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PREFACE TO THIRD EDITION,

I the present edition the whole of the subject-matter has
been thoroughly revised and partly rewritten,

In order that the student may always have them at
hand for reference, specimens ot test-types have been
appended, and it is hoped that the usefulness of these

pages will thus be materially increased.

WEYMOUTH STREET, W.

September, 1886,




PREFACE TO FiRST EDITION,

Tuese notes are published with a view of enabling Practi-
tioners to diagnose, and correctly estimate the value of,
the phenomena indicating the state of a patient’s refrac-
tion. They are intended to furnish a basis for observation:
and it is hoped that they will make evident the necessity
which exists for personally working ou/ a large number of
refraction cases in order to acquire anything like profi-
ciency in prescribing correct glasses,

To those friends who have aided me by their sugges-
tions I would take this opportunity of expressing my best

thanks.

March, 1881,
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REBPRACTION OF TTHE" BEYE,

INTRODUCT I'ON.

Tuese pages have been written in the hope that they may
be of service to beginners, and to Physicians and general
Practitioners, who, systematically using the Ophthalmo-
scope in their investigation of disease, must avail them-
selves of the information thereby afforded regarding the
patient’s refraction, in order that due allowance may be
made for any error which exists. If patients can assist by
their answers, much valuable information is afforded by
the use of test-types and glasses, a description of which,
with the information to be derived therefrom, has been
therefore introduced.

Information is given on the subject of the glasses re-
quired in the more ordinary cases, but for a knowledge of
the various diseases which accompany and complicate
many of the errors of refraction, the reader is referred to
the works already published on that subject, to the study
of which these notes are intended to prepare the way.

So essential is a constant remembrance of some of the
facts hereafter mentioned, that, at the risk of tautology,
they have been kept constantly before the reader. The
plan which has been found so useful in other branches of

medical study has been adopted here, viz., that of working

out from the symptoms the nature of the disease in prefer-
B




2 REFRACTION OF THE EYE.

ence to the method of naming the disease and then describ-
ing the symptoms accompanying it.

In making an estimation of the refractive character ot
an eye, it is especially necessary to proceed systematically,
On a patient complaining of “bad sight” the vision of
each eye must always be tested separately, and we should
examine him somewhat in the following manner :—

1. Listen carefully to the nature of his complaint.

2. Test the near and distant vision without glasses.

3. Estimate the refractive character of the eye by either

(a) Ophthalmoscopy,
(4) Retinoscopy ;
both of which are oljectsive methods.

4. Examine the eye with an ophthalmoscope in order to
ascertain whether any lesion other than that of Refraction
exists.

5. Test the distant and near vision with the glasses for
whose use the previous examination has indicated the
necessity.

Two methods of notation are at present in vogue (vide
Chap. II.). The new system of numeration is the one
which is now almost universally employed, and it has
been adopted in the text. The approximately corresponding
measurements in EEnglish inches have, however, been given
in brackets for the convenience of those who prefer the old
method.

Only-so much ophthalmoscopy has been introduced as

was necessary to explain the phenomena of refraction,
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CHAPTER 1.
Action or Rays anp LEexnses.

a. Rays of light issuing from every point of any object
diverge in a// directions. The nearer an eye is to such an
object the more of its diverging rays does it intercept, and
vice versa, the further the eye is removed, the fewer are the
divergent rays which reach it: 7e., the more parallel are
the rays which enter it. Only from objects at an infinite
distance do we receive absolutely parallel rays.

For practical purposes, however, we may consider those
rays to be parallel which proceed from an object situated

at a distance of 6 metres (20 ft.) or more.
Fie. 1.

6. Parallel rays (Fig. 1, Ae, Bl) passing through a
convex spherical lens come to a focus at a point, F, on the
other side of the lens. This point is called the ¢ principal
focus’’ of the lens, and the distance from this point to the
centre of the lens is named *‘ the focal distance or length
of the lens,” Conversely, rays proceeding from a point
situated at the principal focus of the lens emerge parallel
to each other.

B2




4 REFRACTION OF THE EYE.

¢. Diwerging rays (Fig. i, Ma, MJ) after traversing
such a lens unite at a point, KK, which is situated further
from the lens than the principal focus, Conversely, rays
proceeding from a point further from the lens than its
principal focus, after passing through it, emerge as conver-
gent rays.

d. Converging rays (Fig. 1, Ca, Cé) after traversing a
convex lens mect at a point, H, which is nearer to the lens
than its principal focus. Conversely, rays from a point
situated nearer to the lens than the principal focus, are, on
emerging from the lens, still divergent, though less so than
before passing through it.

Fig, 2.

e. Parallel rays (Fig. 2, Aa, Bf) after traversing a con-
cave spherical lens diverge (aC, §C) as if proceeding from
a point, F, ¢ the virtual focus,” situated on the same side of
the lens as that from which the parallel rays proceed.
The distance of this point from the lens is the “negative
focal length” of the lens. Conversely, rays which con-
verge as if proceeding to this point are rendered parallel
by passing through it.

/. A cylindrical lens influences the course taken by rays
of light in the same manner as a spherical, but only affects
l‘.hI}SE‘ proceeding in a direction at right angles to its axis,

¢ By the Kefraction of a lens is meant the property
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6 REFRACTION OF THE EYE.

CHAPTER 1II.

DEFINITIONS.

Der. 1. The refracting surfaces of the eye are, according
to Donders—a, the anterior surface of the cornea; 4, the
anterior surface of the lens; ¢, the anterior surface of the
vitreous. The transparent media together form the * Diop-
fric system” of the eye, which influences the course taken
by rays of light traversing it in a manner very similar to a
biconvex lens.

Der. 2. “ Refraction of the eye’” means the effect which,
by reason of its form and structure, this organ produces
upon rays of light entering it when the action of the ac-
commodation apparatus is completely suspended.

Fie. 3.
20

7 B

Der. 3. In Zmmetropia (Fig. 3) parallel rays, Aa, B,
come to a focus upon the retina, F, when there is no ac-
commodation. Conversely, rays proceeding from pointsin
the retina emerge from the eye, parallel to one another.

DEF. 4. An Ametropic eye is one in which, when there is
no accommodation, parallel rays do ot come to a focus
upon the retina. Such an eye may be either Myopic,
Hypermetropic or Astigmatic.




DEFINITIONS. o

Drr. 5. A Myopic eye (Fig. 4) is that in which, when
there is no accommodation, parallel rays come to a focus in
_fmrz:’ of the retina, as at F. Conversely, rays issuing from
the retina, R, which is behind the principal focus of the

| (it i

dioptric system, emerge as convergent rays (Chap. L, ¢)
which meet at a point M, in front of the eye, Rays pro-
ceeding from this point (called the ¢ far point™) would
therefore be focussed on the retina,

|2kl 3

Der. 6. A Hypermetropic eye (Fig. 5) is that in which,
when there is no accommodation, parallel rays, (Aa, Bé) are
so changed in direction that they tend to ceme to a focus at
F, bekind the retina. Conversely, rays proceeding as if
from F, would emerge from the eye parallel to one
another. Rays, therefore, from R, which is situated within
the focus of the dioptric system (zide Def. 1) emerge from
the eye diverging (Chap. L., 4) as if they were proceeding
from a point G.

The distance of this point behind the front part (nodal
point) of the eye will, in any case, be equal to the focal
length of the convex lens which, when held close to
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the eye with its accommodation suspended, would bring
parallel rays to a focus on the retina. For since the
rays from the retina, on emerging from the eye, diverge
as if they issued from G, it follows that rays converging,
as if proceeding to G, would meet on the retina at R.
Consequently, the convex lens which, with the aid of the
dioptric system of the eye, brings parallel rays to a focus
at R, would without the aid of that system bring them to
a focus at G. This latter point is therefore at the princi-
pal focus of the lens (zide Chap. 1., &).

Drr. 7. A regularly astigmatic eye is that in which there
i1s a difference in the degree of refraction in different
meridians ; the two principal meridians (that is the meri-
dians of greatest and least error) being always at 2ig/k/
angles to each other.

“Regular Astigmatism ¥ may exist in five different
forms:—

a. Simple myopic = one principal meridian emme-
tropic, the other myopic.

&. Simple hypermetropic = one principal meridian
emmetropic, the other hypermetropic.

¢. Compound myopic — both principal meridians
myopic, one more than the other.

d, Compound hypermetropic = both principal meri-
dians hypermetropic, one more than the other.

¢. Mixed = one principal meridian myopic, the other
hypermetropic,

Der. 8, An Irregularly Astigmatic eye is one in which
there are different degrees of refraction in different parts
of the various meridians.
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Der. 9. A Preshyopic eye is that in which the power of
accommodating for near objects is lost, owing to physio-
logical changes produced by advancing age, and there is,
consequently, an inability to define small objects situated
near to the eye (vide Presbyopia, Chap. XIL.). It may co-
exist with any dof the above named conditions.

DgF. 10. Anisomelropia is a term used to denote that the
refractive condition of one eye differs from that of the other.

From the statements in this and the preceding chapter
the following deductions may be made.

Deduction 1. In order that parallel rays may be brought
to a focus on the retina of A myopic eye they must be made
to diverge as if they proceeded from the “far-point” (Def.
s, p. 7)- This is effected by placing before the eye and
close to it the concave lens whose negative focal length
equals the distance of this point from theeye. (Chap.L,e¢).
The amount of the Myopia is said to be equal to the re-
fracting power (Chap. L., 4) of this lens.

Deduction 2. In order that parallel rays may be brought
to a focus on the retina of a hypermetropic eye at rest,
they must be made to converge as if they proceeded to the
point behind the eye from which retinal rays appeared to
issue (p. 7, fig. 5, G). This is effected by placing before
and close to the eye a biconvex lens whose focal length is
equal to the distance of that point from the front of the
eye. The amount of the Hypermetropia is said to be equal
to the refracting power of this lens.

Deduction 3. In a regularly astigmatic eye the two
principal meridians must be corrected by means of cylindri-
cal lenses or a combination of these with sphericals,

Bl

i T




10 REFRACTION OF THE EYE.

CHAPTER IIIL.

