myopes. We are, therefore, warranted in con-
sidering hypermetropia, in the majority of cases, as an arrest of
development of the globe of the eye.

We class also as axial hypermetropia the hypermetropia which
we find at the peripheral parts of the retina, even in those eyes
which, in the direction of their axes passing through the macula,
are emmetropic or myopic. These parts are closer to the cornea
than those situated in the line of the principal axis of the eye.
Finally, we have, as striking examples of axial hypermetropia,
that which is caused by tumors under the retina, detachment of
the retina and optic neuritis. |
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Refractive hypermetropia may be due to an insufficient
convexity of the refracting surfaces, cornea and lens (hyper-
metropia from an anomaly of curvature, H°), or to a diminution
of the index of refraction of the aqueous humor or erystalline lens,
or to an increase in the refraction of the vitreous humor
(hypermetropia from insufficiency of the index of refraction, H').

He has been demonstrated by Donders, Mauthner and others,
in cases of flattening of the cornea in kerato-malacia, and
ulcerations of the cornea resulting in a lessened curvature. Itis
found in advanced age (beyond 70 in emmetropia), most probably
in consequence of flattening of the lens. We may also class under
this head cases of simple hypermetropic astigmatism, where one
meridian is hypermetropic and the other emmetropie.

H' is represented in aphakia and dislocation of the lens.
The hypermetropia of advanced age is also, probably, due, in part,
to the lessened index of refraction of the lens as a whole, caused
by the corticalis becoming more nearly of the same density as the
nueleus.

Tn certain exhausting diseases, such as diabetes, the index of
vofraction of the lens may undergo a modification. The hyper-
metropia often found in the glaucomatous condition is due to a
lessening of the curvature of the cornea, from increased pressure
from within, which causes the eyeball to approach, in form, more
nearly to a perfect sphere. Itas HE

Causes of Myopia.—Myopia, according fo the definition we
have given, is due to an excess in the length of the eye in relation
to its refracting power. In such a condition, parallel rays are
brought to a focus in front of the retina.

We here; likewise, distinguish two forms (@), an axial myopia,
M?®, in which, the dioptric system being the same as that of the
emmetropic eye, the axis is longer than that of the emmetropic
eye (23 mm.), and (b) & refractive myopia, M, where the length
of the eye is normal, but its refractive power too great.

Axial myug;ia, M*, may be congenital, and due to an exaggerated
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development of the eye, or it may be acquired, and caused by
diseases which bring about an elongation of the globe in its
antero-posterior diameter, such as choroiditis, staphyloma posticum,
ete. These two forms are very frequent.

You will find, in nearly all treatises on ophthalmology, myopia
described as a serious disease which is liable to bring about
choroiditis, alterations at the macula, staphyloma posticum, and
even choroidal hemorrhages, and detachment of the retina.

Properly speaking, myopia is not a disease, it is only a symptom
indicative of a discrepancy between the length of the eye and the
focal distance of its dioptric apparatus. It is not the myopia
which produces the choroiditis and staphyloma posticum, it is
the choroiditis which brings about the staphyloma posticum, which
in its turn removes the retina beyond the focus of the dioptric
system.

Thus the defenders of the theory generally accepted in regard
to myopia will be much embarrassed when they are shown a hyper-
metrope with & crescent at the edge of the optic disc, a papilla
obliquely placed, and even with a staphyloma; in a word, with all
the conditions at the fandus of the eye which are theoretically
‘characteristic of myopia. According to our manner of looking at
the matter there is no difficulty in explaining this condition of
affairs. In fact, no eye is safe from an attack of choroiditis
posterior ; the emmetropic and hypermetropic eye can be affected
as well as the myopic, because it is not the state of the refraction
that is the cause of it. At the beginning the morbid process is
not sufficiently intense to bring about all the unfortunate conse-
quences we have mentioned, the sclerotic does not give way, there
is no staphyloma, and if a staphyloma does form in a strongly
hypermetropic eye, it will lessen the hypermetropia and render it
emmetropic, and it is not always the case that the staphyloma-is
80 extensive as to change a hypermetropia into a myopia.

In this way we can account for the fact that the same work,
the same fatigue of the eye, undue approximation of objects, work




118 EXAMINATION OF THE EYES.

under insufficient illumination, the use of concave glasses, etc., do
not entail myopia upon the millions of individuals who are daily
exposed to these injurious influences, while in others myopia 18
developed even with a moderate use of the eyes, and progresses in
spite of a cessation of the work. These facts cannot be explained
50 long as myopia is looked upon as a disease per se. It should be
looked upon in these cases as a symptom of a choroiditis posterior,
for which we must endeavor to find a cause, and this is often found
in some general morbid condition. It is evident that myopia will
be developed more rapidly, and attain to a higher degree, in eyes
that are already relatively long, emmetropes and slight myopes,
such as we frequently find in connection with an undue develop-
ment of the orbit and skull in the antero-posterior axis. Thus
race becomes a probable factor in the development of myopia.

M*—myopia from excess of refraction—can be divided into
myopia from excess of curvature, M?, and myopia from excess of
index of refraction, M.

An increase in the curvature of the cornea is not very frequent,
but more frequent, however, than is commonly supposed. It is
very pronounced in conical cornea and anterior staphyloma, Thus
the anterior and posterior staphyloma act together to produce M;
the first principally by increasing the curvature of the cornea, the
last by increasing the length of the eye.

The myopia which an emmetrope produces when he accommo-
dates for near objects is an example of M°. In luxation of the
lens, the curvature of its surfaces is increased, since they are
removed from the action of the zone of Zinn, which keeps them
fattened. Under the same head must be ranged the myopia
which Jiger has found in new-born infants, and which he attributed
to & disproportion between the development of the lens and that
of the ciliary muscle.

As M we must class those cases where the index of refraction
of the lens has been increased by age, a condition which, in this
case, counterbalances the flattening of the cornea. This form of
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myopia is also seen at the beginning of cataract.* We are not
aware that a diminution of the index of refraction of the vitreous
humor has ever been observed, but such a condition would cause
a myopia of this kind.

Diagnosis of the Causes of Ametropia.—Is it possible to
discover in the living eye, in any given case, the cause of its
ametropia? It is assuredly not difficult to determine whether an
eye is emmetropic, hypermetropic or myopic, and even the degree
of its ametropia, but it is a much more difficult matter to discover
the cause of the ametropia when found to exist.

In order to find, for example, if an eye with a given myopia
is longer than an emmetropic eye, or if, its length being normal,
its refracting surfaces are too convex, or finally, if it is its index
of refraction which has increased, it is necessary to determine the
length, curvature and index of refraction of that eye, or, at least,
two of the three factors from which we can deduce the other. Is
such a determination possible during life? Yes, it is possible,
but not always easy.

Physiological optics has the means of measuring and calculating
with very great exactness all the data pertaining to the refraction
of the eye, but they are not always applicable in ordinary practice.

I. As regards the length of the eye, we can judge of it
approximately in the very easy and simple manner which we have
already mentioned. Open the lids widely and draw them some-
what outward, and cause the patient to look as far as possible to
the opposite side. We are in this way enabled to judge, both by
sight and touch, of the length of the eye and the form of its
posterior portion. This simple examination, rough though it may
seem, will give very important indication to one who will practice

*The “second sight” of old people, of which almost every community
furnishes an instance, is due to the development of M, either from an increase in
the index of refraction of the lens or a lengthening of the antero-posterior axis.
There is, in such cases, no rejuvenescence, The individuals are enabled to see
near at hand without the aid. of the glasses they formerly used, but this power is
acquired at the expense of good distant vision. See paper in Amer, Jour., Med.
Sei., April, 1877.— Translator,
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of Helmholtz is not easily manipulated, and is rarely at the
disposition of the practitioner.

I have myself constructed an ophthalmometer, based on the
principles of my diplometer, which is more simple and much
easier managed than that of Helmholtz. "By means of this
instrument we can measure the curvature of the cornea with so
much exactness (the image of reflection can be measured to 45 of
a millimeter) that a knowledge of the curvature of the cornea can
always be in the hands of the practitioner. And you must
remember that this is the most important surface of the whole
dioptric system, since it separates the air and the refracting media
of the eye; two media whose indices of refraction differ more
widely than those of the aqueous humor and crystalline lens.
From this fact, the influence of the curvature of the cornea on
the course of the rays coming into the eye is much greater than
that of the crystalline lens.

It is otherwise for the surfaces of the lens. The ophthalmometer
is not applicable for these measurements, and the procedures
which could be used for them are very complicated, bath as to
their execution and the calculations which they require. But if
we know that an ametropia is due to an anomaly of curvature of
some of the refracting surfaces, we have only to determine the
curvature of the cornea; if this is normal, it is the lens which is
at fault, When, on the other hand, the curvature of the cornea
already gives an explanation of the ametropia, we have no need to
occupy ourselves with the lens.

In practice, however, we have, in certain cases, an indirect
means of knowing whether an ametropia is to be attributed, or not,

to the form of the lens. This is atropinization. If a myopia dis-

appear under the influence of atropine, we know that it is due to

an anomaly of curvature caused by undue convexity of the anterior

surface of the lens, This, however, is not a case of purs myopia.

The myopia which is caused by spasm of accommodation is called

apparent. It is only a true ametropia from anomalous curvature
9
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when the lens retains its convexity after the paralysis of accom-
modation.

If we find a myopia with loss of accommodation, bronght about
snddenly through a tranma, or even without assignable cause, we
may know at once that there is a partial luxation of thelens,
which, being brought out from under the action of the zone of
Zinn and left to its own elasticity, assumes a more convex form,

rr. It is not possible to practically determine the index of
refraction of the agueous humor, the lens and vitreous humor, but
the researches in physiological optics have shown that the index
of refraction of the dioptric media vary but little, and that it is
essentially the same in all healthy eyes.

The only known exceptions to this rule are: 1st. General
diseases accompanied by great loss of the nutritive fluids of the
body, as diabetes, Bright's disease, excessive hemorrhages, etc.
924, Changes in the structure of the lens, especially those accom-
panying age and the development of cataract, changes which are
revealed, by means of the ophthalmoscope, through a brighter
- reflex from the surface of the lens.

The fact that in the great majority of cases the index of refrac-
tion of the eye can be considered as constant, very materially
simplifies our differential diagnosis. In fact, it is usually only
necessary to determine whether a given ametropia is to be attributed
to an anomaly in the length of the axis of the eye, or an anomaly
in the curvature of its refracting surfaces, and one of these factors
being known we have, of necessity, the other.

Talke, for example, an eye in which we have found a hyper-
metropia of four dioptries. If the individual is not affected with
one of the general diseases we have mentioned, we have only to find
the length of the axis of the eye; if it is shortened we know that
we have to do with an axial hypermetropia, and not with a hyper-
metropia from lessened curvature, and there will be no need to
measure the curvature of the cornea and lens. In cases where we
wish to discriminate between a hypermetropia from deficient
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LECTURE IX.

ACCOMMODATION.

GexriEMEN :—As with all optical instruments, the dioptrie
apparatus of the eye can furnish distinet images of objects only
when they are situated at one and the same distance. When the
distance is changed the apparatus must be modified.

In a condition of perfect repose the eye possesses its minimum
power of refraction (which we will call ). It is then adapted, as
we have said, to the greatest distance at which it 13 able to see,
that is to say, to its punctum remotum. If we call this distance
R, we have as the expression of the refracting power of the eye
in a state of rest, r = .

The emmetropic eye, therefore, in a condition of complete
repose, is adapted for objects situated at infinity, and cannot see
those objects distinetly which are near at hand. Its R is at infinity,
consequently 7 i8 = & = 0.

The hypermetropic eye is adapted for a point beyond infinity,
that is to say, for Tays converging toward its punctum remotum
(negative) situated at a distance — B behind it; 7 iz therefore
negative (— §=—T7)

The myopic eye, whose punctum remotum is situated at a
certain distance in front of it (+ R) is adapted for that distance;
its 7 is positive ( = + 7).

An eye, in a state of repose, does not see at a nearer distance
than its punctum remotum, because its dioptric apparatus is too
feeble to bring the rays coming from the objects at that distance
to a focus on the retina,
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Take as an example an emmetropic eye (Fig. 18). Its ptnctum
remotum being at infinity, that eye is adapted for parallel 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.

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 » 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
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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),

o i) 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.

Tt 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, a
The dotted 1ines correspond to the positive meniscus, which has the
stais o[ RdoonIHOAREION. same effect as the convex lens placed

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

o
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remotum. Such a muscle would be of great service to myopes,
but unfortunately it has no existence, and there can, consequently,
be no negative accommodation. When the lens is flattened through
relaxation of accommodation, it is only abandoned to the elasticity
of the zone of Zinn. The action of the ciliary muscle is confined
to increasing the curvature of the lens; accommodation can only
be aetive and for near distances.

The nearest point for which the eye can accommodate itself is

called the punctum prozimum (P). The distance between the
punct.ﬁm remotum and punctum proximum is called the range
of accommodation. It is the distance over which the eye has
command by the aid of its accommodation. The force necessary
to change the eye in its adaptation from its punct.ﬁm remotum (r)
to its punctum proximum (p) is called the amplitude of accommo-
dation (a). Consequently, the amplitude of accommodation (@) is
necessarily represented by the difference in the refraction of the eye
in a state of complete rest, and at its maximum of accommodation—

@d=p—T".

Since the accommodation has the same effect as a convex lens
which would enable the eye deprived of its accommodation to see
at its punctum proximum, we can express the accommodation by
the number of this lens. The accommodation is, therefore, equal
to a convex lens which would give to rays coming from the
punctum proximum a direction as if they came from the punctum
remotum. What will be the power of that lens ?

We have already said that, for the emmetropic eye the focus of
the lens should coincide with the punctum proximum, since it
should render parallel the divergent rays coming from that point.
Its focal distance is, therefore, equal to the distance which
geparates the punctum proximum from the eye. If this distance
is 25 centimeters the lens will have a refracting power of

100 — 4 D; the amplitude of the accommodation (a) will be
=4 D,
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The whole of this refracting power serves to adapt the eye for
positive points situated within infinity. We call this positive
refracting power p. We have, therefore, for the emmetropic eye—

a=p—0=n (1.)

In order to determine the amplitude of accommodation of an
emmetropic eye we have only to find the shortest distance at
‘which the individual can read the smallest printed characters.*
This distance is the focal distance of the lens corresponding to
the amplitude of accommodation. If we divide 100 by this dis-
tance expressed in centimeters we have the number of dioptries
which, for emmetropia, expresses both the amplitude of accom-
modation @ and its positive refracting power p. If you are emme-
tropic, and look at a distant object through a concave lens, you
experience the same fatigue as when you fix an object close at
hand. The concave lens causes the parallel rays to diverge, as if
they came from a point nearer at hand, the focus of the lens, in
fact. In order, therefore, to see through this concave lens the eye
must put in play the same accommodative power. as when it looks
at an object at the focus of the concave lens. Tts accommodation
must overcome the influence of the concave lens by increasing the
refracting power of the eye precisely in the same degree as the
negative lens diminishes it.

We can, therefore, likewise determine the accommodation by
means of a concave glass. The strongest negative lens through
which an emmetropic eye can yet see clearly at a great distance
measures the amplitude of its accommodation. An emmetropic
eye which can overcome a No. 11 concave in looking at a distance
has an amplitude of accommodation of 11 D, and its punctum
proximum is situated at 100 — 9 em, in front of the eye, since
the concave lens causes parallel rays to diverge as if they came
from its focus (9 em. behind it).

The Accommodation of Hypermetropes.—The hypermetropic

#Qee Lecture on The Acuteness of Vision.
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eye presents, in a condition of repose, a deficiency of refraction.
The » which represents this deficit is, consequently, negative
(— 7). To see at infinity, or, in other words, in order to become
emmetropic, the hypermetrope has need of a convex lens, or an
effort of accommodation equal to his deficiency of refraction.

A hypermetrope who wishes to see at the same distance as an
emmetrope has, therefore, to employ a part = of his accommoda-
tion more than the emmetrope. In expressing the amplitude of
accommodation, the power necessary to adapt the hypermetropic
eye to infinity must evidently be added to that which changes the
adaptation from infinity to the punctum proximum. We write,
therefore, for the amplitude of accommodation of hypermetropia—

a=p—(—1)=p+n @)

What is the amplitude of accommodation of a hypermetrope of
3 D whose punctum proximum is situated at 20 em.?. He has
need, to begin with, of 3 D = ~ in order to render him
emmetropic, and to adapt an emmetropic eye to 20 cm. there is a
further need of 5 D (300 = 5). His amplitude of accommodation,
therefore, amounts to

=54+ 3=80D.

Up to what distance can a hypermetrope of 4 D read who has a
power of accommodation of 7 D? Of these 7 D it requires 4 for
him to see at infinity, and there only remain 3 D which can be
used for near vision. His punctum proximum is, therefore,
190 — 33 ecm. From equation (2) we have, then, p = a — 7.
You see, therefore, that a hypermetrope of 4 D, though possessing
an amplitude of accommodation of 7 D, can see no nearer than an
emmetrope who possesses an amplitude of only 3 D. Inversely,
if an emmetrope and a hypermetrope see at the same distance, the
latter has the greater amplitude of accommodation. Take a
hypermetrope of 5 D and an emmetrope, both having their puncta
proxima at 16 cm. In order to see at that distance the emme-
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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 distinetly at the same distance, even when weak concave or convex glasses
are nsed. Consequently, without a change of convergence the accommodation
can be modified. Likewise, in placing a fecble prism in front of one eye, the
angle of the prism being turned ontward 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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LECTURE X.

THE INFLUENCE OF AGE ON THE AMPLITUDE OF
ACCOMMODATION.

GENTLEMEN :—We have said that the accommodation depends,
on one hand, on the contraction of the ciliary muscle, and, on the
other hand, on the elasticity of the lens. As age advances the
ciliary muscle loses, by degrees, its contractility, and the lens its
elasticity. These two factors—the feebleness of the ciliary muscle
and the increasing hardness of the lens —have necessarily a
restricting influence upon the accommodative power.

It is somewhat strange that this diminution of the accommo-
dating power does not wait for the physiological, so to speak,
decrepitude which constitutes old age, but begins at a time when
all the other faculties are progressing in their development.
Already, at the tenth year, the accommodation power begins to
grow feeble, and its amplitude to diminish.

Donders, who discovered this fact and established the laws that
govern it, has given a diagram which represents the amplitude of
the accommodation at the different periods of life (Fig. 20).

The figures in the horizontal line of the diagram indicate the
ages, and those in the vertical line to the left the corresponding
dioptries.

The curve r r corresponds to the refraction of the eye in a
condition of repose, that is to say, to its minimum of refraction ;
or, expressed otherwise, to the refracting power which the eye
represents when adapted to its punctum remotum,

This does not change, as you see, up to the age of fifty years,
but from that time on it diminishes; the emmetrope becomes

"
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hypermetropic; the hypermetrope more hypermetropic; the
myope loses a part of his myopia, and may become, according to

ita degree, emmetropic, or even hypermetropic.

Fia, 20.

10 15 20 25730 35 £0 45 50 55 60 65 70 75 80
---- ---= -
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The curve p p indicates the maximum of refraction of which
the eye is capable, that is to say, b 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 posaea%&. when it is adapted to its punctum proximum. As
you see, “p’ * diminishes gradually, and becomes, from the age of
sixty-five, feebler than the minimum of refraction was in the
preceding years. In spite of this, however, there yet remains
some accommodative power so long as the two curves do not
meet, becanse the passive refraction of the eye also diminishes
from the fiftty-fifth year.. It only ceases ab the age of seventy-
three years, when the two curves meet. '
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The amplitude of accommodation is evidently represented, for
each age, by the number of dioptries comprised between the
two curves, on the vertical line corresponding to the age, in
accordance with the formula

ﬂ.:?——'ﬂ.

From this we obtain, for the amplitude of accommodation, the
following table :—

TABLE 1.
Amplitnde of
Aga, Accommaodation.
.
10 years, : 14.
17 T 12,
20 10.
T 8.5
IR 7
3o o« 5.5
4_0 (13 4*5
abh 2t 5.0
B 2.8
b5 : 1.75
51 il
i T 0.75
TORS 0.25
T 0.00

The amplitude of accommodation is absolutely the same for
ametropia as for emmetropia, and the figures of the series apply
indifferently to all forms and all degrees of ametropia. The
amplitude of accommodation, @, is the same for all. But p, the
positive refracting power of the eye, is not the same. This is
equal to the sum of the refraction which the eye presents in a
condition of repose () and that which it can add by means of its
power of accommodation—

F—

It is only for the emmetrope that the positive refracting power
of the eye—that is to say, the refracting power which the eye
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represents when adapted to its punctum proximum—is equal to
the amplitude of accommodation (p = a).

In the hypermetrope, where 7 is negative, p = a — r; because
the punctum remotum of the hypermetropic eye is, as we have
seen, negative. A portion of the amplitude of accommodation
must serve to correct the hypermetropia.

For the myope, on the other hand, » is positive, because, in a
state of repose, the eye already represents a quantity of positive
refraction; the total amount of the latter, then, becomes p = a
+ 7.

The distance of the punctum proximum from the eye is equal
to the focal distance corresponding to the totality of the positive
refracting power (p).

It follows from this that, in spite of the equality of the ampli-
tude of accommodation, the punctum proximum is not situated at
the same distance in the different states of refraction. With the
same amplitude of accommodation, the punctum proximum is
always further removed in hypermetropia than in emmetropia,
and further in emmetropia than in myopia.

Thus, for an emmetrape of twenty years we find p = a = 10 D.
Therefore P, the distance of the punctum proximum from the
eye, — 4%+ = 10 cm.

A hypermetrope of 4 D will also have, at the age of twenty, an
amplitude of accommodation of 10 D, but his punctum proximum
is further removed than that of the emmetrope. We will have,
therefore, in hypermetropia—

p=ﬂ-—‘i"=1‘0—4:=ﬁ]j,

which gives as the distance of the punctum proximum, P, 4% =
16 em.
A myope of 4 D, on the other hand, will have, at the age of
twenty, a total refractive power—
_p_—=c5+1‘=10+-1=14]};
and his punctum proximum is, therefore, situated at—

P =100 =T cm,
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The distance of the punctum proximum corresponds, then, in
emmetropia, to the focal distance of the lens which represents its
amplitude of accommodation, for reasons which we have already
set forth. The following table shows this distance at different

ages in emmetropia \—

TABLE I1.

