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L1 PHYSIOLOGIC OPTICS

on the temporal side, after having placed the arc vertically upwards and
downwards. These measurements give the length of the normals to
the cornea at four places, situated at 1 mm. from the visual line, He
then replaces the prism by another doubling 2 mm., and so forth. Know-
ing the normal he can then directly calculate the aberration produced
by the corresponding part of the cornea (see chapter VII).

We observe, furthermore, that the ophthalmometer lends itself very
well to the examination of the curvature of the surfaces of the dead eye.
Holth thus made a series of measurements in the laboratory of the Sor-
bonne. He placed the eye with the cornea upwards under a mirror at 45°
which sent the reflected image in the direction of the ophthalmometer.
The mirror must not be too small, for it must allow us to measure also
the peripheral parts of the surfaces by displacing the instrument. As the
surfaces are generally more or less misty, we are obliged to coat them

Fig. 44. — Kcratc:hnfrpic‘ images of a cornea presenting a consideralle astigmatism at the
central part (central ring of fignre C), while the remainder of the cornea is nearly
exempt from it. After Javal. — C, direct look; H, upwards look ; B, downwards; D,
to the right; G, to the left.

with a very thin layer of oil to make them bright. Tt was necessary
for the measurement of the cornea to make an injection into the vitreous
body so as to make its tension that of the eye, but it was interesting
to note how much he could change the tension of the eye without
observing any perceptible alteration in the curvature of the cornea.
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To measure the curvature of the posterior surface of the cornea, Holth
injected a solution of gelatine into the anterior chamber; as soon as
the gelatine solidified he removed the cornea and measured the anterior
surface of the cast, made bright with oil. The anterior surface of the
crvstalline lens is measured directly, aiter the cornea and iris have been
removed. To measure the posterior surface he cut the eye in two,
along the equator, and, the vitreous body being removed, the eye was
placed with the cornea downwards. Holth gave an account of the results
achieved by him at the Ophthalmological Congress of Utrecht in 1899
(see also page 182).

ExaminaTioN witH THE Keratoscorrc Disc.—The measurement of
peripheral parts of the cornea takes too much time to be of service in

Fig. 45. — Keratoscopic figures of a case analogous to that of figure 44. After Javal.

clinics, but we can obtain information about the peripheral parts of the
cornea by means of the keratoscopic disc, a circular disc, on which are
painted concentric circles of different colors. We can place it on the
telescope of the ophthalmometer by taking out the double refracting
prism, or simply by holding it in the hand and looking through a central
aperture (Placido). Generally the patient looks towards the middle of
the disc; the images of the circles are then circular in a normal eye, and
elongated along the meridian of least refraction in the astigmatic eye;
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by making the patient look towards the border of the disc. it is easy
to establish the peripheral flattening of the cornea.

=]

In cases of irregular astigmatism the circles assume irregular forms;
and we may often, by studying these forms, obtain important informa-
tion on the anomaly in question. — Thus figs. 44 and 45 show the
appearance of the disc in cases in which the central part of the cornea
was affected with a pronounced astigmatism, while the middle zones
were scarcely affected at all; we see, in fact, that the central ring of

Fig. 46. — Keratoscopic figures of a case of keratoconus, After Javal,

figure C, which corresponds to the middle of the cornea, is much
lengthened, while the more peripheral rings are almost circular. — In
cases of keratoconus the image of the disc is very small when it is
formed at the summit of the cornea, but the least deviation of the look
causes a change of form by lengthening it in the radial direction (fig. 46).

We have seen (page 36) that the visual line passes through the cornea
perpendicularly or nearly so. When making a keratoscopic {=xu:11i11.za-
tion the observed person looks into the telescope; the center of the
concentric rings of the image indicates, therefore, the place where the
visual line passes through the cornea, and if, at the same timL". we
illuminate the eye moderately we can account for the direction of the
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visual line relatively to the different parts of the eye. It may be useful
to modify the appearance of the disc. Figure 46a shows the keratoscopic
H appearance of an eye affected
with a high degree of astig-
matism, and of which the
angle a has an unusual size;
the small black circle indi-
cates the pupil, the white fig-
ure is the corneal image of
a large white disc provided
with a black cross, the arms
of which were placed in the
principal meridians; its el-
liptical form is due to the
astigmatism. The visual line
B } corresponds to the intersec-
Fig. 46a. — Keratoscopic image of an eve with a tion of the two black lines.
large angle &. We notice that it is placed
very eccentrically in the pupil so that the four quadrants of the latter
are of very different size. The angle « was about 9°; the axis of the
crystalline lens was directed 88° outwards and 3.8° downwards from
the visual line.