L ]
Orp axp NEw SysTEms oF MEASUREMENT.

In the old system, the unit of measurement was a lens
whose focal length or refracting power was 1 inch.

Such a strong lens did not, however, exist in the trial
cases, and consequently the numbers of the lenses were
expressed by some _fracfion (%, 45, etc.) indicating how much
their refracting power was less than the lens whose focal
distance was 1 inch.

The denominator of the fraction indicated, in inches, the
focal distance of any given lens.

It will thus be seen that the lenses whose focal distances
were 0 inches and 12 inches, had respectively 1 and ; the
refracting power of the lens whose focal distance was
1 inch. The intervals between the lenses were irregular
and the difference between the refracting powers, of any
two lenses, had to be calculated by means of fractions.

In the new or “ Dioptric’’ system, the unit of measure-
ment is a lens, whose focal distance or refracting power is
1 Metre or “Dioptre,’”” = 1 D. If two such lenses were
placed together they would have twice the refracting
power of this unit with half its focal distance.

A lens, therefore, having a refracting power equal to two
such units, is expressed as 2 D. and has a focal distance of
50 cm. In the same way a lens equal in refracting power
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to ten such units — 10 D., and its focal distance is one
tenth of that of the unit (= 10 cm.). Further, a lens whose
refracting power is only half that of the unit = *5 D. and
has twice the focal distance of the unit, viz., 200 cm.

The Dioptric system of notation, has now almost univer-
sally superseded the other system, because the intervals
between the lenses are regular and the calculations are
made in whole numbers instead of fractions.

The focal length of any lens can be instantly estimated.
Thus, a division of the number of the lens in dioptres (D.)
into 100 gives the focal length of the lens in centimetres.
Conversely the division of the focal length (in centimetres)
of any lens into 100, gives the strength of the lens in
dioptres.

In order to ascertain the corresponding numbers in the
two systems for any lens, we must remember that 1 dioptre
(or metre) = 37 Paris inches and (39°4) nearly 40 English
inches, and that, therefore, the lens with 1 D. focal length
corresponds to the lens in the old series whose focal length
is 40 ins. ({%); 2 D. to a lens with double this refracting
power or % (3%) of the old, and so on.

\Where &, then, represents the number of dioptres, and a
the number of inches, we can ascertain (i) the lens in the
old series which corresponds to one of the new, by the

d I " :
formula — =——; and (ii) the number of a lens in the new
a

40
system corresponding to one in the old by the formula
J=1

=

The following table gives the lens which, in an ordinary

R

_rui."].r.]
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French or English case, will correspond most nearly with
any dioptre.
For greater accuracy in any special case, the reader

must calculate according to the formulee given above,

Tasry 1.

- i R Focal . T
e e S
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CHAPTER 1IV.

ACCOMMODATION,

Dgr. 11. By *the accommodation of the eye’ is meant
the power which we possess of bringing to a focus on the
retina, rays proceeding from objects sitﬂated at various
distances. These distances range between the *far
point” and the “near point.”” The “far point™ (punc-
tum remotum, p.r.) is the point for which the eye is ad-
justed when the accommodation is totally suspended, and
the “ near point” (punctum proximum, p.p.) is the point

tor which the eye is adjusted when the whole of the ac-
commodative power is called into activity. The amount

of accommodation thus exercised by an eye in passing
from a condition of extreme relaxation to a condition of
maximum tension is called the WRange or Amplitude
(Donders) of accommodation. This amplitude may be
represented by the convex lens which, with completely
suspended accommodation, would bring rays proceeding
from the “ near point’ to a focus on the retina.

Now a biconvex lens whose focal length equals the dis-
tance of the near point from the eye will, when placed
close to an eye, render parallel the rays entering that
organ from its near point. {FVide Chap. I, &).

Since in EZmmetropia (E.), when the eye is at rest, parallel
rays come to a focus on the retina (Def. 3, p. 6), such a lens
represents in E, the amplitude of accommodation,
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But in Hypermetropia (H.), when the eye is at rest, parallel
rays do a0/ come to a focus on the retina without the aid of
a convex lens (Chap. II., Ded, 2). Inorder to estimate the
amplitude of accommodation in this case the strength of
the lens necessary to render the parallel rays sufficiently
convergent, must therefore be added to that of the lens
whose focal length equals the distance of the near point
from the eye. Thus, if the H. = 3D. (4), and the near
point = 14 cm. (6 ins.), then, to the lens whose focal
length = 14 cm:'viz. 7 D. (}). we add that which brings
parallel rays to a focus on the retina, viz. 3 D. (3&). The
amplitude therefore will be 7 D.+43 D.=10 D. (14 1,=1).

From this it will be seen that, with the same amplitude of
accommodation, the near point is furtker from the eye in
H. than in E.

In Myepia (M.), since a concave lens is necessary to effect
the focussing of parallel rays on the retina (Chap. II., Ded.
1), it is evident that in order to estimate the amplitude of
accommodation, the strength of the lens requisite to render
parallel rays sufficiently divergent to come to a focus on
the retina, must be deducled from that of the lens whose
focal length equals the distance of the near point from the
eye. Thus, if the M. =3 D. (&), (i.e. p.r. = 33'3 cm.),
and the near point = 7'6 cm. (3 ins.), then, from the lens
whose focal length = 76 cm., viz. 13 D., we must deducs
that which brings parallel rays to a focus on the retina,
viz. 3 D. (¥%). The amplitude, therefore will be 13 D.—
3 D. = 10 D. (}—+%5=1). From this we see that, with the
same amplitude of accommodation, the near point is closer

to the eye in M, than in E.
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CHAPTER V.
PercerTiON OF A LINE,

THE distinctness with which a line is visible depends upon
the sharp and well-defined perception of its margins; if
these are indistinct the lide appears hazy. A line may be
taken as made up of an infinite number of elements or
points, from each of which rays issue in all directions. To
cain a distinctimage of any line, itis necessary that the rays
from these points, which emerge in planes at right angles
to its long axis, should be brought to a focus at points on
corresponding planes on the retina, otherwise circles of
ditfusion are formed in this Zransverse direction of the line,
which overlap each other, and finally, by projecting beyond
its margins, give to it an ill-defined and blurred outline, so
that no distinct perception of it is obtained. If from these
same points, the rays emerging in planes parallel to the
long axis,overlap each other, it is only at the two extremities
of the line that, by projecting, they cause any blurring.
The margins of the line, thus not being in any way affected,
there is no interference with the outline, and a clear image
is formed on the retina.

If then a patient with his accommodation suspended, and
who is emmetropic in one meridian, and myopic or hyper-
metropic in the other, be placed at 6 m. (20 ft.) from radi-
ating lines of equal definition, he will see most distinctly
that line which runs at right angles to his Emmetropic meri-
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dian. Rays from points in the transverse planes of this line
will, by passing through the emmetropic meridian, come to
a focus on his retina, giving a distinct, well-defined image
of the margins, and hence a clear perception of the line.
The line parallel to the emmetropic meridian will, at the
same time, be the most zzdistinct. Rays from /s transverse
planes pass through the myopic or hypermetropic meri-
dian. They thus come to a focus, in the former case, in
front of, and in the latter I}Ehihd, the retina, producing
circles of diffusion in these planes, and a consequent
blurring of the margins of the line, so that no distinct
image is obtained,

Rure [.—We have then the rule that in smple astigma-
tism, the patient, at 6 m., sees mos! distinctly the line
parallel to the plane of his error of refraction.

It follows also, that a patient with either compound or
mixed astigmatism, will not see any line distinctly at 6 m.
when his accommodation is suspended,
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CHAFTER VI.
DescriptioNn oF TEST-TyrEs: MerHoD oF EmMprovIiNG THEM.

Test-Tyres are divided into—a, those adapted for ascer-
taining mear vision; and—@, those adapted for ascertaining
distant vision. In using them we are obviously dependent
on the answers given by the patient. For children, illi-
terate adults, and impostors, they are therefore an inferior
means of diagnosing and estimating the refractive condition
of an eye.

a. Test-TyreEs For NEAR VIsiox.

Those generally in use for this purpose are Jaeger’s or
Snellen’s. The latter are so graduated that each should
be read as far off as the distance for which it is marked.
The smallest should be seen at a distance of 50 cm. (18ins.)
and the largest at 4 m. (12 ft.). Thesetypes are giveninto
the patient’s hand, and we then note the smallest he can
read, and also the nearest and the farthest points at which
it is distinctly visible. The small types are chiefly useful in
testing' the accommodation, but they also afford an indica-
tion of the presence and amount of myopia (zide Chap. XIL,
Myopia).

The wire optometer is perhaps the best means of ascer-

taining the position of the near point.
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&, Test-TypeEs For Distant Vision,

Snellen’s types for this purpose are so graduated that
each should be distinctly legible as far ¢ff as the distance
for which it is marked. The largest should be seen at 60
metres, and each succeeding line at 36, 24, 13, 12, g, and 6
metres respectively. The corresponding lines in the old
system were of such a size as to be legible at 200, 100, 70,
50, 40, 30, and 20 feet respectively. Those who were ac-
customed to the old system, but who now use the new metri-
cal type, still speak of the 2nd, 3rd, and 4th lires as if they
were to be read at 100, 70, and s5o0 feet respectively, and
they are therefore thus referred to in these pages, though
these distances do not absolutely correspond to the dis-
tances at which these lines are meant to be read. The
distances at which the rest of the lines are to be read cor-
respond exactly in the two systems. The size of these
types is such that any one with fairly good vision can
read them, and consequently many young Emmetropes
can see them clearly at a distance greater than that for
which they are marked. !