" Distance of
Years, Ampl. of Ace, Punot. Prox,
10 14 D 7 cm,
15 i S DA
20 140 [l 1
25 8.6 « Ll
30 e Tieey . 4E
35 0.5 ¢ 1T
40 45« 29
43 3.5 28.6 «
50 2.5 405

At the age of fifty-five years the emmetropic eye begins to be
hypermetropic, and when, even at sixty years, it possesses an
accommodative power of one dioptry, its punctum proximum is
not sitnated at 100 em., because a part of its accommodation
must be used to correct its acquired hypermetropia, which
amounts to one-half of a dioptry. It requires this amount of
effort to bring its punctum remotum to infinity. There remains
to it, therefore, only one-half of a dioptry to bring its punctum
proximum from infinity to a finite distance, and this is found at
192 = 200 em. from the eye.

In order to find the position of the punctum proximum of
ametropes, we have only to determine the maximum power of
refraction which the eye possesses (p) according to the rules
already laid down, and the focal distance of the number o,
dioptries, which represents p, will give the distance of the punctum
proximum P. T should say that in order to find the positive
refracting power of hypermetropia we must subtract from the P

of emmetropia the number of dioptries which represents the
10
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hypermetropia, while in myopia we must add to this the number
of dioptries which constitutes its excess of refraction.

Take, for example, a hypermetropia of 8 D at thirty years of
age; where is the punctum prnximum? The p of the emmetrope
ab that age is, according to the diagram (Fig. 19), and according
to table 1, equal to 7 D. Diminish this by 3 D and the p of our
hypermetrope will be 7 — 3 = 4 D, of which the focal distance 1s
95 cm.; that is to say, P, the distance of the punctum proximum,
sought.

In fact, the amplitude of accommodation of a hypermetrope of
8 D at thirty years is the same (7 D) as that of an emmaetrope of
the same age. But the first must use 3 D to neutralize his fault
of refraction. There only remains to him, therefore, 4 D of posi-
tive refraction.

What is the distance of the punctum proximum of a myope of
two dioptries at the age of thirty years?

This degree of myopia represents already a quantity of positive
vefraction of 2 D; to this there is added 7 D amplitude of accom-
modation, which corresponds to the age of thirty years, which
gives 7 + 2 =9 D. The focal distance of 9 Dis 142 =11 em,,
which represents the distance P of the punctum proximum ; Or,
according to our rule, p of the emmetrope being 7 D, that of the
myope of 2 D is 7 + 2=19 D, the focal distance of which is
11 em.

The march of the punctum proximum is so regular that we are
able to determine from it, with considerable precision, the age of
the individual, by taking into account the state of refraction of
the eye.

PRESBYOPIA.

In removing itself further and further from the eye, the
punctum proximum must finally pass beyond the distance at which
we usually read and write, When the punctum proximum has
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passed this limit we are evidently restricted in our work. Even
at a period when the total effort of our accommodation yet suffices
to keep the punctum proximum at the customary position, but not
within it, work at that distance becomes very fatiguing, because it -
is effected by the aid of the maximum contraction of the ciliary
muscle,

The condition of the eye when the punctum proximum has
passed beyond the usnal distance for work has evidently consider-
able practical importance. It is for this reason that Donders has
given to that condition of the eye when the punctum proximum
has passed the usual distance of near work, a special name,
Presbyopia (from =psafus, old), because this feebleness of vision is
a consequence of age. This distance is commonly admitted to be
8, or 22 to 24 em.

You see that the definition of presbyopia does not correspond, as
do the terms myopia and hypermetropia, to a condition sharply
defined. The distance of 22 e¢m. which has been taken as the
point of departure for presbyopia is evidently quite arbitrary.
Any other distance, as 20 or 30 cm., could have been taken as
well. A man who is accustomed to read at the distance of 30
cm. is not as yet restricted by his accommodation, and does not,
of course, feel the influence of age when his punctum proximum is
still at 22 or 24 cm. On the other hand, one who usually brings
his work up to 18 em. becomes presbyopic much earlier, although
the state of refraction in the two cases may be the same,

Moreover, even supposing that most people showed a preference
for 22 cm. as the distance for their fine work, it is evident that
everybody would not become presbyopic at the same age, because
presbyopia depends on the position of the punctum proximum, and,
as we have already seen, in spite of the equality of the amplitude
of the accommodation, this varies according to the state of the
refraction of the individual.

The term presbyopia, however, being of such general use in
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the number is large—would find them too strong, while others
would find them too weak.

It would be very much better in all cases to guide ourselves, in
making the selection, by the requirements of the individual and
not by any conventional ideas of presbyopia. We are in a much
better condition to make this step, now that the introduction of
the metric system and dioptries has made optical ealculations so
remarkably easy. I can assure you that I get along much better
in my practice with my new system than with the old plan of a
conventional presbyopia.

Thus, if an emmetrope of fifty-five years comes to you and says
that his eyes are much fatigued in using them for close work, you
ask him at what distance he is compelled to work. He shows
you, we will say, 33 cm. as the distance. You say to yourself
Ta see at 33 em. requires 3 dioptries of refraction (p). Now, at
the age of fifty-five years p of emmetropia is = 1.5. He requires,
therefore, 3 — 1.5 D) to see at 33 em. You therefore give him
No. 1.5 D convexes, and he will find them very satisfactory, unless
there is some diminution of the amplitude of accommodation, the
cause of which you will have to hunt for,

A hypermetrope of 1 D, aged forty years, an engraver, asks for
glasses which will enable him to see at 20 em. To see at this
distance there are required 1% = 5 D (p). At forty yedrs the
eye possesses an amplitude of accommodation of 4.5 D. Of these
45 D,1 D is employed in correcting the hypermetropia of the
patient. There only remains to him, then, 3.5 D of positive
refraction. - To obtain the 5 dioptries necessary for vision at 20
cm. we therefore give him 5§ — 3.6 = + 1.5 D

A hypermetrope of 3 D, aged seventy, asks for glasses to play
the piano, that is, to see at 50 cm. You know that at seventy
years of age there is no longer any accommodation. You give
him, therefore, in the first place, 3 D, to correct his hypermetropia,
and 102 — 2 D, to adapt his eye to the distance of 50 em.

I have no need to multiply examples. What I have said to you

I
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on the subject of accommodation will enable you to find in every
case, the refraction, the age, the amplitude of accommodation, and
the number of the glass which an eye needs for vision at no matter
what distance. Only, you must take the precaution to give the
wealzer numbers of convex lenses to those yet young and not accus-
tomed to wearing glasses; on the contrary, you can give a half
dioptry convex more to an aged person whose amplitude of accom-
modation is feeble or null,

I repeat that, in my opinion, it would be much better to entirely
abandon the term presbyopia, for the reasons which I have given
you. The definition of presbyopia is based on a distance entirely
arbitrary, which is not the same for all persons; habit, and even
the kind of work, have a widely various influence on this distance.
Thus, some emmetropes, and hypermetropes with good acuteness of
vision, are generally accustomed to read and write at a distance of
40 em. or more, while others, especially myopes and those whose
visual acuteness is not good, prefer a shorter distance, 22 cm. or
less.

Bookkeepers, draughtsmen and geometers, by preference, keep
their work at a great distance, which allows them to take ina
great deal of their book or paper at a single glance, while tailors,
jewelers, ete., require a much shorter distance.

You must not think that we have devoted too much time to the
consideration of the accommodation. You should bear in mind
the great importance of near vision in all civilized countries, and
not suppose that it suffices to choose, or have your patient choose,
convex glasses which appear to him the best for seeing near at
hand, saying, if they are too weak he can change them by and
by; if they are too strong they will all the better relieve the
accommodation. No, there is a real and an eminently practical
value in taking an exact account of the amplitude of the accom-
modation of the patient.

The amplitude of accommodation is, indeed, so to speak, the
dynamometer (the measurer of force) of the ciliary muscle, and
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LECTURE XI.

ACUTENESS OF VISION.

GENTLEMEN :—The refraction of the eye and visual acufeness
are frequently confounded, They are two very different things,
however, and should be clearly distinguished from each other,
although in practice we are accustomed to determine them together,

The refraction is simply the function of the dioptric apparatus ;
visual acuteness, on the other hand, is a function of the nervous
apparatus of the eye,

Refraction may be perfectly normal without the eye being able
to see, if the nervous apparatus does not perform its function
properly; while the acuteness of vision can be normal, in spite of
great anomalies of refraction, if these latter are corrected.

We can determine the refraction of all eyes, even of the dead
aye; the acuteness of vision, on the contrary, can only be deter-
mined on the living eye, and it is further necessary that this living
being express itself clearly in regard to the luminous impressions
which it receives.

Acuteness of vision is for the retina what tactile sensibility is
for the gkin, and we .determine the .condition of the two functions
in an analogous manner: We seek in both for the smallest dis-
tance between two points which can be perceived separately. For
the skin we use the mechanical pressure of the two points of a
pair of compasses; for the retina the impression produced by the
retinal image of two luminous points.

The determination of the acuteness of vision consists, therefore,
in the determination of the smallest retinal image the form of
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which can be distinguished. 1 ask you to mark the restriction :
It is not simply the smallest retinal image perceived which gives
the measure of the acuteness of vision, but the smallest whose
form is distinguishable.

The smallest retinal image is a point the peruaphbﬂlt}r of which
depends solely on its luminous intensity. One luminous point does
not measure the visual acuteness—the distinction of forms—but
the perception of light, the faculty which the retina possesses of
distinguishing differences of brightness.

The acuteness of vision, the faculty of the retina to perceive
forms, depends on many conditions—

1. Primarily, on the sensibility of the retina.

On the adaptation of the retina,

On the general illumination.

On the sharpness of the retinal image.
On the intensity of the illumination.

The adaptation of the eye to the illumination under which it
acts is a condition which it is necessary to take into account in all
experiments relative to the sensibility of the retina (distinction of
degrees of clearness and of colors). In passing from an illumi-
nation of a less to one of a greater intensity, or inversely, it takes
a certain length of time (about twenty-five minutes) for the retina
to become accustomed to the altered illumination, and to put itself
in harmony with it. We know that the acuteness of vision varies

o 90 10

with the general illumination up to a certain degree of intensity,

as that of a clear, sunny day; the two then vary in a direct
proportion, but when the illumination passes a certain limit of
intensity, the acuteness of vision diminishes instead of increases.

The sharpness of the retinal image depends, essentially, on the
transparency of the dioptric media, the regularity of their surfaces,
and the adjustment of the eye to the distance of the object.

T'he luminous intensity of the retinal image depends, also, upon
the transparency of the dioptric media. It is, in other words,
proportional to the luminous intensity of the objeet, and to the
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difference in brightness between this and the baclkground against
which it is seen.,

Before commencing the examination of the functions of the
retina an account must be taken of the intensity of the general

illamination: it must be measured. The simplest photometer is

the acuteness of vision of a normal eye which we can, in this case,
consider as proportional to the illumination.

Before undertaking the examination of the visual acuteness of
another eye we should determine that of our own; and if, for
example, it is only # of that which is usually found, we shall have
to multiply the figures of the visual acuteness of the patient
examined by § in order to obtain his actual acuteness of vision.

We must allow, moreover, the eye under examination to adapt
itself to the general illumination, and it must be accommodated for
the distance of the object looked at. This latter must be placed
in the simplest and most favorable conditions to be easily distin-
guished by choosing one that is black on a white ground or white
on a black ground. - '

The results of numerous experiments have shown that it is

necessary that the two points of a retinal image, in order to be

clearly distinguished from each other, be separated by a distance
of 0.00436 mm. Such a retinal image corresponds in the normal
emmetropic eye to a visual angle of 1°.

Tt is upon these data that Snellen has based his “ test-types ™

for the determination of the acuteness of vision. He has taken

as the test-objects Latin letters: letters, because they are forms
most widely known, and which, in spite of the variety of their

figures, are easy to describe; Latin letters, because they are the:

simplest and most common. Snellen’s idea was to have these

test-letters formed in such a manner that in order to be recognized
they required that the eye should distinguish two points separated

from each other by an angle of 1/; the breadth of the black lines
forming the letter, as well as the intermediate white spaces, should
be just } the diameter of the whole letter.

B
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Fach 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 5/,

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
principle 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 c¢m. 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., ete. 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 accommodation 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 emmetropie. 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
distinetly its visual acuteness.

Thus, & 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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ought to be seen distinctly at 12 m. because they are twice as
large—the visual acuteness is only one-half the normal (vf). In
order that the same eye recognize the letters of No. 6 it must be
brought up to 8 m. If it distinguishes No. 7 at 6 m. its visual
acuteness is §; but if it sees not only No. 6, but even No. 4, at
6 m., the number which we have the right to bring up to 4 m.,,
its visual acuteness is evidently greater than normal—it is §.

This not infrequently happens. You will find many young
people who enjoy an acuteness of vision greater than that which
Snellen has taken as the normal. The acuteness of vision of
Snellen, however, is not the maximum, but is to be taken as the
mean of the different ages. The maximum acuteness of vision
could not, moreover, serve us in practice where we desire to know
what is to be considered as normal, and the limits beyond which
it is considered to be abnormal.

You have seen that the visual acuteness is always represented
by a fraction, the denominator of which is the distance at which
the characters should be distinguished, the numerator the distance
at which the characters are seen in the case under examination.
We call the first D, the second d, and the acutencss of vision V,
and then write: V = -f-;.

When the acuteness of vision with the naked eye is not up to
the normal standard, we think at once of an anomaly of refraction,
and proceed to the task of correcting it.

An individual who, with a convex glass No. 2, reads No. 8 at
6 m., has a hypermetropia of 2 D and V = .

Another who, at the same distance, reads No. 10 with — 3, will
have a myopia of 3 D and V = .

For persons who cannot read, Snellen has given figures
resembling E, and which are made on the same principle as the
other letters. These are squares, one side of which is lacking
The patient should then indicate to us the side which is open. In
this manner we are enabled to examine easily the visual acuteness
of children, or of those whose intelligence is not highly developed,
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and even of mutes, who can indicate with the hand the direction
in which the open side laysa.

Tt is evident that, instead of examining the visual acuteness by
the aid of figures of different sizes, placed at the same distance, we
can allow the size to remain the same and vary the distance. In
this manner a single series of letters would suffice for the
determination of V. Take, as an example, No. 6 of Snellen’s
scale. The individual who reads it at 6 m, has a normal visual
acuteness, If we should have to bring it to 4 m,, in order that
they be distinguished, V would equal 4, etc., in accordance with

the formula V = 5.
The single E of Snellen would, therefore, suffice to determine

the acuteness of V. Instead of varying its size and having
different forms, we can change the distance and alter the position
of the figure. This proceeding is very convenient where we do
not have command of a full set of test-types, but it is inferior to
the other mode in cases where we have to bring the figure within
4 m,, because then the accommodation comes into play.

But the combination of the two processes—variation in the size
of the object, and variation of its distance from the eye—increases
considerably the exactness of the examination of visual acuteness.
If we have found the series of letters which is clearly made out at
a given distance, we can try if by removing it to a greater distance
the eye continues to distinguish the letters; for example, an eye
sees No. 5 at 6 m., but if it still distinguishes them at a distance
of 30 ¢cm. more, V will be not only & but £3.

Snellen’s series, though the one most widely known, is not the
only scale which has been constructed for the determination of the
acuteness of vision at a distance.

Indeed, the prineiple of the acuteness of vision being given, it
i3 easy to print Latin, Gothic, black or colored letters, eto. How-
ever, the scale of Snellen remains the one most generally in use,
and it is undesirable to increase the number of these test-objects
in order that we may have a unity of comparison throughout the
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b - effect to that of the glass for which it has need. It remains to
| determine which of these two influences is in excess.

It is a question of great importance in practice whether we
have a right to demand of a hypermetrope a visual acuteness
greater than that of an emmetrope, simply. because he uses
magnifying glasses while the other sees only with the naked eye;
or whether, on the other hand, we should have a diminished
acuteness of vision on the part of the hypermetrope corresponding
to & normal retinal perception, because the hypermetropic eye, on
account of its shortness, has smaller retinal images.

On the other hand, has a myope who, after correction of his
ametropia, reads exactly the same letters as the emmetrope at the

- -
e e e R

samo distance, a visual acuteness greater than the emmetrope
because he is able to distinguish these characters in spite of the
| . diminishing effect of his lens, or should we consider his visual
| acuteness as defective, and search for some trouble in the dioptric
i media or at the fundus of the eye, because, on account of the
AL length of the myopic globe, the retinal images are larger, and he
1 ought, therefore, to have & visual acuteness greater than that of
i an emmetrope ?
i This question can be solved only by means of calculation; but
the aim of these lectures, which are essentially practical, causes
it me to abstain as much as possible from mathematical deductions,
i and I can only give you here the results of the researches that
i) have been made by Knapp, Donders, Woinow, Mauthner and
|} myself—results which accord perfectly with each other. The
conclusions at which we have arrived are the following: —*

I called your attention, in the first lecture on refraction, to the

t fact that we can correct ametropia by different lenses according
. l as we place them at a greater or Jess distance from the eye. Now,
| since the correcting lens of an axial ametropia is nsually placed in
i the anterior focus of the eye, i.e., 13 mun. in frond of the cornea,
i the retinal image of the ametrope should be of the same size as

¥ Landolt in Wecker et Landolt : Traité Complet @Ophthalmologie I, p, 480.
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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 malkes 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-
metropie, and who on this account is able to compare directly the
gize 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

undoubted 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 impartant 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, 1876,
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of vision at a short distance, that we take isolated letters con-
structed on the same principles as the larger test types. It is
also evident that we must make the examinations always at the
same distance if we would obtain results exact and comparable.
This examination is based on the same principle as that at a
distance, 1.e., on the equality in the size of the retinal image.

9. Moreover—a most important matter—the vision near at
hand is very different in the different states of refraction.

Take, for example, a distance of 22 em. The young emmetrope
will see at this distance with the aid of his accommodation, the
presbyope and hypermetrope with the assistance of convex glasses
of greater or less strength, according to the power of their
accommodation and the degree of their ametropia. The myope
whose punctum remotum is found at a greater distance from the
eye than 22 cm. will likewise have need of a slight effort of
accommodation ; only a myope of 4.5 D will be able to see at that
distance without any accommodation, and without any correcting
glass, while degrees of myopia higher than this will demand the
use of concave glasses for seeing at the same distance. Vision,
under these various ecircumstances, is attended with notable
differences in the size of the retinal images.

Tt matters not that you employ the same test objects and place
them at exactly the same distance ; the emmetrope who accommo-
dates will still have retinal images smaller than the presbyope, who
uses glasses, and the presbyope (if he is not completely deprived
of his accommodation) smaller images than the myope of 4.5 D.
Your result is therefore false, since the basis—that is, the size of
the retinal image—is changed in each case. Equality in the size
of the retinal images is the “sine qua non ™ in the determination
of the acuteness of vision.

Moreover, by proceeding in this way we do not determine the
rofractive condition of the eye, The method frequently used, of
making the individual read bits of sentences, is, therefore, unsatis-
factory and insufficient for the determination of the visual acuteness.
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It is possible, however, to obtain in near vision the same
advantages as in distant vision—equality in the size of the retinal
images, exclusion of the accommodation, simultaneous determina-
tion of the refraction, of the accommodation and visual acuteness.
For this purpose we proceed in the following manner :—

We place the test object say at a distance of 23 centimeters -

(exactly 233 millimeters) in front of the cornea, that is, 22 cm.
from the anterior focal point of the eye, which is situated 13 mm.
in front of the cornea, the eye being deprived of its accommodation.

It is only the myope, then, whese punctum remotum is situated
at 23 cm. in front of the eye, who will be able to see distinetly at
this distance. In order to see at infinity, the correcting glass
placed at 13 mm. in front of the eye, where lenses are usually
placed, should have a focal distance of 22 em., and therefore a
refracting power of 4.5 D,

In order to make eyes having other states of refraction see

these test objects we must have recourse, not to the accommoda-
tion, but to convex lenses, which we place 13 mm. in front of the
cornea.

We should give, so to speak, to all eyes a myopia of 4.5 D.
To attain this the emmetrope will have need of No. 4.5 convex,
which will render parallel the rays coming from 22 cm. in front
of the lens; the hypermetrope will require a lens stronger than
the emmetrope, and the stronger in proportion to the strength of
his hypermetropia.

A hypermetrope of 2 D will have need of 6.5 D, that is to say,
he will require 2 D in order to bs rendered emmetropic, and
4.5 D in order to adapt his eyes to the distance of 22 e¢m. An
individual who sees with a convex 7.5 will have a hypermetropia
of 7.6 — 45 =3 D.

Myopes up to 4.5 D will require convex glasses diminished by
the degree of their myopia. Take, for example, a myope of 1 D;
if he had been emmetropic he would have required 4.5 D, but he
will not require so much now, since his myopia already gives him

|
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My method offers still another advantage, in that it renders
invariable the distance between the lens, the test objects and the
eye. This last point is of the greatest importance in determining
the acuteness of vision at short distances. Slight changes here
produce greater differences in the size of the retinal images than
more considerable separations of the test objects in the determina-
tion at a distance.

In certain other respects this method is preferable to the other.
It enables us to dispense with a great distance for the deter-
mination of the visual acuteness and refraction, and to have a
more regular and constant illumination. It is easy to illumine
ihe interior of our stereoscope with a regular and normal light,
and at the same time exclude light from other sources. The
windows behind the patient often interfere very considerably with
his vision, on account of their reflection from the surface of the
correcting lens.

This method can serve us in yet other determinations. As the
strongest convex lens or the feeblest concave lens with which the
eye can distinguish the smallest characters and attain to its
maximum of visual acuteness gives the refraction, so the strongest
concave or the feeblest convex lems will give the power of
accommodation. In distinguishing the letters without a lens
the emmetropic eye uses 4.5 D of accommodation. But when
it yet sees through a — 1 lens, which requires, in order to be
neutralized, an effort of accommodation of 1 D, it disposes of
1+ 45D =535D.

The hypermetrope of 2 D who preserves the maximum of his
visual acuteness at that distance in spite of a negative lens of 3D
will have an accommodative power of 2 + 4.5 + 3 =9.5 D.