As in every instance in which the angle « has an unusual size, the
cause was to be found in the displacement of the fovea, a displacement
which, in this case, manifests itself also by an increased distance between
the point of fixation and the blind spot (fig. 46b). The internal border of
the latter was at 15° instead of 11° or 12°.
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Fig. 46b. — Spot of Maristte of an eye with a large angle @, compared with that (dotted)
of a normal eye. o, point of fixation.

31. Measurement of the Angle «, — For the following measurements
I use the ophthalmophakometer (fig. 47, see page 44). I designate by A
the cursor which carries only one lamp; by B that which carries two,
placed on the same vertical rod, and by C the third cursor which carries
a rod on which moves a small bright ball which serves as the point of
fixation.

I place the arc horizontally and the cursor B at the zero of the







































TG PHYSBIOLOGIC OPTICS

me to be one of the most important instruments for: the study of physi-
ologic optics. It has the form of a little rule. On one of the faces is
drawn a fine white line on a black ground. We look along this line,
through a lens of + 10 D. In front of the lens moves a small horizontal
rule, in which are different groups of slits (fig. 55a). Placing the two
slits, which are at the middle of the horizontal rule, in front of the lens,
they act like the openings in the experiments of Scheiner. Each point

NIRININ

£

Fig. 55. — Rules of the optometer of Young.

of the line appears double, except that which is seen distinctly; an
emmetrope, not using his accommodation, must, therefore, see two lines
which intersect at the puncfum remotum, or artificial far point, at 10 cm.
from the eye. To determine the refraction of any person we make him
look in the instrument, and put a small cursor at the place where he
sees the lines intersect. A dioptric scale, placed along the line, then
permits the refraction to be read off directlv. — We then determine
the near point (punctum proximum) in the same manner. — The other
groups of slits permit the determination of the refraction of the different
parts of the pupillary space. We can also use the little vertical rule (fig.
51b) which has the form of a very pointed triangle; by lowering it more
or less, we eliminate a smaller or greater part of the middle of the pupil.

The instrument does not lend itself very well to the examination of
patients, for it is quite difficult for an inexperienced observer to use it
without using his accommodation. For one who can control his accom-
modation, the instrument permits the measurement simultaneously of











































































SPHERICAL ABERRATION 10l

aberration. In the position d (fig. 64, B) the pin is at the far point of the
central parts and within the far point of the peripheral parts. — It 1s
probable that these latter persons used their accommodation, for it is
quite rare to find over-corrected aberration in an eye in a state of repose;
I have, however, met instances, especially among persons having a large
pupil. On the contrary, during accommodation, it is the rule that the
aberration is over-corrected, as we shall see later on.

53. Experiments of Thomas Young. — Long before Folkmann's time,
Young had already performed a series of experiments much more con-
clusive, but which had been forgotten.

a. A myopic eye sees a distant luminous point as a circle of diffusion,
the brightness of which is concentrated at the middle, if the eye has

I IT

Fig. 65. — Distribution of the light of the circle of diffusion in an eye with strong aberra-
tion (Antonelli), In I the luminous point is beyond; in 11 within the focus.

spherical aberration (fAg. 65, I). If the aberration is over-corrected, or
if the luminous point is inside the far point, it is the borders that are
the more luminous; an aplanatic eye, or one nearly so, sees the circle
of a uniform brightness. To repeat the experiment, when one is not
myopic, one places in front of the eye a convex lens of 3 to 4 dioptries.
Many eyes, the optic system of which is irregular, perceive eccentric
concentrations of the light; I shall return to this immediately. (1)

b. Bringing a needle in front of the eye, made myopic, while the ex-
periment a is being performed, we see the shadow of the needle in the
circle of diffusion. If the shadow remains straight everywhere, there is

(1) }'fJ-'_-'J?’-'1|f>L"-' not mention the experiment under this form, but it 18 o seqnence of other experd
ments which he describes, For the experiment b, he uged the bars separating the four slits of his opto-
meter, .
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no perceptible aberration; if it is curved, its concavity towards the pe-
riphery indicates ordinary aberration; its concavity towards the center
indicates over-corrected aberration. We can perform the experiment in
the different meridians and thus prove that the
aberration is not always the same in the differ-
ent directions.

I have constructed a little instrument, the
aberroscope (fig. 66), consisting of a plano-con-
vex lens which, on its plain side, carries a
micrometer in the form of little squares. We
look at a distant luminous point through the
lens, moving it 10 or 2o centimeters from

(Rl

b
Fig. 66. — The aberroscope. Fig. 67. — The rules of the optometer of Young.

the eye in order to observe whether the lines then appear curved
or not.