In testing with these types, we place the patient at such
a distance that ra}:'s issuing from them reach his eye as
parallel rays. For practical purposes this is obtained at a
distance of 6 m. (20 ft.) (vide Chap. 1., a) from which point
the lowest line should be read by the normal eye without
accommodation: and in these pages this is the distance at
which the patient is always assumed to stand. By many,

c2
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however, § m. (16 ft.) is considered to be a sufficient
distance. For testing astigmatism some use a fan of
radiating lines all of the same magnitude and definition.
These should all appear equally distinct to the normal eye
at 6m. In noting the vision (V.) we employ a fraction
whose numerator denotes the distance at which the patient
stands, and whose denominator indicates the lowest line
which he can read. The number of the line is designated
by the distance in metres (or feet), at which it showid be
legible. Thus normal V.=§ (4§) or 1; but if at & m.
(20 ft.) the patient read only the line which should be read
as far off as 12 m. (40 ft.) we say V.= % (23) or }. See-
ing that our object in testing refraction is always to have
the accommodation suspended, we should not place the
patient nearer the types than 6 m. If itbe necessary, how-
ever, in defective V. from other causes, we may allow him to
approach the types till he can read the largest; if this be
at a distance of, say 2 m, (6 ft.), then V.= 2 (3%5).

Dr. Snellen’s test types may be obtained from Messrs.
Williams and Norgate, Henrietta Street, Covent Garden,
but some types corresponding to those arranged by him
have by his kind permission been introduced at the end of
this book for purposes of illustration. The number over
each type indicates in metres and feet the distance at which
it should be legible, and, in the types for testing near
vision, the figure in the right hand corner denotes the
approximately corresponding number of Jaeger’s type.
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CHAPTER VIIL

INDICATIONS AFFORDED BY USE OF Test-TyrEs.

Note,—In the following section the patient is tested withou!
glasses, then : —

Indication 1. If a patient read Jaeger 1 (J. 1) or Snellen
1 (Sn. 1) with a good range, and read also § (§5) perfectly,
he is probably emmeiropic. He cannot be myopic though
he may be hypermetropic: for a hypermetropic patient
with active accommodation could accomplish this.

Indication 2. If a patient ower 40 years of age read only
the larger J. or Sn. types (or perhaps even the smaller)
but only on condition that he holds them at a considerable
distance; while at the same time he can read § (3%) per-
fectly, he is simply presbyopic.

Indication 3. If a patient must hold the types close to his
eye but can then read even the fines/ though he cannot see
so (6p) he is myopic,

Nore.—A patient may read Sn, 1 as far as 50 cm.
(18 ins.) or even Sn. 2 as far as 60 cm. (2 ft.) together
with some of the .]arger distance types such as % ($2%).
In this case he is wvery slighily myopic. N.B. Since such a
patient can read Sn. 1 up to within a short distance from
his eye he is thus easily distinguished from the following.

Indication 4. If a patient read only the larger series of
the small types, and the smaller series not at all, or only
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very imperfectly : while at the same time the distant vision
is very defective, we suspect either some form of astigmalisim
or hypermelropia wilhout accommodation.

In a patient wnder 40 years of age it is probably the
former, but in one ozer that age it may be cither, though it
is frequently only the latter condition which exists.

Indication 5. 1f a patient wnder 40 or 45 can read only
such large types as Sn, for 4 m. (J. 16) while he can read
% (83) he has paralysis of accommodation. This may be proved
by giving him a strong convex lens such as+ 3 D. (12 ins.)
when he will read Sn. 1, or J. 1, at the focal distance of
the lens. (Chap. IV., p. 13).

[Indication 6. If a patient, whose accommodation is sus-
pended, see, quite distinctly, ene only of the radiating lines
at 6 m., he is emmelropic only in the meridian at right angles
to this line, and either hypermetropic or myopic in the
other. (Chap. V., p. 16).
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CHAPTER VIIL

INDICATIONS AFFORDED BY MEANS OF MIRROR ALONE.

“Direct MEeTHOD.”

Ix order that the indications of the refraction, afforded by
this method, may be realised, the observer, if he be not
emmetropic, must correct any error of his own refraction
by means of spectacles’ or of a lens placed behind the
sight-hole of the mirror. He should then seat himself
opposite to and three or four feet away from the patient
who isto gaze steadily atthe darkened wall in front of him,
looking towards the left side of the observer’s head when
the left eye is under examination and w»ice zersa when the
right is examined. DBy this means the optic disc is brought
into the axis of vision of the observer. The latter must
now throw the light from his mirror into the patient’s eye,
and, keeping the fundus illuminated, should move his head
in various directions,

Indication 1. 1f he then see nothing more than the red
reflex of the fundus or at most a dlurred image of the disc,
the eye is Emmelropic or very slightly Myopie. ( Vide explana-
tion, p. 25).

Indication 2. If he see the image of the disc and its
vessels moving in the same direction as, or w:k, his own
head, the patient is Hypermefropic. ( Vide p. 28).

Indication 3. If the vessels in one meridian only are visible,
and these move witk the observer’s head there is Hjyper-

|
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melropia in one meridian only, viz., in that at right angles to
the one in which the vessels are visible, etc., = Simple
hypermelropic astigmatism, ( Vide explanation, p. 28 and com-
pare with Chap. V.).

Indication 4. If the image of the disc and of the vessels
appears to move in a direction opposite to, or against, that
of the observer’s head, the eye is Myopic. ( Vide p. 28).

Indication 5. If the vessels are seen in owe meridian only
and appear to move against the direction of movement of
the observer, thereis Mygpia in the meridian at right angles
to that in which the vessels are visible = Simple myopic as-
figmatism. (Vide p. 28 and Chap. V.).

Indication 6. If the vessels are seen moving in one
direction in one meridian, and in the opposite direction
in the other meridian according to the accommodation of
the observer, and his distance from the patient, there is
Mixed astigmatism. This condition is, however, not easily
detected by the direction of movement of the vessels.

Indication 7. 1f instead of the vessels of the disc moving
evenly and regularly, they move slowly across the centre
of the pupil, but rapidly and irregularly towards the peri-
phery, giving the appearance of rotating bent spokes of a
wheel, there is Jrregular astigmaltism.

EXPLANATIONS.

For many points in the following explanations, and es-
pecially in those relating to the change in size of the disc,
Chap. X., I am indebted to my friend Dr. G. A. Berry.

Of all the rays, (zide Figs. 6 and 7), which diverge from
any single point, @ or &, of the fundus one only, o' or o,
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passes without deflection through the centre of the crystal-
line lens. As many of the remainder as the size of the

Fig. 6.
area x in which there are no rays from these two points,

pupil will allow passout in a cone
of rays having a certain relation,
according to the refraction, to the
ray just mentioned. In order to
get a view of any part of the fun-
dus it is necessary that rays from
both extremities of such portion
should come to a focus on the
observer’s retina.

In Emmetropia, Fig. 6, the rays
which issue from the extremities
a and & of the disc, emerge astwo
cylinders (1 and 2) of parallel rays
taking the same direction respec-
tively as those, o' and o, which
from the two extremities ¢ and &
pass through the centre of the
lens. There are thus parallel
rays in two cylinders, one from
either extremity of the disc,
emerging from the pupil and
scon diverging from each other,
They thus leave between them an

If the observer’s eye be situated in this space it is evident
that he cannot get an image of the whole disc. He will
however receive parallel rays from some luminous point of

the disc: or even cylinders from two very contiguous points
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may run so closely together that on entering the observer’s
eye they might fheoretically form an image of the space be-
tween them. Practically, however, such an image is rarely,
if ever, obtained because the absolute suspension of accom-
modation necessary for its production is scarcely to be
met with. We may therefore assume that for practical
purposes no details of the fundus are visible with the
mirror alone at some distance, and that therefore in Em-
mefropia the image of the disc is durred.

In Hypermeiropia, Fig, 6, the rays issuing from the ex-
tremities ¢ and & of the disc emerge from the pupil as two
cones (3 and 4) of rays which appear as if diverging from
points @ & situated behind the eye on prolongations back-
wards of the rays o' and o, respectively which from ¢ and &
pass through the centre of the lens. By the union of the
rays thus prolonged back we get an erect image a, &, of the
disc @ 4. (For the distance of this image behind the eye,
gide p. 7, note to definition 6).

The cones 3 and 4 being formed of diverging rays,
separate from each other only at a considerable distance
from the eye. Some of the rays from each extremity of
the disc, or at any rate those from two fairly distant por-
tions of the same, will enter the observer’s pupil, and, with
the exercise of sufficient accommodation to overcome their
divergence, will meet on his retina.

An object may be supposed as situated at the points
whence appear to issue the rays entering the eye. The
object therefore which the observer here appears to see is
the erect image of the disc. Since the object thus appar-
ently seen is further from the observer than the pupil, with




INDICATIONS BY MIRROR—EXPLANATIONS. 27

which it is, though perhaps unconsciously, compared, it
seems to move with the observer’s head, (side explanation

below).

In Myopia, Fig. 7, the rays issuing from the extremities,

a b, of the disc, emerge as two cones of rays which converge

to points, @' &, on their secondary
axes, 0 0, respectively, thus form-
ing in front of the eye an inverted
aerial image of the disc. If the
observer be nearer the eye than
where these rays unite, he will
not get any image of the disc,
since he receives only convergent
rays which cannot come to a focus
on his retina. If he, however,
be far enough removed he will
see the inverted image, @ &, of
the disc. The rays having con-
verged to form this image, now
cross and reach his eye, diverg-
ing (3 and 4) from the aerial
image as if proceeding from an
illuminated object placed at the
same distance in front of the pa-
tient’s eye.

The aerial image thus seen,
being mearer the observer than

the patient’s pupil, moves against

F1e. 7.

the observer’s head. ( Vide following explanation).
The apparent movement of the image of the disc is easily
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explained when we remember that this image occupies a
position further from the observer than the patient’s pupil
in H.,, and nearer to him than the pupil in M. This may
be illustrated by holding two pencils vertically, one behind
the other. If we suppose the fur¢her one to represent the
image of the disc, and the near one the pupil, we have the
respective positions of these objects in H. If, then, while
moving the head laterally, we fix the eye on the further
pencil, we find that this latter comes to be placed on the
same side of the near one as that towards which we move.
It appears therefore to travel witk the observer.

If, however, we suppose the sear one to represent the
image of the disc and the further one the pupil, we have
their respective positions in M. Then, on moving the
head laterally, while regarding the #mear pencil, it will be
seen that this latter comes to be placed to the /ef7 of the
further one when we move to the 7igh and vice-versa. It
appears therefore to travel in a direction gppesite to that of
the observer,

The same explanation as that just given for the whole
disc will apply also to vessels seen in different meridians.