A myope of 3 D who sees with — 5 will have an amplitude of
accommodation = 6.5 D. On account of his myopia he will only
require 4.5 — 9 — 1.5 D to see at a distance of 24 cm.; he has,
therefore, called forth 1.5 + 5 D = 6.5 D. The myope of 6 D
who sees with — 6 the same letters as with a 0.5 will have an
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amplitude of accommodation of 4.5 — & + 6 = 5.6 D. In order
to see al 24 cm, he will require not 4.5 D but 5.5 — 5 = 0.5
concave. The one-half a dioptry of the 6 which the lens we have
given him contains serves, therefore, to correct the excess of his
myopia, and the other 5.5 is employed simply to neutralize his
accommodation,

There is no need to multiply examples or explanations, which
would be only repetitions of what has been said. My intention
was only to show you that our plan would serve, at the same
time, to determine the amplitude of accommodation. '

For the examination of the accommodation we should place the
test objects at the middle of the base of the optometer and close
the eye not under examination. i

Our apparatus will serve equally for those who wish to
determine presbyopia, since the test letters are placed at a distance
of 23 em. You will remember the definition we gave of that
infirmity. Presbyopia was defined as that condition of the eye in
which it is no longer able to see at 23 centimeters; in other
words, it cannot dispose of more than 4.5 D of positive refractive
power. While the strongest convex lenses give us the refraction
of the eye, the concave lenses the amplitude of accommodation,
the feeblest convex lenses give us, directly and without reduction,
the degree of the presbyopia.

An eye which sees the test letters without a glass is not pres-
byopic. An eye which requires 2 D to see them has a presbyopia
of 2 D; another which requires 4 D has a presbyopia of 4 D, ete.

I have no need to return to this subject, of which we have
already spoken at length.

It is unnecessary to add that in an optometer such as I have
proposed it is not required to calculate in each case the number of
the ametropia, or the amplitude of the accommodation, or the
presbyopia, as I have done in order to the better explain my

principle. 'We read on the apparatus directly the- figures result-
ing from the determination,
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This method of determining the visual acuteness iz not yet
employed in practice, and all those who have determined the
visual acuteness by means of bits of reading or small letters have
not taken into account the conditions which I have just exposed,
and which alone render the determinations exact.

The bits of reading, it is true, are in extended nse, and serve
generally for a rapid determination of presbyopia, since, a8 a rule,
that which we desire is only to give to our patients such' glasses
as shall enable them to read and do fine work without fatigue.
For this purpose the bits of reading are sufficient. The best are
those which Jager (of Vienna) has published in all civilized
languages, and which are distinguished by the exactness of their
execution,
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LECTURE XII.

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 eranium which nearly invariably accompanies astigmatism
(see Lecture vir), :

The distance between the eyes concerns us particularly where

e e i S
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we have to order glasses for the patient. Tt is, indeed, of great
importance to separate the glasses by a distance corresponding to
that which separates the eyes. It should be equal to this when
they are to be used for vision at a distance, a little less if they are
to be used near at hand, Moreover, we have already seen, in the
second lecture, that in cases where we have insufficiency of the
internal rectus muscle, and consequently asthenopia, the distance
between the eyes demands our closest attention.

For the same reason we should examine the direetion of the
eyes, a high degree of insufficiency of a group of muscles mani-
festing itself frequently by a slight divergence or convergence of
the visual axes. We should examine, moreover, the equilibrium
of the internal and external recti by means of the separate fixation
of the index finger, as we have already explained in the fifth
lecture. A convergent strabismus will be presumptive evidence
of hypermetropia, a divergent strabismus, of myopia.

Troubles of the refracting media, such as spots on the cornea,
deposits on the anterior capsule of the lens, commencing cataract,
etc., will deprive us of the hope of a perfect acuteness of vision,
in spite of the correction of the ametropia.

The diameter and mobility of the pupil will indicate to us the
state of the accommodation, and often give important indications
as regards the fundus of the eye. In cases of amblyopia the pupil
is frequently more or less dilated, and reacts tardily under the
influence of light.

But the most valuable indications are derived from an examina-
tion of the length of the ball, as we pointed out at the beginning
of the lectures on refraction.

After this inspection, which, after a little practice, can be
completed in a few minutes, we cause the patient to git down, his
back against the light, in front of the test types placed in a good
light on the wall five meters distant, and proceed to the examina-
tion of the acuteness of vision and the refraction of the two eyes
successively.
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I commence always with the better eye, this giving us the more
certain indications, and, in many cases, the nature of the ametropia
of the other eye, We cause the patient to cover the worse eye
with a screen. This simple proceeding is of considerable import-
ance: in the first place, because it is necessary that the eye be
excluded completely from the act of vision, of which we can never
be certain so long as he covers the eye with the hand, since
patients frequently see through the spaces between the fingers or
the space between the nose and hand ; moreover, in covering with
the hand it is difficult to aveid more or less pressure on the eye,
and this pressure, however slight it may be, always influences
considerably the vision of the eye and is liable to lead us into
@rror.

We should not allow the patient to close one eye, however
gracefully he may be able to do it. You can never know that he

is not deceiving himself, and still sees with the eye supposed to be

closed sufficiently to supplement the other when it has come to
the limits of its visual acuteness. Moreover, in the majority of
cases, when one eye is closed the lids of the other are also brought
more or less closely together, and this may be another source of
error, by masking in part an anomaly of refraction, particularly
astigmatism,

You know, indeed, that many myopes (uvew, to wink the lids),
and especially the astigmatics, partially close the eyes in order to
see distinctly. In this manner they form a stenopaic slit, which,
by diminishing the circles of diffusion, sometimes increases the
visual acuteness considerably.

Astigmatics can, on their part, exclude the vertical meridian of
the eye, and thus obtain much more distinct retinal images. We
should always watch the patient, and insist on his keeping the
eyes wide open,

All these precautions being talken, you see what the eye can
distinguish without the aid of glasses; afterward, to what degree
you are able to increase the visual acuteness by means of spherical
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glasses. - You then determine the astigmatism, if there be any,
and pass on to examine the other eye in the same manner.

The accommodation of each eye is then determined by turns,
including the glass which the patient requires for vision near at
hand, and finally, the amount of muscular insufficiency.

The ophthalmoscope will complete this examination, showing
the real state of the refraction of the eye, and giving an explana-
tion of the amblyopia.

Case 1.—A young woman of about twenty years presents
herself, complaining of asthenopia, that is, that her eyes refuse her
service when she has worked for some time, and especially in the
evening. She is aneemic. The bridge of the nose and the zygo-
matic regions are flat; slight asymmetry of the face, the left half more
developed than the right; direction of the eyes normal ; no insuffi-
ciency; pupils equal and movable. The left globe does not appear
to differ notably from the normal length; at any rate, it is not
elongated ; the right globe manifestly short.

The patient having told you that the left is the better eye, you
examine it first, and you find that it can read, without glasses,
No. 5 of Snellen at five meters distance. The acuteness of vision
is therefore normal, and the eye is not myopic; but it may be
hypermetropic, and overcome its hypermetropia by means of its
accommodation.

Try, now, if the acuteness of vision remains the same or
improves with a very feeble convex glass, for example, + 0.5 : the
patient rejects it. There is, therefore, no hypermetropia mani-
festa, and you write: L. E. V. = .

The right eye, without glasses, can only ses No. 36 of Snellen’s
scale (V = f5); with + 1 it sees the same letters, but more
clearly, and even those of No. 24; with + 3 V becomes . This
is, for this eye, the maximum of correction, No. 8.5 impairing the
vision. You have, therefore, R Hypermetropia manifesta (Hm.)
3D,V =+

The youthfulness of the patient makes you suspect that a part
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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 thes 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 Tight,
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 em. If the hypermetropia of the right eye is 3 D
this eye will possess only 10 — 3 = 7 D of positive refraction, and
its punctum proximum will be found at 14 cm. .

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 em. 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 difficalt 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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The same may be said of myopia when we have to determine
that portion of the apparent myopia which is due to the accommo-
tion.

To what must we attribute the impairment of visual acuteness
in the right eye, in spite of the correction of its hypermetropia ?
It is not due to the smallness of the retinal images, these being,
after correction of the ametropia, of the same size as those of the
emmetropic eye. Is it due to a lack of development of the retina,
or lack of exercise? Possibly to both. In the high degrees of
hypermetropia the retina would appear sometimes, indeed, to be
less sensitive than in emmetropic eyes, and this right eye having
been, on account of its anomaly of refraction, in a less favorable
condition than the left, the individual has always preferred to em-
ploy the better eye, neglecting the other to a greater or less
extent. But we should not content ourselves with this explanation
before we know that the eye is not astigmatie.

Armed with the convex glass No. 3, it should not, if unastigmatic,
discover any marked difference between the various lines of the
radiating figures of Snellen and Green ; nevertheless, we find that
the horizontal lines appear to it to be somewhat more distinct
than the vertical. It is therefore the vertical meridian which is
corrected by the convex No. 3, the horizontal meridian not
completely. You place in front of the spherical glass a eylindrical
lens of 0.25 D, axis vertical, and there is no difference in the
lines. The acuteness of vision is at the same time brought up to
g. Try, now, if, with a cylinder of 0.5 D, it increases; it does
not, the patient preferring the 0.25. Then put the spherical and
cylindrical lenses in a frame which has a movable ring, and let
the patient find the position of the cylinder in which she sees best,
You then read off the degree of inclination which the axis makes
with the vertical ; it is 5°, and with this correction the patient
reads some letters of No. 6 of Snellen. You see that the correc-
tion of this feeble degree of astigmatism has been sufficient to
double the acuteness of vision. Such cases are not rare.
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suppose the existence of amblyopia, it does not prove that there is
a paralysis of accommodation, because the subject may be hyper-
metropic to such a degres that all the power of accommodation is
expended to correct the faulty refraction (— ) and there mo
longer remains enough of positive refraction to bring the punctum
proximum within infinity. The individual can, therefore, be
strongly hypermetropie, but, in such cases there is nearly always
astigmatism, or an impairment of sight, and the vision at a
distance is no longer perfect.

Paresis of the accommodation in youth is the same as pres-
byopia in advanced age. A man of fifty years, who sees well at a
distance, but not near at hand, is pither emmetropic or feebly
hypermetropic, and just beginning to become presbyopic. The
supposition of hypermetropia becomes the less probable as the
individual becomes older. An individual, on the other hand, who
can see well neither at a distance nor near at hand—having no
other ocular lesion—is hypermetropic, and in a degree the stronger
as the punctum remotum is further removed, and the age less
advanced.

Persons who say they see well near at hand, but not at a distance,
are myopes, and those who do not see either near or at a distance,
even with ordinary (spherical) glasses, are astigmatics.

But to return to our young patient; the pupils are very much
dilated ; by covering and uncovering the eyes they react slowly
and very imperfectly. Your diagnosis is made. You have now
only to determine the degree of the affection, that is, whether the
paralysis of the accommodation is complete, or whether there is
only a paresis of the accommodation and its extent.

The patient reads without a glass, with both eyes, No. § of
Snellen placed at 5 meters; visnal acuteness is therefore normal
(3). Nevertheless make a trial of convex glasses; she reads No.
4 with + 3 but not with 3.5; there is, therefore, H = 3 D;
V = 4. But the correction being incomplete, the patient dis-
tinguishes, without a glass, only No. 5 (the circles of diffusion are
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not sufficiently great to render the characters illegible, but they
render more diffuse those of No. 4 which are smaller).

It is useless to try if the patient reads near at hand, since the
accommodation does not suffiee to correct the totality of her
hypermetropia, that is to say, to bring the punctum proximum to
infinity, and it cannot, of course, bring it to a finite distance.

In such a case, find the feeblest convex glass with which the
patient has her maximum of acuteness of vision, §. You find that
it is No. 1 D. The patient has therefore preserved an amplitude
of accommodation of 3 — 1 = 2 D, in the place of 12 which
corresponds to her age; she has lost, consequently, 10.

What number would you give her for reading and writing at
30 cm. (ordering a tonic regimen to bring back the total accommo-
dative force)? The weakest convex glass which allows her to see
at that distance, in order not to leave the accommodation without
exercise,

To see at 30 cm. there is required a positive refraction (p) of
3% = 3 D. For a hypermetrope of 3 D, deprived of his accom-
modation, there will be required 3 + 3 = 6 D; but since the

patient still possesses 2 D of accommodation we give her only No.
(6 —2=)4

Case 3.—You have an old man of seventy who complains that
the glasses he has used for many years are unsatisfactory. He
only began the use of glasses for near work at fifty-five years,
which would lead us to suppose that he was slightly myopic, or
that he has been accustomed to read and write at a very great
distance, since emmetropes usually begin to use glasses at the
forty-fifth or fiftieth year for reading and writing ; hypermetropes
earlier and myopes later,

You determine the state of his refraction and find emmetropia
on both sides. V, on the left side, = 3§, that is to say, he
distinguishes No. 25, of Green, at twenty feet. On the right side
V = #§. The emmetropia you find now does not exclude the
possibility that the patient was myopic previously. On the
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contrary, the diagram of Donders (Fig. 20) shows us that the
passive refracting power of the eye (r) diminishes from the age of
sixty-five years, and that at the age of seventy it is one dioptry
foebler than it was at sixty-five years. Our patient may therefore
have had a myopia of one dioptry which, afterward, gave place to
emmetropia. The glasses he is using are the old No. 18 (2.2 D).
You are astonished that the patient has been able to use these
glasses for so long, since he says that he can read large letters
with them for a while, though he cannot continue it for any length
of time and the light must be very good.

You then ask him to show you how he reads, and find that he
reads No. 1} of Snellen by holding the book at a good distance from
the eye, and if he reads by a lamp he places it between the book
and the eye. With his No. 18 (old system) he reads at a distance
of 40 em., if not continuously, at least for a time, and the strong
light contracts his pupils so that the circles of diffusion produced
by the letters for which the eyes are not perfectly adapted become
smaller, and the retinal images more distinet. You ask him at
what distance he wishes to read, or at what distance he has been
accustomed to read. He indicates a distance of about 30 em., and
he tells you that he wishes, above all things, to read any length of
time without fatigue. To see at 30 cm. without fatigue he requires
SELIEES

In examining each eye separately, you will find that it is only
the left eye which reads the small characters at the distance indi-
cated, the other eye, the visual acuteness of which is impaired,
only reading the larger ones. This is perfectly natural; if letters
for distant vision must be triple the size of those for the other
eye he will, of course, require larger characters for near vision.

The acuteness of vision of 3% (Green) in the left eye does not
fall below the standard for the age of the patient. At seventy

years the transparency of the dioptric media, and the sensibility
of the retina have, generally, been reduced so as to diminish the
acuteness of vision one-fourth. The oblique illumination shows,
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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.

(Case 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 Las 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 6} 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 because the patient has been, up to this
time, his own physician, and is very glib with such scientific terms
a8 irido-choroiditis, pyramidal cataract, gerontoxon, ete.
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You begin by taking a book with the finest print, and searching
for the greatest distance at which he is able to read it; you finally
find it to be 20 cm., which corresponds to 5 D.

At a distance he can make out no letters of the scale; you
commence by giving him a concave No. 4; he reads then up to
No. 0.4 (Monoyer); with 4.5 he reads some letters of No. 0.5;
with 5, all of line No. 0.6, with the exception of 0 and E, which,
however, are not hard to make out; on the other hand, he can
decipher a fow of No. 0.7. The No. 6 glass seems better, but he
can read no further with it. Myopia of the left eye is therefore
equal to 5 D; Vabout 0.6-0.7. The same is found on the right
side.

His glasses are No. 63 of the old system, which corresponds to
the new number 6. If you test them you will find that the glasses
are even stronger than their number indicates, and that they
correspond to the No. 8.5 of the new system (6 of the old system
instead of 63). He has, therefore, always worn glasses stronger
than his myopia has required; and no doubt they have fatigued
his eyes considerably, on account of the effort of the accommoda-
tion which they have demanded. Now, at the age of thirty years,
when the accommodation is not so powerful as at twenty, this
fatigne becomes intolerable, and the patient finally acknowledges
that, in spite of his excellent number, he can no longer see so well
at a distance as others.

To what can we attribute his amblyopia? There has probably
been some choroidal troubles, frequent causes of myopia and
amblyopia, which are readily appreciated by the ophthalmoscope.
But first see if he has no astigmatism, which the confounding of
letters leads us to expect.

You place the card of radiating lines before him at a distance
of about five meters and try his left eye with concave No. 9
spherical ; he tells you, after a certain “searching,” that he sees
distinetly only the line on the right side, inclined 10° to the ver-
tical, while all the other lines are more or less indistinct, espe-
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cially the ome which is perpendicular to the direction indicated,
that is to say, inclined on the left 80° to the vertical.

There is, therefore, regular astigmatism ; one of the two principal
meridians is inelined on the right 10° from the vertical, the other
on the left 80° from the vertical, and this latter is myopic to the
amount of 5 D, since with — 5 the lines perpendicular to its direc-
tion are seen clearly and distinctly.

In order to determine the refraction of the other principai
meridian yon combine with the spherical — 5 a convex eylindrical
No. 0.25, axis inclined on the left 80° to the vertical. The
patient does not see so well. Therefore we judge this meridian to
be more myopic than the other. You now try the concave
cylinders, beginning at 0.25,

The patient, we find, finally, sees best with — 0.75 axis 80° on
the left;* all the lines of the figure ap- e
pearing to him to be equally clear, and ®
the acuteness of vision, which we should =
always try as the final test of our cor- \\\
rection, has become 1 exactly. For the ™
right eye you find the same ametropia, only the inclination of
the astigmatic meridian is symmetrical to that of the left eye,
that is, the inclination of the axis of the No. 0.75 cylinder must
be 80° on the right.

Our examination has proved to us that the difference in the
refraction of the two meridians is 0.75 . This is incontestable,
but are we so sure that the myopia in one is 5 D and in the other
is 575 D? No; because a portion of the myopia may be due to
an effort of accommodation. In order to convince yourself of this,
combine with the cylindrical 0.75 a moderately strong spherical
glass, and you will be astonished to find that even with a spherical
— 4 combined with a cylindrical — 0.75 the patient sees as well
as with the No. 5. He will tell you, moreover, that he sees much

902

* We indicate the inclination of the axis by a double line and in its relation
to the vertical 0°, as shown in the diagram (Fig. 21). !







—— mp— ——
. ]

e L

F ittt il il

o
iy

PRACTICAL EXAMPLES IN REFRACTION, ETC, LT

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 visual 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 himself too close in
order to see the notes distinetly. This is evident, since his myopia
iz 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 392 = 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 eylinders 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 because 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, according to the rules already
pointed out. Without a correcting glass he reads, but confusedly
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and with difficulty, the first two lines of No. 1 and 0.2 (Monoyer),
and if he attempts to make out more he commits very great and
curious errors. He confounds letters which have no resemblance
to each other, and sometimes makes out a complicated letter while
he cannot distinguish a very simple one by its side.

A convex No. 1 increases the visual acuteness to 0.2 or 0.3, but
no more; stronger convex glasses diminish it

Place before him the radiating figure and put the convex glass
No. 1 before his eye. He sees only one line distinctly and that
not perfectly black. This is the vertical line; all the others are
confused.

You add a convex cylinder 0.5, with its axis in the direc-
tion of the line which is least distinct and perpendicular to the
line which appears clearest; the lines then appear more confused.
The vertical meridian does not, therefore, appear to be hyper-
metropic, since the horizontal lines and those approaching it are
not clearer with + 1 spherical, and are even less distinct with
a + 0.5 cylindrical. But by turning the cylinder before the eye
you will find a position in which the vertical line appears more
distinct than with the spherical alone. This is when the axis of
the cylinder is vertical. The horizontal meridian is, therefore,
more hypermetropic than 1 D.

Now try cylindrical glasses still stronger, and the vertical line
will become yet more distinct and the neighboring lines will also
become clearer. Finally, with cylindrical + 4, all the lines are
clearly made out, with the exception of the horizontal and two or
three of those nearest it.

With this combination, spherical + 1 and cylindrical + 4 axis
vertical, the acuteness of vision becomes 0.5. This is truly a
wonderful result, compared with that obtained with the spherical
lens alone. But you must not content yourself with this, knowing
well that the vertical meridian is not corrected, since the
horizontal lines do not appear as clear as the vertical.

You already know that this meridian is not more hypermetropic
than 1 D. Try and see if it is emmetropic, that is to say, if all
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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=>5D (4 eyl,, 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 5 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 is 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.

B
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LECTURE XIIIL.

EXAMINATION OF THE PERCEPTION OF COLORS.

GeENTLEMEN :—We propose to-day to enter into the study of the
perception of colors. This is, as you shall see by and by, one of
the most important chapters in the study of the functions of the
organ of vision, and so much the more on account of the extent of
its application beyond the limits of ophthalmology pure and simple.
Tts history is not a long one, for it has been developed almost
under our very eyes.

Ancient history has left us no study on the subject except the
treatise of Pliny, where the latter upbraided his fellow citizens
for being, in painting, inferior to the ancients, who only recognized
four colors, while in his time they were in possession of a very
large number,

Afterward there appeared the great treatise of Leonardo da
Vinci on the art of employing colors, the first edition of which
was published in Paris in 1651, The interest of this most
important work is confined principally, however, to painters.

In reality, it is from the time of Newton that we must date the
study of the physics of colors. TItis to him and to Thomas Young
that we owe the scientific basis of our present knowledge of the
subject. '

As to. the anomalies in the perception of colors, they were
neither known nor studied previous to 1830, when Dalton pub-
lished his observations on achromatopsia.

Himself affected with a peculiar kind of achromatopsia (he was
unable to distingunish red) he described with great exactness his
condition, and drew to this the attention of Savants, From this
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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 persunaded 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 utherwma
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,

chronic alcoholism, ete. But we will reserve these for later study,

* 8o far as we have been able to learn, no accidents have occurred in the United

States which could be referred to an inability to distinguish these color-signals,
— k.

T—




182 EXAMINATION OF THE EYES,

when we will undertake the examination of the retina throughout
its whole extent, in relation to its perception of colors.

We shall first consider colors, in the proper acceptation of the
term, from a physical standpoint.

We divide colors into simple and compound, the latter being a
combination of two or more simple colors. This combination, if
made in certain determined . proportions, produces white. We
ought, therefore, in decomposing white, to be able, at will, to
reproduce the various simple colors. We have the proof of this
in the rainbow and the solar spectrum.

You all know how the solar spectrum is obtained; a beam of
white light is let fall on a transparent prism, which refracts differ-
ently the various colors of which white light is composed.

In order to obtain brilliant spectral colors the light must be
very intense and the spectrum must be produced in a dark room.
Now, since this last condition is difficult to obtain in our dwellings,
and we have not always the sun at our disposal, a portable
apparatus has been constructed, which, when directed toward a
luminous object, gives a spectrum in the interior of a tube. Such
an instrument is called a spectroscope.

I show you one here. It consists of a metallic tube black-
ened on the interior and having at one end a diaphragm in
which there is a slit that can be widened or narrowed at pleasure.
The light, after passing through this slit, falls upon & prism, by
which it is decomposed. An ocular fixed at the other end of the
tube magnifies the spectrum and adapts the eye of the observer
to the distance at which it is produced. By directing the spectro-
scope toward a white object we see a spectrum more or less intense
according to the illumination of the object.