. Tug OPTOMETER OF YOUNG enables us to measure spherical aberra-
tion directly. In the horizontal rule (fig. 67), on the left, are two slits,
very narrow and very close. We look at the line through these slits
andﬂ determine the central refraction by observing the intersection of the
two apparent lines, as I have explained in chapter V. Care must FJE
taken to place the slits so that both the lines appear of the same dis-
tinctness, which takes place when the slits are almost at the middle of
the pupil. This done, we bring the quadrangular aperture in 1fr::mt of
the lens, and gradually lower the vertical rule which has the triangular
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the borders of the pupil are luminous, separated irom the central light
by a dark zone. We approach until the ring disappears; ii this takes
place at 25 centimeters irom the observed persom, the aberration is
positive and 4 D. If we do not perceive the ring, we move back as far
as one meter: if it does not yet appear, we try whether the aberration
is over-corrected: we make the observed person myopic 3 D.; il the
ring appears, we increase the myopia until it disappears. If it disap-
pears with myopia of 4 D., the aberration 1s — 2 D., since we must take
off 2 D., the observer being at 50 centimeters. Brudsewski, who de-
termined the aberration of a certain number of persons in this way,
caid that it is rare not to meet with positive aberration in some part of
the pupil. It happens, indeed, quite often that the ring is incomplete,
or even that there remains only a very small section of it. Negative
aberration is met with most frequently inwards or upwards in the pupil
where the corneal flattening begins soonest.

RESULTS. — Examined with the aberroscope most people indicate a
certain degree of aberration, which corresponds closely to the nearly
spherical (toric) form of the optic part of the cornea (fig. 6g). — Sinc
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Fig. 69. — Deformity of the shadows in an eye with strong spherical aberration (Anto-
nel!l]. I, in a state of repose; II, during accommodation. In the latter case the aber-
ration is nearly corrected.

the peripheral parts of a spherical surface are too refracting, we can
correct the defect by flattening it towards the periphery. We also some-
times find people whose aberration 1s corrected, or even over-corrected,
towards the borders, where the basilar part of the cornea comes into
play (fig. 70). And, if the pupil is placed a little eccentrically, we may
thus find aberration in one direction and over-corrected aberration in
another (fig. 71). Thus the middle of my pupil is slightly myopic and



LOG PAYSIOLOGIO QPTICS

the upper part slightly hypermetropic, while the lower marginal part
measures a myopia of three dioptries, which may even reach four diop-
tries when the pupil is dilated. I have, therefore, spherical aberration
below (and on both sides), over-corrected aberration above. — One of
my friends, who is an astronomer, has aberration in the vertical meri-
dian, while the horizontal meridian is corrected.

Some are met with who have slightly over-corrected aberration in
the entire pupillary space (fig. 72). These are probably persons in whom
the spherical part of the cornea is of little extent. — The ophthalmeo
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Fiz. 70. — Aberration over-  Fig. 71.— Aberration over- Fig. 72. — Aberration over-
corrected towards the borders, corrected above, corrected everywhere.

metric measurements of Brudzewski, which I have mentioned, page 59,
enable us to calculate directly the degree of the aberration of the cornea.
They show that there exist, in this regard, considerable variations.
Corneal aberration is, as a rule, positive, negative aberration being
rather an exception. Positive aberration is especially pronounced in
cases of corneas of great curvature, which is not surprising, since the
aberration increases in very close proportion to the central refraction.
Negative aberration is met with most frequently on the inner side, some-
times above or below, very rarely outside. The greatest degree of
aberration which Brudzewski found was + 4.5 (temporal side), the least
— 2.2 D. (nasal side). Generally it varied between + 3 and — I.5. The
numbers are calculated for a distance of 4 mm., starting from the axis;
they correspond, therefore, to a maximum dilation of the pupil; the
values diminish as we approach the axis.

Stadfeldt measured the aberration of the dead crystalline lens by the











































































REGULAR ASTIGMATISM 131

partly to the fact that the cornea very frequently retains a certain de-
gree of irregularity after extraction. What we have said of the extrac-
tion of cataract applies also, but in a much less degree, to iridectomy and

other operations performed on the cornea.