In Simple astigmatism, we do not see vessels af right angles
to the emmetropic meridian because rays from their trans-
verse planes (Chap. V., p. 16) passing through the emme-
tropic meridian will (as was seen for simple emmetropia)
not be visible. Whereas rays from the transverse planes of
vessels at right angles to the myopic or hypermetropic meri-
dian will, by passing through this meridian, produce in
the former case an inverted, and in the latter an erect,
image of the vessels, These follow the same rules of
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movement as in simple myopia and hypermetropia re-
spectively.

In Compound myopic astigmatism, if the observer use his
accommodation, vessels at 7ight angles to the most myopic
meridian will be distinctly seen much closer to the patient’s
eye than will those in the opposite meridian. Rays from
the transverse planes of the former converge and form an
inverted image much sooner than do those from the latter,
just as in high degrees of simple myopia.

In Compound hypermetropic astigmaiism we find that for the
vessels at right angles to the most hypermetropic meridian
more accommodation is required at a given distance from
the eye, than for those in the opposite meridian. A
greater extent of the former than of the latter vessels
is, however, at the same time visible. Rays from the
former are more divergent and the cones take longer to
separate, »ide Fig. O.

In Mixed astigmatism images of the vessels may be seen
sometimes inverted and at other times erect according to
the meridian through which the rays emerge, and varying
with the observer’'s accommodation. The details are more

visible than in emmetropia, but are nevertheless very -
defintie.
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CHAPTER IX.
ReTrivoscory (KEeraToscory),

By means of what was, unfortunately, called ¢ Kera-
toscopy,” we have a useful method of diagnosing errors of
refraction with the ophthalmoscope mirror alone; and,
what is perhaps more important, we can correct them
with ordinary trial lenses quite independently of aid from
the patient. This plan is particularly valuable where it is
impossible to obtain, either suspension of the accommoda-
tion, or complete steadiness of the eye under examination,
as well as the cerfainty of relaxation of the observer’s own
accommodation. Without these conditions, the estimation
of refraction by the ophthalmoscope, as described in
Chap. XL. is quite impracticable. As long ago as 1864
(vide ** Anomalies of Refraction and Accommodation of the
Eye,” Donders, p. 4g0) Sir W. Bowman drew attention to
‘“ the discovery of regular astigmatism of the cornea, and
the direction of the chief meridians, by using the mirror of
the ophthalmoscope. . . . The area of the pupil then exhibits
a somewhat linear shadow in some meridians rather than
others.”

Dr. Cuignet, of Lille, seems to have first systematised
this method of examination, and, in 1874, published his
conclusions in an article entitled “ Keratoscopy.”

Dr. Parent, of Paris, published an article on this method
of examination, in the Recueil d' Ophtalmologie for Feb, and
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July, 1880, and Dr. Forbes has drawn attention to the sub-
ject in the Oph. Hosp. Reports, vol. x. For valuable infor-
mation concerning the theory of keratoscopy I would refer
the reader to Dr. Charnley’s article in the Oph. Hosp. Ke-
pords, vol. x., part iii.  Whilst for additional information
respecting its mode of application, a reference to the
British Med. Journal for Jan. 16, 1886, may prove useful.

The appearances, to be described, are due to the play
of light and shade upon the refina, and are varied, in each
case, by the refractive condition of the eye through which
the rays of light reach, and issue from, the retina.
Though the cornea, by means of its different curvatures,
undoubtedly influences the appearances met with, yet, since
it only acts as one of the refractive media, it was con-
sidered preferable to discontinue the use of the misleading
word “Keratoscopy’’ and adopt, as suggested by Dr
Parent, the term “Retinoscopy.”

Rays of light from a distant lamp, falling on a concave
mirror, issue from the latter convergingly, and crossing
where they form an image of the lamp in front of the
mirror, again diverge,

If, in front of a screen, we place a convex lens at such
a distance that diverging rays from a concave mirror are
brought to’ a focus exactly on the screen, there is formed
the smallest and brightest possible image of the lamp, and
the most sharply defined and densest surrounding shadow.
If, then, we alter the position of the lens, it is found that
the further it is removed from the point just mentioned,
either towards, or away from, the screen, the larger be-
comes the area of light and the feebler is the illumination,
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The increasing circles of diffusion render indistinct the
line of demarcation between light and shade, and cause
the latter to appear fainter. 'If, with the lens at different
distances from the screen, the mirror be variously ro-
tated, "the area of light and shade will be seen, in every
position of the lens, to move on the screen in a direction
opposite to, or against, that in which the mirror is rotated. If
we replace the screen and lens by the retina and dioptric
system of the eye (p. 6, Def. 1) we have precisely similar
results, The area of illumination on the refina, in all states
of refraction, really moves in a direction gfpesi/e to that in
which the mirror is rotated, But since this illuminated
portion is seen through the transparent media of the eye
the gpparent direction of its movement will be influenced by
the refraction of the eye under examination.

In the practice of Retinoscopy atropine certainly renders
material assistance and without the aid of some mydriatic
(atropine or homatropine) perfectly accurate results cannot
be obtained. The observer should be seated opposite to,
and I m. 20 cm. away from the patient., The lamp should
be placed somewhat posterior to and above the patient’s
head. The eye which is not under examination should be
carefully shaded by a screen, while the rest of the foom
should be rendered as dark as possible. The mirror used
may be concave or plane. The concave mirrors in general
use are of 22 cm. focal distance, and the following ap-
pearances are those met with in using such an instrument,
If a plane mirror be emplo loyed the appearances will be the
Imse of thc'i%e era uescnbed If the observer be not

P g 1T

emmetropic, he must correct his own error of refraction.
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The patient should look at.the little hole in the mirror,
while the light from it is thrown into his eye so that Retin-
oscopy is effected in his visual axis.

We then see, in the pupillary area, a bright image of
the illuminated portion of the retina, bordered by a more
or less linear shadow. If the mirror be now rotated
around its various diameters, we shall see :— |

1. That the direction of the edge of the shadow is at right
angles to that meridian of the eye parallel to which the
mirror is rotated. |

2. That it travels along that meridian which is at rzgh?

u! angles to the direction of its edge.

- 3. That it indicates the refractive condition of this last

named meridian.
If, for example, the mirror be rotated around its vertical
meridian from righmt;ﬁ:??!"e_ﬁ'm richt, 7.e. parallel to
the horizontal meridian of the eye, the shadow will have
its edge vertical ; will travel in a horizontal direction across
the area of the pupil; and will indicate the refraction of |

the horizontal meridian of the eye.

i

For any siven meridian of the eye, the direction in which
this shadow appears to move, z.e. whether with or against
the mirror, depends upon, and furnishes the chief means
of diagnosing the nature of, the refraction of that meri-
dian, '

If the rays issuing from the observed eye do not cross
before reaching the observer, an erect image of the illumin-
ated and shaded portion of the retina is obtained. This
image appears to move in the direction actually taken by
the illuminated area upon the retina, viz., gpposife to that in
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which the mirror is rotated. This is the case in H,, E,
and /o M.

If, however, the issuing rays cross before reaching the
observer, and form, between him and the patient, an in-
verted aerial #mage of the illuminated and shaded portion of
the fundus, then, since the illuminated area on the refina
really moves agains/ the mirror, the aerial jumgee of the
same will appear to move in the same dlI‘LCthn as,
or ~with;the MIrror. “This é.ppearance is met with
1“11_1:.'3;;_0'f' M. of 1 D. (#5) and upwards: for if the
observer, with good power of accommodation, be seated
as stated, 1 m. 20 cm. from the patient, then, where the
M.=1 D. () the aerial image, being formed at 1 m. (40
ins). from the patient, and 20 cm. (gins.) from the observer,
will be easily perceived by the latter. Still more is this the
case where, with increasing M., the image is formed nearer
the patient. If, however, the M. be less than 1 D. (J;), the
convergent rays from the eye, either unite so close in front
of the observer that no distinct image is received on his
retina, or they meet behind him. In this latter case, the
rays not having erossed before reaching the observer’s eye,

the image of the shadow is seen to move againsé the mirror.
The way in which this condition is distinguished from H. or
E., is explained further on (p. 37). If the eye under ex-
amination be to such an extent myopic thatits ‘“far point™
is situated at the position of the image of the lamp, say
25 cm. in front of the mirror, or g5 cm. from the eye,
then the diverging rays from this image will come to a
focus exactly on the patient’s retina (Def. 5, p. 7) and
there form the smallest and brightest possible image of the

lamp.
Hpnn Baie Prusren
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The further the departure from this degree, which we
may call 1 D. (&) of M., the larger and feebler, as was
seen on the screen, will be the illuminated portion of the

retina. Wﬂﬂ‘b‘%ﬂ+ 5

The difference in the degree of luminosity of this reflex
can be easily appreciated, and furnishes a means whereby
the amount of error may be approximately estimated: so
that, speaking generally, we may say, the feebler the illu-
mination the higher is the ametropia. An attempt has
been made to use, for the same purpose, the difference in
intensity of the shadow, but the appreciation of this is
difficult, and it therefore does not afford an altogether re-
liable source of information.

If, from some distance, say I m, 20 cm., weé examine an
eye with the mirror alone, we find that the higher the H.
or M,, the smaller is the image which we obtain of the
disc: so that in very high degrees, we see not only the
whole disc, but also some of the surrounding fundus in the
pupillary area. In E., on the other hand, so large is this

image that only a small portion of it is visible at one time.
With equally rapid rotations of the mirror then, the light
would have to travel much faster over the large image of
the latter, than the small image of the former, condition.
This difference in the 7a/¢ of movementin the various states
of refraction, was pointed out by my friend Dr, Charnley:
it constitutes, especially when taken together with the
luminosity of the image, probably the best of the means at
our disposal for estimating, by this method without glasses
different degrees of ametropia.