All the colors of the solar spectrum are simple, and cannot be
farther decomposed. If a green ray, for example, is allowed to
fall on a prism it will be deviated in its proper direction, but
not decomposed. If you look with the spectroscope at one color
of the rainbow, you will not see a spectrum, but only a short band
of the color examined,
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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, ete.

All these materials, even the transparent colored bodies (liquids,
glasses, etc.) 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 eoloring 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
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very different impression made by the pure red of the spectrum
and an artificial red, which contains, moreover, a series of colors
which the eye cannot perceive.

For exact experiments the spectral colors are always to be

“preferred. They allow of a rigorous examination, and one

comparable throughout its extent. Unfortunately they are not
easy to produce or manipulate, because, in order to have the colors
of sufficient intensity, we must have a very bright sun-light, a
dark chamber, a heliostat, and a spectral apparatus; in a word,
we must have conditions which we can seldom command in the
routine of practice. Another serious obstacle is the difficulty of
combining the various colors of the spectrum, an indispensable
condition for a thorough and satisfactory examination,

(Colored materials are, on the other hand, found everywhere.
They are easy of combination, and we can have them on surfaces
of any desired dimensions. In order to make a rigorous examina-
tion, however, we should always have a spectral analysis of the
color employed.

What would you say of a physiologist who would publish his
experiments with a bitter substance without indicating its nature?
«Tt produces,” he says, ¢ tetanic symptoms.”  Another can deny
this result from his experiments with a substance likewise bitter.
Both, however, are right, if the first has employed strychnine and
the other quinine.

If you employ two colors of red, they may be very different in
their bases, one containing much blue and the other a large
proportion of yellow. In order to make the experiments with the
colors uniform, account must be taken of the various elementary
colors which the materials used reflect or transmit.

It is very easy and simple, however, to analyze any colored
material. You have only to look at it through a gpectral
apparatus and you have its composition directly. A simple prism
will suffice if we look through it at a small band of the color on a
black or white ground.

e e il
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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 ourselves 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 namber
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
golar 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 ecircles, 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 distinet 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.

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

13
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But this color does not represent the result of an addition, but,
on the contrary, of a subtraction of colors.

The blue glass absorbs all the rays of white light, including the
yellow, except the blue and greenish. The greater part of the
rays absorbed would pass through the yellow glass. This glass,
on its part, will absorb nearly all the rays which would pass
through the blue glass, especially the blue rays. What remains
and comes to our eye is the color which has not been absorbed
gither by the blue or the yellow glass, and this color is green.

We have, therefore, not combined the blue and the yellow, but
have, on the contrary, cut off from the light coming to us the
blue and yellow rays, and see only that which is left.

Tt is the same in painting. We would find it exceedingly
difficult to convince a painter that a mixture of the seven simple
colors would produce white. And why? Because, in mixing the
colors on his palette he never obtains white, but only a grayish -
purple.

You will see, on the other hand, that nothing is easier than
to have white by mixing the light reflected from these various
colors.

The direct proof that we have not made an addition of colors
in superposing the two glasses is this: The yellow glass 18
evidently much clearer (that is, contains more light) than the
blue ; and moreover, the color (green) which we see through the
blue and yellow glasses superposed is much darker than that of
each glass taken separately, deeper even than the blue which we
have from the superposition of two blue glasses; a convineing
proof that the first combination absorbs more light than the second.

T shall not occupy time in deseribing all the numerous methods
which we have for producing a true mixture of colors.® In order
to effect this it is not necessary that the impressions be produced
simultaneonsly, but since each of the impressions continues for a

# ] have explained this fully in the “Traite Complet d'Ophthalmologie™—
Wecker and Landolt, vol. i, p. 552.
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certain time it suffices to let them follow each other at short
intervals.

For this purpose we use a disc, on which can be placed as
many colored sectors as we desire. This disc is mounted on an
apparatus which gives it a rotation so rapid that the eye can no
longer discern the various individual colors, but only perceives
the resultant color from the combination of all.

In order to determine exactly the quantity of each of the colors
which enter into the mixture, we employ circles of colored paper
which are cut in one of their radii. In this manner one can be
glipped under another to any extent desired, and the exposed
portion measured by means of a protractor.

If it is desirable to compare the various combinations, it suffices
to produce them by means of concentric colored circles of different
diameters.

Our apparatus is capable of making 80 revolutions per second,
but from 50 to 60 revolutions generally suffice.

A statement of these physical facts was necessary to a proper
understanding of what is to follow; and we will pass now to the
physiological part of the subject—to the theory of the perception
of colors. The one that is most widely known is the theory of
Young, further developed by Helmholtz. According to this theory
the eye possesses three distinet kinds of nervous elements, each of
which receives one of the three fundamental colors: red, green,
and violet (or blue).

The first kind of these elements is excited in the highest degree
by the red rays, but also somewhat by the green, and feebly by the
violet. z

The second kind is affected by the green rays, and at the same
time by the red and violet.

Finally, the violet rays excite strongly the elements of the third
species, which are also somewhat sensible to the action of green
rays, and very slightly to the red.
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3. The mixture of two complementary colors. All the three
|: methods can be carried out by means of the disc of Maxwell.

The theory of Young-Helmholtz, however ingenious it may be,
is not entirely free from objections. While it explains most
admirably some of the phenomena, especially the perception of
colors, it does not at all explain, or in a very unsatisfactory
manner, the phenomena of contrast. Having spoken of the theory
of Young-Helmholtz, I cannot forbear to mention another newer i
theory, not less ingenious, which, particularly in regard to the
perception of light, is very plausible indeed. This is the theory
of Hering. I very much regret that the time allotted to these
lectures will not allow me to enter into a consideration of this
ingenious theory in detail. But for its full comprehension a series
of experiments would be necessary which it is impossible to repro-
duce here, where we must limit ourselves to matters strictly prac-
tical. I advise you, however, to read the work of Hering, which
he presented to the Academy of Vienna under the title ©Zur
Lehre vom Lichtsinne,” and familiarize yourselves with this new
and ingenious explanation of the sensation of light and colors.

We hasten on to our principal subject—the examination of the
alterations of the perception of colors.

Derangements in the perception of colors are of two principal
kinds. 1. Achromatopsia (absence of the perception of colors).
II. Dyschromatopsia (a difficulty in the perception of colors—
diminution of perceptive power),

Achromatopsia and dyschromatopsia may be Zotal or partial,
according as the infirmity affects certain or all of the colors.

I. Total achromatopsia is a condition in which the individual
has no perception of color, and only distinguishes differences in
brightness. All objects are seen in about the same condition as in
a photograph. |

This affection is very rarely congenital, only a few cases of the
kind having been accurately examined.

I have myself examined four cases of this character—young
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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
ean 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
its 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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produce, by means of two fundamental colors which are yet
perceived, all the shades which the patient distinguishes, including
white.

Thus, a partial achromatope who cannot distinguish red attri-
butes to a certain combination of violet and green a grayish tint,
which is produced for the normal eye by a mixture of white and
black, or a mixture of all the three fundamental colors.

Finally, colored substances which contain a great deal of the
color which is not perceived appear much darker than those which
have less of it.

II. The second kind of derangement in the perception of colors
— dyschromatopsia—is much more frequent than the first form.

Individuals of this class perceive all the colors, but all or a
certain number do not make an impression as strong as on the
normal eye. Consequently they have difficulty in recognizing
certain colors; whence the name dyschromatopsia given to the
affection. Dyschromatopsia, like achromatopsia, may be complete
or partial; that is, it may affect the whole or only a portion of
the colors.

Dyschromatopes see the solar spectrum of the same extent as
the normal eye. They recognize perfectly the errors committed
by the partial achromatopes. Only, colors closely allied are
frequently confounded ; violent is talen for blue, orange for bright
red, pink for blue or bright violet, ete. As to the other bright
shades, they are confounded with white, and the darker shades
appear as gray or black.

In less pronounced cases the patients, under a functional exami-
nation, act as though of low intelligence, or as though not accus-
tomed to distinguish the different shades of color, because, in
looking attentively, they come sometimes to distinguish colors
which they before confounded. On the contrary, the most
pronounced cases call to mind the true achromatopsia. I am
convinced, moreover, that many of the reported cases of achroma-
topsia are only those of dyschromatopsia not fully investigated.
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For such an examination much more patience and precaution are
necessary than one would suppose.

Indeed, the perception of colors is influenced by a great number
of circumstances.

Strict account should be taken of the intensity and extent of the
color, the ground on which it is seen, and the general illumina-
tion. If the influence of a single one of these factors is disre-
garded, achromatopsia can be found in all eyes, without exception.

Here, for example, is a card on which I have fastened small
paper squares of bright colors, two millimeters apart, partly on a
white ground and partly on a black ground.

Place this card at a distance of about ten meters and you will
see each small square as a point of greater or less brightness, but
without any coloration,

Increase the size of these squares, or what amounts to the same
thing, diminish their distance from the eye, and you will find
them, successively, to assume their proper color, distinguishing
first the orange, then the yellow, bright green, red, blue, and
finally the violet.

You should bear in mind another very important fact, namely,
that the larger number of colors is better recognized on a black
than on a white ground. At a distance some colors appear black
on a white ground, such as red, blue and violet; at the same
distance, on the other hand, they are easily recognized on a black
ground.

Colored grounds bring out most distinctly their complementary
colors; on a red ground, for example, green comes out with
greater distinctness than on any other. Therefore, in the
examination of the perception of colors, we should never use a
colored ground, but a black one.

But the perception of color is most influenced by the intensity
of the color and that of the general illumination. You know that

in twilight colors become more and more indistinet and finally
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disappear; the violet vanishing first, then green, yellow, and
finally red and blue.

In the night we recognize the forms of objects by the differences
in brightness, but we do not distinguish their color.

In order to study the influence of the intensity of colors on the
facility of their perception we have only to combine them with
black on the rotating disc of Maxwell, and we instantly see what
is the minimum quantity which each color requires in order to be
recognized. A very considerable proportion is sometimes neces-
sary, often 10° for 360° of mixing.

All these facts prove to us that the normal eye itself is found
in a state of dyschromatopsia, or even achromatopsia, as regards
colors of small extent of surface, lessened intensity and insuffi-
ciently illuminated.

In other words, dyschromatopsia is frequently only an
exaggeration of a defect of the normal eye. Between the normal
eye and the achromatopic eye there are numerous degrees of
defects in perception of colors; passing into each other by gradual
and imperceptible shades. The difference between them is only
one of degree.

This fact is not commonly known. It is the result, in part, of
the observations which I have made on healthy and diseased eyes,
which have also led me to other important results.

It has always been thought that the peripheral parts of the
retina were achromatopic. This opinion was based on the fact,
which was true, that the pieces of colored papers, seen under an
angle of 70° or 80° appear colorless, and that in order to be
recognized they must be approached more or less to the point of
fixation.

But I have shown that it is only necessary to increase suffi-
ciently their intensity, or their illumination, in order that all the
colors may be recognized, up to the very periphery of the field of
vision.

From this we derive most important indications for the




EXAMINATION OF THE PERCEPTION OF COLORS. 185

examination of the perception of colors, and you see that it is
indispensable in this examination to take account not only of the
composition of the colors which we use, but also of their extent,
intensity and éﬂllﬂl‘&.l illumination.

We will now consider the principal methods which are used in
investigating the faulty perception of colors.

It evidently is not sufficient to show a patient a series of colors
and ask him to designate them, nor to make him point out the
different parts of the solar spectrum.

A partial achromatope may be able to call by their names all
the various colors, which he can no longer see, as we do; he
distinguishes them, it may be by a difference in their brightness,
or by other indications which education has taught him.

We first place before the patient a series of colors in order to
find the kind of defect present. We must have for this purpose
a large number of different shades. The series which I use is
composed of 380 different specimens.

We ask the individual under examination to choose from this
number those which appear to him to have the same color, an
operation which it takes the normal eye only a few minutes to
accomplish.

A dyschromatope will find great difficulty in assorting them,
and will confound the different shades of allied colors.

A partial achromatope will make yet greater errors, and will
place green, for example, by the side of red, blue by yellow, ete.

This will tell you the colors to which you should pay particular
attention in your examination.

Holmgren and others have proposed for this examination
samples of colored wool, which are exceedingly well adapted for
this kind of examination. To facilitate the examination, we place,
as proposed by Holmgren, one of the samples before the patient
and ask him to select from the others those which seem to him to
be most like it, and pile them together. Holmgren begins by
giving him a sample of green, bright and pure. The examination
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is continued until he has arranged all the samples in piles which
are to him of the same color.*

An achromatope will place samples of rose, gray and red
together.

Then a sample of purple is placed before him. If in the first
examination it is found that he has a defect in the perception of
colors, but makes no mistake in respect to purple, he is only
dyschromatopic. If, on the other hand, he adds the blue and
violet, or either one, to the purple, he is achromatopic for red. If
he confound the purple with green or gray, or both, he is achro-
matopic for green. If he adds red or orange to the purple he is
achromatopic for violet or blue.

A sample of bright red is next given him. If achromatopic
for red he will add as identical colors shades of green and brown
which appear deeper to the normal eye than the red in question.

Tf achromatopic for green he will add shades of green and
brown, which appear brighter to the normal eye than the red.

A method for the diagnosis of achromatopsia analogous to this
has been proposed by Daae. For this purpose he employs a card
containing the samples of colored wool arranged especially for the
diagnosis of achromatopsia for red and green.

The table is composed of ten horizontal series of colors, each
series being composed of seven colors represented by woollen
threads. In a certain number of the series the colors are placed
in the order of their intensity (saturation). These geries corre-
spond to numbers IIT (purple), VII (green), IX (red). The other
lines do not enclose colors of the same order; that is, there is &
variety of colors. His manner of examination is as follows :—

He places the card in & position where it will be well illuminated

* A translation of Holmgren's admirable paper on © Color-blindness in its Rela-
tions to Accidents by Rail and Sea,” will be found in the Report of the Smith-
conian Institution for 1877. Dr. B.Joy Jeffries, of Boston, has also treated of
the matter at some length, in a paper on the * Dangers of Color-blindness in Rail-
road Employés and Pilots,” in the Ninth Annual Report of the Massachusetts
State Board of Health. The bibliography appended to this paper is the most
complete that has yet been published.—Tr.
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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
apswer 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 achromatopic.

In order to study, thoronghly, 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 disc
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 distinguish, and in determining
the perception of light we find the minimum quantity of light
which makes a luminous impression, eo 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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To find this minimum of colored light I employ a method
similar to that which is used in the determination of the perception
of light, that is to say, I diminish gradually the intensity of the
color. Now, to diminish the intensity of a color, be it white or
colored, is the same as adding black to it. For this purpose I
employ a modified dise of Maxwell.

The apparatus of Maxwell consists of a clockwork which sets
in rapid rotation discs of colored paper, inserted one under the
other so as to leave part of each exposed. These discs make fifty
revolutions a second, and the sectors of colors succeed each other
so rapidly that their retinal images can no longer be distinguished
as separate colors, but make on the eye the impression of the color
of the mixture of all.

In 1875 I proposed, under the name of “the method of
minimum intensities,” a procedure which consists in superposing
on the apparatus of Maxwell a black disc and a disc of colored
paper. By varying the surface of the colored section we can
express in degrees the quantity of color which enters into the
mixture.

But it might be objected that the black of our blackest paper is
not an absolute black, and, indeed, the most intense black which
we can produce by means of dyes is far from absolute black.

To do away with this defect I have devised the following
modification of this procedure. The spring which sets the axle of
the apparatus in motion is enclosed in the bottom of a deep box
lined throughout with black velvet. All the light which enters
this box being absorbed, the interior represents, very perfectly,
an absolute black, The anterior part is pierced by a relatively
small circular overture. The anterior extremity of the axle is
just in the centre of this opening. If a section of color is fixed on
this end and the apparatus put in motion the color becomes mixed
with the black of the box.

To obtain, at the same time, many degrees of intensity of color,
I mount on the apparatus a piece of colored paper composed of
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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 8o on to ly.

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. Fach of the concentric
colored ecircles 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 mormal, or = 1. If it is
necessary to uncover No. 2 in order for the color to be distin-
guished the degree of the perceptibility will be = }, and so on to
1, § and 4%, 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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LECTURE XIV.

INDIRECT VISION AND THE VISUAL FIELD.

GeNTLEMEN :—The functions of the eye which we have been
considering in the preceding lectures, visual acuteness, refraction,
and perception of colors, have all relation to DIREcCT vision; in
other words, we have examined only the functions of the macula
lutea.

But, as the retina is extended much beyond the macula, our
vision is far from being limited to the point of fixation. On the
contrary, it embraces a large extent at the periphery, in which
objects are seen indirectly, and this is called the Visual Field.

The field of vision is, therefore, the space threughout which the
eye is able to see while its visual axis is directed to a certain fixed
point. And as we call direct vision that whizh pertains to the
macula, that which belongs to the rest of the retina is called
indirect or peripheral vision.

We shall occupy ourselves to-day with the consideration of
indirect vision and the limits of the visual field.

Indirect vision, although it may be very indistinet and imperfect
in comparison with central vision, is, however, not less important
than the latter. Without peripheric vision we would be in the
condition of a man looking through a long, narrow tube which
would allow of his seeing nothing but the object to which the
axis of vision was directed. It would be impossible for him to
see objects to one side without an incessant turning of the head.
Imagine the great inconvenience we should experience in looking
about us with such a state of vision, that is, with a visual field
restricted to central vision !

14
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We know that without looking directly at the earth we can
walk with perfect security over the most unequal ground, and
avoid obstacles as they present themselves in our pathway. This
would not be possible without the integrity of the upper portion of
our retinm, which corresponds to the lower part of the field of vision.

Again, it is the functional integrity of this part of the retina
which permits a player on the piano to fix his gaze directly on the
music he is playing, his indirect vision allowing him to direct the
movements of his hands. If you will try to walk, or play the
piano with a sereen placed horizontally below the eyes, you will be
speedily convinced of the very important service indirect vision
renders us.

The movements which a leader of an orchestra males with his
baton are not, for this reason, as superfluous as would at first sight
appear. The musicians, although they cannot turn their eyes
from the notes, perceive, as a shadow, by means of their peripheric
vision, every movement of their leader.

Tt would be easy to multiply examples, since all our occupations,
all our movements in the streets and in our houses would be
difficult in the extreme if we did not possess this indirect vision.
It is this, in a word, which enables us to avoid those things which
approach or menace us from all sides.

The pathology of indirect vision is of so much importance that
we have reserved its consideration for a special lecture.

We should, however, in the first place, know how fo examine
the field of vision in regard, first, to its limits, and, second, to its
functions.

We shall first study the method for measuring the extent of the
field of vision.

It has been thought that this could be accomplished by causing
the individual to fix a point on a blackboard and marking on the
board the limits at which the eye could distingnish a white object
gradually removed from the central point of fixation. This
method, however, is very insufficient and inexact.
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To convince 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 visual 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.

Fic, 21.

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 circumseribe the visual field on
a plane, this method would yet be inevact. 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 entirel y different
conditions ; the object iz further from the retina in proportion as
it 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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degrees from the macula (m) is 39 em. (aAd) removed from the
object, and a part b, situated at 80 degrees from the macula, is
found at a distance of 173 centimeters (b.B).

Tt is only up to a distance of 45 degrees that the differences in
the distance can be practically neglected; beyond this they
increase in such a proportion that all comparison between direct
and indirect vision really becomes impossible.

In order to examine the visual field throughout the whole of its
extent, and under such conditions as are comparable for all points
of the retina, it is evident that the eye must be placed in the
centre of a sphere one of whose poles it fixes.

The limits of the visual field would then be determined by
means of the maximum angles under which the objects would yet
be distinguished, and the functions of indirect vision would be
examined by moving objects on the internal surface of this sphere.
This method is the only rational one, because the sphere allows us
to determine the visual field up to its extremest limits, and more-
over, the test objects are always at the same distance from the
various parts of the retina under examination.

Now, a sphere can be obtained in a variety of ways. The most
practical form, however, is that found in the perimeter, which
Aubert was the first to use, and to which we have given the
following form (Fig. 24) :—

It consists essentially of an arc of a circle of the value of a
semi-circumference, which, in turning about its apex, describes in
space a hemisphere, at the centre of which is found the eye under
examination.

This arc of the circle is represented by P in the figure, and its
apex is supported by a column (A). In front of this first support,
and fixed on the same base, is a second upright (B), of such a height
that its upper portion, which is bent slightly backward, is just at
the level of the lower orbital wall when the eye is at the center (C)
of the are. In order to fulfill this last condition this shank (C)
must rest against the lower edge of the corresponding orbit. For
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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 ereet, 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. 3.

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
18 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
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dial which is placed vertically on the outside of the arc at its apex,
baving the apex as a centre, Around the face of this dial moves
a pointer (I) parallel to the plane of the arc and turning with it.
The inner surface of the arc is blackened, save at the point of
fixation. The objeet which is used to examine the indirect vision,
] white or colored paper, figures or letters, can be moved by forceps,
| or can be placed in a small frame which glides along the arc, and
whose posterior arm indicates the corresponding degree on the
outer side.

For delicate measurements in the neighborhood of the yellow
spot the divisions, up to about 20° from the centre, are in half
degrees. It was by means of this division that I made my
determinations of the distance between the macula and optic
nerve. For the determination of the limits of the visual field we
proceed as follows :—

The head being fixed as indicated previously, and the eye to be
examined being placed in the centre of the arc of the perimeter,
we cover the other eye with a bandage rather than with the hand
or a handkerchief, the thickness of which latter is likely to restrict
somewhat the inner portion of the visual field.

We then request the patient to fix nccurately the white spot
marled on the centre of the arc, while the examiner, placing him-
self behind the perimeter, controls with the greatest care the
direction of the eye and checks its least movements from this posi-
tion. Then, the arc of the perimeter being held in a certain
plane, the horizontal, for example, the test object is advanced from
the periphery toward the apex, up to the point where it is recog-
nized by the eye under examination. This point marks the limit
of the visual field for the corresponding meridian. The examina-
tion being completed for one side of the are, it is made in the same

manner for the other.

Another plane is then taken, and the limit found at which an
object is recognized when approached from the periphery toward
the centre.
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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 transcribed on a diagram

which represents the projection of a sphere on a plane surface

Fi1a.25.

