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ANATOMY. 5

contains a number of minute openings called the spaces of
Fontana, through which the Aqueous Humour is said to filter
into the circular Canal of Schlemm, extending around the
Cornea at its union with the Selerotic, from whence the
secretion passes into the anterior Ciliary veins. This angle
where the Iris and Ciliary processes unite with the Cornea,
is known as the Iritie (filtration) angle; and the importance
of the relation of its parts may be gathered from the
fact that recent authorities consider the stoppage of the
little canals which it contains, to be a prominent cause of
Glaucoma—a disease due to increased tension of the intra-
ocular fluids, owing to their outlet being obstrueted.

The Iris, which structure is seen through the Cornea,
varies in colour in different individuals; the difference observ-
able in the colour being dependent upon the amount of
pigment which covers the posterior surface of the Iris. The
eyes of newly-born infants are nearly always light blue, and
they do not assume their permanent colour until about the
sixth week of life. The function of the Iris is to regulate the
quantity of light which is to enter the interior of the eye. In
its centre is a round aperture, which appears as if it were a
black spot; this is known as the Pupil. The reason of its
appearing like a black spot is because there are no rays of
light passing from the eyes of the observer to illuminate it. If
a light is placed in such a way as to illuminate the Pupil, the
rays return to the source of the illumination. If the observer
attempts to intercept these return rays, and thus obtain a view
of the interior of the eye, as soon as he places his own eye in
the path of these return rays, he immediately shuts off the
source of light, and there are no rays to return, consequently,
the pupil appears dark.

The muscular arrangement of the Iris consists of radiating
fibres from the periphery to the centre, and circular fibres
forming a sphincter muscle on the aperture of the Pupil; the
former by contracting enlarges the Pupil, and the latter makes
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20 REFRACTION.

[n the following pages, therefore, rays of light will be
spoken of as parallel when coming from a distance of twenty
feet or more; and as divergent when coming from near objects.
We are considering the rays, of course, as they enter the eye.

Rays of light, in passing from one transparent medium to
another of different density, are said to be * refracted,” when
they deviate from the direction in which they were proceeding,
before entering the new medium ; and this deviation is called
Refraction.

AlR

Fra., VI

11..']][,” Fays of |i'|_=f]1[ Pass from a rare mto zl,{|.1'-H.-'1‘]'ttl{‘{l[illll.
they are deviated or bent towards a normal or perpendicular
line drawn to the surface of the medium at the point of
entrance. In passing from a denser to a rarer medium, they
are refracted away from a perpendicular or normal drawn to
the surface of the medinm at the ]l:nirt'l' of gmercence,

ig. VI. shows that a ray of light will continue its straight
course, unaltered, through any number of different transparent

media, no matter what their densities: so long as it forms right
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angles with the surface or surfaces separating the different
media. Such a ray is called the normal or perpendicular.

[n Fig. VII. aB, and s, are the parallel faces of a plate of
glass, or other medium denser than air. TIf pc represents the
path of a ray incident at ¢, ce will represent its path within
the glass, bent inwards towards the normal. At g the ray
emerces from the glass, in the direction v, whose outward
refraction or bending 18 equal to the inward bending
experienced at ¢. Hence the emergent ray is in this case

parallel to the incident ray.

[n the foregoing ficures, the surfaces of the refracting
media are ]III]'II”l'l.', but in the case of a [H‘iﬁrll. the surfaces are
not parallel, but inclined one to the other, and consequently a
ray cannot possibly be perpendicular to both surfaces at once.
|'::I."..-i I':|||ir'_;_:' O A ]1r'i.~u.||| are 1'4~I'r'.==¢-14-||. :Illii l||1‘ ill."l.'|a'1:||:'|l iw
always in the direction of the base, and smce sumilar rays of

hght falling upon A prism are all 1'-:||J:|||_1.' bent or refracted,
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those which are parallel to each other before entering, remain
parallel after passing through the prism,

[f pe (Fig. VIIL.) is a ray falling on a prism aBc at E, it is
bent or refracted towards the base of the prism (towards the
perpendicular), assuming the direction E¥; on emergence it is
once more refracted at r; this time going from the perpen-
dicular. An observer situated at ¢, would receive the ray as if
It came from H.

From the following diagram we may deduce two rules,
which we should remember, as follows :

1. Rays of light falling on a lens (except when falling at
right angles to both its surfaces, when of course it would
undergo no refraction) are always refracted or bent towards
the thicker part.

Fig, VIIT,

2. An object seen through a prism appears to be displaced
or moved in the direction of its apex.

The amount of deviation undergone by rays of light falling
on a refracting surface depends to a great extent upon the
degree of obliquity at which they enter the medium ; as the
more obliquely rays fall on a refracting substance, the greater
1s the amount of refraction which they undergo; and the effect
produced depends also upon the difference in refraction of the
two media ; that is, upon their refractive indices. ‘ Index of
refraction "’ is a number used to denote the refractive power of
any transparent substance, when compared with that of air,
which is taken as the standard and is called 1; the index of



B2
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refraction of water 1s 133 and of crown glass, 1'5 (glass used
for spectacle lenses 1s 1-52). Thus the index of refraction of
any substance is its refractive power compared with that of air,
numerically expressed. To trace the direction taken by a ray
of light travelling from air to any other medium having a
different index of refraction, it is only necessary to know the
angle of incidence at which the ray enters the medium, and
the refractive index. Given these particulars, let s be the
surface separating the two media (say air and water), and cp
the perpendicular to same.

Draw the incident ray er, at the given inclination; and
with centre v and radius ¥g, describe a circle. Draw a perpen-
dicular from & to aB at ¢ and divide er into four equal parts ;

then mark off a distance rH, equal to three of these divisions
(the refractive index of water being 1:33 or p2). Now draw a
perpendicular from g, extending same until it meets the cireum-
ference of the circle at 1; connect 1 and r and you have the
direction of the refracted ray. (See Fig. IX.)