72. Keratoconus. — Apart from post-operative cases, we meet the
highest degrees of corneal astigmatism in cases of keratoconus. (1) The
apex of the cone does not generally coincide with the visual line, which
gives rise to a strong astigmatism, the direction of which varies, follow-
ing the direction of the apex of the cone. We observe at the same time
that the images of the mires are very irregular. By removing the prism
and placing the keratoscopic disc in its place, we easily find the direction
of the look which brings the apex of the cone into the axis of the
ophthalmometer; we then see the image of the keratoscopic disc quite
small and frequently regular, round or oval; in every other position its

Fig. 84. — Keratoscopic images of a case of keratoconus,

form is ovoid (fig. 84). — The cases which Jawval had first described
under the name of decentered eyes, because he thought their deformity
depended on an unusual size of the angle «, were affected with a light
degree of keratoconus, as he has since acknowledged. Outside of c:]:sg'_rs

(1) The expression ' keratoconus™ is not very happy; the form of the cornea approaches in thess
cases that of a hyperboloid; we know, indeed, that this body closely resembles a cone with rounded

Apex.
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all ; at most we find some slight differences due to the form of the pupil,

to a different distribution of the brightness of the circles, or to entoptic
phenomena which 1 shall describe in the following chapter. But the
characteristic part of the pencil differs so much in different persons that
I have never met two eyes in which it was alike, except, perhaps, in the

two eves of the same persotl.

77. Different Forms of Irregular Astigmatism. — We can distinguish
several groups:

1° In an ideal eye the characteristic part of the pencil is reduced to a
point. We sometimes meet eyes which do not differ much from this
type, but they are rare, and all have an exceptional visual acuity (hg.
8z). (1) It is besides clear that, all things equal, the better the eye the
shorter the characteristic point of the pencil.

Fig. 85, — Forms under which a luminous point is seen by a regular eye. After Rée.

2° Eyes regularly astigmatic should see figures similar to those of
figure 77, but eyes so regular scarcely exist. In low degrees of astigma-
tism we scarcely ever have distinct focal lines, and in strong degrees,
where the focal lines are clearer, irregularities appear when the astig-
matism is approximately corrected by a cylinder. The most regular

{1} Figures &5, 86, 87, 89, 90, 91, 92 are borrowed from o work which M, Rée compiled at the laboratory
of the Sorbonne [ Undersoegelse af Oeiel med & lygende Punel, Copenhagen, 1396) and which has the -"'2"11-51-3
of a small atlas showing the forms under which the eve sees a luminous point, But the question is far
from being exhausted, and it wonld be desirable that some one should again take it up in a clinic,
With some exceptions, the eves of the persons examined by M. Rée were what we call normal eyes;
but it i; especially astigmatic persons, whose vision does not improve with eylinders, that should “'-'. tx-
Armined, :
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astigmatic patients J-l.'l'l'!'l,[l.,']'ll]'\' s5ep furm:: ””il]"il" ms to those of ficure 86

Lhe focal lines are thicker at the middle and the interfocal diffusion spot

Fig. 86. — Regular astigmatism with spherical aberration. After Fée,

1s not circular, but in the form of a lozenge. These forms are due to
the combination of a regular astigmatism with a quite pronounced

I‘-igr B7. — Fligures of a lnminous point obtained by combining an ordinary strong F|‘r]‘|Eri{'ll-I
lens with a eylindrical lens (astigmatism with spherical aberration). After Rée,

spherical aberration, for we can obtain forms wholly analogous with a
combination of a + 20 sph. with a + 6 cyl. of our test cases (hg. 87).
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It is for this reason that one is obliged to use an aplanatic lens to ob-

tain figures of pure astigmatism. In the more irregular eyes we can

i b ' d

Fig. 88. — A, forms which a luminous point presents to my right eye (obliquity in one

meridian, the vertical). — B, appearance of the same figures if I cover the lower half
of the pupil. — C, appearance of the figures if I cover the upper half of the pupil.

The figures a correspond to a distance of 60 centimeters; the figures b to 1 meter ;
the figures ¢ to 1.50™ and the figures d to infinity.

generally find figures which represent more or less perfectly the focal
lines, that is to say, there are two places where the figures are more

Fig. 89. — Eye with double obliguity. After Rée,

or less elongated, so that their two long axes are perpendicular to each
1 e g - = ) & el l
other; but these figures are far from being linear.



142 PHYSIOLOGIC OPTIOS

Fig. 90. — Figures of the left eye of M. Rée (Obliquity in one meridian, the vertical).
Curved focal line,

Fig. 91. — Curved focal line, After Rée.
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3° It is not rare for the optic system of the eye to affect a certain
obliquity, so that the figures are symmetrical in relation to a single axis
(and not in relation to two axes, as in regular astigmatism). It is so in
the case of my right eye (fig. 88) and also in that of M. Kkée (fig. o).
These figures are, up to a certain point, analogous to those which are
obtained with a lens placed obliquely.