(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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degree of inclination of the corresponding meridian to the
vertical ; this division corresponds necessarily to that of the dial
of the perimeter. The radii are themselves divided, counting
from the centre, into equal parts, each part corresponding to 5° of
the divisions on the arc; 0° representing the apex and 90° its
extremity.

It is easy, in this manner, to represent on the diagram the
results of an examination of the visual field. Two diagrams are
usually placed side by side on the same sheet of paper, the one on
the right hand representing the right eye, the left one the left eye.
The external part of the visual field of the right eye is repre-
sented by the right side of the corresponding figure, the inner
part by the left side; the reverse is the case, of course, for the
other eye.

Suppose we are examining the right eye; we have examined
the horizontal meridian, and found 85° on the outer side and 40°
on the inner. We now find on the horizontal diameter, in the
figure on the right hand, the division numbered 85° and mark it,
and at the same time mark 40° on the left side. We then pass
on to the intermediate meridians, to the one, for example, inclined
45° to the right on the upper part, and find on the diagram the
corresponding diameter, and mark on it the degrees which have
been found to limit the visual field in that direction. After
having found and marked the degrees corresponding to each
meridian we have only to unite, by a continuous line, the different
points marked, to have the limits in all directions of the field of
vision. .

The inner curve of Figure 25 was obtained in this manner, and
marks the extent of the visual field of my right eye when I fix
accurately the apex of the arc (the centre of the figure). The
extent of my visnal field is as follows: outward 95°; upward 53° ;
inward 47°; downward 65°. _

We thus see that the visual field is far from being circular, as
one would suppose it, @ priori, to be. It has its greatest extent

. iy o —
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ontward and at the lower external portion. The upper, and

particularly the inner part are much more restricted.

We would be likely to attribute the limitation upward and
inward to the presence of the cranial bones; and the superior
edge of the orbit and bridge of the nose do interpose, indeed, a
considerable obstacle to indirect vision.

The influence of the nose, however, can be eliminated by a slight
rotation of the chin-support around its axis. Tn order to avoid
all obstacles a point must be fixed for each meridian at 30° in
the opposite direction to that under measurement. Under these
conditions a curve is obtained as represented in the outer curve
in the figure. But you see that in spite of all these precautions
the field of vision yet remains restricted in the directions indicated.

This is due, in part, to the fact that the retina does not come so
far forward on the outer as on the inner side of the globe, but the
principal reason is that the outer part is less used than the inner.
. When we see (in indirect vision) to the left side, it is not with the
external part of the retina of the right eye, but with the internal
portion of the retina of the left eye, while the external part of the
left eye is replaced by the inner part of the right eye. It follows
that the functions of the parts less exercised are less developed,
and that the visual field corresponding to these parts is less
extended. This explanation, which I gave in 1872, has been
recently confirmed by the experiments of Donders,

After having thus determined the limits of indirect vision, we
must examine its functions, following the same principles which
have guided us in the determination of direct vision.

The acuteness of vision of the peripheral parts of the retina has
only recently been made the subject of research. When in
Utrecht I made examinations of this kind with my friend Ito.
We used, as test objects, two small black squares on a white
ground, identical with those in Nos, I, IT, III, IV, in Figure 26.

These were introduced successively in the frame of my peri-
meter, and we determined, separately, the degree at which the two
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squares could be distinguished from each other. It was astonish-

ing to see to what a short distance it was necessary to approach

Fig. 24,
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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 dingram correspond to size No. IV, the

Fia, &7.

gecond to No. ITI, 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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square; the rest of the retina could not distinguish it (under the
conditions indicated previously).

Fra. 28,

It is a great mistake to suppose that the perception of each
color throughout the whole extent of the retina is as vivid as at
the centre. There is a great difference in the appearance of the
same color, according as it is viewed directly or at one side. The
curves only indicate the limits of the visual field where the indi-
vidual under examination gives the color its true name, but it is
then far from being pronounced. It only becomes of its deepest
intensity in direct vision.

Tt was for a long time thought, and you will find it stated in
many text-books on ophthalmology and physiological optics,
that the periphery of the retina is achromatopic. They have
even gone further, and founded on this supposition a theory of the
physiology of the retina. Since in the parts nearer the macula
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the cones predominate, while they are almost completely wanting
at the periphery, it was concluded, without hesitation, that the
cones were designed for the perception of colors, while the rods
were only charged with the quantitative perception of light.

What we have found in our experiments with colored papers of
a given size and moderate illumination is true only under certain
special conditions. We have already shown that our limits of
colors can undergo some changes under the influence of an altered
illamination, and the background on which it is seen; the visual
field of each color increases as the color is more intense and better
illuminated.

In order to determine to what degree the visual field can be
increased under these conditions, we have examined our retina in
a perfectly dark room, The direct sunlight was only admitted
through a slit, and formed, by passing through a prism, a solar
spectrum of great intensity. From this spectrum we isolated the
different colors, and letting them fall on the periphery of our
retina we have demonstrated the important fact that all colors are .
recognized up to the limits of the field of vision, if they are of
sufficient intensity, of sufficient size, and have the proper contrast
with the background or with the general illumination.

It results from this discovery that the supposed special function
of the rods and cones has no existence, and that, in each examina-
tion of this character we should indicate, exactly, the nature of
the light employed, its degree of saturation, its intensity, its size,
as well as the character of the ground on which it appears, and
the illamination of the room in which the experiment is made.

It is evident that in practice we have never need of colors of
maximum intensity. Colored papers about four centimeters
square are the best for the examination of pathological cases,
provided we always indicate the degree of illumination, the nature
of the color, and its distance from the eye. The results thus
obtained will then be directly comparable with those which the
healthy eye furnishes under the same conditions.
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If you compare the functions of indirect vision with those of
central vision under the influence of a diminution of illumination,
you will find a certain analogy between the increasing indistinct-
ness with which the forms and colors of objects are distingnished
when they are removed from the point of fixation toward the
periphery, and the difficalty with which they are seen directly
when the illumination is enfeebled. It is especially since I have
shown that the imperfectness in the perception of colors in indirect
vision was simply the result of lack of luminous intensity, that
attempts have been made to explain all differences which exist
between direct and indirect vision by the relative weakness of
illumination of the peripheral part of the retina.

We would say, that between the functions of direct and indirect
vision there is no difference of kind, but only of degree, the
eccentric parts of the retina having need, to respond to excitations
of the same nature, of a greater quantity of the excitant. In
other words, it is thought that the perception of light, the percep-
tion of colors, and the perception of forms (visual acuteness)
diminish in equal proportion, be it through a diminution of illami-
nation, or a gradual removal of the object from the point of
fixation.

As regards the perception of light in the different portions of
the retina, I determined, by means of a plan which I have explained
elsewhere,* the minimum quantity of light necessary to produce a
luminous impression on the different portions of the retina, by
removing it gradually from the centre toward the periphery.

I have found that the perception of light remains almost exactly
the same throughout the whole extent of the retina.

After I had determined the visual acuteness and the perception
of colors in an eccentric portion of the retina, and afterward
diminished the illumination just sufficiently to make the central
acuteness of vision equal to that previously determined for that
particular eccentric part, with that diminished illumination I deter-

# Wecker and Landolt—Traité complet. d'ophthalmologie
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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 illamination 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 throughont 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.

Take, 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 = .

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
fanctions are entirely distinet 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




e

216 EXAMINATION OF THE EYES.

-

nervous elements, distributed in a different manner throughout the
extent of the retina, presiding over the three different fanctions of
the organ of vision.

We will now return to the application of perimetry to practical
ophthalmology.
| After having determined the limits of the field of vision, we
| 1 must take care to find if there exist any defects or scotomata Within
i these limits. This examination will not, I think, offer any diffi-
culty, and it suffices to abstract, for the different meridians, the
limits between which the objects or colors distinguished most
peripherally disappear.
| \ There is one of these defects which is physiological, and of the

existence of which you should be aware; it is the one which
corresponds to the entrance of the optic nerve, and which is
| known under the name of the punctum ceecum or Mariotte's spot.
| You are aware that the optic papilla is to the inner side and a
| little above the macula; you should find, consequently, a corre-
sponding defect in the visual field, outward and slightly below the
| point of fixation ; in fact, it is generally found 15° outward and 3°
- ‘1 below the fixation point, in the emmetropic eye. j
. In Fig. 23, for example, which represents the right eye, m is b
I }' the macula, & corresponds to the optic nerve, and X to the position
.-1:| 1 of the spot of Mariotte on the plane PP. It is 15° from the -
-;'[ point of fixation 0. From a large number of experiments which
{ I have made on this subject, and from those made by Dobrowolsky,
I this interval is greater in hypermetropes and smaller in myopes.
On a plane situated at thirty centimeters from the cornea you
first encounter it at about 8 cm. from the point of fixation. You
il | can describe its limits by moving in different directions on the
1 : plane the point of a pencil, and marking the places where the point
il '[ begins to disappear. I have marked out in this manner, a gre.s:,t
i pumber of times, my blind spot, and measured its size. It is
1 oval in form, with its greatest diameter vertical, For my right
i eye, and at a distance of thirty-five centimeters from the cornea
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LECTURE XV.

THE VISUAL FIELD (CoNTINUED).

 GENTLEMEN :—Now that we have learned how to examine the
limits and functions of indirect vision, it remains to make an
application of this knowledge to the numerous pathological cases
in which it is liable to be affected. We shall speak of it briefly,
bringing forward only the more important facts, since there is
scarcely a lesion of the interior of the eye which is not accom-
panied by perimetric symptoms ; and moreover, all the diseases
of the brain and spinal cord which are manifested by symptoms
in the organ of vision commence by some abnormality in the form
and functions of the visual field.

Among the diseases purely ocular we cite, in the first place,
glaucoma. One of the first symptoms of this disease is a restric-
tion of the visual field, which is limited to one side, and particu-
larly to the inner and upper portion. This symptom is o char-
acteristic that in doubtful cases it is especially depended on in
making a diagnosis, though there are exceptions where the limit-
ations are found outward and a'little below.

Hemorrhages into the tissue of the retina necessarily cause a
complete abolition of vision in the parts affected. This is mani-
fested by a fixed scotoma in the visual field. The perimeter
becomes, in such a case, a valuable means, more delicate than the
ophthalmoscope even, for following the progress of the trouble, as
iz directly indicated by the increase or diminution in the size of
the scotoma. So long as the limits of the scotoma are indistinet
and variable the morbid process is still in action.

Another very common affection is manifested by scotomata in
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the visual field, and that is choroiditis disseminata, which rarely
passes away without leaving some alteration in the retina. It
manifests itself at first at the periphery, where the ophthalmoscope
is frequently powerless to show us anything. Now, even at this
early period, the perimetric examination shows its existence by

+the irregularity of the limits of the field of vision, or by the
‘presénce of peripheric scotomata. =

‘The commencement of these scotomata is manifested particu-

larly when the examination is made by means of objects which
.offer but little contrast to the black ground of the perimeter on

which they are seen. Thus, for instance, when the examination
is made by means of a grdy or red paper, scotomata sometimes

reveal themselves which are not perceptible when a white disk is

used.

There is no affection of the retina whose progress cannot be
traced in the field of vision. Detachment of the retina, for
example, necessarily involves the loss of that part of the visual
field corresponding to it. You have here the visual field of a
detachment of the lower portion of the retina. It is restricted, as
you see, above. This one, which is narrowed considerably throngh-
out its whole extent, corresponds to a detachment extending around
the optic nerve. Itisin the form of a funnel, at the bottom of
which is the optic nerve. Asin the ophthalmoscopic image the
papilla forms the centre of the detachment, so in the diagram, the
spot of Mariotte forms the centre of the narrowed field of vision.

Frequently the diagnosis of a detachment of the retina is of
very great importance, as in cataract, for instance, where it is
desirable to know whether lo undertake an operation for its relief
or not. In this case an examination of the visual field is the only
means we have of making a diagnosis. We can make this
examination by causing the patient to fix a luminous point while
we throw on the eye, by means of a small mirror, the light from
a lamp. By varying the position of the mirror we can give to
the light all desired directions, and thus examine the perception
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of light throughout the entire extent of the retina. If the
perception of light is preserved we know that there is no detach-
ment or other serious disease of the fundus.

The importance of perimetry in detachment of the retina does
not consist, moreover, solely in the diagnosis of this condition ; it
is of special importance in prognosis. If the restriction of the
visual field is greater than the detachment as made out with the
ophthalmoscope, this proves to us that a part of the retina
situated beyond the visible detachment has already lost its sensi-
bility; consequently we should expect a rapid progressive increase
of the detachment. In the cases, on the contrary, where a part
of the detached retina is still sensitive, the prognosis is more
favorable. Sometimes, under the influence of appropriate treat-
ment and an’absolute quiet on the part of the patient, with
seclusion in a dark room, the retina replaces itself and resumes its
functions.

Tt is characteristic of the visual field of the detached retina that
the various functional limits are found at the same place. The
visual field of colors, which is normally, and in a large number of
pathological conditions, nearly parallel to the external limits of
the general visual field, is cut off short at the place where it
enters the detachment. :

A striking example of the correspondence between the ophthal-
moscopic and perimetric signs is found in the following case, whose
visual fields you see here. A foreign body had entered the eye,
and lacerating the retina and choroid, had lodged in the sclerotic.
A large extravasation of blood hid the lacerated parts, as well as
the foreign body. At this period the first visual field was taken.
Tt shows a deficiency similar in form to the extravasation, except
that it is ragged. Some days after, the blood began to be absorbed
and the relief to the retina adjacent was manifested immediately
by a diminution of the scotoma.

TLater, the greater part of the extravasation was separated from
the point of lesion. We have, consequently, a scotoma which
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each eye, or the common visual field. Each eye, 1n fixing the
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object ab, will only see the part ¢b, the rays from which fall on

the sensitive part of the retina. Thus, individoals 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 whele
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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hemorrhages, to afterward cause alterations in the pigmentary
coat of the fundus, alterations which manifest themselves in some
places as atrophy, in others as a massing of the pigment.

We see, at the same time, the inflammation of the choroid

‘communicated to the retina; the pigment migrating into the

nervous layer and forming deposits along the walls of the vessels.
We can see, also, the interference in the process of nutrition
which results from it in other parts of the eye; the vitreous

humor is filled with floating bodies, the posterior surface of the

lens becomes opaque, and finally the whole lens loses its trans-
parency, and intercepts the passage of light.

We follow, with the same facility, the evolution of all the other
affections of the fundus of the eye.

In another branch of ocular pathology the application of the
ophthalmoscope is equally satisfactory. With it we are enabled
to determine the refractive condition of the eye with great
certainty.

But it is not ophthalmology alone which has derived such
immense advantage from the invention of this important instru-
ment. It has thrown much new light upon general medicine.
Physiology has recourse to the ophthalmoscope for the purpose of
studying, during life, the phenomena of the circulation of the
blood, and the condition of the nervous substance umler the
influence of various cerebral disturbances.

We frequently find written on the bottom nt' the eye the
diagnosis of an organic or diathetic affection, even when all the
other symptoms do not suffice to establish it. The ophthalmoscope
has often revealed the begzinning of a general disease before any
of the ordinary symptoms characteristic of it had made their

appearance,
I would call your attention, in support of this assertion, to
tubercles of the choroid, retinitis albuminurica, optic neuritis, and

“choked disk,” symptoms pathognomonic of various troubles in
the brain.
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do not know why it is that we have need of an instrument to thus
look at the fundus oculi. What, indeed, is it that prevents us
from seeing, with the naked eye, the optic nerve, the choroid, the
retinal veins, ete., since all the structures situated in front of
them are transparent? Why is it that the pupil appears black,
although the fundus of an eye looking toward a light is evidently
illuminated ?

These questions have occupied the attention of savants for
centuries, and many theories have been formed for their solution,
all more or less plausible. It was thought, for example, that the
pigment of the choroid absorbed all the light penetrating the eye.
This theory cannot hold good, because the pigment of the choroid
is far from being absolutely black. .It therefore reflects a good
part of the light; but beside the pigment of the choroid and
retina there are many other objects in the fundus of the eye which
absorb only a very small portion of the light incident upcﬁ them,
as the retinal vessels, papilla, ete.

Again, the opinion was promulgated that the light, in order to
be perceived by the optic nerve, must be transformed in the retina
into a kind of physical force, such that it could not return again
as light from the bottom of the eye, ete.

It was only in 1851 that Helmholtz gave a solution to the
problem, and showed why, in ordinary conditions, we cannot see
the bottom of the eye when it is illuminated, He explained it as
follows:—

The light coming from an illuminated portion of the fundus of
the eye follows the same course in leaving the eye as it did in

entering it, that is to say, it is directed toward the source of
illumination.

The well known laws of conjugate foci are applicable here. As
is well known, a luminous point and its image formed by an optical
instrument are called conjugate foci. The law governing these
foci is as follows: the luminous rays coming from an object follow

exactly the same path as those which come from its image formed
16
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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 I of the candle is 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 screen in the place of the candle, we will find that the image
is 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 occasion to refer to it.®

Fig. 80,

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 1mage Vvery clear and intelligible. Care should be taken,
however, to use a very small flame, and not an prdinary candle, which gives a
Aame much too large. Instead of the flame an opaque screen with a perforation,
of any desired form, covered by a piece of ground glass, can be used. A light
placed behind this will firnish an object which 18 much better than the candle,
for making the experiment.

=Sy
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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 convince 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
illuminated portion of the screen cannot enter the eye of the
cbserver, because 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.

Fia. 3l.

11

Let, for example (Fig. 31, I), L be a luminous point situated
in the flume to which the eye is adapted; ! will be the image
which is formed on the retina. This point I of the retina is,
therefore, strongly illaminated ; 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 myopie. Then, in place
of a distinct image, the point L will form on the retina an image
of diffusion z'z, and the luminous 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

Fia. 32,

which the myopic eye is adapted. After their union in R the
rays continue their course in a diverging manner, and thus form
o luminous cone P'.P 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 oceurs 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
o focus on the retina, are united behind it in J, 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,







238 EXAMINATION OF THE EYES,

Eyes affected with intra-ocular tumors, detachment of the
retina, ete., are also hypermetropic, that is, the retina is situated
in front of the focus of the incident rays. Thus, as is shown in
Fig. 81, II, the rays which come from the illaminated part of the
retina do not follow the path of the incident rays, but occupy a
much larger space.

This is why we obtain a yellow reflex from the eyes of cats, and
why we see directly, and without the aid of an ophthalmoscope,
the retina which is detached, or affected with a gliomatous tumor,
or is pushed forward by a tumor of the choroid. We can produce
the same effect by making pressure with the finger on the fondus
of an enucleated eye which is tarned toward the light. The
interior of this eye, which was dark before the pressure was made,
now becomes luminous, from the advancement of the fundus.

And why do eyes deprived of their cornem and crystalline
lenses, and eyes that are immersed in water, shine? The answer
is simple enough; while those eyes affected with glioma are
hypermetropic by shortening of their antero-posterior axes, those
deprived of their cornem or lenses, or immersed in water, are
hypermetropic on account of the diminution of their refracting
power.

An eye which would have seen distinetly a light placed at no
matter what distance, will no longer see it distinctly after an
operation for cataract, becauss, the lens being taken out, its
dioptric system is no longer able to unite the rays coming from
the flame upon the retina. This eye, instead of having a clear
image, has, therefore, an image of diffusion, as seen in Fig, 31, IT,
and the parts diffusely illuminated send out, in their turn, rays
which, far from uniting in the source of illumination, are directed
to all sides in a diverging manner.

For the same reason eyes which have been deprived of their
corne are lauminous. They are rendered hypermetropic by a
weakening of their dioptric systems.

The same effect is produced in eyes immersed in water. Water
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having nearly the same index of refraction as the aqueous humor
of the eye, the cornea loses its power of refraction, and it is now
the plane surface of the water which replaces the convex surface
of the cornea and separates the refracting surfaces of the eye from
the air. There is thus brought about a very considerable diminu-
tion of the refracting power of the eye, which is expressed by a
hypermetropia of a very high degree.

These ara the conditions in which we are able to see the fundus
of the eye illuminated.

Exceptional conditions are met with, it is true, bub they are
conditions not ordinarily realizable in practice. Moreover, even
although we receive a certain portion of the light which comes
from the bottom of the observed eye, and although a certain
number of these rays enter the eye of the observer, it is only a
small portion of the emergent light which is thus available, and if
the ametropia is not very great the greater part of the light still
pursues its way toward the source of illumination; in certain
cases the whole of it is united there. The illumination under
which the fundus of the eye is seen, under these circumstances, is,
therefore, of necessity, very feeble, It is, in the majority of cases,
insufficient for making out the finer details,

It is remarkable that all these known facts did not suffice to
furnis hour ancestors with a means of examining, during life, the
optic nerve, the retina and the choroid, as we are now able to do
with such facility and success. In order to see the interior of the
eye in a satisfactory manner it does not suffice to look obliquely
into it and to receive some of the scattered rays at the periphery
of the luminous cone which comes from it, but it is necessary that
we be able to place the eye in the axis itself of the rays emerging
from the eye under examination.

Helmholtz solved this problem in that simple manner which
characterizes all great discoveries. In place of putting the light
in front of the eye to be examined, he placed it at the side, and
reflected it into the eye by means of a semi-transparent mirror, or
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a mjrror with a central perforation. = Let B (Fig. 33) be the eye
under examination, B’ the examining eye, Li a source of illumina-
tion, and MM a mirror.
This mirror, held obliquely before the examining eye, reflects
F1G. 83, the light from L into it, as if
it ecame from L', and as far as
regards the eye E, it is the
same as if the flame was sit-
uated in L’. 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, concave, convex, pris-
matic, single, or combined with convex lenses which concentrate
the light on the mirror, have been used sinee 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 1o 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 lnminous.

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 focl.

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

and again are united in the
image « at the fandus of the eye of the emmetropic examiner E/,
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
behind it, since in the emmetropic eye the retina is found at the
focus of the dioptric system. 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

Fia, 45,

its retina are not parallel. If you look at Fig. 35 you will see
that the dotted rays coming from the retina a 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 distinet image. He will, therefore,
see the examined eye illuminated, but he will not be able to make
out the details of the fundus. In order to see these details
distinetly 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 accormmodation 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

FiG. 86,

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 a of the retina
are united in B. Consequently they are convergent on leaving
the eye.

Can the emmetropic examining eye unite converging rays on its
cotina? Never. Inastate of repose it unites parallel rays, and the
power of accommodation enables it to unite diverging rays, but it
does 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
myopie, since they are adapted for diverging rays, and a myopic
eye can see distinetly 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 coineide, if they are to see each other’s retinz,
reciprocally. This, however, is possible.