[f the second medium had been glass, with an index of
refraction of 15 (or #}) you would, divide re¢ into three equal
parts and ¥r would equal two of these. To reverse the process,
that is, to ascertain the direction of a ray proceeding from water
to air (p3) the same method may be followed. Ig. X. shows
aB as the surface separating the media, co the perpendicular,

EF the original ray and the circle having a radius ¥e. Drawing
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a perpendicular from g to as at 6, we divide or into three equal
parts and mark off a distance equalling four of these from ¥ to u;
a perpendicular from u to 1 18 now drawn, and ¥1 18 the direction
of the refracted ray. Not all the rays emanating from the

Fig. X.

luminous point £ emerge from the water; some run along the
surface and others suffer total reflection and are sent backwards
from the surface separating the media ; this depends upon the
obliquity at which the rays strike it. The critical angle is the
angle at which an incident ray, travelling from a denser to a
rarer medium, cannot emerge; and beyond this angle, under

Fia. XI1.

similar conditions, a ray suffers total reflection. The critical
F”lj_fll.' I]r-d']'{':lss-r-. as Thr i_rllll"}; uf rf*fr;irﬁnn ilH"l'l'HhI.'H, '[‘his H!h;ﬂl'
may be found as follows (see Fig. XI.) Let ap be the surface

separating the water from the air (¢3), co the perpendicular.
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B
o

With centre e and any radius, describe a circle cutting the line
of separation at B; divide BE into four equal parts and mark off
er equal to three of these divisions. From r draw a perpen-
dieular to the surface, cutting the circle at , join £, when gD
will be the eritical angle. Rays forming a greater angle than
this will be reflected back into the water; thus suffering total
reflection. Total reflection due to refraction, is made use of in
prism-binocular and other optical instruments. Reference to
Mg, X11. will show the behaviour of parallel light incident upon
a right angled prism in such a manner as to be influenced by
the critical angle. Parallel rays falling upon the prism at right
angles to the surface Be, enter without undergoing refraction,
and therefore meet the opposite surface Ba at an angle of 457,
which is greater than the critical angle (this being 41° 45" for

B
:“'.r"'
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e
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|
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Fia. XIL. Fig. XIII.

crown glass, having an index of refraction of 1'5), and there-
fore suffer total reflection at this surface ; leaving the prism at
right angles to surface ac, without deviation, and travelling at
angle of 90° from 1its original incidence.

Spherical lenses may be considered as being composed of
an innumerable number of prisms, convex with their bases, and
concave lenses with their apices together arranged towards a
central point. According to the first rule given on page 22, it
will be readily seen that convex lenses cause vays of light, on

passing through them, to be bent inwards or converged ; and
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that concave lenses cause them to be bent outwards or made
divergent. c¢x represents a convex lens, and cc a concave in
g, XIII. (For simpheity of drawing the lenses are shown
here as being composed of only two prisms).

A ray of light that passes through the centre of a lens

Fre. XIV.

(optical centre), at right angles to its surfaces, is called the
“principal axis,” and a ray of light that coincides with this
principal axis undergoes no refraction.

In Fig. XIV. ap indicates the principal axis of parallel
rays falling directly on the lens, i.e., at right angles to its
central surface. This axis, like the ray which it represents,
passes through the optical centre ¢, without dewviation.

Fig. XV.

The rays = and &' strike the lens obliquely at ¥ and ¢!, and
are bent towards the perpendiculars §x and N'~' on entering ;

and on emergence, away from the perpendiculars pp and p'p',
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and meet the principal axis at p, the principal focus. This
ficure shows clearly that convex lenses render parallel rays
convergent. The prefix + (plus) is used to denote convex lenses.

In the case of a small divergent pencil from g (Fig. XV.),
in the principal axis, falling directly on the lens, a ray gr is
refracted at the first surface, in the direction, say rc, and, at
the second surface, in the direction e¢a; E and u are called
“ conjugate foci,” and, if o = om, they are known as the
secondary focl of the lens.

[n Fig. XVI. the ray as falls upon the lens, at right angles;

and is therefore not refracted. The rays 8 and g' strike the

Fig. A V1.

lens obliquely at r and ', and are refracted towards the
perpendiculars ¥x and x'x'. On emergence they are bent away
from the perpendiculars rr and plp!. in the directions p and n'.
[t is seen, then, that concave lenses render parallel rays
traversing them divergent. The algebraical sign — (minus)
signifies concave lenses.

All rays that do not pass through the principal axis of a
lens are refracted: so those that pass through the optical

centre, but not through the principal axis, do suffer a slight
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and situated in front of the lens, but never further back than
the principal focus. When the object touches the lens, the
image is of the same size and situated at the same place.

It will be seen from the above that convex lenses form a
real image, when the object is beyond the principal focus,
which image is smaller than the object until the object reaches
the secondary focus, when it is the same size. Within the
secondary focus the image is larger than the object until the
principal focus is reached, when there is no image formed.
When the object is nearer than the prineipal focus, a virtual,
enlarged image 1s formed, gradually decreasing in size as the
object approaches the lens. Thus the image formed by a
convex lens is either real or virtual, according to the distance
of the object. Real images are always inverted, and virtual ones
are always wpright. This is very clearly shown in the accom-
panying diagram (Fig. XIX). The capital letters on the

IMmAacE

Anterior i)Secondary
Foeus

Fig., XIX,
o = Infinity. r = Heal and Inverted, v = Virtual and Erect.
+ = Enlarged. — = Diminighed.

left indicate the position of the object, and the corresponding
small letters show the positions of the respective images. A
careful study of this diagram will be found of great assistance
in understanding the formation of images by a convex lens.
It will be noticed that the object and image bear a reciprocal
relation to each other, and they are called Conjugate Foci.
That is to say, they are mutually interchangeable ; the position
of the one point governing the location of the other; rays

coming from B focus at b; and conversely, rays emanating
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from b would focus at B; and as B approaches the lens to ¢,
the image b retreats towards ¢ on the other side.

There are two other positions requiring special notice,
namely, the two secondary foci, so called because they are
‘secondary’ in importance; the prinecipal foci being first.

These points are two conjugate foc1 situated at corresponding

distances (equal to twice the focal length), on each side of the

Fig. XXI. :
AB Object. p' A" Tmage, . Lens. o Optic Cantre.
P ¥ Principal Focus.
convex lens;
at the other, which is of the same size as the object. 1t will
be noticed later that the secondary foci of a convex lens
resemble in this respect the “centre of curvature of the

concave mirror. A n‘il:l[h]i' method of drawing the Ii'll'H“ ijon and

and an object placed at one point has 1ts 1mage

size of an image formed by a convex lens is as follows: (see

also Figs. XX, and XXI.)



32 REFEACTION.

Draw, from both extremities of the object, a straight line
passing through the optical centre of the lens, and produce
same on the other side. Then draw a line parallel to the
principal axis, from the top and bottom of the object to the
lens, and continue, through the principal focus, until they
intersect the lines first drawn (the secondary axes). The
image is formed at the points of intersection. If the lens is
concave, follow the same method, but since the rays, if
prolonged, will not intersect the secondary axes, continue them
backwards in the direction of the principal focus until they do
(see Fig. XX1I.).

From an optical standpoint, the eye may be considered as
a dioptric system (a system of lenses), made up of several
refractive media. According to Gauss, in such a system there

Fia. XXII.

(]

A B Object, ' B' Image. o Optic Centre, L Laons.
r ¥ Frincipal Focus,
are six cardinal (or chief) points, which bear a definite relation
to each other. These may be described as follows :

Two principal foct: All rays passing through the first
principal focus are parallel to the axis after refraction, and
every ray parallel to the axis before refraction passes through
the second principal focus after refraction.