In E. and the lower degrees of H, and M., so little is
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seen of the large image of the illuminated area and the
surrounding shadow, that the small portion of the latter,
visible at any one time in the pupillary area, appears ap-
proximately ZXnear; while, although with the increasing
degrees of H. and M., the nearly circular area of illumina-
tion on the retina also enlarges, yet so much diminished is
the image of the same, that more of the circumference of
the surrounding shadow is visible at one time in the area
of the pupil ; it appears, therefore, more crescentic, while it
becomes at the same time narrower,

Taking then the direction of the movement as denoting
the Aind of error; and the rate of movement, degree of
luminosity, and curvature of the shadow, as indicating ap-
proximately the amount of the same, we may summarise as

follows :— Carv 0ot M wALl |

1. If the image of the shadow appear to move in_the

direction in which the mirror is moved ; and, if the rapidity

of movement and curvature of the shadow are the same
in all meridians, we have a case of simple M.

2, If the image of the shadow appear to move in the
oppositg direction to that in which the mirror is moved :
and, if the rapidity of movement and curvature of the
shadow are the same for all meridians, we have to do
with either H., E., or low M.

3. The slower the movements of the image, the feebler the
illumination, and the more crescensic and narrower the
shadow, the Aigker is the H. or M.

4. A difference, in two opposite meridians, either of the
direction or rapidity of movement, or of the curvature, of
the shadow, indicates Astigmatism. These two dissimilar
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shadows, moving at right angles to each other, either one
vertically and the other horizontally, or both obliquely,
indicate the position of meridians of greatest and least re-
fraction.

Since, however, as we have seen, with the shadow mov-
ing against the mirror there may be one of three conditions,
we must distinguish between them in the following manner.
Place in a spectacle frame, in front of the eye, a 41 D. (&;).
If the shadow continue to move ggainsf the mirror we
know the eyeto be Hypermetropic. Butif it now move
with the mirror, it shews, either thatthe eye is Emmetropic
;;r::l-that we have produced artificial M. of 1 D. (g&;), or
that the eye is Myopic. We next replace the 4+ 1 D. (%)
by + 075 D. (§5) when, if the shadow move agains/, we
know the eye to be Emmetropic; for if M. of only 0.25 D.
(+15) were present, we should produce M. of 1 D. (J%) and
the shadow would move ik the mirror,

The amount of error may be easily measured by ordinary
trial lenses, 1If the shadow move itk the mirror it proves
that the eye is Myopic to the extent of, at least, 1 D. (JZ5).
We place therefore in the spectacle frame, concave lenses,
gradually increasing in strength, until we find the weakes?

e ———

ulth which the_ﬂ‘mdow ceases_to _move with the mirror.
As soon as this is the case, we know that the M., still re-
maining uncorrected, is less than one 1 D. (1;). Suppose
that with —4 D, (3};) the movement is still wiz} the mirror,
it shews that there is 1 D, (g;) left uncorrected and that
the M. is 5 D. (}). If on using —4°25 D. (34), the move-
ment ceases to be wifh, we know that there cannot be 1 D,

(%) left uncorrected, and that the M. is not so much as
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'

2t D, ":173) Seeing then, that the M. is between 5 D.
and 5* 25 D. we may order, as a correcting lens, —5 D.
(%), z.e. a glass 0'75 D. () stronger than the weakest lens
with which the shadow ceased to move with. This would
hold good for all cases if we were to ascertain the very
weakest lens with which the latter result was obtained.
Since, however, we must be careful not to give the glasses
which are too strong (Chap. XIL), it will be better to say
that, as a rule, in Myopia the glass ordered is to be 0'50 D.
(g) stronger than the weakes/ lens with which the mmﬂ.'::-mEnt

of the shadow ceases to be with the mirror.

When the shadow moves ggainst the mirror, we employ
conyex lenses in the same manner until we find the weakest
which reverses the movement, When this takes place, ..
as soon as the shadow moves wi/k, we know that we have
produced artificial M. of 1 D. (5%); in other words that
the H. is over-corrected by at least 1 D. Suppose that
with + 4 D. () the shadow moves agamss, it shows that
the H. is not less than 3 D. (), for if it were, the 4 4 D.
would have over-corrected it by 1 D. (¢5) and the move-
ment would have been reversed. If, again, with 4 450
D. (3) the shadow moves witk, it shews that the H. cannot
be more than 3:50 D, (&) for if it were, the 4- 2°50 D.
would not have over-corrected it 1 D, and the movement
would not have been reversed. The H. is therefore be-
tween 3 D. (75) and 3'50 D. (). Itis evident then, that
as a rule, in H. we may give a glass I D. wealker than the

weakest lens which reverses the movement of the shadow.
Owing to reasons which it is unnecessary to detail, the

glass required is practically between °50 (#;) and 1°50

(+5) less refracting than that indicated by Retinoscopy.

Mo
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If the same lens produces similar results for all meridians,
we know that there is simple H, or M. But if the weakest
lens which reverses the movement in one meridian, leaves
it unreversed in the other, we know that there is Astigma-
tism.

In Simple Astigmatism, (Def. 7, p. 8) when we have found
one meridian to be emmetropic, the other is corrected by

E———

a spherical 1 lens m- a cylinder whose axis is at right angles
to the mendlan dlang whlch the remaining shﬂﬂg travels.

S —————

reverse the movement in the least ametropic meridian by
means of a spherical lens, and then reverse it in the other
by a cylinder at right angles to the remaining meridian,
or else follow the more convenient practice of working

N

out one merldian at a time with spherical g‘laases only.
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tween the sphermals, required to correct the two principal
meridians, gives the degree of astigmatism, and cannot
possibly vary. The spherical, however, as we have already .
seen, must be increased or diminished in strength accord-
ing to whether the eye be myopic or hypermetropic re-
spectively.
In Mixed Astigmalism (Def. 7, p. 8) we proceed as in the

previous condition and either measure each meridian
separately with a spherical lens, or, having corrected one
with a spherical, use a cylinder for the other, in this con-
dition one lens will be convex and the other concave.

If, as is generally most convenient, each meridian be
measured separately by means of a spherical lens, we
have, in ordering the glasses, merely to give that spherical

TN Lo
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lens which corrects the ametropia in one meridian, due
allowance being made for H. or M, as already explained,
and then, an additional cylinder, equal to the difference
between the two sphericals, for the ametropia in the other
nm.i';ﬁ:u"i:ﬁé ax1s£f€ﬁ;cyl1nderl_*anf course at right
angles to this latter meridian. It is preferable, in order-
ing, to make the spherical glass convex, and the cylinder
concave,

It must be carefully noted that the direction of move-
ment of the shadew, as compared with the miror, is the
reverse of that of the disc or vessels, as compared with the
observer's head (vide Chap. VIIL).

The situation of the principal meridians can be ascer-
tained by noting whether the movement of the shadow in
one meridian (particularly when nearly over-corrected)
is complicated with movement in another; where there is
no such complication it is probable that in most cases
Retinoscopy is being practised in one of the principal
meridians. This movement of the opposite shadow also
takes place in eyes characterised by Irregular Astigma-
tism.

In conclusion it may be as well to recapitulate some of
the more important points mentioned in this chapter.

(i) The observer must always be seated at the same dis-
tance from the patient, viz. about 1 m. 20 cm.

(ii) The mirror may be concave or lane. But of course
the indications are exactly the opposite with the two
mirrors.

(iii) The accommodation and;the iris being paralysed by
Homatropine or Atropine, a screen should be placed over
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one eye and the patient should look at the little hole in
the mirror.

(iv) The situation of the principal meridians should then
be roughly ascertained and the degree of refraction tested
with glasses. It is more convenient to test each meridian
separately and with spherical glasses only, in the first in-

stance,
(v) If the shadow appear to move in the same direction

as the mirror, the eye is myopic: and we order either
the lens with which the movement is reversed, or one
slightly stronger.

(vi) If the shadow appear to move in the opposite direc-

tion to the mirror, we have a case of L., H., or weak M. ;
and we order a lens from *§ (g5) to 1'50 (5%) weaker than
that which reverses the movement.

(vii) The feebler the luminous reflex, and the slower the
movement of the shadow across the area of the pupil, the
greater is the amount of ametropia.
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CHAPTER X,

IxpIcATIONS AFFORDED BY Mirror axp OsjecT LENS.
“ INpIRECT METHOD,”

Turs method of diagnesing Hypermetropia and Myopia
was first pointed out by Mr. Hutchinson (Ophth. Hosp.
Rep., vol. iv., p. 189) and Mr. Couper (Med. Times and Gas.,
Jan. 30, 1869) has shown how Astigmatism may also be
recognised by it. It is desirable that atropine should have
been applied, for otherwise an alteration in the pupil may
easily lead to the supposition that the disc has changed in
size.

In this mode of examination the observer must place the
object lens as close as possible to the patient’s eye; then,
keeping the optic disc. steadily in view, he must gradually
withdraw the lens to the distance of a few inches: when—

Indication 1. If the disc remain the same size throuchout,

the patient is Emmetropic (vide expl. p. 43).

Indication 2. If the disc diminmish in size on withdrawing

e

the lens the patient is Zypermelropic, and the amount is pro-
-_partional to the rapidity of diminution (zide expl. p. 44).
Indication 3. 1f the disc decrease in size i one meridian only,

the patient is Hypermetropic in that meridian only = Simple
hypermetropic astigmatism,

Indication 4. If the disc diminish in all meridians, but
more in one meridian than the others, there is Aypermetropia
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in all meridians, but the greatest is in that meridian which
decreases most — Compound hypermetropic astigmatism.
Indication 5. If the disc increase in size on withdrawing
the lens there is Myopiz, and the amount is proportional to
the rapidity of increase (z/@e expl. p. 45)-
Indication 6. If the disc #ncrease in one meridian only,
there is Myopiz in that meridian alone = Simple myopic

astigmatism.

Indication 7. If the disc increase in every direction, but
more in one meridian than another, there is Mygpia in all
meridians but the greatest is in that meridian which
increases most == Compound myopic astigmatism.