FigG. &7,

Let us take, as an example, a hypermetrope of 3 D. His
punetum 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 puncium
vemotum is 22 centimeters in front of it, he can, of course, see
clearly the details of the fundus of the hypermetropic eye, since
their puncta 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 i3 = 4 = 4.5 dioptries. But if the
myopia of the observer is only 4 D, that is, if its punctum
remotum is found at 192 = 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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of the hypermetropic eye, if he would see the fundus distinctly
without an effort of the accommodation.

What is the refraction of the eye of an observer who sees,
without the aid of his accommodation, or a correcting glass, the
fundus of a myopic eye?

The rays coming from a myopic eye converge toward its
punctwm remotum. The examiner cannot be emmetropic, because
the emmetrope requires parallel rays; much less can he be
myopic, since the myope demands divergent rays; he must be
hypermetropic, because it is the hypermetrope alone who requires
converging rays. But we know that the rays coming from
infinity are parallel, that those coming from a finite distance are
divergent, and that converging rays are found naturally nowhere
except coming from the interior of a myopic eye. It is, therefore,
with reason that Jager says that the fundus of a myopic eye is the
only object in heaven or on earth which a hypermetrope is able to
see without the correction of his ametropia.

Let us now return to the study of the conditions which we
found, in the preceding paragraphs, as necessary for the formation
of a clear and distinet image. The hypermetrope, deprived of his
accommodation, cannot unite indifferently all conyergent rays, but
only those which are directed toward his punclum remotum.
Now, since the rays coming from the eye of a myope are directed
toward its punctuwe remotum, it is absolutely necessary that the
punetum remotuwm of the myope coincide with that of the hyper-
metrope, in order that the hypermetrope make out clearly the
details of the fundus of the myopic eye in the upright image,
without the intervention of his accommodation or a correcting
glass,

If the eye has a myopia of 4.5 D its punctum remotum is
gitnated at 22 centimeters in front of it, and that of the hyper-
metrope should be 20 behind it when his eye is 2 centimeters
before the eye under examination.

There is no need to multiply examples. Understanding the

i
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fundamental principles as we have given ther, it is easy to follow
out all the combinations possible, and to judge whether an
ametrope of a given degree can see the fundus of another
ametropic eye or not, and at what distance it must be placed.
Moreover, when we have found the conditions necessary to enable
any eye A to see the fundus of another eye B, the law of conjugate
foci tells us that under the same conditions B can see the fundus
of A if it turns the ophthalmoscopic mirror and illuminates it. If
A sees the fundus of the eye B it is because the image of B's
fundus is formed on his own retina, We have only to replace the
image by the object, and the object by the image, according to
the law of conjugate foci, and we readily see that, inversely, an
object on the fundus of the eye A should form its image on the
retina of the eye B, that is to say, that B should see the upright
image of A.
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LECTURE XVIIL

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 punetum 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

Frc. 58.

distinctly by a myope when at its punctum remotum, that is to
say, since a distinet 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 punciwm 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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ametrope, as we see it in the simple illumination, is behind the eye,
and virtual, while the image of a non-corrected myope is produced
in front of the eye examined, and is real.

Another important difference is to be noticed, too, between this

real image and the image we saw before, and that is that the real
image is inverted while the other is wpright. The same thing is
seen when a myopic eye is examined at a distance, with an
ophthalmoscopic mirror alone. If we cause the eye under exami-
nation to make slight movements the image of the fundus of the
eye does not follow these movements, but is displaced in an
opposite direction. If we cause the patient to look upward the
image moves downward ; if he looks to the left the image moves
toward the right; and vice versa. Moreover, in observing the
disk and remembering that the large vessels which come out from
it are directed outward, you will see that in the image furnished
by the myopic eye these vessels run in an opposite direction,
inward, and if you have noticed the upright image in detail,
and found a point of pigment, for example, above the disk, you
will find it in the myopic image below. All these things go to
show that the image is dnwerted. This, however, should not be
astonishing. You have not forgotten that all images are formed
on the retina inverted ; therefore, if we replace the image by the
object (always following the law of conjugate foci), an object on
the retina ought, in its turn, to form an inverted image at the
place where the object was, All myopic eyes, therefore, form, at
the distance of their puneta remota, real and inverted images of
their retinz.
- It may be asked, possibly, why it is that the emmetropic and
hypermetropic eye do not form images at their puncta remota 2
In reply I would say that in order that an image be real it must
be formed by the convergence of luminous rays.

Now, the rays emanating from emmetropic eyes, being parallel,
cannot come to a focus and form an image in the air, and the
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rays coming from a hypermetropic eye are much less able to do
80, since they are divergent.

In speaking of the punctum remotum of a hypermetropic eye
it must be understood always that it is negative, that is to say,
it does not exist in reality, but only corresponds to the union of
the rays coming from a hypermetropic eye and supposed to be
prolonged backward, that is, to the point from which they appear
to emanate.

Neither an emmetropic nor a hypermetropic eye, therefore, can
produce an aerial image, because the rays which come from themn
do not converge, as do those coming from the myopic eye. But
we are able to malke both parallel and diverging rays converge by
means of a convex lens; in other words, we can render an emme-
tropic or hypermetropic eye myopic by placing a convex lens in
front of it. &

Place, for example, before an emmetropic eye a convex lens of
10 D. What will be its influence on the emerging rays? It will
unite the parallel rays which come from the emmetropic eye at
its focus situated 10 centimeters in front of it, or, what amounts
fo the same thing, it will give an emmetropic eye a myopia with
its punctum remotum 10 centimeters in front of the lens. Our
emmetrope, deprived of his accommodation, will read, with this
glass of 10 D; the smallest print 10 centimeters in front of it; his
eye will be adapted to this short distance in the same way as a
myope's is to the distance of his punctum remotum. Inversely the
objects on his retina will make their inverted and real images at
the same distance in front of the lens. If we illuminate the
interior of an emmetropic eye by means of an ophthalmoscopic
mirror we will see an upright image of the fundus at any distance,
without any effort of the accommodation. If we place before the
same eye a convex lens, and remove our eye to some distance from
it, we will see, by an effort of the accommodation, another image
inverted and situated in front of the eye under examination,

Thus in Fig. 39 the object a b, at the fundus of the emmetropic

Lot
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eye, forms, by means of the lens L, an inverted image, as, inverzely,
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 nearver 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
is 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 50 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 wealk,
and because the enlargement of the inverted image becomes so
great that the image of a single branch of one of the retinal
vessels fills the whole of the pupillary field, and we cannot make
out the details and their relations with any satisfaction. What
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LECTURE XIX,

THE SIZE OF THE OPHTHALMOSCOPIC IMAGES,

GENTLEMEN :—Recurring again to our primitive artificial eye,
we find that it discloses to us yet other valuable facts, Make this
eye emmetropic or hypermetropic, by bringing the flame up to the
focal point of the lems, or within it. We see again the image
upright. By interposing between our eye and the lens which
represents the eye to be examined a convex lens, No. 10, for
example, we see the image change immediately, from the up-
right to the inverted. By comparing this inverted image with
the upright image, the striking fact is revealed that the upright
image is much the larger.

The upright image of the living eye is often so large, indeed,
that we cannot see the whole of the papilla in the field of the
pupil; often a single trunk of the retinal vessels is sufficiently
large to fill it, while the inverted image can be made so small as
ta enable us to see at once not only the whole of the papilla but a
large portion of the retina surrounding it.

Moreover, if, in making the inverted image, we employ different
convex lenses, we shall find that the inverted image obtained by a
weak lens is larger than that given by a stronger one, and further-
more, that it is formed at a greater distance from the lens than
the latter.

We shall find, too, that the inverted image formed by the
emmetropic eye with the same lens, has always the same size, what-
ever may be its distance from the eye.

On the other hand, the size of the inverted image of the hyper-
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the fundus of the eye is situated at or near the focus of a magni-
fying lens, and all objects seen under such conditions are magnified.
In the examination of the inverted image the fundus is found, as
we have seen, beyond the focus of the magnifying lens, since the
image it produces is inverted, and for convex lenses, which we
generally use in ophthalmoscopy, this inverted image, though
smaller than the upright image, is still larger than the object
which produces it.

It is not an unimportant matter to determine the enlargement
of the ophthalmoscopic image. What would you say of a his-
tologist who would not take account of the enlargement of his
preparations under the mieroscope, and what should we think of
those ophthalmologists who do not endeavor to find out the real
dimensions of those parts of the eye which they examine with the
ophthalmoscope? I repeat, that this question has a great practical
importance, and is not interesting simply from a scientific point of
view, since it is not a matter of indifference to know the real size
of a foreign body which the ophthalmoscope shows us in the
fandus of the eye. Neoplasms at the fundus or in the interior of
the eye are likely to remain to us an unsolved mystery, if we do
not take account of their real size; but it is especially for the
purpose of studying the fopography of the fundus that it is
important to reduce the ophthalmoscopic image to its real size.

It is of great importance to know what part of the eye we are
examining; if such and such an affection of the fundus is found
very near or very far from the macula; at how many millimeters
from the papilla a foreign body is lodged, which we propose to
extract. It will diminish considerably the chances of success of
this operation, which, however, is sometimes successful, if we can-
not put a just estimate upon the seat of the foreign body, such as
can only be obtained by a knowledge of the real size of the
ophthalmoscopic image.

This question, however, is not one very easy of solution, and it
cannot be solved without the assistance of mathematicz; and
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since it is in accordance with our plan to adhere strictly to the
practical side of our subject, we shall not go outside of it now to
consider this matter, but simply refer those who desire to go into
the subject fully to my monograph on the enlargement of the
ophthalmoscopic image,* and to the chapter on the same subject
in the Compendium d'ophthalmologie, by Wecker and Landolt.
I have treated the subject in detail in those places, and I shall
here limit myself to giving the results obtained,

The enlargement of the upright image depends on the distance
to which the image is projected ; in other words, on the distance
at which the observer thinks he sees it. If this distance of
projection, as T call it, is 30 centimeters, that is, if the observer
projects the image to a point 30 centimeters in front of him, the
enlargement of the upright image will be 20 times.

The inverted image produced by a convex lens of 20 D (+} 0.5)
placed at 47 mallimeters in front of the cornea 1is, foit the EMME-
TROPE, 3.6 times greater than the object; 1t %8 LARGER for the
HYPERMETROPE, SMALLER for the MyopE; and this difference
increases with the increase of the ametropia. It is, however, not
very considerable; thus the inverted image of a hypermetrope of
7.9 D (: 0.8) is 4.1 times larger than the object; for a myope of
7.9 D the image is 3.1 times larger than the object.

The relation of the size of the inverted image of an ametrope,
under the circumstances mentioned, to that of the upright image,
is, therefore—

" For emmetropia — 1 : 5.5.

For hypermetropia of 7.9 D = 1: 4.7.

For myopiaof 7.9 D =1:T7.1

It follows from this that we should use the inverted image
when we wish to take a general view of the background of the
eye, while the upright image is to be employed when we wish to
study it more in detail.

% Le grosissement des images ophthalmoscopiques, Paris, 1874,
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LECTURE XX.

DETERMINATION OF THE REFRACTION BY MEANS OF
THE OPHTHALMOSCOPE.

GENTLEMEN :—The course of luminous rays which enter the eye,
as well as that of the rays coming from its interior, depends, as
we have seen, on the condition of the refraction of the eye. In
ophthalmoscopy we.have to do with both the incident and emergent
light: the incident light being that with which we illuminate the
eye, the emergent light that which forms the ophthalmoscopic
image. Now, the refraction of the eye influences not only the
course of the emergent light which forms the ophthalmoscopic
image, but also that which we throw into the eye, and that, too,
in a variety of ways. Ophthalmoscopy should, therefore, furnish
us, not with a single method only, but with many methods for
determining the refraction of the eye examined. We can deter-
mine the refraction of the eye by means of the incident light; we
can determine it again by means of the lens which it is necessary
to use in order to see the upright image; by means of the enlarge-
ment of this image; by means of the distance at which the
inverted image is formed; and finally, by the enlargement of the
inverted image. :

The sipmlest and most practical of all these methods consists in
finding the lens which the évaminer needs in order to see the
Jundus of the eye under examination, distinetly.

After what has gone before, this method requires but little
farther explanation, We have seen that the eye of the examiner
being emmetropic, the lens which it is necessary to use in order
to see the erect image of the fundus of another eye depends upon
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the refraction of the eye to be examined, and that the number of
the lens used to give a distinct image marks the degree of the
ametropia.

You must not forget the one essential condition for determining
the refraction: the eye of the ezaminer, as well as that of the
examinee, must have its accommodation completely relazed.

Tf the examination is made in a dark chamber, and the examinee
is told to look as if at objects in the distance, the accommoda-
tion is nearly always completely relaxed. The proof of this is that
the refraction, as determined by the ophthalmoscope, is mearly
without exception less than that found by the usual means of test
glasses, and nearly always corresponds with that found after the
accommodation has been overcome by atropine. S

It is indispensable that the observer habituate himsel{ to relax
his accommodation during ophthalmoscopic examinations. ~In
order to do this emmetropes and hypermetropes must accustom
themselves to look through convex lenses at objects sitnated at the
focus of the lens, and to practice bringing their eyes to a ‘condition
of parallelism. This latter can be accomplished by placing before
one eye a prism with its base inward. We have also found it of
advantage to observe the inverted image through a tolerably
strong convex lens (+ 3 D), in order to accustom ourselves to
velax the accommodation in all examinations with the ophthalmo-
scope. Those who are not able to completely control their accom-
modation, should find the point to whieh they are able to relax it,
and then consider themselves myopes whose puncta remota are sit=
uated at the distances for which they adapt their accommodation.

Finally, it is very important to know what point of the eye to
choose as an object for determining’ the refraction. It is evident
that in the majority of cases we will wish to take the refraction in
the direction of the visual axis, that is, in the direction of the
macula lutea. But the macula is not a good point to select. In
the first place, there are no objects there with clearly marked out-
lines by which the examiner is able to judge whether his eye is
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accurately adapted or not; in the second place, the light of the
ophthalmoscope falling directly on the macula dazzles the observed
eye to such an extent that the pupil contracts and thus interferes
much with the examination; finally, it is in the direction of the
optic axis that the reflections from the refracting surfaces—the
cornea, and the surfaces of the lens—are most annoying,.

An objeet which serves much better than this is the papilla,
with its clearly marked outline, which is sometimes bordered by a
line of pigment, and with its vessels, which are clearly pronounced
against the bright background. Furthermore, it is insensible to
light, and the reflection from the cornea is thrown to one side,
because it is not found on the line of vision of the observer when
he is looking at the disk. It is only necessary to know, therefore,
if the refraction at the papilla is the same as that at the macula ;
that is, whether the papilla and the macula are on the same plane
relative to the dioptric system of the eye. A difference of a frac-
tion of a millimeter in the length of the eye suffices to produce
considerable differences in its refraction. Ordinarily, however,
we can say, without any great error, that the maculz and the
external border of the papilla are about on the same level ; it is only
in excavations and protrusions of the optic nerve, and especially
in staphyloma posterior, that we have to determine the refraction
at the macula itself.

It is of importance sometimes to determine the refraction, not
only for the central part of the fundus of the eye, but also for the
peripheral portions. I, among other observers, have satisfied my-
self that, where myopia is produced by an elongation of the eye

(axial myopia), it is less at the periphery than at the center.
It may change to emmetropia, or even hypermetropia, at the
peripheral portion. :

We will now suppose that the observer is emmetropic and
deprived of his accommodation. When he sees the fundus of
another eye distinetly, without the aid of any correcting glass, by
simple illumination with the ophthalmoscopic mirror, that eye

B
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must also be emmetropic: if the examiner sees the fundus of the
examined eye, the image of the fundus must be formed clearly
upon his own retina, and in order that this image be distinet 1t is
necessary that the rays coming from the examined eye be parallel,
and parallel rays can only come from an emmetropic eye.

If, on the contrary, the emmetropic eye sees the fundus of an-
other eye by means of a conver lens, as well, or better than with-
out a glass, then the examined eye is hypermetropic; for, in order
to see clearly, the emmetropic eye must have the rays coming to
it parallel, and if the rays are parallel after passing through a
convex lens, they must have been divergent before reaching it,
and that divergence must have been the same as if the rays came
from the focus of that lens. Now, it is only a hypermetropic eye
which can send out divergent rays. The examined eye must,
therefore, be hypermetropic, and its punctum remotum must coin-
cide with the focus of the correcting lens. The degree of the
hypermetropia is therefore given by the number of the correcting
lens. If an emmetropic observer sees the fundus of a hyperme-
tropic eye distinctly with a No. 4 convex lens, it shows that this
eye has need of an increase of 4 dioptries in its refracting power
in order to become emmetropic, that is to say, in order that
Juminous rays coming from it shall be parallel. He has, therefore,
been 4 dioptries weaker than the emmetrope, and consequently his
hypermetropia is 4 D.

Wo can consider the matter in yet another way. The correct-
ing lens has rendered the rays coming from the eye of a hyperme-
trope parallel; therefore they were divergent, and, as we have
said, the point of divergence is found at the focus of the lens,
which coincides with the punectum remotum of the hypermetropic
eye. Now, the focal distance of a lens of 4 Dis 13t = 25 centi-
meters. The punetum remotum of the eye under examination is
found, therefore, 25 centimeters behind the lens. If the lens is
held at 1.5 centimeters before the eye the punctum remotum is
found at 23.5 centimeters behind the apex of the cornea.
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Here, you see, arises the question of the distance which sepa-
rates the eye and the correcting glass. Tt is apparent that it is a
matter of no little importance where the glass is held. If it is
brought as close as possible it will not be far from the anterior
focal point of the eye, which is 13 millimeters from the cornea.
It onght, therefore, to have the same power as the lens which we
have found in determining the refraction and acuteness of vision
subjectively by means of glasses, and as we took in this method
the number of the glass as a direct expression of the degree of
ametropia, so we shall make no reduction of the number when we
determine the refraction by the ophthalmoscope when the correct-
ing glass is found near the same place.

This reduction would only be necessary in the case where the
correcting glass is further removed from the eye to be examined,
and especially in the high degrees of ametropia, where a difference
of some millimeters in the foeal distance of the lens will make a
considerable difference in its refracting power. In this case we
have only to remember that the focus of the correcting lens and
the punctum remotum of the eye under examination coincide.
Therefore, in order to find the real degree of the hypermetropia
we will have to subtract from the focal distance of the correcting
lens the distance which separates it from the cornea, or, if we
wish to know the number of the glasses which the patient should
wear at 13 millimeters from the cornea, we subtract from the
focal distance of the ophthalmoscopic correcting glass the distance
which separates it from a point 13 millimeters in front of the cornea.

Thus, suppose that the ophthalmoscope is held at 25 millimeters
from the cornea of the observed eye, and that No. + 8, whose
focal distance is 125 millimeters, is required to see the fundus
clearly by the erect method. The punetum remotum of this eye
is then found at 125 — 25 = 100 millimetera behind the cornea ;
the real hypermetropia is therefore 10 D, and a correcting lens
placed at 13 millimeters in front of the cornea will have to have a
focal distance of 100 + 13 = 113 millimeters, which is 9 D.

138
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would not say that an eye had a hypermetropia equal to the
number of the correcting lens, because a part of the refracting
power of this lens serves to correct his own hypermetropia, and
this part must be subtracted from the number of the correcting
lens.

The same holds true for the myopie examiner who sees dis-
tinetly with a concave lens. A part of the refracting power of
this lens serves to correct his own ametropia, and must, conse-
quently, be subtracted from the number of the correcting lens.

But the determination of the refraction becomes as simple for
the ametropic examiner as for the emmetropic when his ametropia
is corrected. Many of our ametropic colleagues have adopted ‘our
suggestion to put in the central opening of the mirror the lens
which corrects their ametropia. By doing this they are always
in & state of emmetropia while making ophthalmoscopic examina-
tions, and the lenses of the ophthalmoscope which are used to
determine the refraction of the examined eye serve them as well
as emmetropes. This was in the time of the old system of
numbering glasses, when it was =o inconvenient to subtract the
fraction which represented their ametropia from that of the
correcting lens. With the new system of numbering, however,
this calculation is so simple that it would be superfluous to put a
special correcting lens in the ophthalmoscope.

Suppose the hypermetropia of the observer is 2 D, His refrac-
tion is 2 dioptries feebler than that of the emmetrope, From the
correcting glass of which he has need to see the fundus of an eye
under examination, it is always necessary to subtract the two
positive dioptries which serve to correct his own hypermetropia.
Thus, when our hypermetrope sees, with a convex No. 5, the
fundus of an eye under examination, this eye has not a hyper-
metropia of 5 D, because two of these 5 dioptries go to correct
the hypermetropia of the examiner. The hypermetropia of this
eye will, therefore, be only 5 — 2 — 3 D,

If our hypermetrope sees with + 2 D, the eye examined must




268 BEXAMINATION OF THE EYES,

be emmetropic, since 2 — 2 = 0, or, better expressed, because
these two dioptries render his eye emmetropic by completely
correcting his ametropia, and the emmetrope sees the fundus of
another emmetropic eye distinctly, without the intervention of
any glass.

If the hypermetrope sees without any correcting glass, then the
examined eye has an excess of refraction equal to the lack of
rofraction in the examiner's eye. In the example we have taken
the examined eye should have a myopia of 2 D, since 0—2=
__ 9. This would be the number of the correcting glass which
an emmetrope would require to see the erect image in that eye,
and is also the correcting lens of a myopia of 2 D.

If the hypermetrope has need of a concave lens to see the
fundus of an eye distinctly, then this eye has a higher degree of
myopia than when the hypermetrope saw without a lens. Suppose
our hypermetrope of 2 D is armed with a concave lens of 6 D.
This lens increases his lack of refraction, and makes it = 8
dioptries; consequently the excess of refraction of the examined
eye = 8 D, since, according to our caleulation, — 6 + (—2) =
— 8 D.

Let us take now a myopic ezaminer. His eye has an excess of
refraction which can be compared to the addition of a convex lens
to his dioptric apparatus. The correcting lens will, therefore,
always be more feeble than is necessary to correct the eye under
examination. The number of dioptries which represent the excess
of refraction of the examining myope must, therefore, be added
to the correcting lens, in order to obtain the refraction of the eye
examined. If the examiner has M of & D, and he sees with a lens
of + 1 D, the examined eye must be strongly hypermetropic,
because the myopia of the examiner is already equal to a positive
lens of 5 D, to which must be added yet another dioptry of the
correcting lens. The hypermetropia of the examined eye must
therefore be 5 + 1 = 6 D.

If the myope of 5 dioptries sees without a glass, then the
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LECTURE XXI.