Two principal points: All rays which travel through the
first point before refraction afterwards pass throngh the second ;
and every ray which passes through any point of a plane
elevated on a perpendicular axis from the first principal point
(the first principal plane) passes through the corresponding
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and o1, is called the visual angle; and upon the size of this
angle depends the magnitude of the retinal image.

The visual angle increases with the size of the object for
the same distance; and for the same object the visual angle
diminishes as the object recedes. The size of the retinal image
alters with the visual angle; and this latter, in its turn, is
dependent upon the size and distance of the object. This
angle therefore assists us in our mental estimation of size and
position.

The relative size of image and object are as their respective

distances from the optical centre of a lens; in the case of the

HMLRLGED

BRINCIPAL PLANL S

MERCED
HODAL FiNT §

Fig. XXIII.

I'he .'::,l-'n':"u'- indicate the cardinal points according to Gauss as follows :
1. Firat principal focus. 4. Second principal point.
2, Beecond principal focus, O, First nodal point
3. First principal point. 6. Second nodal point.

eye the nodal point answers to the optical centre; therefore to
estimate the size of the retinal image, we take our distances
from this point, which was stated to be 7 m/m. back of the
Cornea and 15 m/m. in front of the Retina. Suppose the
object to be 17 m/m. square, and situated at 6 metres in front
of the eye, the retinal image would be 3135 of 17, or a trifle
more than ‘04 m/m. A rule to remember in this connection 1s,

to multiply the height of the object by the distance of the
¥
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| they allow of a larger field of vision. Plano-spherical lenses

are never used in spectacles, on account of the little advantage
they possess over the bi or double lenses, and also they are
much more expensive. The kind of lenses most in use are the
bi-spherical.

Cylindrical lenses (commonly called *eylinders’) are
segments of cylinders, one surface of which is usually plane,

Fia. XXIV.

and the other may be either convex or concave. A “eylinder”
is a lens which refracts rays falling upon it on either side of its
“longitudinal axis,”” which is parallel to the axis of the cylinder
of which it forms part ; that is, in the direction of its axis it is
plain glass, because this direction is parallel to the opposite
surface, which, as before mentioned, is without curvature; and
therefore rays of light in passing through the lens in this

CoxcavE OvLixprican LiENs. Ooxvex CYLINDRICAL LENE.
Fra. XXY.

meridian, undergo no refraction. But all parallel rays passing
on either side of this longitudinal axis will be made convergent
or divergent, according to whether the cylinder be convex or
concave (see Fig, XXV.)

Prisms are utilised in studying and explaining cylindrical
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lenses, as well as spherical (see page 25). In this case,
however, the prisms are ranged towards a central line called
the axis (not a point, as with spheres); their bases being

CoxveEx Orvynixprioar. LENE.

Coxcave OyLIinDRICAL LENS.

Fig, XXVI.

towards it in convex, and the apices when concave. This will
agsist you to understand their action better on rays of light;
the rays being refracted in the direetion of the bases, except
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at the line of junction of the opposing prisms, where the light
passes straight through, owing to the parallelism of the
opposite surfaces (see Fig. XXVL.)

Strictly speaking, a cylindrical lens refracts rays of light
in every meridian except in the direction of the axis; but the
amount of refraction is greater, the nearer the rays of light fall
on the lens to the meridian farthest from the axis or plane
olass; t.e.,, at right angles to 1t. But for our purpose it will
suffice to say that those rays falling on the lens at right angles
to the axis undergo deviation.

Fra, XXVIL

Showing refraction of parallel rays after traversing a convex cylindrical lens.

These lenses are used in the correction of Astigmatism.
[n trial cases the axes of cylindrical glasses are generally
indicated by a portion of the lens on each side being ground
parallel to the axis; and the exact position shown by a
diamond scratch at either end of the lens. However, when a
eylindrical combination is made up (say for a patient's use),
they cannot be distinguished from an ordinary spherical lens by
a casual glance; but, of course, can be readily recognised by
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The angle of deviation (°I)) is equal to about twice the
power of the prism-dioptre and degree, but is seldom, if ever,
employed now for numbering prisms.

One prism-dioptre, abbreviated 1%, i1s represented by a
prism which, at a distance of one metre, causes an apparent

displacement of an object one centimetre ; and is the unit used

| METRE

i P S .

in the numbering of prisms (see Fig. XXIX.). A 3¢ prisin
would be three times the strength of the unit, and, therefore,
would apparently displace the object at a distance of one metre
three centimetres. The displacement produced by a prism
dioptre is then just equal to one per cent. of the distance at
which the object is situated from the prism; so that at six
metres, the apparent position of an object would be 6 ¢/m.

from its actual location ; and at a distance of one half-metre,

B Lt

o)

Fig. XXX.
The fignres 1 to 10 represent prism dioptres, at the distance for which the chart is scaled
{fonr maotirog) : l'.l-.'|'. grmll -J:'.'::--|::-.'| i.--i:|:_:_ oneé CENntimotra.

the displacement due to a 1* prism, would equal 0'5 ¢/m., or

o mjm. Knowing this, you can easily estimate at what

distance you should stand from a given prism scale, when
measuring m prism dioptres. If the divisions of your chart
measure 3 ¢/m. each, you know that it is scaled for three
metres ; if the divisions are 1 ¢/m. each, it is scaled for one

metre ; and so on. (See Fig. XXX.) And conversely, if vou
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centre of curvature. If the object is at the principal focus,
there will be no image formed at all; since the rays, after
reflection, are rendered parallel, and so never meet. When the

object is situated between the principal focus and the mirror,

Princ ipal Centre of a
Focusg Curvalura

Fre. XXXNII.
Capitals Position of Objoct. Small letters = Pogition of Image.
r = leal and inverted. 1 Fnlarged. W Virtual and erect, Diminighed,

the image is virtual, erect, enlarged, and at the back of the
mirror; and as the object approaches the mirror, the image
diminishes until the mirror is reached, when the object and
image are of one size and at the same place,

It is seen, therefore, that a concave mirror forms either a

Fra. XXXIII.

A Object. A'r" Image. ¢ Centre of Curvature. ¥ Principal foous, M Mirror

real or virtual image, according to the position of the object
the real image gradually increasing in size as the object
approaches the principal focus; when this is reached no 1mage
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is formed, but within this distance an enlarged, upright, virtual
image 18 formed, which diminishes in size as the object still
further approaches the mirror. Unreal or virtual images, it
will be noticed, are always upright, and real ones are always
inverted. The longer the radins of curvature of the mirror,
the larger the image ; the shorter the radius of curvature, the
smaller the image.