Indication 8. If the disc #mucrease in one meridian, and
diminishes in the ofposite one, there is Myopia in the former,
and Hyperwelropia in the latter — Mixed astigmatism,

Explanation of change in size of the disc—These changes
in size of the image of the disc will be evident on remem-
bering that the relative sizes of tmage and objec! are as their
distances from the lens. To find the distance of the image

I 1 ]
from the lens, we have the formula e e

i @
where 4 = the distance of the image from the lens, /; —
the focal length of the lens, and @ = the distance of the
object. In each of the following examples the focal length
of the lens 1s 4 cm. |

In Emmelropia the rays issuing from the disc emerge from
the eye parallel as if proceeding from an object situated at
an infinite distance (Def. 3, p. 6). Itisof this supposed object
that we get an image by means of a convex lens held in
front of the patient’s eye, It matters not, therefore, where
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this lens is held, the parallel rays from the object will al-
ways unite to form an image on the opposite side of the lens

atjits principal focus (Chap. I, 4, p. 3). The
a relative distances of image and object from

the lens remaining comstant, the size of the
image of the disc in Emmetropia does not
vary with movements of the lens.

In Hypermetropia, Fig. 8, “rays issuing from
the disc emerge from the eye as if proceed-
ing from an object, & q, situated at a certain
distance behind it (Def. 6, p. 7).

It is of this supposed object, & e, that we
gain an zmage, a, b, or I', by means of a lens
held in front of the patient’s eye.

Suppose this lens, L, to be at 6 cm. from
the object, we find by the formula that
the distance of the image a, & is 12 cm,
(‘: J= ==t uiorif— 12, )

If we now withdraw the lens from the ob-
ject (and also from the eye) till it is 12 cm.
from the former as at L', the distance of the
image, I', (between the dotted lines) will
a, &, then be 6 cm. (f= 1 —d =23} orb=6.)

Fig, 5, The ratio of the distance of the image
from the lens as compared with that of

the object from the lens being greafer in the first case
than in the second, so is the size of the image. In [yper-

* In figs. 8 and g, the distances of the lenses from the objects and

images are drawn to scale } cm. = 1 cm.
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mefropia on withdrawing the lens from the eye, the image
of the disc diminiskes in size. _

In Myopia, Fig. g, rays from the disc emerge
from the eye convergently, and form, at a
certain distance in front of it, an inverted
aerial image, a &, of the disc. This latter
we have now to regard as the object, o,
whose image, [ or I', we obtain by means

of a convex lens, L or L' interposed be-

tween it and the patient’s eye, E. A lens,
thus placed, intercepts the rays, Bé, Aa,
(which, to avoid confusion, are the only ones
shown of all those) which converge towards
the points & and a respectively of this object,

0. The rays being thus rendered more con-
vergent, produce an image I or I', whose ex-
tremities will be bounded by the lines pass-
ing from either end respectively of the object,
0, through the centre of the lens, L or L',

¥

In this case, object and image are on

the same side of the lens. The object
here, being on the opposite side of the
lens from the direction in which the rays proceed, it is
customary, in order that the same formula may hold good

FiG. g.

: i
in all cases, to regard 5 s amegalive quantity. For the

distance of the image from the lens then, we have the
formula L=1__ r__] e Ay
. y i

If we first place a lens, L, 12 cm. nearer the eye than
where the object 0 would be formed, we have the image I
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at 3 cm. from the lens (= 3+&=3%ord=3). If we
now withdraw the lens from the eye, 7.¢c., towards the object
till it i1s within 6 cm. of the latter, as at L', the distance of
the image I' will be nearly 2 cm. (;
nearly 2). But as the ratio of the distance of the image
from the lens, as compared with that of the object from

=% + g=ygoré=

the lens, is greater in the second than the first of these
examples, so is the size of the image. In Myopia, there-
fore, on approaching the lens to the eye the image
dimishes in size, and on withdrawing it from the eye the
image rncreases.

The above explanation holds good for Mygpia only so
long as the lens is not withdrawn beyond the  far point*
of the eye plus its own focal distance: for Hypermeiropia
only so long as the focal power of the lens is greater than
the degree of Hypermetropia. The exception to this
latter condition does not occur in practice if a lens of
3 ins. focus be used and need not therefore be considered.
In the case of very high degrees of Myopia, however, if
the lens be further from the eye than the aerial inverted
image of the disc plus its own focal distance, an erect
image of the disc is formed between the lens and the
observer, the variations in size of which are subject to the

same rules as those described for the inverted image in

Hypermetropia.




ESTIMATION BY OFPHTHALMOSCOPE. 47

CHAPTER XI.

ESTIMATION OF THE REFRACTION BY MEANS OF LENSES IN
THE (PHTHALMOSCOPE.

In estimating refraction by this method the patient and
observer must be seated side by side facing in opposite
directions. Their heads and the lamp should be on the

SR

same level ; the lattf:r bemﬂ* placed . on the same side of

ok e

the pauent as that under examma’ggqh a l_|t;1e out fmrn and
slightly behind the position of, the patient’s ear. If now
the heads be inclined laterally towards each other, the eyes
of the corresponding sides will come opposite one another,
while the noses and mouths will be left free for breathing.
By this means the sight-hole of the mirror may generally
be placed in the position which, when ordered, the glasses
will occupy; the distance of these from the eye need there-
fore not be taken into consideration when prescribing from
measurements thus obtained. Should it however be un-
desirable to approach thus close, the distance from the
patient must be taken into account, and the olasses or-
dered will have to be somewhat zeaker in myopia and
stronger in hypermetiopia than the lens necessary to see the
fundus would indicate. In estimating refraction by the
ophthalmoscope it is absolutely essential that the accom-
modation of both patient and observer be complelely sus-
pended. In order to secure the former we must place the




48 REFRACTION OF THE EYE,

patient opposite a dark wall or curtain, or employ atropine.
For the observer voluntarily to relax his own accommo-
dation while looking at an object so near to him as the
patient’s eye, requires much practice. The best way of
overcoming the difficulty is to regard the fundus as situated
some hundreds of yards distant. This habit may be ac-
quired by looking alternately at a spot on the window pane
and then at some remote object: or by gazing vacantly at
the page of a book until the type disappears; then, having
noticed the sensation produced on thus relaxing the accom-
modation, endeavour to induce the same condition while
observing a fundus.

In the following indications it is of course necessary that
the observer be fully cognisant of the state of his own re-
fraction, and in the following cases he is supposed to be
emmetropic, (if not, zide note, p. 5¢). With accommodation,
then, entirely suspended, the eye of the emmetropic observer
is adjusted for parallel rays.

Indication 1. If therefore he can see distinctly the details
of a-ny fundus, the rays issuing thence must be parallel and
the eye emmelropic.

Nore. Though this appears to contradict what has been
said concerning seeing the disc in emmetropia (Chap. VIII.,
p. 25), yet we must remember that when close up to the
patient’s pupil, the observer does receive rays from the two
extremities of the disc. Moreover if the observer e¢ndea-
vour to accommodate for the patient’s eye, he will find it
impossible to do so, since, if he is as close as he should be,
the latter, as explained by Mr. Power, is nearer to him
than his “ near point”” The effort is therefore not main-
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tained, and as when the accommodation is partially sus-
pended the disc begins to appear, the former is uncon-
sciously allogether relaxed and a distinct view is obtained,

Indication 2. If, however, the details of the fundus cannot
be seen except by the intervention of a concave lens, this
proves the patient to be Mygpic. The converging rays
from such an eye (Def. 5, p. 7) require a concave lens to
render them parallel for perception by the emmetrope.
The strength of the lens which effects this change of direc-
tion indicates the degree of M., for it is evident that the
same lens which renders parallel the converging rays
issuing from the retina, will bring parallel rays to a focus
on the retina of the same eye.

Indication 3. If again, with suspended accommodation,
the details of the fundus are not visible without the aid of
a convex lens, this indicates the patient to have Hyperme-
fropia. The diverging rays from a hypermetropic eye
require a convex lens to render them parallel. The
strength of the lens necessary for this purpose denotes the
amount of H., for the lens which renders parallel, rays
proceeding from a retina, will also bring parallel rays to
a focus on the same retina.

Indication 4. If the vessels in one meridian are seen
without any lens while a convex or concave lens is required
for those in the other meridian, it is a case of Simple astig-
matism. The emmetropic meridian is the one at 71ghs angles
to the vessels seen without any lens (Chap. V., p. 16).

Indication 5. If for the two opposite meridians, we re-
quire either two convex or two concave lenses of wuegual
power, we have to deal with a case of Compound astigma-

E
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tism: hypermetropic or myopic respectively. The greatest
error of refraction in each case is at right angles to the ves-
sels for which the strongest lens is necessary.

Indicalion 6, If for vessels in one meridian we require a
convex lens, while for those in the other a concave is neces-
sary, it indicates Mixved astigmatism, The hypermetropic
meridian is at 7ig/s angles to the vessels seen best with a
convex lens: and the myopic to that for which a concave
lens is necessary,

In all these forms of astigmatism then, we see that the
lens which, with ebsolutely suspended accommodation, gives
the best view of vessels in one meridian, measures the
amount of error which exists in the epposize meridian,

Note. Should the observer not be emmetropic, yet, if
he correct his own error with spectacles, he is in the same
position as an emmetropic observer. If he, however, prefer
to estimate refraction without his glasses he must make an
allowance for his defect by means of the lenses behind the
sight-hole of the mirror. 1o see the details of an emme-
fropic fundus, a hypermetropic or myopic observer sfaris
with a lens corresponding to the amount of his own error.
For any particular fundus, therefore, the glass required by
him must be, to the extent of his H. or M., more convex or
concave respectively than would be necessary for an em-
metrope to see the same fundus. Consequently the pafient
will always have that amount /Jess H. or M. respectively
than the same lens would indicate if the observer were
emmetropic; we have then the

Ruce II. That the observer must deduc/ the amount of his
own H. or M. from the lens which enables him to see dis-

tinctly any particular fundus.
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CHAPTER XII,

Test GLASSES AND TYPES AS APPLIED TO THE ESTIMATION
oF REFRACTION,

WHEN ascertaining with the distance types the state of the
patient’s refraction, we must be absolutely certain that his
accommodation is completely relaxed. In myopes it gene-
rally is so, but in hypermetropic and astigmatic patients it
is frequently a troublesome and misleading factor. If,
from the varying and inconsistent statements of the patient,
it is suspected that he does not relax his accommodation,
he may do so more easily if he close his eyes between each
change of glasses, not opening them until the fresh ones
are m si/¥. Another method of assisting the patientis to let
him put on a pair of 4 4 D. glasses for ten or fifteen
minutes, and then, without removing, gradually neutralise
them by stronger and stronger concave lenses placed in
front, until those are found with which the patient can see
in the distance as well as without any glass. The difference
then, between the concave lens thus required and + 4 D.
(%), gives the manifest hypermetropia.