DETERMINATION OF ASTIGMATISM BY MEANS OF THE
OPHTHALMOSCOPE.

GENTLEMEN ;—When two meridians of the eye have different
refractions, each meridian gives rise to the same ophthalmoscopic
appearances as an eye having that degree of refraction. The
ophthalmoscopic image of such an eye would, therefore, differ in
many particulars in the two unequal meridians, If, for example,
the refraction is stronger in the vertical than in the horizontal
meridian, the examiner will have need of a stronger correcting
glass in order to see distinctly the lateral, the upper, and lower
borders of the optic disk.

At the same time, the enlargement of the upright image will be
more considerable in the vertical direction than in the horizontal ;
the disk will appear relatively elongated in its vertical diameter.

The opposite takes place in the inverted image, and, as the
enlargement of an inverted image is less for myopia than for
hypermetropia, and less for hypermetropia of low degrees than for
the higher, so objects seen through a less refracting meridian
furnish an inverted image larger than that formed by a more highly
refracting meridian. Moreover, the size of the inverted image
varies unequally in different diameters, according as the convex
lens is approached to or removed from the eye. In removing
or approaching, successively, the convex lens, the dimensions of
the inverted image increase or diminish more rapidly in the more
highly refracting meridian, and vice versa.

Finally, the distance which separates the inverted image from

————
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But, since the disk is frequently oval in a normal condition, and
no portion of the eye has a constant form, the diagnosis of
astigmatism is not always possible by means of the upright image
alone. But it is quite otherwise when we compare the erect and
inverted images together.

This is the most satisfactory method for determining the
existence of astigmatism ophthalmoscopically.

If we find, for example, that the form of the disk in the erect
image is elongated vertically, and becomes round, or even oval,
with its long axis horizontal, in the inverted image, we then know
that the dioptric apparatus is stronger in the vertical meridian
than in the horizontal. A stronger refraction gives a greater
enlargement in the erect image, a less enlargement in the inverted
image. Other objects in the fandus, such as the retinal vessels,
can also be taken as tests.

Javal has proposed, for the rapid diagnosis of astigmatism, to
employ the inverted image by varying rapidly the distance of the
lens from the eye, still leaving, however, the ophthalmoscopic
field larger than the size of the disk. If astigmatism is present
the disk will change its shape during this movement, and become
elongated in opposite directions at the two extremities of the ex-
cursion of the lens.

In all these experiments it is indispensable to hold the convex
lens exactly perpendicular to the axis of the observed eye, because
the least inclination will give rise to an alteration in the form of
the ophthalmoscopic image, and consequently to an apparent
astigmatism.

A very elegant means of diagnosing astigmatism consists in
observing on the fundus of the eye the image of a radiating figure
which is interposed between the source of illumination and the
mirror of the ophthalmoscope. Thus, in bringing four threads
together, crossing at the centre in the form of a star, we can see
on the fundus of the eye a shadow of that figure. If the eye is
not astigmatic all the rays of the star will be equally distinet,
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the first place, to the papilla of the optic nerve, or optic disk, as
it is most frequently called. This serves as a sort of point of
departure for measurements and for fixing the topography of the
fundus, and in a number of cases it is itself the seat of patho-
logical alterations of a very characteristic nature.

In order to find the papilla of the optic nerve it is necessary to
remember that in man the entrance of the optic nerve in the eye
is found at about 15 degrees to the inner side and 3 degrees above
the posterior pole of the globe of the eye. In order to bring the
papilla in the visual line of the observer we cause the examined
eye to be directed slightly upward and toward the nose.

By placing ourselves in front of the patient we can obtain this
position of the eye with certainty by causing the patient to look
at our right ear, if it is the right eye that is under examination,
and at the left ear if it is his left eye.

Before our eye has been properly adapted to the eye under
examination we see only a white and diffuse reflection in the red
field. This white spot is the papilla, and it is to it that we should
direct our attention, since it serves as a centre in making a
topography of the fundus.

The papilla has the form of a disk (Fig. 40), sometimes circular,
but more frequently oval, with its long axis vertical; exception-
ally the long diameter is horizontal.

The contour of the disk is not, however, always absolutely
regular. The color of the surface is a light, clear pink, and
frequently it is more pronounced on the inner half. A white
ring (f,) generally surrounds the disk. This is called the scleral
ring, and it is bounded, in its turn, by a black or deep brown
line, the choroidal ring (p).

The centre of the disk is slightly excavated, and forms a kind
of funnel, from which we see the trunks of the refinal vessels, the
artery and vein, enter the eye. Iach of the two vessels bifur-
cates near the level of the retina. These vessels are very clearly
outlined on the clear background of the disk, and are directed
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toward the outer side of the eye, distributing their branches over
the whole extent of the retina.

But, before following the vessels up to their peripheral termi-
nation, we must pay attention to some other parts which give to
the disk its characteristic appearance.

The optic nerve is enveloped by two sheaths, the internal
(i i), more delicate, which adheres closely to it, and which is
nothing more than a continnation of the pia mater; the external
(e ), much thicker, corresponding to the dura mater. The two

sheaths are separated by a space called the inter-vaginal space,
which is in direct communication with the sub-arachnoidal space.
The internal sheath gives origin to the connective tissue which
envelopes the nervous fibres of the optic nerve. Near the globe
of the eye the outer sheath spreads out and separates itself more
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and more from the inner sheath, and forms the external layer of
the sclerotic (3 8). The inner sheath accompanies the optic nerve
still farther and spreads out suddenly, to form the inner layer of
the sclerotic. A third part of this tissue adheres to the fibres of
the optic nerve up as far as the level of the choroid (Ch). The
large transverse fibres bind this sheath of the optic nerve to the
tunica adventitia of the retinal vessels, and thus forms the lamina
eribrosa (). Through the meshes of this pass the fibres of the
optic nerve. Each of the fibres up to this point has had its sheath
of myeline, which gives them their white and opaque appearance,
but in passing through the lamina eribrosa they lose this sheath
and retain nothing but their axis cylinders. They are then trans-
parent, and are spread out on the retina (R R) to form its inner
layer, that of the nerve fibres.

The nerve fibres which are directed toward the inner side of
the retina are more numerons than those designed for the outer
side, and they form a layer of greater thickness at the border of
the papilla. Nevertheless, this hardly passes the level of the
retina, and is thinner on the outer side than on the inner. It
is, therefore, inappropriate to call the optic nerve entrance the
papilla, which presupposes a prominence. The nerve entrance is
protuberant only when there exists a neuritis with swelling of its
ocular extremity.

The ophthalmoscopic examination shows us a section, as it were,
of the optic nerve (Fig. 40), and the papilla is seen as a round
disk, because the optic nerve is round; but it more frequently
appears oval than circular, because the optic nerve and papilla
are inserted sideways into the eye, and we see it more or less ob-
liquely, and consequently it is shortened in its horizontal diameter.
In other cases this oval form is due to a real irregularity of the
optic nerve, or to an irregularity in the dioptric media, notably in
astigmatism, which produces greater enlargement in one direction
than in another.

The pink color of the disk is a mixture of the white of the con-
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the first instance we have a congestion of the disk, and in the
second a beginning atrophy.

The tendinous or seleral ring which we see with the ophthalmo-
scope is the internal sheath of the optic nerve which is prolonged up
to the choroid. It is larger in proportion as the perforation for the
choroid is larger, or, in other words, as it is less covered by the
pigment of the choroid. It is this pigment surrounding the
tendinous ring that constitutes, when sufficiently thick, the pig-
mentary ring of the papilla. It may form a complete ring, or
only a crescent, which is situated, in the large majority of cases,
on the outer side of the disk. It may even be absent in eyes
poor in pigment.

The vessels which we see emerge from the centre of the disk
sometimes bifurcate in the lamina cribrosa. We then see two
arterial and two venous trunks come from the disk. Most fre-
quently this bifurcation takes place on the surface of the disk
itself. In this latter case we see the common trunlk of the vessels
before its bifurcation.

One of the two principal branches of the artery and the vein is
directed upward, the other downward, to run thence toward the
periphery, describing an arc around the macula. In their course
these trunks give off branches which are distributed to all parts
of the retina.

So long as the vessels have the same direction as the optic
nerve, they appear, like the surface of the disk, as if cut trans-
versely, and on this account appear of a deeper color and some-
times irregularly dilated. After they are distributed on the plane
of the retina, it is easy to distinguish the arteries from the veins.
The arteries as well as their branches are thinner, lighter in color,
and straighter than the veins, which are darler in color, larger,
and more or less sinuous in their course.

We find, moreover, running along the centre of the arteries, a
light, luminous line. This is due to a reflection of the light of
the ophthalmoscopic mirror from the tense, cylindrical walls of
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DIFFERENT FORMS OF THE OPHTHALMOSCOPE. 987

polarized light and diminishes very considerably the reflections
produced by the cornea and lens of the examined eye. This first
ophthalmoscope has been furnished with five correcting lenses,
which, being mounted on a disk eccentric in relation to the axis of
the instrament, can be brought successively behind the mirror
and in front of the eye of the observer.

Tt is a disk similar to this (which is called, after the name of the
inventor, the disk of Rekoss) which we use at present to hold the
correcting lenses.

The superposed  plates of glass are not now generally used as a
reflector, because it has been found that, with a little practice, it
is easy to get rid of embarrassing reflections from the observed
eye. But the plane mirror still remains the best we can use for
many examinations, A plane mirror of silvered glass, or of
metal, is to be preferred to the glass plates, because it is not o
heavy and gives somewhat more light.. The illumination which is
obtained by means of an oil lamp and a plane mirrer is much
softer than the reflection from a concave mirror. The plane
mirror is therefore used whenever the examined eye is very
sensitive to light, and particularly for the examination of the erect
image. A great advantage is thus gained by avoiding the con-
traction of the pupil, and the consequent narrowing of the ophthal-
moscopic field. A plane mirror is, therefore, indispensable to a
complete ophthalmoscope.

The perforation in the mirror should not be too small, as other-
wise it will act as a stenopaic hole, and in this way hinder the
exact determination of the refraction. Neither should it be too
large, because it will then intercept too great a portion of the light,
and thus diminish the illumination. It should be, at least, three
millimeters in diameter, and may be, without inconvenience, four.

Convex mirrors are never used alone in the construction of an
ophthalmoscope. They are sometimes combined, as is also the
plane mirror, with a convex lens, which concentrates the light on
the mirror and in this way increases the illumination.
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the inverted image in a tube blackened in its interior. The whole
is fized on a stand which makes it permanent when it is once
adapted. It has also a chin-rest, on which the head of the
examines is supported, and a flexible arm, which carries a small
ball of ivory, serving as an object of fixation for the eye under
examination.

Galezowski has endeavored to utilize this instrament in practice
by doing away with the accessory apparatus, refaining only the
tube which is held in the hand. The usefulness of these ophthal-
moscopes for demonstration is very problematical, and their
application to practice is not to be recommended, because they
deprive us of the great advantages of the examination by the
upright image (greater enlargement and determination of the
refraction) ; and furthermore, we never know in what direction
the examined eye is looking. :

Tt would be idle to enumerate the names .of all those who have
used the concave mirror for the construction of various kinds of
ophthalmoscopes. Since its introduction into practice the concave
mirror has undergone a number of minor alterations in form. It
has been diminished in size and increased beyond measure; the
handle has been discarded or replaced by the cover of the case
which encloses both the mirror and the correcting lenses
(Monoyer), or by a very small handle, ete.

I show you here an ophthalmoscope which I have myself
construeted, and which unites all the conditions which I have
mentioned, as being the best for practical purposes.

The mirror is concave ; it has a focal distance of 20 centimeters
and a diameter of 28 millimeters. It has a central perforation of
at. least three millimeters diameter; its handle has a length of
about 12 centimeters, making the manipulation of the instrument

very easy.

For the determination of the refraction this ophthalmoscope
has two disks of the size indicated in Fig. 41, A and B. They
are superposed on the instrument behind the mirror and revolve
about the same centre.
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1 Finally, No. —10.5 of disk B combined- with the lenses of disk
| A, gives the following numbers :—

_:51 3 —10.5=—"T.0

1 25— 105 =—28

i 2 —10.5=—185
1.5 —10.5 =—9

I.‘| 1 —105=—95

L 0.5 =T 1::}5 _ — 1':]

i 0 = 105 = — 106

|,.

We thus obtain a second series of 21 concave numbers from
.' 0.5 to 10.5 (No. 80 to No. 3§ of the old system) also separated
1 by a common interval of 0.5 D.

I | F1G. 12, Our ophthalmoscope, therefore,
' : furnishes us with 42 different num-
bers of dioptries, without having
to shift the disks, and has larger
lenses and a smaller disk than any

other refraction ophthalmoscope.

Our lenses have a diameter of 1

centimeter, which allows of their -

being cleaned easily, and possesses

the great advantage, also, that it

allows them to be used for the

subjective determination of the re-

fraction and acuteness of vision.

We have only to remove the mir-

ror, and the instrument becomes
an optometer, with which we can

‘ find the number of glass neces-

’| sary for the correction of ametropia, as well as with the lenses in

|

|

l

—_ F“HH"I!'I'"‘"" -""'FI‘"-'."'."_—" N S .

i our trial cases.
A suitable mechanism discloses the number which results from
any combination, so that there is never any need to make a calenla-
tion. (Fig. 42.)
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DIFFERENT FORMS OF THE OPHTHALMOSCOTE. 207

There are two ophthalmoscopes having peculiar interest, one

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

Fra, 43,

binocular ophthalmoscope of Giraud-Teulon, the other because it

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

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. Wadsworth's small circular mirror. Unlike this,
however, it is designed for both the upright and inverted image, thus obviating a
change of mirrors, it hl:iﬂt_; found that abundant light is obtained for both methods.
The mirror is swung on pivots which allows a tilting to either side of about. 25
degrees. By this means the inclination of the correcting lenses is avoided, by
which a large quantity of light is saved, and the image rendered free from distor-
tion. The author considers this an indispensable adjunct to the instrument for
those who desire to make accurate and easy examination by the upright method.
For a fuller description, see the Tramsactions of the American Ophthalmological
Soriely, 1878.—Tr.

20
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The ophthalmoescope of Sichel (Fig. 44) is designed to show to a

5 5 " ! e 5 g j [ EEr
number of observers at once the image of the fundus. It is

Lh ]

composed of a concave mirror M M, of 35 centimeters focal

9
Ve
L

distance, to which is adapted a metallic case on which it can

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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We can use, as artificial light, indifferently, gas, oil or petroleam.
When gas is used it is not generally best to turn it on to a full
blaze, because then the illumination becomes too intense. The
flame of an oil lamp is usually the most convenient source of
illumination. You must not forget, as I have said, that artificial
light gives an orange or reddish tint to all objects illuminated by
it, which they have not by daylight. Itshould not be astonishing,
therefore, to find the fundus of a different color, and paler, by
sunlight, than by artificial light.

In making an ophthalmoscopic examination we place the lamp
to the side of and behind the patient. The less the angle formed
by the source of illumination and the mirror, the less must be the
inclination of the mirror, This is a great advantage, because the
illumination is then stronger, and the opening in the mirror
through which we look is narrowed less, and the visual line is then
found nearer the axis of the correcting lens.

Tt is indifferent whether we place the light to the right or the
left of the patient. The mirror must be held lightly and by the
end of the handle, by the three first fingers of the hand, in order
to manipulate it as easily as possible.

We begin always by the examination of the upright image.
After having thrown the light into the eye, we bring the ophthal-
moscope as close to it as possible without obstructing the light by
the head of the patient.'

We keep the light in the proper direction by observing the
pupil, which should appear brightly illuminated.

We then see the reflection of the mirror on the cornea, and on
the anterior and posterior surfaces of the lens. These reflections,
especially the first two, are frequently very annoying, so much so
as to hide the objects which they overlie from our view.

It was for the purpose of doing away with this inconvenience
that Helmholtz employed polarized light; by giving to his mirror
an inclination of 56 degrees such light is not thrown back from
the refracting surfaces of the eye.
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In order to avoid the inconveniences resulting from these reflec-
tions we simply incline the mirror in such a manner that the
reflections shall fall to the side of the parts to be examined.

The field of ophthalmoscopic observation is limited by the edge
of the pupil. It follows that this is greater the closer we bring
our eye to the observed eye, because the closer we approach to it
the more we increase the angle of vision, the apex of which is in
our eye, and whose sides touch the papillary borders.

It is an indispensable condition for a clear and distinct erect
image of the fundus, as we have already said, that the eye of the
examiner be accurately adapted to the eye under examination.

If we are dealing with emmetropic or hypermetropic eyes, our
eye must be adapted for parallel or diverging rays. In such cases
you must be on your guard not to make too great an effort of
accommodation. This is a very important point, because at the
beginning of your ophthalmoscopic practice you will experience a
tendency to put forth more aceommodative power in proportion as
you see more indistinetly, This is due to the fact that account
is not taken of the direction in which the rays come from the eye
under examination. You feel instinctively that as the object is
situated quite close to your eye you must, in order to see it
distinctly, bring a strong accommodative power into play. You
forget that the object to be observed is situated behind a lens
formed by the dioptric media of the eye under examination, and
that, consequently, the rays coming from it are much less divergent
than if looked at with the naked eye.

If the object is situated at the focus of the lens, as in emme-
tropia, the rays, in passing out, are parallel, and we must com-
pletely relax our accommodation; if it is situated within the
focus, as in hypermetropia, they pass out in a divergent manner,
as if they came from an object situated at a certain distance
behind the eye under examination, and we do not have need of
any very considerable effort of accommodation.
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Finally, in the case of myopia, we are in need even of a concave
lens in order to see distinctly.

We have not, however, always command over our accommoda-
tion, since the ciliary muscle is not a muscle of the striated
variety. But you will remember that the accommodation is in
intimate relation with the convergence, and one is nearly always
proportional to the other. Consequently, if we bring our eyes into
a state of parallelism the convergence and accommodation are both
abolished at the same time. Now, the muscles which preside over
the direction of the eyes are under the control of the will, and we
can easily gain a complete mastery over their movements.

To practice bringing the eyes into a state of parallelism we use
a prism with its base turned toward the temple. The prism thus
produces an apparent displacement of objects toward the temporal
side, and in order to obtain simple binocular vision the eye covered
with the prism must be turned outward. By using, therefore,
stronger and stronger prisms we finally come to a parallel state of
the visual lines. It is necessary that both eyes fix the same
object, and as long as the object is seen single with the two eyes
they are properly directed. In case the prism is too strong, that
is, when the eyes are no longer able to produce the divergence
which vision through the prism requires, we will see double,
because one of the eyes is no longer directed to the object, and
consequently its image is no longer formed on the macula. When
you have once experienced the sensation characteristic of 2
parallel position of the eyes you will soon be able to bring it about
spontaneously, and thereby relax your accommodation at will.

After having determined the refraction, we proceed with the
examination by means of the inverted image, following the rules
we have given above.

The convex lens should be held sufficiently far from the exam-
ined eye for its focus to fall near the plane of the pupil. By
this means the diameter of the pupil is magnified as much as
possible, and its borders disappear completely from the ophthal-
moscopic field.
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minutely when the lamp is placed at the side of the patient =o as
to give to the light a direction tangent to the cornea. We can in
this way not only make out trifling troubles in this tissue and
mark their extent and thickness, but can also determine the exact
depth of the tissne in which they are situated. We can thus
estimate the depth of ulcers of the cornea, the form of their bases,
the development of a hypopyon which, as we have demonstrated
with Horner,* is never found in the thickness of the cornea, but
commences by a deposit of pus on the posterior surface of the
cornea, and increases and descends little by little into the bottom
of the anterior chamber.

In the same manner we distinguish the punctiform opacities
due to deposits of pus on the membrane of Descemet, so frequent
in serous iritis,

We examine the agueous humor in the same way.

By bringing the lamp a little further forward the iris is illumi-
nated, and we can examine it throughout its whole extent by
making the luminous cone traverse all its parts from the papillary
border to the corneal margin.

In examining the crystalline lens we give to the light a direc-
tion a little less oblique, taking care to illuminate all its layers in
succession.

The lens, even in a normal condition, and especially in old
people, nearly always presents a diffuse, slightly grayish reflec-
tion, resembling mother of pearl. This must not be confounded
with a commencing cataract, since, as we can convince ourselves
by means of the ophthalmoscope, such lenses are perfectly trans-
parent.

(Cataract is characterized by alterations of a very marked nature.
We must determine the part of the lens in which the opacities
are situated, whether in the capsule or in the anterior cortical
substance, in the nucleus, or in the posterior cortical substance.
In order to arrive at a fine diagnosis, it is indispensable to vary

* Bokowa, Hypopyon-Keratitis, Thése de Zurich, 1871.
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octave pages each, with complete Index. Tt hos boen eEtn

ing eirenlation.
&5~ While complete in {t2elf, it is algo (ntended as o Companion Journal to the Medical and Surgical

Reporter; it is madeup from articles which have not been included in the latter. The one journal
is the complement of the other.

The Compendium is Arranged Under the Following General Heads:

1. Anatomy, Physiology, and Pathology. 11. Physics, Botany, Chemistry, and Toxicology. I1L.
Materin Medloa and Therapentics. 1V. General Medcine and Sanitary Selence. V. UOlinienl Medi-
gine. V1. Obstetries and Digenses of Women and Children, VII. Surgery, local and goneral,
Dizeases of the Skin, ete.

From B0 to TO0 separate nrticles appear ench year in thesa various departiments, care fully pre-
pared, and glving the chioicest selections from all sources, American and Foreign. It is the only
work of the kind which does justice to American writers in madigine.

PRICISS: TER YEAR.
The Weekly Medicnl and Surgical RepPorler. ... ooooorernnnesanriones ®5.00
The Hall-Yearly Compendinm of Medicnl Schemee.  cv. . oommeeees .50
The Reporter nnd Compendionm, taken EOECEIOT. it 700

g Payable in Advance.

.,




s pereler of  Visiting Lists * affer themsolves s canddidates for doctors’ favor.  We
are decided dn oiwr opinion that @ Batlee's Phgpslcion’s Pooket ftecord,! dssncd by I3, G-
Frinton, tx wneiealed f0 s ercellenoe ' —Loiariile Modical Newa,

THE PHYSIOCIAN'S

DAILY POCKET RECORD,

COMPRISTNG

A Visiting List, Many Useful Memoranda, Tables, elc.
By §. W. BEUTLER, M.D.