Images formed by convex mirrors are always virtual, erect,
smaller than the object, and situated at the back of the mirror,
but never further back than the principal focus. When the
object touches the surface of the mirror, the image is of
the same size and situated at the same place. Fig. XXXIL.
graphically illustrates the foregoing remarks respecting con-
cave mirrors. The capital letters denote the position of the

Fic. XXXIV.

sB Object. A'R" Imago, ¢ Contre of Curvature. ¥ Principal focus. s Mirror.

object, and the corresponding small letters show the location
of the respective images. Luminous point B and image b
are conjugate foei; that is, the one point is the focus of
the other, and they are mutually replaceable. As in convex
lenses we find the secondary foci at twice the distance of
the principal foeus, so in reflection is the centre of curvature
twice as far from the mirror as the principal foecus. Another
point of similarity worth mentioning is, that the 1mage of an
object situated at the centre of curvature is the same size as

the object, and at a corresponding distance fromn the mirror.
E
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making sure that the centre of the lens is over “Q " in the
centre of the figure; and read the direction of the axis from
the numbers ; the other principal meridian (where the power
is) being at right angles or 90° from this meridian.

To ascertain the strength of simple cylinders and sphero-
eylinders—On moving a simple cylinder between the eye and
an object, there will be one meridian in which there is no
movement of the object, and this is the axis. If, for example,
the lens you are testing is a convex cylinder, place in front of
it, and in contact with it, a minus cylinder; taking care that
the axes of both lenses coincide. Now increase the strength
of the concave cylindrical lens, until there is no movement of
the object ; and the power of the concave cylinder represents
the strength of the convex one you are testing.

Sphero-cylinders (that is, made up of a sphere and a
cylinder) will canse the object to move in all meridians; but in
one direction there will be the least, and in the other, at right
angles (or 90°) to it, the greatest movement. First locate the
two principal meridians ; that is, the axis and the direction at
right angles to it as described previously. Neutralize the
motion in the direction corresponding to the axis, with a sphere
of opposite power; in which way you reduce the compound lens
to a simple cylinder. Now, still keeping these two lenses

" together, place a cylinder in front of the combination, until you

obtain one that stays all motion in the other meridian. Be
careful that the axis of this eylinder is in the meridian in which
you neutralized all movement with the spherical lens. For
example: If a 4+ 1 sph. ” (combined with) + 1 eyl. ax. 180°
be held in front of a — 1 sph. = — 1 cyl. ax. 180° they will
neutralize each other; and 4 2'75 eyl. ax. 90° will neutralize a
lens of — 275 ax. 90°. If a compound lens requires 4 3-75 sph.
— 4 125 cyl. ax. 180° to stay all movement of the object
viewed through it, we know it is a —3:75 sph. = — 1-25 eyl
ax. 180°.

In addition to being able to find the strength of any
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the acuity of a patient’s vision, you at the same time correct
the refraction of the eye. The first step, then, in the procedure
of testing is to ascertain the acuteness of vision without any
lenses ; for the purpose of comparing it with the vision of the
patient after having found the necessary correction. This
should be done with each eye separately; as otherwise you
would not know whether the patient was using one or both of

his eyes.
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Fig. XLIL.

[n order to measure the acuteness of vision, it 1s necessary
to have some standard test for comparison. With this object
in view, Distance Test Cards have been made, on which are
printed various letters of the alphabet. Since it has been
proved that objects, in order to be seen as two, must be

separated by an angle of one minute, the smallest retinal image
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place it ab six metres, or 4'5 if you have not six metres length
in your consulting-room ; or even at three metres if necessary.
If the card is placed at six metres, the normal or standard eye
should read easily the line marked six metres or twenty feet, or
if the card is placed at three metres from the patient, the three-
metre or ten-feet line should be seen by the normal eye,
provided there is a good light upon the card. Now this is an
important point—the chart should be so placed that there is a
good light upon it; and this light must be evenly distributed, so
that each letter is equally well illuminated. If daylight is the

source of illumination, the card i1s best placed facing a window;
and the patient should sit with his back to the window. If

artificial light is used, the best is an Argand burner or electric
light, which must be placed in such a position as to throw a
good illumination on the card, and must not be seen by the
patient ; or at least the rays should not fall directly upon his
eves, as this would prevent the patient seeing distinctly. A
good reflector is perhaps the most useful means of hiding the
light from the patient’s eyes. I prefer artificial light myself, as
the amount of illumination is always the same, and if a patient
must be tested twice (which is frequently the case), then it is
done under the same conditions both times—whereas, if one
tests by daylight, one must necessarily be dependent upon the
weather ; and everyone knows what thaf means, 1n this un-
certain climate, However, the essential points are that you
obtain a good light, and that it is evenly distributed over the

chart.















T6 REFRACTION,

being only adapted for parallel rays, it is not strong enough to
focus these rays on the Retina; and indistinet vision would
result, were it not for the mechanism of the accommodation, by
which the eye is capable of adjusting its refractive apparatus
to this new condition.

In order to bring about this accommodation, the brain
sends forth the stimulus to the Ciliary muscle, and it contracts ;
and by so doing it lessens the pressure exerted on the lens by
the suspensory ligament (as explained in a preceding chapter).
The Crystalline Lens bulges forward, becoming more convex ;

Fra, XTLY.

and is thus enabled to focus on the Retina divergent rays, as
well as those coming from a distance (see Fig. XLIV.)

[t is obvious, therefore, that Nature intends that the
muscle of accommodation shall be used only for regarding near
objeets ; and that when the eye is looking at a distance it
should be at rest. When this is the case, the eye is said to be
normal ; and such a condition is called Emmetropia.

The refraction of the eye when in a state of rest is termed
static; dynamic refraction is when the accommodation is
brought into play.

The accommodation, then, is for enabling an individual to
see objects close by, and, like all our other faculties, cannot last
for ever, but must sooner or later feel the effects of constant

use: so even the little muscle responsible for the changeable
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of many so-called diseases, such as inflammmation of the lids
(Blepharitis), or of the conjunctiva or mucous membrane, and
others too numerous to mention here.

Or, Ametropia may exist when the refractive media are
too strong, and focus the rays of light within the Vitreous
Humour (i.e., in front of the Retina), where they cross, and
reach the Retina confusedly; and the image of the object
observed is therefore not clearly defined. This state of affairs
constitutes Myopia, or “near sight,” which is, in all respects,

the exact opposite of Hypermetropia.

Fig. adavl.

Ametropia, then, results when the sensitive coat of the eye
is not in the focus of the refractive media ; either through fault
in the media themselves, or in the shape of the ball. It is of
two principal forms, Hypermetropia and Myopia. The accom-
panying diagram shows very clearly the position of the focus
of parallel rays in an emmetropic eye, compared with that of
Hypermetropia and Myopia.