4° Frequently we discover an obliquity in the two directions per-
pendicular to each other, so that the figures are not symmetrical at all
(fig. 89).

5° An anomaly which is not at all rare consists in a certain curvature

of the focal lines, due probably to the fact that the principal meridians
of the cornea show an analogous curvature (figs. 9o, 91).

Fig. 92. — Irregular eye (Diplopia). After Rée.

6° We quite frequently meet more irregular figures, those for in-
stance of figure 92, belonging to an eye which has a rather pronounced
diplopia.

78. Rules for Analyzing the Figures of the Luminous Point. The

figures are sometimes quite difficult to analyze. Here are some di-
rections for this analysis:

1° We can always decide whether a part of a firure is formed by
crossed rays or not, by covering a part of the pupil. If it is the
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impression of a landscape, we can produce strize which last for several
hours and give rise to a very marked diplopia of the horizontal lines
(fig. 97). George Bull especially has studied this question; according to
him the phenomena are specially pronounced after reading for a long

Fig. 96. Fig. 97. — Strie produced by winking
After Helmholtz. the eyelids. (After (feorge Bull.)

time in the horizontal position, and give rise to a peculiar annoyance
which he has named tarsal asthenopia.

4° On winking the eyelids while looking at a distant luminous point,
we observe long striz which run upwards and downwards from the
point. These stri@ are due to the layer of tears which is in the con-
junctival sac, and which, near the border of the eyelids, assumes the
form of a prism with a concave surface (fig. 98). This prism deflects
the rays which meet it, and, as its surface is concave, the parts placed

Fig. 98, — Prismatic effect of the layer of tears.

near the border of the eyelid act as a stronger prism, which causes
greater deflection of the rays: it is for this reason that we see a stria
and not simply a second image of the luminous point. The upper eyelid
deflects the rays upwards; it produces, therefore, the striz which we see
directed downwards. In fact, if we lower a screen placed near the eye,
't is the stria directed downwards which disappears first. This phenom-
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enon is not, properly speaking, an entoptic phenomenon, but I mention
it here because of its resemblance to those mentioned under No. 3°.

° If we rub the eye, the luminous spot presents a speckled appear-
ance, due to irregularities of the cornea; this appearance soon disap-
pears (fig. 99).

6° We sometimes observe small round discs, sometimes bright and
surrounded with a black border, sometimes dark with a bright border,
proceeding from the crystalline lens. We frequently see also the star

figure of the crystalline lens, sometimes bright (fig. 100), sometimes

Fig, 99. — Bpeckled appearance of the entoptic Fig. 100.

field produced by rubbing the cornea. (After After Helmholtz,

George Bull.)
dark, with somewhat more luminous borders. The crystalline opacities
are outlined in the spot with great distinctness. An intelligent patient
can thus follow step by step the development of his cataract, as we can
see on the drawings which M. Darier has just published (fig. 101).

7~ Nearly every one sees objects situated in the vitreous body; they
become partly visible without further aid by simply looking at the sky,
that 1s when they are very near the retina.
They are sometimes mobile, sometimes fixed,
but presenting in the latter case an apparent
motion, If, for example, the shadow is seen
a little above the point of fixation, the patient
looks a little higher in order to fix it; but
as the shadow is always seen above the point
of fixation, it continues to direct the wvisual
line higher and higher; and the shadow
Fig. 101. — Incipient cata- always flees before the look, for which reason

l_ri'-"ﬁnerS_FEL,'_:?'-"I?“'JEUF- thlc name #musce volitanies has been given to

this phenomenon. To make certain whether
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The ring B, which was previously described by Donders, is due to the
crystalline fibres which act as a grating. If we cover a part of the pupil
with a screen, we see a part of the ring disappear while the remainder
does not change. Druault succeeded in reproducing the phenomenon
with dead crystalline lenses.

The rings which glaucomatous patients see resemble these rings, but
are generally larger (10 to 11 degrees). As the size of the rings is in-
versely proportional to that of the corpuscles which produce them, it
is probable that the origin of the glaucomatous rings is to be found in
the deepest layer of the corneal epithelium, the cells of which are much
smaller than the superficial cells (Schioetz). Placing a drop of blood in
the conjunctival sac we obtain a very pretty ring (diameter 7.5 degrees
for the yellow) surrounded by a second paler ring. The space between
the first ring and the light is not black, as for the other rings here de-
scribed, but yellowish or maroon (Druault). These rings seem analogous
to those sometimes seen by persons affected with conjunctivitis.