EDITED ANNUALLY, AND ADAPTED FOR 35 OR 70 PATIENTS DAILY. STRONGLY BOUND IN MOROCCO,
WITH STEEL SPRING CLASF.

f EDNTION FOR 35 PATIENTS DATLY, - - - . 81.50
PRICE: 'L T T L0 0 i - - = - LR

The name of the purchaser will be stamped, in gill [etters, on the tuek.

for 10 cents exira.
- —— _-_ - oo o™ '}

Phygicinng who have tried this List have, asa rule, given it the preferonce above all others in
the market,

Contents.—The Orat 62 pages are printed matter, made up as follows: 1. A “perpetual
almanac.," 2, A lsiof New Hemedics, revised ench year. 3. Doses for hypodermic injootions, 4.
Doges for inhalation. 6. Doses for sappositories and pessaries. 6, Classified list of the Materin
Medica. 7. FPoisons and antidotes. 8 Treatment of agphyxis. 9. Disinfectants, eto., ate,

1M pages are given to the * Visiting List and Record of Acconnts," allowing one line te each
patient, with n blank page oppozite, for* memoranda.” The Visiting List closes witlhan “Index of
Patients," An “ Obatetric Record,” a ** Vacoination Hecord,” * Hecord of Deaths." “ Cash Reeord, ™
and pages for * Addrosses and Memoranda," follow,

One valuable peculiarity of the *“‘Focket Record™ is that it Is good fer one year from any date
in the year. The Visiting List portion bears nodates, and by simply writing the month at the top of
the page the date will alwayz be sorrast.

The binding of the Pocket Kecord i2 in strong moroeco; and Instead of o tuck (whish often
teare), it has a steel spring clasp, exceedingly conveniont in use. A pocket {s provided in the cover, for
earrying preseription blanks, ete.

Srecian Terys.—The Puvsiciax’s Pocker Recorn, 35 patients, will he supplied to
all paid up subscribers to the MEDpIcAL A¥D Svreioan Revorter, for one dollar ($1.00),

Metric System.—The edition of the Pocket Record issued this year contains a Table
of Doses and Formile, giving in a compact and easily understood form the method of
prescribing by the metrie system. ;

NSOV SELFIOPING PRESHIPION RACORDS

Per book, 50 Cents. 3 for $1.00.

n}

By these conveniont Records the physieian makes a copy of hig preserijition at the same time,
that he writes it for the patient. The duplication ig by means of carbon paper, All who have tried
the plan have been highly plensed with it. The preseription ig written with the ordinary lead peneil,
and the writing 15 clear and hlack,

The Preseription Blanks are prepared in neat packnges, of §0 blanks ench, and when one such
package is exhausted it i removed from the ease and another one substituted, one case thus serving

for any number of prescriptions, .
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MODERN MEDICAL THERAPEUTICS.

"1 vol., large Bvo. 'pp. 005,

MODERN SURGICAL THERAPEUTICS.

1 vol., large Svo. Pre. 905,

By GEORGE II. NAPIIEYS, ALM., M.ID., etco.

Sixih Edition, 1879. Revisad, Enlarged, ancd Carefully Edited.

The two books are sold separately, at .00 in cloth, or £3.00 in fall lenther,
ench. sent by muil, post-paid by the publisher.

In these two books the author and editors have gathered the essence of the medien] lterature
of the world durlng the last ten years, so for as 1t relates to the treatment af dizease by all approved
and seientifie methods, Bany of the dircetions and formulie have never beon published elsewhaerse,
or are buried in periodienls. Hardly any disense of importance 1z omitted, and the writers have
aimed to give Tully the exact trentment and the specifie therapeutical methods of the most eminent
living physfeians. The following briel annlysis of the two books will prove conelusively, to every
intelligent physician, how real and great is the value of these works,

1a both volumes the diseases are arranged alphabetically, under the proper nosoloegical elasses,
Tinder each ils treatment is glven, first, by gcveral leading suthorities of this country and Europe,
n.ndllhﬁl.r dilferenees enrefnlly set forth ; next, the treatment in soveral prominent hospitals i8 re-
gorded, and any egpeeial formule claimed, on good authority, to be of peenlinr efMeacy ; finally, an
abatract or résumd iz ndded, sotting forth, alphabetically, the more important drugs and remedind
measures nsed in the disense, their doses, Indications, and most suceessful combinations. Both
pxternal amd internsl remedics are ineluded, and nll sugh measures as baths, electriclty, massage,
movement cure, mine ral wakers, pounter-irritants, diat, in halntions, tl}’pl}['.ﬂﬂl‘t‘iﬁ injections, cupping,
hydrotherapy, fumigationg, heat and eold, pesture, irrigation, enemata, poultices, liniments, gargles,
lotions, ete., ete., are deserlbed, with their npproprinte Indisations,

Each book haga complete Table of Contents, and three elaborate imdexes, one of Authors,
a gecond of Remedies and Remedial Measurcs, and a third of Disenges. It has boen a special aim of
the anthor and editors to inelude all the Intest approved mew romedies, the most famonug combina-
tions, and, in faet, all the * polnte™ or ligrinkles” of modern therapoutics, so that with thesoe volumes
on his table, the practitioner in the most remote gottlement, or he whose Lime 18 most over-occuplied,
can atonee familiarize himself with the latest acquisitions of the therapeutical art.

OfF the very many such “ points" we mention n numboer in each book,

in the MEDICAL THERAPEUTICS

The total number of authors guoted is 723, and the preeise formule given 1124, Withont pretemd-
ing L“}F[“ an exhanstive list, wo mention—
nmmond’sand Hughlings Tackson's troatment of npoplexy.

Loenlanmathesia, and bromide of fron in glhioren, Stevens on ehioren (rom Il}'ﬁlcrmetm in.

Brown-Sequara’s formulm and rules in epilepsy. s, Hamilton’s and Seguin’s combinations
In epilepsy. Griffith on the seton fn epllepsy and paralysis.

The management of bilions, nervous, rhenmatie, congestive, hivsterienl and periodic head-
nches.
Cerebro-gpinal meningitls : Altken, N, S, Davis, Miemeyer, Ramekill and others ong Read's

specific treatment with ergot and belladonna, .
Neuralgin : Anstle's treatment ; ritles for Bartholow's deep injections of chloreform.

1"'"-.--__ R —




i

d 3 rules for the use of clectelolty In paralysie,
:rllfl.fl:li:ﬂ“ E;{h*n”t_m writer's aramp,  Waolr Mitehall on vartigo. _
Grindelin, lobelia, caflea. ate., In asthma.  Formulw [or el jented clgaretics. :
Thirty p..&fgnm devated to the trentment of |H!:||I‘.t: anil elhironio bronehitls, coryea and catareh.
14y i& thoroughly discussod, . E
”:"rpt:m;?:r_ E:':ﬁ r?:}q".:}, e, j{jlf'llli'.' besiies the ordinary treatment from Da Costn, "|'|‘-' Ilih!ﬂ'm‘i
Flint. Walshe, eto., the hyelenie rules of Aftken ; Both's plan of ealelfication of the lungs; Churchil
on ||3,-i_m|:|-ms|;]:|lt_ms;' DobelI's panereatic emulsion ; Jaccoud's arsenical treatment ; Maclaren's rulns
BV o Yanon antisepticinhalations, ete.
1% EL?-;.:E::;EHE pm'”.fﬂ;.;- 1_-m'|_'|t!:.'su1:|!|l.. Inryngitiz, aphonin, hemoeptysls, ete,, nre ttlr:l:llslii_'ll in full.
Under heart digeases are given Habershon’s seven rules of trentment ; Durrant’s ruleg in imour-
able eages : Chambers on dictotios and elimates in: Da Costa, Balfour, Loomis, and others, on angling,

r jon. irritable heart, valvular digense, ete, :
mp"ltir;; Lﬁ’}ﬁﬂl‘.’ﬂ‘ﬂ {“;nlir;tunuu}. as troated Ly Prof. Sehifl, Dr. Octerlony, Durand’s solvent,"

] . minernl waters, ele.
"““%}’.3 ‘#[r‘::ﬂﬂﬂ ',2;2'&: . 8 A.. on sholars, The Eset Indion treatment. Squibb's, Hamlin'g,

r ., eholera mixtures; chilorodyne formuolae, - : ]
R“Hclﬁxh{f{:ﬁﬁrﬁfﬁvﬁ Thompson on constipation. Drs. Poreher, Mettaner, Mleigs and Voan Buren's

. Saccharite of lime in, ete.
t“ntT.{:L.lu, u::ltf?:hrun[e dinrrhoea; treatment by eagtor ofl emulsion (Dr, Young) ; earbolle aeid :“T.
Kempster) : bismuth (Dr. Da Costa); coto bark (Dr. Burkart); diel (=ir J. Fayrer); oxide of zine,
AILES = galicin {Altken). .
(ero I:';:ﬂf;gjr :'! n-mELcd by Janamnlu. position, {peens, enline purgatives, creasote, tarpentine,
mersury, opium, ete. Maury’'s enuterization plau in chronie dysentery,
Tﬁu pest combinations for expelling tapeworms, 8ent and ronnd worms, ote, "
Toomis', Du Costa's, Niemeyer's, Sibson's, and the Hellevug Hoapital plans of dict treatment in
Bright's disease.

I ilk treatment, with precige direetions. i
;I:g ;n;atmcnut nuggeati:}n]; in malarial diseases: ns Sir J. Fayrer and Dr, Porcher on dengue :

Bemiss. Dowell and Fotherglll on ague: Warburg's tineture; the nitrie peid bath ; carbazotate of
mﬁmﬁu;um; chll}nL],‘j- cuealyplus ; gri:fdulia. SULTTOSED | hrﬁmn‘hrdmm of quinin; salicylate of
ninin: formulme for disguising quinis. 2 :
a Hhuu..mﬁm: um“mu.;fm acid and =pdiein treatment: the alkaline treatment; l:-]mmlmral
bedding and diet treatment ; Da Costa’s plan; propylamin ; baths, blisters, hot and cold packing;

linimentz, eto, -
& Salieylic acld in amnn;io::; rules and formulm for the prevention of pitting, by Barlow, Vel-
i

nean, Yotes, Bennett. and others,
B The antizeptie, cold bath, and distetis treatments of typhold, l:q;hua anil yellow favers,
Cholera infantum, 28 treated by N, 5, Davis, T, Lewis Smith, Clymer, Hay, Hogse anid Trous-

gepu. Harker, Beigel, Olymer, Geiger, Niemeyer. Smith, 3eirs, Da Costa, eto., on Growp, Diphtherin,
as treated by potash and iron: carbolie and sulphurons acide; the bisulphites; chlora and salieylie
aeld: ealomel: rapid einehonism; oxalic acid; goaincnm; stimulants: inhalations; gargles lor,
Porcher's preventive mixture ete., eto, i

The last chapter is devoted to the medical and hyglenie treatment of aleohalism and the oplum
hahit, giving numerous valuable suggestions on thege subjects, nlmost wholly neglected in works on

practics.

In the SURCICAL THERAPEUTICS -

The number of anthors guoted ig 418; the number of their preseriptions given 1005. OfF tha
many special points given wo note— »

'l‘ﬁq prevention of inflammation by aold ; by warm immersion ; by veratrom viride ; By Hmiting
the Iﬂrﬁpl;f of blood ; by position, Bl
| urchizon, Fothergill, Grogs and Erichsen on the sthenie, asthenloand irritative types of in-
flammation.

Genoeral and local anmsthetics; anmsthetic mixtures ; anmsthesin of the larynx,

Burow, Porcher and Wood's open trestment of woundg: Gumgee's anbydrons dressings;
Gruerin's raw cotton dresgings; water dressings ; Dolbean’s aloohnl dressings ; Hewson's enrth dresa-
ings; Lister’s carbolated dressings : Spenee’s boracic acil dressings ; Folli’s enlphite dressings, ete,
" “Bnrr.lmlow‘s, Hyatt's and Holmes' methods with erysipelas. Dr. Garreison's gpecific com-

natinmn.

Hemorrhage: Richardson's styptic eollold, styptie lint, wool, sotton and collodion. Styptie
mixtures of Pancongt, Pagliari, Martin, ete, DMethods of toreion, and presgare, nnd cold,

The immediate and later treatment of primary and sécondary shoek, by Brunton, Hood, Fother-
gill, Smith, Grozg, Fuller, Holmes, ote,

The use af pllyaualiglmn. aconite, atropin, stryebnin, ete., in tetonus. Wier Mitchell on trau-
matie paralveis and neuralgin, s

E‘hu Intest views of the Gurman surgeons, Esmarch, Stromeyer and Hillroth, on gunshot
WOLnNa s,

The best remedies in hrdmlihnn[u. Halford's ammonia treatment of snalke-bites,

Numerous applications for burns, scalds, frosi-hites, bed sores, carbuncles and bolls

Syme's treatment of indolent uleers, Villate's =olution for carles. Morton's improved trent-
ment of 8pinn bifida. Mafeage in paralysis, spraing, ete. Squire’s method with nevus,

Miner, 'ifallatto] Clolles and others, on varicoge veins. Various authors on earies of the teeth,
pharyogitie and tongillitis,. Ruppaner’s London Paste, for onlarged tongils.

Pancoast’s and Heaton’s new method for the radieal cure of hernia by subsutaneons injections.
The earbolic ncld trentment of heinorrholds,

Impotence, masturbation and spermatorrhoa cecupy thirty pages, a monograph in (E5elf, full
of luunationa.

he ehapter on lesions of the organs of special senge includes the nose, eve, nnd enr, 08 ozwna,
epistaxie, rhinitle, conjunctival disenges, iritls, styes, wounds of the eye, otorrhoen, tinnitus, ote,
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Lessons in Gynecology.

BY WM. COODELL, A.M., M.D.,

Professor of Clinieal Gynecology in the University of Penna,

With Numerous lllustrations.

1 Vol., Svo. Price, Oloth, S50

This entirely new and complete work by this dis inguished aunthor cannot fafl to prove o
valuable addition to gyneeologieal literature. The following table of contents will indieate ite

SPOTH T
Liegson

(1Y

]

Ak

I
II.
1L
IV.
Ve

VI.

Y II,
VII1.
IX:
X.
XL
X1L.

XI1IL
XIV.

Y.

XYL

XVIIL
AVILL
XTX.

XX,

XXL

EXTL

XXIII.

XXTV.
XXV,

XXVIL

XXVII
XXVILL

Grymecologleal Instrnments.

Caruncle, and other Affections of the Female Urethra.

Vesical Diseases of Women,

Fistulm of the Female Genital Organs,

Uh-sU{_q: ::1’ the Vulva for Incurable Vezleo-vaginal Flstulw—Tumors of the

ulva.

Om the Caunges, Prevention, and the Curs of Lacerations of the Female
Perinewm; the Primary Operation.

Secondary Operation for Laceration of the Female Perineum.

Laocal and Constitutional Troatmoent for Chronle Metritis and Endometritiz

Retroversiong and Retroflexions of the Womb,

Anteverziong and Anteflexlons of the Womb.

Dilatation of Cervical Canal ; Rapid Dilatation; Tents,

{m the Use of the Closed Lever Pessary, amd of the Intrauterine Stem
Pessary.

Different Kinds of Pessaries ; Abdominal Supporters.

Prolapze of the Womb : Prolapse from Simple Descent; FProlapse from
1ypertrophic Elongation of the Infra-vaginal Portion of Cervix.

Prolapse of the Womb from Hypertrophic Elongation of the Supra-vaginal
‘ortion of the Cervix.

Laceration of the Cervix Uteri.

Cancer of the Womb,

Vegotations of the Endometrinm,

Polypus of the Womb,

Fibroid Tuomaors of the Womb,

Treatment of Fibrold Tumors of the Womb,

Spaying for Fibrold Tumeors, and for other Diseases of the Womb,

Ovarian Cyst; its Dingnosis, and its Treatment by Tapping, by Injections
of lodine, and by Drainage.

Uvariotomy by Abdominal Section
Vaginal Ovariotomy.

Nerve-tire and Womb-illg, or the Relatlon which the Nerves Bear to the
Digeases of Women,

The Prevention of Uterine Disorders.
The Sexunl Relations as Causes of Uterine Disorders,

These subjects are presented in a novel and attractive literary form, from the riches
of an uncommonly wide clinical experience. Dr. GooDELL'S operative procedures are
senerally marked by strong originality and mueh ingenuity; while his therapeutical plans
are the result of very carefully studied observation. As a lecturer and teacher he is well
known to all students of his specialty, and the present volume is the only one he has pub-
lished on the subject, and therefore the only source from which to derive a knowledge of
hiz methods,
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Hints in the Obstetric Procedure.

By WILLIAM B. ATKINSON, M.D.,,

Physician to the Department of Obstetrics and Diseases of Womon, Hownrd Hogpltal, Pliladelphia.

second Edition. Entlrely Re-written and Enlarged.

12mo, CLOTH. PRICE, $1.00.

The very gratifylng reception given this handbook of the cssentinls of the obstetrieal art
hing led the author to submit [t to o eareful revision, and increase its size by adding & nomber of
new toples,

It may safely be characterized ps the most gonvenlent, compact, reliable and handy vade
mecitm on obstotrics in the language ; as the followlng personal and eilitorial stantements sufflelently
ntLest,

Opinions of Physicians and the Press.

U Tt s really o ¢ mullum in parve,’ and will, T am sare, be of great garvien to multitudes in the
profiegsion who have hitherto followed the routine of old traditions."—FPraf. Fordyee darker.

v Tt i8 a8 good for the old as for the young practitioner.”—mhr, J. Marion Sims.

4 Tt abounds in extremaly yaluable hints, and s enleulated to do much good."—Prof, Goadell,

i Founded upon the personal experience of the anthoer, it must prove af value to the very widoe
eirele of the profession whao will be led to purchasge it by thelr acquaintance wit i the author and his
reputation.”"—{ Philadelphia) Medical Times,

o It 19 » most excellent stetement of the main polnts to ba observed in the treatment of & con-
finement case, and contains many important focts for the young accoucheur which are not Lo be
found in any of the standard text i..:u-uka."—i Boston) Medical and Surgical Journal,

T ls'jus: exactly the make-up to mest the wants of the husy country doctor, jnl'hn‘.- {8 necesdn-
rily eompelled to gpend mueh of hig time away (rom his office.”"— West Virginia Medical Studend.

* "ot more than a few weeks ago, while watehing the progress of o labor, we took this little
book from our pocket and rewd it throngh and through, anid, by the way, made an immediate
application of some of its principles. It i3 o perfest ]ll:.tlE gem, n godsend to the student.”—The

Nashwille Medical Journal,
i Phe puthor hag guceeeded in giving to the profession & most acceptable and valuable guide.”

—American Medical Weekly.

IN PREEPARATION,
BY THE SAME AUTHOR,

THE

Therapeutics of Gynecology and Obstetrics

Thig work, now in a forwnrd state of preparation, will be published in the early antuwmn,

It will present a condensed, enrefully welghed, and accurately pregented review and estimafe
of the therapeutical resources of the gynecologist and obstetrician.

The remarkable netivity which has characterized this specialty of late years, the numerous
monographs and journals devobed Lo it, have vastly Inereased (ks materia medion and forms of thern.-
peutles ; and o summary of these discoveries and Improvements eannot fail to be welcome.

The general plan adopted will be similar to that so deservedly popular in Napheys' Modern
Therapontics.

The most recent publications of the European prese, and o)l the gpecinl journnsis of both eonti-
nents, will be laid ander eontribation.
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A TREATISE ON HERNIA,

WWith n New Process for itsa Radical Cure, and Original Contributions to
Opearative Surgery, and New Surgical Instruments.

By GREENSVILLE DOWELL, M.D.

Professor of Surgery in Texas Medical College; Late Professor of Surgery In Galveston Medioal’
College ; Member of the Amerioan Medioal Agsosiation, ete,, ete,

One Volume, large octavo, 76 Nlustrations, & full-page Plates. Price, Cloth, $2.00.

BY THE BAME AUTHOR,

YELLOWFEVER AND MALARIAL DISEASES.

Embracing o History of the Epldemics of Yellow Fever in Texas; MNew Views on [ts Diag-
nosis, Treatment, Propagation and Control ; Deseriptiong of Dengoe, Malarial Fever, Jaundice, the
Spleen and its Diaeases, nnd Diarrhoin Hemorrhagloa,

By GREENSYILLE DOWELL, M.I,

2loth, vo, with Map and Two Ohromo-lithographs. Frice &2 M.

The long experience of Dr. Dowell in the diseasos of which thiswork treats, conatilutes him one
of the most competent living anthorities on the snbject. He hag treated many hundred cases of
yellow lever, and elaims to be able, by the plan he lays down In detall, to reduce the moriality in
ithat disense to five per cent.

AIDS TO BOTANY.

By . E. A, SEMPLE, AT 12mo, paper, 1. b8,
One of the popular series of ald-books for students ; favorites in England.

AIDS TO ANATOMY.

By Geong® Brows, M.R.0.6., L8 4., Lote Demonstrator of Anatomy at Westmingter Hospital
Madical School, ete, 12mo, Erp. 84. Paper. Priee 30 cente.
A gheap, aceurate and convenient summary of anatomy for students,

THE STUDENT’S CASE BOOK.

With hints as to cage taking, s recommended by the Physiclans of the London Hozpitals.

By GEORGE BROWN, M.R.C.5, L.8.A., etc. Oblong 8vo, #uited to carry in the pocket. Blanks

for 30 patlents, 4 pages ench,  Neatly bound in cloth. Prloe 30 conts.

The Uage Book i3 intended to facilitnte Olinlerl ‘l."..’|:|'|_-'|.|;1 fand L0 encoUraAgEe A E}"ﬂlcmll.t-lﬂ method
of cage taking. Containg Practienl Instructions and all necessary information for Clinieal work and
Casge Taking, 1t is prefaced by some very useful ** Hinté on Cage Taking," calculated to be of great
service to the Student or Practitioner In enabling him to keep accurale records of signg and
Sy mploma,

CANCER, its Classification and Remedies.

By J. W. Bnigur, m.n. One YVol,, 8 vo, pp 18l Cloth, Price s2.00.
‘l‘f:is work is the production of a physieinn of very wide experlenco in the trentment of cancer-
ons tumors, He believes he has often aucoeeded in euring them without the use of the knife, by the

plan and recipes he glvee.

The special attention of readers of this catalogue is asked to the adver-
tisement of

THE WEEKLY MEDICAL AND SURGICAL REPORTER,

— N D
THE HALF-YEARLY COMPENDIUM OF MEDICAL SCIENCE,
to be found on page 2.
Any of the books in this catalogue will be sent, postage prepaid, on re-
ceipt of the price stated, by the publisher.

B, G IBRINTOIN,

115 South Seventh St., Philadelphia,
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