[n an emmetropic eye, the rays are seen to focus exactly
01 I‘,hu Retima (see . ]'15_;‘. \]"r]'., but 1n thl' Case of the
hypermetropic eye, whose axis is shorter than that of the
normal one, the rays reach the Retina before arriving at their
focus. In the myopic eye you have exactly the reverse con-

dition ; that is, the rays of licht attain their focus before
G
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that at a certain limited or definite distance in front of the
Myopic eye, rays of light from an object have just sufficient
divergence to be focussed upon the Retina—this distance being
termed the far point. The far point and the Retina then, are
conjugate foci; that is, rays emanating from the far point focus
upon the Retina, and rays diverging from the Retina focus at
the far point.

The fact that the nearer an object comes to the eye the
better it is seen by the Myope, points out that the short-
sichted eye 1s adapted for divergent rays. In this defect, the
mechanism of accommodation is used very little —or rather it
1s not used at all, until the object is brought closer to the eye

than its far point—therefore, if the Myopia is of moderate or

large amount, it is correct to assert that the accommodation
is practically not in use at all. For this reason we will state
that the Myopic eye is always at rest.

Causes of Myopia :

1. An elongation of the eyeball antero-posteriorly ;
2. Inerease in the strength of the refractive media of
the eye.

This defeet is almost invariably dependent upon the
abnormal length of the ball ; although for a long period 1t was
said to be due to the increased convexity of the Cornea. This
statement, however, 1s quite inaccurate ; because, as a rule,

instead of there being an increase in its convexity, the Cornea
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cell of the trial frame, in a direction corresponding to the
meridian of the least defect in the eye, so that the power or
strength of the cylinder may act directly upon the most
defective meridian of the Cornea.

Astigmatism 18 closely associated with Hypermetropia and
Myopia. You therefore sometimes require spherical lenses to
be combined with the eylinders, in order to correct the long or
short sight as well as the Astigmatism. This may be of five
kinds :

Simple ( Hypermetropie Astigmatism,

| Myopic Astigmatism ;
0 ( Hypermetropic Astigmatism,
Jomponnd N ke
Myopic Astigmatism ;
Mixed Astiematism.

Fra. XLIX.

Stmple Hypermetropie Astigmatism is, when one set of
rays'focusses behind the Retina, and the other (at right angles,
or 90° from it) on the Retina. This is caused through the
Cornea having a longer radius, or being less convex, in one
meridian (say the horizontal, mm, Fig. XLIX.), while the one
at right angles to it (vv) 18 of normal curvature.

[n Fig. XLIX., then, it is seen that the rays vv focus
exactly on the Retina, but those entering the Cornea through
the horizontal meridian (au) meet at a pomnt behind the

tetina ; that is, the eye is hypermetropic in this meridian, to

the extent of, say, +1D.
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Now, i order to correct this error, it 1s necessary to place
before the eye a cylindrical lens of 4+ 1D., in such a position
that the axis or plane glass is over the emmetropic meridian ;
that 1s, the vertical. Then the curve of the cylinder, being
over the horizontal, neutralizes the Hypermetropia, making
this meridian also emmetropic, and in this way corrects
the Astigmatism.

This correction is written in prescription form :-

+ 1 cyl. ax. V.

Stmple Myopie Astigmatism is the condition present when

the Cornea has too short a radius of curvature, or in other

Fig. L.

words, 1s too convex in one meridian, and of normal curvature
in the other. This causes one set of rays—those, for example,
falling on the horizontal meridian of the Cornea—to be
focussed in the Vitreous Humour in front of the Retina,
where they cross before reaching it; and those entering in
the opposite meridian, upon it (see Fig. L., an and vv).

If the Myopia in the horizontal is — 2D., then to render
this eye normal, one must place in front of it a —2D. cylinder,
with the axis in the vertical meridian. This places the curve
of the lens (viz., the —2D.) in the horizontal, and makes
this direction emmetropic; and the axis or plane glass 1s I
the direction where no correction is needed; that is, the
vertical. This preseription would be written

— 2 eyl. ax. V.
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Compound Hypermetropic Astigmatism 1is the most
common of all forms of Astigmatism; and is when both
principal meridians of the Cornea have too long a radius of
curvature, or are less convex than is natural; so that both
sets of rays are focussed behind the Retina, but at different
distances (see Fig. LL.).

If the vertical meridian is hypermetropic to the extent
of + 1D., and the horizontal + 2D.; then to correct the eye
we must first reduce it to a case of Simple Astigmatism, by

correcting the meridian of least defect (the wvertical) with a
spherical lens; when, as a sphere is curved equally in all
meridians, we at the same time partly neutralize the meridian
of greatest defect. Then, say we place a 4+ 1D. sphere before
the eye in question; we render the vertical meridian emme-
tropie, and the horizontal meridian, which was hypermetropic
of 2D., we reduce to + 1D.; thus reducing the condition to
one of Simple Hypermetropic Astigmatism.’ This you now
correct as before l:]l,'.-il_']'illf'{l_. h.‘"- ]ﬂurih;‘: in front of the eye
a + 1D. cylinder, axis in the (now) normal direction, the
vertical meridian. So the correetion for this defect would
read :
+ 1 sph. = + 1 cyl. ax. V.

Compornd _”I.-,'r.llr.-f'r Astigmatism.—This 1s the same con-

dition as just mentioned ; “”]."" instead of the Cornea .l'll'illl'_';

flat, it 1s too convex in both ]n'ila{-ipu] meridians, but more
K
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convex 1 one direction than in the other. This condition is
the most common of all myopic eyes; but when {'u]n]lalnrf]
with all eyes, it takes the second place. In this case, both
sets of rays are brought to a focus before reachinge the
Retina, but at different distances from it (see Fig. LII.). For
example, if the horizontal meridian is myopic of 1D., and the
vertical meridian myopic to the extent of 2D., the correction
would be —1D. spherical ; which fully corrects the horizontal,
but only partly neutralizes the vertical meridian ; still leaving
1D. of Myopia. This is corrected with a —1D. cylinder ; the

Fig. LII.

axis being placed in the horizontal meridian, which is now
Emmetropic. This correction is written :
— 1 sph. = — 1 eyl. ax. H.

Mized Astigmatism.—Now we have a case where the
curvature of the Cornea is greater in one prineipal meridian,
and less in the other, than is proper for the emmetropic
condition of the eye; so that the horizontal meridian, say,
is hypermetropic, and the other (the vertical) is myopic (see
Fig. LITL.).

This defect may be corrected in either of two ways: (1)
by means of two cylinders of opposite power, with their axes
placed at right angles; or (2) with a convex sphere and
concave cylinder combined, or vice versd.

The second is much the better combination; as, if you
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remember, it was stated in a former chapter that sphero-
cylinders were cross cylinders in effect ; consequently there is
no necessity for the cross cylinders to be used. However, to
show how they could be prescribed in this instance, we will
suppose the horizontal meridian of the eye to be ametropic
to the extent of +2D.. and the vertical meridian —1D. To
correct this, you would place a +2D. cylhinder with its axis
vertical, so as to correct the horizontal perfectly and not alter
the vertical meridian ; there being still —1D. of defect 1in this

direction, which 1s corrected by a —1D. cylinder, axis in the

Fig. LLII.

horizontal. This lens corrects the wvertical, and does not
interfere with the horizontal meridian at all : as the axis of a
eylinder has no power. This would be registered :

+ 2 cyl. ax. V. — 1 cyl. ax. H.