1). I recently described a kind of entoptic phenomenon which I ob-
served in the following circumstances. We surround a lamp with a
transparent shade, made of some layers of colored tissue paper, for ex-
ample. We place ourselves at some meters distance, and interpose an
opaque screen, in which has been cut a vertical slit, between the lamp
and the eye; the distance of the screen from the eve may vary between
30 cm. and several meters. We close the left eye and fix with the right

Fig. 106a. — Entoptic phenomenon,

eye a point on the screen, situated near the right border of the slit.
To begin, we hold the head so that the eye may be in darkness. Then
we move the head so that the eye enters into the luminous pencil which
passes through the slit while maintaining fixation at the same place.
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the patient made an effort of accommodation, the middle of the cornea
became depressed to assume its old form by the relaxation of the accom-
modation. It must be noted, however, that the phenomenon persisted
after instillation of atropine. In persons having a corneal fistula he
obtained an almost immediate effect from atropine by placing a drop
in the conjunctival sac and making an effort of accommaodation, the
liquid being sucked into the anterior chamber by the diminution of
tension. These beautiful observations, which Arlt declared equivalent
to physiologic experiments, are scarcely explicable by the theory of
Helmholts.

86. Personal Experiments.—Finally I come to my own experiments
on accommodation: the first (1°) are derived from the statements of
Young.

1° The amplitude of accommodation diminishes towards the periphery of
the pupil.

a. ABERROSCOPIC PHENOMENA. — We have already seen that with the
aberroscope (see page 102) most persons see the shadows concave
towards the periphery. But, on making an effort of accommodation,
the form of the shadows changes: they turn their concavity towards

I IT

Fig. 111. — Change of aberroscopic phenomena during accommodation.
I, Repose. 1[, Accommodation.

the middle, which indicates that the refraction increases towards the
middle (fig. 111). After what we have said on page 08 it follows that
the central refraction must have increased more than the peripheral
refraction.
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sSome people in a state of repose see shadows straight or slightly con-
cave towards the middle. In such people this deformity becomes still
more pronounced during accommodation.

b. CHANGE OF THE CIRCLE oF DirFrusioN. — If we observe a distant
luminous point, after having made the eye myopic, it appears under the
form of a luminous disc, the brightness of which is generally uniform or
concentrated at the middle. During accommodation we see it change
its appearance; we see a feebly luminous disc surrounded by a bright
border. According to the explanation given on page g8, this observa-
tion means, like the preceding one, that the spherical aberration is over-
corrected during accommodation, that is to say, that the central accom-
modation is greater than the peripheral accommodation. Although
accommodation may increase the refraction of the eve by many diop-
tries, the circle of diffusion increases only slightly, at least when the
pupil is dilated. Figure 112 shows the appearance of the circle of diffu-
sion of an emmetropic eve; rendered 8 DD, myopic by a convex lens, this

Fig, 112, — Appearance af the lnminous ]J--in[ fri;.:hi eve of Professor Kosfer,
Tig Al IR ; :

treated with coeaine).

eve sees the circle of diffusion represented by a, figure 113, while b, same
I]-gur-:, represents the form under which it sees a luminous point by mak-
ing an effort of accommodation of 8 D. without a lens. The pupil was
dilated. The explanation of the phenomenon is easy: let us imagine the
pupil and circle of diffusion divided into corresponding zones; it 1s ':‘Et'-"-T
f

that if the accommodation is everywhere the same, all the zones ol the
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diffusion circle ought to increase, while, if the accommodation dimin-
ishes towards the periphery, the outside zones increase little or nothing
and the central zones, on increasing, come to partly cover the peripheral
v the circle of diffusion is surrounded dur-

sones. This is the reason wl

b

L}
Fiz. 113. — The same eye as in figure 112,
a, Appearance of the luminous point, the eye being rendered myopic 8 D. with a convex
lens ( Repose). b, Appearance of the luminous point, without lens, the eye accommo-

dating 8 I,
Measured with the optometer of Young, the central accommodation was 8 D.; the pe-

ripheral accommodation (at 2.6™® from the axis) was 3.3 D.

ing accommodation with a bright border, without increasing much in
diameter.

c. MEASUREMENT wiTH THE OPTOMETER OF YOUNG. — The opto-
meter of Young enables us to measure directly the difference between
the central accommodation and peripheral accommodation.