If, however, there is any uncertainty as to the accommo-
dation being relaxed, it is better to have recourse to atro-
pine. In all cases each eye must be tested separately.

One caution must be especially borne in mind, viz. : never,
in any doubtful case, to commence testing vision with con-
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cave glasses, for to see with such lenses it is necessary for
all, except those whose myopia is equal to or less than the
glasses being used, to employ their accommodation, and
when once called into activity, this is not easily suspended.

Let the patient be placed at 6 m. (20 ft.) from the
types. We have already seen what, with test types, are
the indications of emmetropia and simple presbyopia

(P 21).

HyPERMETROPIA,

If the patient read & (33) perfectly without glasses, still
this fact does not exclude the presence of Hypermelropia, the pre-
sence of which is proved if he can read the distance types
as well with, as without, convex lenses. The sirongest
glasses which are thus tolerated indicate the degree of
manijest hypermetropia [Hm.} and they af least must be
ordered for close work. In young adults, and in the
higher degrees of H., we must for this purpose even give
glasses 1 D. or 1°50 D. (5 or &) stronger. In order to
give rest to the ciliary muscle, it is advisable for constant
use to prescribe at any rate the glasses which correct the
manifes! hypermetropia, If the H. be measured under
atropine, the glasses ordered must be 1 D. (or possibly
even 1°50 D.) weaker than the total amount thus found to
exist (z2de Chap. XIII.). These should be suitanle for all
purposes, though for distant V. weaker ones are some-
times necessary.,

The amount of hypermetropia which is apparent only
after atropine is applied, is called the latent hypermetro-
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pia (HL) and added to the Hm. gives the total hypermetro-
pia (Ht.). The Hm. steadily increases and the HI. steadily
decreases as age advances till at last the Hm, = Ht.

MyopPrIA,

As we have already stated (Ind. 3, p. 21), if the pa-
tient can read the jines/ type to within 4 ins, or 5 ins, of
his eye, while at the same time his distant V. does not
exceed 8- (22) and is probably not 8 (:2%), he is mygpic.
An indication of the degree may be obtained by observing
the furthest point at which either of the smallest types can
be read. Provided it be nearer than that for which it is
marked, the distance of this point gives the focal length
of the lens required to neutralise the M.

e.g.—If Sn. 1 be legible only as far off as 12 cm. (5 ins.)
the M. is measured by the concave lens having this focal
length, viz., 8§ D. (1). Or again, if No. 4 Sn. marked
for 1 D. (40 ins.), can be read only at 50 cm, (20 ins.), the
M. =2 D. ().

In testing the distant V. with glasses we commence with
the wweaker concave glasses, and work up to the stronger.
In doing this, we cannot be too careful in ascertaining
which is the weakest glass that neutralises the M. and gives
the best V., whether this be § (29) or less. The glass thus
found gives the measure of the M. and may in all cases be
ordered for distant V. Such glasses may also be given
for close work when, zith good accommodation, the M. does
not exceed about 6 D. or 8 D. (}or ). In most cases
where the M, is higher, and in all where the accommoda-
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tion is feeble, we must order weaker glasses for close work.
These, according to Donders, may be found in the follow-
ing’ manner, viz: From the neutralising lens deduct the
strength of the glass whose focal length equals the dis-
tance at which we wish the patient to work,

e.g.—With M. = 10 D. (}) we wish the patient to do
work at 40 cm. (16 ins.). From 10 D. (1) we deduct there-
fore the lens whose focal length is 40 em, (16 ins.), viz:
250 D. (i), and the glasses ordered will be 10 D.—

»

250 D. = — 750 D. (} — %5 = 7).

ASTIGMATISM,

If the V. cannot be brought up to ¢ (23) with any spheri-
cal glasses, we probably have to do with a case of As/zg-
matism. In dealing with this error, as with all others, each
eye should be tested separately.

If, from the previous examination with the ophthalmo-
scope, we have, diagnosed,—

1, Simple astigmatism, we can proceed to test with the
fan of rays. If our surmise has been correct, the patient
should now see cuite distinctly, only the line at right angles to
his emmetropic meridian (Chap. V., p. 16). If this line were
vertical, it would therefore denote that the meridian parailel
to it was either hypermetropic or myopic; we should then
ascertain what cylinder, with its axis at righ/ angles to this
latter meridian is required to correct it: z.e., to render
clear the horizontal line. If the correction thus found
gives V.= & ( ), it may be ordered for constant use;

e

R ——
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but if it do not, then, as where none of the rays are dis-
tinct, and more particularly if first one then another is
most clearly seen, we must not hesitate to employ atro-
pine.

It matters not now, whether we have to deal with—

2. Compound or mixed astigmatism. We have merely
to ascertain what spherical lens clears one of the rays, and
then, leaving this glass & si/u, try what cylinder, with its
axis at 22g/h/ angles to the line thus cleared, renders equally
distinct the ray in the opposite meridian, This spherico-
cylindrical correction, after due allowance for atropine (Chap.
XIIL.), is ordered for constant use,

3. Another less scientific, though practically useful
plan, is to substitute the test-types for the lines, and having
found the spherical lens which gives the best V., try what
additional cylinder is required.

4. If each meridian has been measured separately with
spherical glasses, either for the fan, or in the ophthalmo-
scope for the fundus, we shall have to calculate what
spherico-cylinder is required. (a.) For compound astigma-
tism we generally give the spherical lens, which corrects
the meridian of least error, and then add the cylinder
(concave for myopiec, and convex for hypermetropic astig-
matism), whose strength equals the difference between the
two meridians. (4.) In mixed astigmatism the difference be-
tween the sphericals also gives the degree of astigmatism
and the strength of the cylinder required. It is advisable
in ordering this combination to prescribe the spherical
lens convex and the cylindrical lens concave.

e.c.—Wvith vertical meridian myopic 2 D. (3;) and the
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horizontal meridian hypermetropic to the same extent, the
difference between them = 4 D, (). If, therefore, we give
plus 2 D. sph. (&), we must add minus 4 D. cyl. (%) with
its axis korzzontal (i.e. at rf. angles to the myopic meridian,
Chap. L., p. 4). But if we gave minus 2 D. sph. (J), we
should require in addition plus 4 D. cyl. (7%;) axis vertical.
The action of atropine (Chap. XIII.) must of course be
taken into account.

5. Another method of testing astigmatism is by means
of Tweedy’s optometer, of which, with the exception that
the later instruments are marked in dioptres and inches
instead of only in inches, he has published a description
in the Lancet, for Oct. 28, 1876, The patient under atro-
pine, is made artificially myopic by a convex lens, a card
with fine radiating lines is gradually approached to his
eye, until oze line becomes quite distinct, The meridian
at right angles to this line is then known to be the eas? re-
fractive. The concave cylinder is found, which, with its
axis at right angles to the line first seen, makes the line in
the opposite meridian equally distinct. This shows that
the latter meridian is now made as little refracting as the
former. The distance at which the first line is seen indi-
cates the kind and degree of the error for the least refract-
ing meridian. A spherical lens correcting this is then
ordered, and, in combination with it, the concave cylinder
of the strength, and in the axis, which were found neces-
sary to equalise the two meridians,

6. Retinoscopy. This is an exceedingly useful means
of estimating astigmatism since it is an entirely objec-
tive method and places us in complete independence
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of the patient, It has these advantages over the estimation
of the degree of astigmatism by the ophthalmoscope that
it is a much easier method to practise and that by means
of it the refraction in the visual axis may be estimated,
Since the refraction in the visual axis has been shewn to
differ from that indicated in the optic axis, For directions
see Chapter IX,

PRrESBYOPIA,

Though the patient does not require glasses for distant
V., he may, as age advances, find it more and more diffi-
cult to read or work without them. This defect is called
Presbyopia and 1is caused chiefly by failure in the power of
accommodation. A flattening of the crystalline lens some-
times accompanies it and .causes some hypermetropia
which has been called hypermetropia acquisita. Pres-
byopia is indicated by a recession of the near point, and it is said
by Donders to have commenced when this is further from
the eye than 22 em. (g ins.), 7.e., than the focal length of a
lens whose refracting power is 4'50 D. (1), As we have
already seen (Chap. IV., p. 13), such a lens would, in £7m-
metropra, bring rays from the “near point™ to a focus on
the retina in the absence of a/l accommodation.

The difference, then, between this lens and one whose
focal length equals the distance of any given receded near
point, denotes for Emmelropia the amount of accommoda-
tion which is deficient, and the lens necessary to enable
the patient again to read at 22 cm.

e.g.—With near point receded to 40 cm. (16 ins.) we




PRESBYOPIA. 50

must deduct, from 4'350 D. (3), the lens whose focal length
is 40 cm., viz., 2'50 D. (%), and have, as the necessary
lens, 4+ 2 D. (3%). That is if the patient wish to read
and work at 22 cm. (9 ins.)

If no accommodation remain, and either hypermetropia
or hypermetropia acquisita co-exist, the strength of the
correcting lens must, of course, then be added 0 4°50 D. (§)
in order that such a patient may read at 22 cm. (g ins.).