Far the better way, though, of preseribing for this eye
would be to correct the best meridian with a sphere—viz.,
—1D. This would entirely neutralize the vertical meridian,
making it emmetropic; but as the horizontal 1s hypermetropic,
the —1 sphere would make this direction one dwoptre worse;
that is, +3D. of Hypermetropia, instead of 2D. You therefore
use a + 3 cylinder, axis vertical, to correct it ; and the pre-
scription 1s written :

l sph. = + 3D. cyl. ax. V.
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+ 2D. cylinder) in the meridian at right angles to the axis;
that is, mid-way between these two meridians the strength of
the lens would be + 1D., and it increases to + 2 in the
horizontal, supposing the axis to be placed vertical ; and then
lessens again to nothing in the direction of the axis (see
Big, LIV, agamn).

Thus it 1s obvious that a cylindrical glass possesses the
power of perfectly neutralizing the degree of the Astigmatism.

In the case just mentioned it would be accomplished by
placing the + 2 eylinder before the eye, with the axis in the

Fra. LIV.

Showing amount of variation of error in a case of Hypermetropic Astigmatism
of 21D, in the horizontal meridian.

vertical, which is the normal meridian of the eye; and conse-
quently no strength is necessary in this direction.

[t 1s also seen by the above, that by correcting the
meridians of least and greatest defect with lenses, we at the
same time correct all the intermediate directions; for this
reason, then, we consider only the two principal meridians in
testing.

The effect of this defect upon the vision is prineipally that
an astigmat (one who has Astigmatism) sees objects better in
one direction than in another. For instance, looking at the
letter “T.” an astigmatic patient might mistake it for the

figure “1,” not being able to distingunish the horizontal line af
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the top of the letter. The object in testing for this defect is,
to enable your patient to see equally as well in one meridian
or direction as in another; that is, to make the vision of the
worst meridian of your patient’s eye equal to that of his best,
and when this is done the Astigmatism is corrected.

The following cuts show very clearly how an astigmatic
patient sees an object. The illustration LV. represents the

Fia. LVI.

Astigmatic Fan (a chart sometimes used in detecting Astig-
matism) as seen by an astigmat, with the worst direction of
the eye in the vertical meridian; whilst illustration LVL
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the least, think it a peculiar assertion to make. Therefore, in
order to explain this paradox, and for the reader to comprehend
the reason of it, he must familiarize himself with a few laws
respecting the clear perception of a line on the Retina.

The clearness of the image of a line focussed on the Retina
is dependent upon the distinctness of its margins ; if these are
clear, the line will be seen distinctly, In order to obtain a
perfect image of the line, it is imperative that the rays coming

Fia. LVII.

Dr, Mappox's Triar Frame, Made by Anglo-American Optical Company, London.

from it should be focussed on the Retina, having entered the
Cornea at right angles to the axis of the line. If this did not
happen, circles of diffusion would be formed, which overlap, and
cause the margins to appear blurred. However, if the rays
diverge from the line parallel with its axis, the overlapping is
only at the extremities of the line: where it is of course made
indistinct, but the margins are in no way affected, and therefore
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There is always a tendency with beginners (and, unfortu-
nately, with others) to prescribe weak cylinders, even if they
are not really necessary. In order to avoid this common error,
every refractionist should remember that, if a weak cylinder
seems to be wanted, and he rotates the axis to right angles to
the meridian in which it should be placed, and vision is not
decidedly impaired, the cylinder is unnecessary. It must nof
be understood from this, that weak cylinders are not to be
prescribed ; as very often it is the low degrees of defect that

produce the most distressing symptoms of Asthenopia (painful

Fig. LixII,

Astigmatism **wikth the role ™ Shaded seetion roprosents the myopic direction of the eye,
and the black portion within the circle shows the hypermetropic meridians,
vision)—because, in these slight errors the eye exerts itself to
overcome its irregularity ; whereas, in the higher degrees such
an effort would be futile, and the eye abandons the attempt,

and so avoids Asthenopia.

As in Hypermetropia and Myopia, after testing each eye
separately, you must test binocular vision, and generally 1t
will be found that when the eyes are brought into play
together, it is possible to increase the correction of Hyper-
metropic Astigmatism, and to weaken it if Myopie Astigmatism.

As the cylinder is never altered, you must increase or decrease
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the spherical part of the correction. This is accomplished by
holding before the eyes, say + 0:50 sphere in either case, and
increase as much as possible without impairing the vision.
In Hypermetropic Astigmatism the plus sphere adds to the
correction ; and i Myopic Astigmatism the plus sphere lessens
it. This method will be found a gquicker way than altering the
spherical lens in the back cell of the trial frame by removing
the old one and replacing it by another; and also more
comfortable for your patient. The alteration can be noted

{1l |JFI:]:]'.':T.

Fia, LXLLL.

Astigmatism ‘‘against the rale,” Shaded portion shows Myopia, and the
black mmdicates Hypermetropia.

In cases of Amisometropia, it is best to give your patient
only spherical lenses, to be worn for a short time before
prescribing the cylindrical correction. Especially when the
axes of the cylinders are oblique, you should be prepared for
your patient to complain of discomfort at first ; so that, when
necessary, you can prescribe the equivalent sphere for a week
or so. It must be borne in mind that, if an error of refraction
has been neglected for many years (as is only too frequently
the case), the peculiar habits of vision existing under such

JI}IIII:']'].'E.'IE f:1|r||iir.ir|||~: h;|'-.1l ]n[-t-urne' .'|;|11..r|_~»E “h.|='|'|1]|ri |1;HII1'1'."
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[n analysing this preseription, we must remember :

. That “90°" 1n the preseription indicates the meridian
in which the axis of the eylinder is placed; and that in this
direction the cylinder has no focal power or strength.

2. That a spherical lens is equally curved in all directions ;
consequently its power is equally distributed in both the
prineipal meridians.

3. That a eylindrical lens has power only in the meridian
at right angles to the direction of its axis; consequently, if
the axis 1s placed, say, vertical, the strength or curve of the
cylinder 1s in the horizontal. (Strictly speaking, of course,
the cylinder has power in all meridians excepting in the
direction of the axis; but for our purpose in transposing, it
will be best for the reader to consider it as above stated.)

4. A preseription 1s written mcorrectly (2.e., not 1 the
best form) if the signs of the sphere and the cylinder differ,
unless the cylinder is at least twice the power of the sphere.

The preseription given above is written correctly, as the
sphere and eylinder do not differ in sign ; therefore there is no
necessity for us to endeavour to improve it—but we will find
out what the patient is suffering from, who requires this
correction to improve his vision.