We measure the central accommodation with the two nearest slits
(see page 102), which we place as nearly as possible at the middle of the
pupil, and the peripheral accommodation with the triangular plate which
we lower just enough to be able to still see the two lines. In this way
we prove that at the border of the pupil (supposed to be five millimeters)
the amplitude of the accommodation is only half the central accommodation
or still less. If, after having dilated my pupil fo the utmost (with a mixture

of cocaine and homatropine), I use an interval of 7 millimeters, my ac-
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cially striking if we compare the appearance of the accommodated eye
with that of the non-accommodated eye, made myopic with a convex
glass (fig. 1130). We have observed (page 99) that we see luminous,
under these circumstances, the parts of the observed pupil which send

Fig. 113a. — Skiascopic ecamination of accommodation. a, Appearance of the emmetropic eye
made myopic with a lens of + & ID. &, Appearance of the same eye, accommodating
i D. without lens.

light into the observing eye. Placed at 50 cm. the existence of the ring
indicates, therefore, that there are, towards the borders of the pupil,
parts, the myopia of which does not exceed 2 D., for otherwise the rays
proceeding from these parts would have already crossed the axis, and
would not enter into the observing eye. To determine the degree of
aberration produced by accommodation, we approach nearer and nearer
the point of fixation ; the ring becomes thinner and thinner, but it is rare
that it disappears completely before the accommodation attains a very
high degree. I have thus shown that a central accommeodation of 8§ D.
accompanied a peripheral accommodation of 2 D. in a case in which the
pupil was very large. The condition was, therefore, still more pro-
nounced than in the cases which I examined with the optometer. The
phenomena may present themselves a little differently if the positive
aberration i1s very pronounced in a state of repose, but on making the
calculations we obtain the same result.

2° During accommodation the anterior surface of the crystalline lens in-
creases i curvature at the middle, while it is flatiened towards the periphery.

I place the arc of the ophthalmophakometer horizontally, and attach
three incandescent lamps to it, so that they are on the same horizontal
line and just far enough apart for all three images formed by the anterior
surface of the crystalline lens to be visible in the pupil. I direct the look

of the observed person so that the three images are situated near the
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IV. This movement ended, the large image re-ascends in its turn; its
movement is rather slow, and as if hesitating.

The accommodative phenomena seem, therefore, to take place in two
steps. 1

Fig. 120. — The four apparent phases of accommodation. ® Corneal image. — O T'mage of
the anterior surface of the crystalline. — * Image of the posterior surface of the crys-
talline. A, accommodation ; B, relaxation.

?
||I.:'.'_.

D ?) é

Fig. 121. — Right eye of Mme T. — Displacements of the image of the posterior surface
during accommodation, observed with the ophthalmophakometer. C, by fixing the
telescope; D, by looking to the right; G, by looking to the left; H, by looking up-
wards; B, by looking downwards. — The large white spot is the corneal image, the
two small white spots indieate the position of the image of the posterior surface of the
erystalline in a state of repose and during accommo ation. The arrows indicate the
direction of the displacement which takes place when an effort of accommodation is
made.

































































































































CHANGES WHICH THE RETINA UNDERGOES 223

and filiform, and the length differs for different cones so that the latter
are arranged in several rows quite a distance from the limitans externa.
If, on the contrary, the animal has been exposed to light, the internal
part of the cones is shortened and swollen: all the cones are placed in a

m:t!na!mm

i 8{1 3' (s Kj
9 1 - @é) i@)xzﬁ *&UL& ‘@r‘

A B
Fig. 146a. — SBection of the retina of a frog. After Fan Genderen Stort. A, in darkness;
B, in light,

row along the limitans externa (fig. 146a). According to Fan Genderen
Stort the retinal purple is also in the cells of the pigment epithelium, and
it is probably secreted by these cells. He thinks that the pigment dis-
placement has for its object the protection of the rods against light,
and that it is due to this fact that the epithelial cells send, under the in-
fluence of light, prolongations between the rods, almost like the cells,
called chromatophores, which make the skin of some lower animals
change color under the influence of light. Fan Genderen Stort was kind
enough to make a present of some of his beautiful preparations to our
laboratory. The phenomena are so distinct that the first glance at the
preparation enables one to tell whether the animal was exposed to light
or not.

We must note further that Kuehne observed certain galvanic phenom-
ena dependent on the action of light on the retina.

Bibliography. — Boll (F.). Du Bois-Reymonds., Archiv. f. Anat. w. Physiol., 1877, p. 4.

— Boll (F.). Monaisber. d. Akad. Berlin, 1877, Jan. 11. — Kuehne (W.), in Hermann (L.).