The following table gives, according to Donders, the
olasses necessary for Presbyopia in Emmeiropia at different

ages.
| GLASS. |
AGE. e e
R
4 I
50 2 20
55 3 T
6o 4 5
05 450 3
70 5°50 T3
75 6 +
80 7 1

Since these are the glasses which enable an emmetropic
individual to read or work at 22 cm. (9 ins.) it is evident
that, if either M, or H. be present, the amount of the for-
mer must be deducted from, and that of the latter added to,
the lens here specified for any particular age. Though
these are the glasses required in order to allow the patient
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to read at 22 cm., we must test each individual case, for

the various patients prefer different distances, at which to
read or work,

APHAKIA

or ‘“absence of lens,” as after cataract operations, involves
loss of accommodation. If we replace the crystalline lens
by a glass in front of the eye so that parallel rays are
focussed on the retina, we render the eye practically emme-
tropic. To enable such a patient to read at any specified
distance, it is necessary merely to add to that glass, the
lens whose focal length equals the distance in question,

eg.—If a patient requires + 13 D. (}) for parallel rays
and we wish him to read at a distance of 33 cm. (12 ins.)
we add together 13 D. (1) and the lens whose focal length
is 33 cm,, viz. 3 D. (%), thus getting + 16 D, (3;) as the
necessary glass,

For cataract patients we order two pairs of spectacles,
One for distant V., generally 4+ 10 D. to 4 13 D. (3 to 1),
and the other for reading, from 4 15 D. to 4+ 20 D.
(%, to 1) according to the previous state of the refraction.

We can ascertain whether the glasses obtained by
patients accord with the prescription, in tle following
manner :(—If, whilst moving a convex lens to and fro in
front of our eye, we look at some distant object, this latter
appears to move in the opposite direction. A contrary
effect is produced with a concave lens. A concave and a
convex lens of equal strength mewiralise each other, and
there is no apparent movement of the object.
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If then no movement is perceptible on applying a lens of
the same strength as that ordered (though of an gpposite
sign), the glasses are correct. If the lens, however, is not
of the same strength, we can ascertain the amount of error
by finding the strength of that required to effect neutra-

lisation.
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CHAPTER XIII.

AtrorINE, HomaTroPiNE, HomaTrorise axp Cocaine, Esk-
RINE: — ALTERATIONS ' NECESSARY IN MEASUREMENTS
MADE UNDER THEIR INFLUENCE.

Accorping to Der, 3, parallel rays showld come to a focus
on the retina of an emmetropic eye when the accommoda-
tion is completely paralysed by atropine. Emmetropia,
however, as thus defined, is rarely met with. An eye may
have V. = ¢ (33) and the distant V. may be impaired by
even the weakest convex lens, yet, when fully under atro-
pine, it will generally be found that a convex lens is now
necessary to obtain § (28), 7., to bring practically paral-
lel rays to a focus, so that a certain amount of accommo-
dation was being exercised. That portion of the accom-
modation which can be overcome only by atropine is due
to the “/one’’ of the ciliary muscle, and must always be
taken into calculation when ordering glasses from a con-
sideration of measurements of the refraction made under
atropine. For practical purposes, we may consider that eye
to be emmetropic, which, when fully under the influence of
atropine, does not require a stronger convex lens than 1 D.
(4%) to perfect the focussing of parallel rays.

In Hypermetropia the convex lens which brings parallel
rays to a focus, when the eye is fully under atropine, should
theorefically convert it into an emmetropic eye. It is found,
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however, practically that, owing to hypertrophy of the
ciliary muscle, patients with this error of refraction find
great difficulty in relaxing their accommodation to any-
thing like its fullest extent, and consequently the lens
which brings parallel rays to a focus under atropine, can-
not be ordered for the same eye with its accommodation
active. The increased convexity of the crystalline lens
(produced by accommodation) added to the correcting lens
just mentioned, renders parallel rays too convergent, and
brings them to a focus in front of the retina. In Hyper-
metropia, therefore, it is necessary to deduc/ from the mea-
surement made under atropine at least 1 D. (5%), and, in
the cases of children and young adults, sometimes as much
as 1°:50 D. (54) on account of the tone of the ciliary muscle.

In Myopia the concave lens which brings parallel rays to
a focus on the retina of an eye under atropine may be
found Zoo weak for the same eye when #zo¢ under atropine.
The effect of the accommodation is to bring to a focus in
front of the retina, the rays which, under atropine, were
focussed upon it ; in other words, the myopia is still some-
times uncorrected, and so requires a concave lens 0'50 D,
(g5) or 0'75 D. (%) stronger. But since the ciliary mus-
cle of myopes is usually atrophied, the addition need not
be equivalent to the deduction made in hypermetropia,
We have, therefore, the

Rure III. That glasses ordered for permianent use
must when convex, be 1 D, (§) or occasionally 150 D. (5)
weaker, and when concave, 025 D. (1d5) to 075 D. (J%)
sironger, than is indicated by the measurements made under
atropine,
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The application of this rule may be exemplified by re-
ference to a case of mixed astigmatism. If, under atro-
pine, one meridian be hypermetropic, 2 D. (%) and the
other myopic, 2 D. (34), the fully correcting glass would be
ectther — 2 D.s. % + 4D, c. (—F 5. = + & c¢.) or (pre-
ferably) + 2 D.s. ©—4D.c. (+ & 5. = — &c¢.). The
glasses ordered for permanent use would be, in the first
caseg,~— 3 D.s. Z 4+ 4D.c.(— & s. = + & ¢) and in
the second 4+ 1 D.s. = —4D.c. (+ &s. = —H&c).
In the latter example, by deducting 1 D. (%) from the
convex spherical we at the same time practically add 1 D.
to the strength of the concave cylinder (for it has thus
less neutralisation to perform). While in the first case,
by adding 1 D. to the concave spherical we lessen the
strength of the convex cylinder, since it now has more to
neutralise,

In Mixed astigmatism, then, by deducting from the
strength of the spherical, we #nerease that of the cylinder:
and by adding to the strength of the spherical, we dimznisi
that of the cylinder.

In Compound astigmatism, if we add to, or deduct from,
the strength of the spherical, we at the same time increase
or diminish respectively the correction for each meridian.

The calculations necessary for the action of atropine
may thus be made for both meridians simultaneously, by
means of the spherical lens alone,

* The sign — means * combined with."
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HoMATROPINE.

Since there is some risk in applying atropine to the
eyes of people over 30 years of age, it is advisable, as
shewn by Lang and Barrett in the Medical Zimes, July
18th, 1885, to apply homatropine, in such cases, or what,
as they have since ascertained, is even better, a mix-
ture of homatropine and cocaine 2 per cent. each. The
accommodation and the iris are paralysed in from 30 to 60
minutes after application and the estimation of the error
of Refraction can then be made. The effect, unlike that
of atropine, passes away in 24 to 48 hours and conse-
quently the risk due to the tension.raising influence of this
drug is avoided.

If there is any special reason for anxiety or if the
patient is particularly desirous of returning to work within
that time, a few applications of a *4 per cent. eserine
solution will, according to the above-mentioned observers,
restore the power of accommodation in a few minutes.

The homatropine or the mixture of homatropine and
cocaine should be applied in solution in castor oil.

In all estimations of errors of refraction, atropine or
homatropine is absolutely necessary if perfect accuracy be

sought for,
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CHAPTER XIV,
AMBLYOPIA, MALINGERING AND 1TS DETECTION.

IT need scarcely be mentioned in conclusion that there are
many cases in which, though the error of refraction has
been duly diagnosed, estimated and corrected, yet there
IS no consequent improvement in vision. Such results
may be found in old standing cases of strabismus and
sometimes in eyes in which no trace ot disease can be
discovered. Such eyes are said to be amblyopic. Others
again, without any error of refraction, may have defective
vision owing to disease; with such, however, we have not
here to deal. These pages have been intended merely to
indicate the various modes of estimating and correcting
errors of refraction; the reason why, after such correction,
the vision is not improved must be ascertained by other
means. Some patients, in whom we cannot find either
disease or error of refraction, may simulate total or par-
tial blindness. The latter may often be detected by hold-
ing in front of their eyes different pairs of convex, neu-
tralised by their corresponding concave lenses. With
these, thinking they are being aided, such patients may
frequently be persuaded to read perfectly. Another
method of detecting simulation, especially of one eye, is to
hold in front of the dlind (?) eye, a prism with its base out
or in, when if there be an attempt detected by the invo-

luntary movement of the eye) to fuse the dowdle images, it
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proves sight present in the eye in question. Another
method is to place before one eye a red, and before the
other a green, glass, and then to ask the patient to read
some green and red letters, If he can read both the green
and the red letters he must of course see with both eyes.

If some such order of procedure, as indicated in these
pages, were adopted, one would not, as is now frequently
the case, see a beginner fall into the error of supposing a
patient myopic because he can read § (3§) as well with, as
without, a concave lens ; or that hypermetropia is present
because the patient can read Sn. 1 with convex glasses.

Some of the statements may have appeared somewhat
too general but it has been thought advisable not to con-
fuse the beginner by enumerating all the possible and
minor exceptions to the general rules.
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I now stood nealm spectator of the Mames, and after sone tine hegan to perosive that my arm o the
shonlder wns seorched in n terrible manner, It was, therefors, out of my power to give Dy son
ing to save onr goods, or preventing the funes sprending t00ur cor,

D= (.0 .58,

Somotimes to give n varlety to onr amusements, the girls sang to the guitar: and while they thus
formed o lttla concert, my wife nnd T would stroll down the sloping field, that was fragrant with
wild flowers, and enjoy the bresza that watted both health anid harmony.

any assistance, elther in nttempt

D=0,8 . 4

At last & young gentleman, of a more genteel appealance than the rest, came
forward, and for a while regarding us, stopped short, amd giving his horse
to a servant who attended, approached us with a careless superior air.

=1 J. 6.
The family seemed earnest to please him ; my girls entertained him with
topics they thought most modern, while Moses gave him a question or two
from the ancients, for which he had the satisfaction of being langhed at.

D=1,25 J. 8.
Such was the power of fortune and fine clothes, that
he found no second repulse. In course of conversation

D=1,5 T. 10,
He let us know that he was the owner of the
splendid picturesque estate that lay round us.

D=1,75 J. 12
At these times our little ones always
read short tales for our amusement.

=225 J. 14,
For in this way you may
always damp our ardour.

b=3 7. 15.
I saw no one there.
D=4 7. 16,

For the ensuing




D=60 (200)

D=36 (120)

Ak




RTB

REZTe
' LTB.]:"P
APORI‘D




ty() ©

20 o

08,

¥] (2

o0l+  |eDi1quap

NV4 DJILVADILSY













s