In order to ascertain this, we for convenience draw a

diagram thus:

Fra. LXV.

showing the two principal meridians. Bearing yale 2 1In
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mind, we know that the power of the spherieal lens is in both
1 in the wvertical and the horizontal
meridians. And since the cylinder is placed axis vertical in

directions : that 1s.

our prescription, the strength or eurve of it is in the horizontal
(see Rule 3 above).

This makes our diagram of the two principal meridians of
this eye represented like this:

Fia. LXVI,
that 1s, 4+ 1 in the vertical meridian, and 4+ 2 in the horizontal.
This patient, then, suffers from Hypermetropia in both direc-
tions, but more so in one meridian than another—in other
words, from Compound Hypermetropic Astigmatism.
To take another example
+ 2:00 sph. — + 1-50 cyl. ax. 45°,

According to our Rule 4, this prescription is written accurately.
Let us now draw the diagram, placing the spherical power in both
meridians, and the cylindrical power at right angles to 1ts axis

Fig, LAVIL
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and we have 4+ 2 in the 45° menidhan, and 4+ 3:50 1n the 135

which 18 a4 case of f'c]r|||1r1|1||ci E1_k'||-.'r'r||L-1.THF:-it' Astiocmatisim.

Hxample 111. :

—

— 1:25 sph. T — 0-50 cyl. ax. 180°.

The curve of the spherical lens is placed in the horizontal
and vertical meridians; but the cylindrical power 1s only n
the vertfical (i.e., at richt angles to the axis), which makes

diggram—

Fia, LXVIIIL,

This is a case of Compound Myopic Astigmatism, — 1'75 in
the vertical, and — 1:25 in the horizontal ; the prescription for
which was accurately written.

Another example

— 300 -:\| ax. 50°.
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before the “H."” or *V.." it would show that the defect was
at right angles to the meridian indicated—the word * axis™

ki

(in this instance) meaning “ at right angles to.”

[t is our intention to give lenses to correct the above;
and in addition to the previous four rules, we must also observe
another :

5. Always to correct the meridian of least defect first,
with a spherical lens; allowing for its effect on the meridian
at right angles to it, which you correct with a eylinder, placing
the axis in the meridian first corrected.

The first step in this caleulation is, to draw our diagram,
placing the 4+ 2 in the horizontal, and — 3 in the vertical
meridian. We now work out our prescription from this :

According to the new rule (5), we correct the meridian of
least defect first, with a sphere ; allowing for its effect on the
other meridian. The horizontal is the meridian for us to
correct, which we do with a 4+ 2 sphere, making it emmetropic ;
but it is obvious that, since the vertical meridian is myopic,
placing a + 2D. lens before it, must necessarily make this
meridian worse., This s the case; and the effect of the + 2

sphere, to put it graphically, is :
M



164 REFRACTION.

Pra. LXXI.

There now remains to be corrected only the vertical meridian,
the horizontal being emmetropic. This is accomplished by a
— 5D. eylinder, axis in the horizontal, which was the meridian
first corrected. (Please refer to Rule 5, and you will see that
we have in this example followed it out exactly.) Our
prescription for this case 1s:
+ 2 sph. — — 6 cyl. ax. H.
Example VI.:—
L 1-T76 H.
+ 100 V.

This transposition is somewhat less complicated than the
last one, on account of the defect being the same, instead of
different, in both meridians. Draw the diagram representing
the defect in each principal meridian ; and we have :—

Fra, LXXII.
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Following Rule 5, we correct the vertical meridian first
with a 4+ 1 sphere. The effect of this 1s to exactly neutralize
the error in this meridian, and to partly correct that in the
horizontal ; leaving 4+ 0-75 still to be corrected with a cylinder,
the axis of which is of course placed in the meridian which

has already been corrected,

Fie., LXXTIL.

Our prescription then reads:
+ 1 sph. = + 075 cyl. ax. V.
Example VII. :
— 100 H.
— 1:00 V.

This is, graphically :-

Fig. LXXIY.
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and shows a case of Simple Myopia ; and as both the meridians
require — 1 to correct them, the prescription is:

— 1D, sph.
W mpfﬁ T

+ HratH,

Emm. V.

From the diagram, 1t 1s seen that this is a case of Simple
Hypermetropic Astigmatism :

As there 1s no correction needed in one of the meridians,
this eye is corrected by means of a plain cylinder; the axis
being in the emmetropic meridian, so that the curve or power
may be in the direction requiring correction. Our prescription

reads :
+ 1'75 eyl. ax. V.

We shall next consider those preseriptions which are
inaccurately written. In these cases, we must first of all
ascertain what defeet the preseription is given to correct ; and
then, from our own diagram, write out the necessary formula
in the proper way. The most important rule in transposing
18, to correct the meridian of least defect first with a ﬁ[}i:l‘]'j['ill
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lens ; and when a preseription is wrongly written, it is through
the writer neglecting to follow this rule.

+ 1 H]]ll_ = — 050 c'.k]. A

By drawing our diagram, and placing the power of the
sphere in both meridians, and that of the eylinder in the
meridian at right angles to the axis (according to Rules 2

and 3). we obtain :

Fra. LXXYI.

By taking the meridian of least defect as the spherical
lens (viz., the + 0-50), we obtain :
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This is arrived at by the + 050 spherical lens fully
correcting the horizontal meridian, and partially correcting
the vertical, where there now remains to be corrected, + 050,
This is corrected by a 4+ 0°50 eylinder, axis in the horizontal,
or now emmetropie, meridian ; the prescription being :—

+ 050 sph. — + 050 cyl. ax. H.

Another example :

+ 150 sph. — — 150 eyl. ax. H.

By drawing the diagram, and following Rules 2 and 3, we
obtain ;—

+1-50Sph

+ 1.50.Shh _
= |-5ﬂ.£EL'U

Fig. LXXVIILI,

The result in the vertical meridian is, of course, obtained by
the + 1'50 sphere neutralizing the — 150 cylinder; showing
only 4+ 1-50 to be corrected in the horizontal, the vertical
meridian being emmetropic. It is a case of Simple Hyper-
metropic Astigmatism “with the rule,” and is corrected by :-

+ 150 cyl. ax. V.

[f the reader will compare this prescription with the
one in the example, he will then see the necessity for the
refractionist to have a knowledge of transposing. This is &
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case in point, in which not only is the correct prescription
lichter and thinner than the other, but there is also a saving
in price of nearly fifty per cent.—a considerable amount.
Ezxzample X1. :
— 3 sph. — + 1 eyl. ax. 45°
By the rules followed in the last example, our diagram is

acain drawn thus:

Fro. LXXIX.