Handburh der Physiologie. Leipzig, 1879, — Van Genderen Stort. Acad. &' Amsterdam, June,
98, 1884,
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the relation Letween this difference and the white will be }, = .+ » Which
represents the value of the fraction of Fechner of the examined subject,
if he can distinguish the three images. If he can distinguish only two,
the fraction of Fechner is **2*=1_, and so forth. A great number of
rings must be used; the illumination must be good, and the patient must
not be too far away, in order to eliminate the influence of a diminished
visual acuity. It is evident, however, that we cannot completely climi-
nate it; the acuity may be so poor as to prevent the patient from dis-
tinguishing anything.

To obtain an impression of a uniform gray with the disc of Masson,
it is necessary that it rotate with a certain speed, about 20 to 30 times
per second. If the disec carries several black and white sectors, alternat-
ing, the speed may be less. In case the speed is not sufficient, the disc
gives a scintillating impression and we often observe on it very beautiful

f"——‘:i

Fig. 150a. — A, Digc of Helinholtz; B, Disc of Benham,

colors. The disc A (fig. 1508) has been described by Helmholtz: with a
certain speed the external ring shows very vivid colors, among which
the red and green predominate; thev are often arranged in a manner
which recalls a series of short spectra, as we observe them with grat-
ings. DBut the phenomena are very changeable; in the second ring,
which has only four sectors, the yellow and blue predominate with this
speed, but only to a slight extent. If we increase the speed the external
ring gives a uniform gray, while the second ring assumes the appearance
which the external ring had previously. In figure 150a, B represents the
disc of Benham. If we make it rotate in the direction of the arrow, the
arcs form concentric circles which present quite vivid colors in the fol-
lowing order, starting from the middle: red, brown, olive-green, blue.
Making the disc rotate in the opposite direction, the order of the colors
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These methods are founded on the same principle which was used by
Guillery for the measurement of central acuity. Their theory is still to
be formulated.

In the normal field there is only one interruption, namely, the blind
spot which corresponds to the papilla. It was discovered by Mariotte,
whose name it bears, and created at the time a very great sensation.
From his discovery Mariotte drew this conclusion, that it is the choroid
which is the sensitive layer of the eye, since it was absent in this place,
and this idea was for a long time accepted. We can determine the form
of the blind spot by the ordinary methods with the perimeter, and still
better by placing ourselves at a distance of one or two meters. The
spot has an elliptical form; generally we succeed, on examining with a

Fig. 173.—Mariotte's blind spot in my right eye, drawn by Holth.

very small object, in following the g vessels a little outside of the
pu};il!n (fig. 173). If we do not succeed in following them farther, it is
due to the lack of stability of the fixation. According to the researches
of Dr. Holth, who drew figure 173, it is almost impossible to maintain
an almost exact fixation for more than 5 or 6 seconds; after this time
the look makes involuntary deviations which may reach a third or half
a degree, and after 20 or 30 seconds we frequently observe deviations
which often exceed one degree. We can control fixation by using as the
object of fixation a point marked on a small colored surface on a ul'hue.
ground. After a very short time we see the surface surrounded with a
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in front of the figure of Zéllner, while fixing it with the look, the lines
seem to move; those which appear to incline their upper extremity to

N r

Fig. 199.

the right seem to ascend, while the others seem to descend, and the in-
clination seems at the same time more pronounced. If we bring the

/
b A

N
SO

Fig. 200.

point from left to right, the lines affect a reverse movement. The ex-
periment is not very easy to perform, but we can obtain the same effect
more easily by keeping the point which we fix motionless and moving
the drawing.
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c. The two long straight lines of figure 200 have the same length, but
b appears smaller than a.

d. We frequently estimate cylinders too large. If we place a large
bottle on a sheet of paper, and trace its circumference, we can with
difficulty conceive, after having taken away the bottle, that we are not
deceived, so small is the circle. Another error of judgment is well
known: we present a tall hat to some one, asking him to indicate on
the wall its height, starting from the ground. Generally the height
pointed out is about half too large.

e. I have already mentioned the reverse of relief which we observe
when we change the stereoscopic images sideways, and which is known
under the name of pseudoscopia. We sometimes observe the same phe-
nomenon under other circumstances. If, for example, we fix with one
eye the posterior part of the upper border of a lamp chimney, we obtain
quite easily the illusion that this part is in front, and the glass seems

Fig. 201.

at the same time to lean towards the observer. — Observing with one
eye the cast of a medal, it may be difficult to tell whether the figure is
hollow or in relief.

Analogous phenomena often present themselves in cases in which a
drawing may be interpreted in two different ways. Thus figure zo1
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