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44 EXAMINATION OF THE EYES.

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

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

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

deviation of the eye.

Fi1a. 5.

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

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





















MOVEMENTS OF THE EYES, 51

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

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

F1a. 6.

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

This manner of proceeding is the more legitimate since we follow
the same principle, as we shall see further on, in determining
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o4 EXAMINATION OF THE EYES.

object should be found which forms its image, when the eye is
normally directed, at o', As this projection of the object is
situated on the same side as the deviating eye, we call this form

of diplopia homonymous.

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















MOVEMENTS OF THE EYES. 52

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

Fia. 8,

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

From0: 5° = 26 cm. = 85° from 90°.
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For those who prefer a less distance than three meters I have
reduced the tangents for a radius of 225 centimeters:—
From 0: 5° 19.6 cm. = 85° from 90°.
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ACCOMMODATION. 125

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

If you place in front of the eye a positive lens whose focus is at
F, 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,

FiG. 18.

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



126 EXAMINATION OF THE EYES.

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

As to the manner in which this increase in the eurvature of the
lens is brought about, experiment hag'demonstrated the following : —

The accommodation is effected by means of the contraction of

the ciliary musele. This muscle is situated in and beneath thé
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),

Fia. 10, which forms the fixed point when
the muscle contracts. By its con-
traction the ciliary muscle causes
the ciliary body to advance. The-
zone of Zinn, which is attached to
the ciliary body, is relaxed, and the
lens which had been more or less
flattened by the tension of the zone
of Zinn, is left to its own elasticity,
and assumes more nearly the form
of a sphere. _

It is the anterior face of the lens
which is principally affected by this
change, becoming more convex ; the
posteribr 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
positive meniscus, which has the

The dotted lines correspond to the
state of accommodation,

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
























134 EXAMINATION OF THE EYES.

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

Fig. 30,

15 20 25 30 35 £0 45

The curve p p indicates the maximum of  refraction of which
the eye is capable, that is to say, the sum of the refracting power
which the eye represents in a state of repose, and what it is able
to add to itself by putting into play all its power of accommoda-
tion, or, expressed yet differently, the refracting power which the
eye possesses when it is adapted to its punctum proximum. As
you see, “ p " diminishes gradually, and becomes, from the age of
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, because the passive refraction of the eye also diminishes
from the fifty-fifth year. It only ceases at the age of seventy-
three years, when the two curves meet,



























































































































































































































INDIRECT VISION AND THE VISUAL FIELD. 207

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

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

which represents the projection of a sphere on a plane surface

F16.25.

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

Fra. 35,

. . .. HE mm
I I

il IV

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

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

Fig. I7.

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

The perception of colors of the eccentric parts of the retina is














































HEMIOFIA. 220

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

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

Fic. 3,

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

incomplete,






























THEORY OF THE OPHTHALMOSCOPE. 235

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 imge appesars will be strongly illuminated, as you
can convines 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 emsrgent light appsars, however, absolutely black
when viewed from the front. The light which comes from the
illaminated portion of the screen cannot enter the eye of the
observer, because the rays take, on quitting the lens, the same
direction they had when they entered if, that is, they come to-
gether again in the flame, according to the law of conjugate focl.
The same thing occurs in the eye.

Fia. 31,

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

In order that the observer may see the retina illuminated he
must place his eye in the cone of emergent rays Lpp, which
would not be possible without intercepting the light. The same















240 EXAMINATION OF THE EYES,

a mirror with a central perforation. Let E (Fig. 33) be the eye
under examination, E the examining eye, L a source of i]lumin-a-
tion, and MM a mirror.
This mirror, held obliquely before the examining eye, reflects
Fia. 83, the light from L into it, as if
1t came from 1/, and as far as
regards the eye E, it is the
same as if the flame was sit-
uated in I’. The eye of the
examiner is found, therefore,
in the direction of the inci-
dent rays, and the light
which comes from the illu-
minated portion zz of the
eye Il 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 since the invention of this
first one. Some have been made of metal and perforated in the
centre, others are of silvered glass, with a portion of the silvering
removed at the centre, or with a perforation.











































































































































































DIFFERENT FORMS OF THE OPHTHALMOSCOPE. 297

There are two ophthalmoscopes having peculiar interest, one
because it enables us to look at the fundus with both our eyes, the

Fic. 43.

binocular ophthalmoscope of Giraud-Teulon, the other because it

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

The mirror of the instrument is Dr. Loring’s “ tilting” mirror, which is a modi-
fication of the old mirror obtained by cutting off the sides of the ordinary concave
mirror, producing thereby a parallelogram 18 mm. in diameter, and 34 in length.
The 1dea was suggested by Dr. Wadsworth's small eircular mirror, Unlike this,
however, it is designed for both the upright and inverted image, thus obviating a
change of mirrors, it being found that abundant light is obtained for both methods,
The mirror is swung on pivots which allows a tilting to either side of about 25
degrees., By this means the inclination of the correcting lenses is avoided, by
which a ]:tr;_;u ri'|_|1|.|'|.‘tit_'l.' of ]i.J.;IlT. 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 Transactions of the American Ophthalmological
Society, 1878.—TR.
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DIFFERENT FORMS OF THE OPHTHALMOSCOPE. 2009

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

Fic. 44,

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