The —2 in the 135° meridian 1s obtained by adding the
positive quantity to the negative, which, being i1dentical to
subtracting one from three, equals two (which is the same, only
in other words, as was explained in the last example). The
meridian of least defect is 135°, consequently we make —2 our
sphere, which reduces the condition to this:

Fia. LXXX.



170 REFRACTION.

The preseription for this example is completed with a —1
cylinder, axis 135°; and reads as follows ;
—2sph. = — 1 cyl. ax. 135°
]
We will now take a few examples of Mixed Astigmatism
for transposing. These involve nearly all the rules given
during the chapter, and will be an interesting form of

recapitulation.
+ 1 sph. = — 2 eyl. ax. H.

This preseription, although the signs of the sphere and
cylinder are not the same, 1s accurately written. If the
reader remembers Rule 4, he will know this, as it says: “A
presceription is written incorrectly, if the signs of the sphere
and the cylinder differ, unless the cylinder 1s at least twice
the power of the sphere.” Well, in this case it s double the
number of the spherical lens; therefore we cannot 1mprove
the writing of the prescription. But there are two other
methods of expressing the same correction; so that to work
this pout, we will again refer to our diagram, showing what the
defect is in this case. The sphere is placed in both meridians,
and the cylinder only in the vertical, making :

Fia, LixXXKL.

which shows a case of Mixed Astigmatism, myopic in the
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Fra. LXXXIT,

represents the defect to be prescribed for,

There are three formule, all of which would give equal
satisfaction to the wearer, as far as vision is concerned.

Let the first form be the eross cylinders. We will correct
the vertical with a —1-75 eylinder, axis 180”; so as to render
it normal, and not to alter the horizontal meridian. This you
neutralize by a +250 cylinder, axis 90°, or vertical ; and the
prescription is written :

— 1'75 eyl. ax. H. = 4 250 cyl. ax. V.

The two next ways of expressing a prescription for the
above eye are by combinations of sphero-eylinders,

One is, by taking the meridian of least defect for the
sphere, which is —1-75 sphere; leaving only + 425 to be
corrected in the horizontal, by means of a cylinder, axis

vertical (see Diagram below)

This s obtained by
placing hefore the
hypermeiropic  park
of the eye a —17d
lens, which of course
makes it worse to this

RO,

Fra. LXXXIIL
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accomplished by directing your patient to look with both eyes
at a pencil or other suitable object, held at about forty inches,
or one metre, away. Without moving his head, the patient
should follow the object, which you move in all directions np
and down, to the rigcht and left.

Fia. LXXXILY.

[f the Squint is Paralytic, the deviating eye will not follow
the “good’ one in every direction of vision ; but will move to
a certain position, and then stop, whilst the other eye continues
the journey alone. But in the Concomitant form, the *“bad"”

eye will follow the “good” one in all directions in which you
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that brings the inner image Into the same horizontal line as
the other is the correction. If the inner or left 1mage appears

lower than the nt.hf-t',. the Inferior Rectus is weak
(Hyperphoria), and the correcting prism is that one, placed
base down, which brings the two images into the same
horizontal line.

The prism, it will be noticed, is placed with tfs base in the
same direction as the deviating object. But it should be
remembered that the indications are just the opposite to the
right eye, when testing the left one. Instead of the Internal
Rectus being the weak muscle, when the image 1s seen to the
left (as it 1s when testing the right eye), it shows insufficiency
of the External Rectus, if the left eye is being tested. This is
easily understood when you know that the direction in which
the image is seen shows the position of the weak muscle. The
left of the right eye 1s, of course, the nasal side: and the left
of the left eye would be the temporal side —just the reverse.

MADDOX ROD AND GROOVE.

The Maddox Rod is one of the favourite methods of testing
the ocular muscles. It consists of a glass rod, either white or

Fig. LXXXYV.—TeE Maippox Bop.

red, fitted into a slit eut in some opaque substance; and forms
a very strong cylinder. So that a candle viewed through i

L
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the other, and if his muscles are normal, he will see three

lines like this—

all parallel and equi-distant,
Should they appear thus

Fra. XCIII.

it shows insufficiency of the inferior Oblique (+ Cyclophoria),
when testing the right eye, and of the superior Oblique
(— Cyclophoria), when testing the left eye.

When seen in this way

. ACIV.

it indicates weakness of the superior Oblique of the right eve,
or of the inferior Oblique when testing the left eye.
[n the forezoine tests, one eve has before it either a 't:-]'irc!n

aor Maddox Rod or Groove, and consequently there 15 no room

left in front of this eye for vour correcting prism. In those
Cases '.|‘-.|||-|'|g' ',|'=|-|'|-” 1 ||||' :l':'ll IrTaIne :'-I'|!I'_"1' 1.|I|'I'I'-.I' I'-.": are
1"-|i!|:' *- I.I'I'i~]'5r||_ YOU IT1ELY f!: 1 Pt 1||-' COrreciinge ,"';hlll












APHAKIA.

b
&

distance correction, but will require a different strength of lens
for various visual distances, as for reading, or playing the piano
or organ, and for wearing when out of doors.

In Fig. XCV. we see an aphakic eye, and notice that
parallel rays are brought to a focus beyond the Retina,
supposing such a thing to be possible. And when the patient
views near objects, the rays are focussed still further behind.

Fra. 20V,

By the above, you can see at once what kind of lenses
should be used to correct this defect. The Crystalline Lens
having been removed, you must replace it by putting before
the eye such a convex lens as will equal the strength of the
Crystalline Lens that was within the eye; and on account of
there being no accommodation, you must prescribe a stronger
lens for reading or near work.

The average power of the Crystalline Lens outside the eye
equals about 4+ 11D.;

+ 80 the distance correction for Aphakia
is about 11D., provided that the patient was emmetropic before
the operation. And for reading, a slightly stronger pair than
this should be given. The rule to remember in selecting
rlasses for near work is as follows :

Add to the distance correction a convex lens whose focus
represents the distance at which your patient wishes to read.

These lenses, of course, if used for distance, would make the
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called *eyeglasses’; or, to use the French expression,
“ pince-nez.’’

By far the most comfortable and aceurate method of fitting
a patient’s face is by means of spectacles; but for elegance and
comelimess the eyeglasses are certainly to be preferred, as also
for the ease and rapidity with which they may be removed or
placed in position.

In some cases, of course, only spectacles should be allowed
for example, in Astigmatism, especially when the cylindrical
axes are oblique. Otherwise, when possible, 1 advise my
readers to allow their patients’ wishes to be considered in the

selection of a frame as much as possible.

EMD FPIECE

S
EYE-WIRE EYE -WIRE

Frig., ACOVI.

A spectacle frame 1s made up of several different parts;
and a glance at the above illustration will show the position
and name of each. These parts are briefly :

Two eye-wires, one bridge, two end-pieces or joints, two
temples or sides, two screws, and two pins.

The eye-wires are for holding the lenses; being grooved,
the lenses fit into these, and can be fastened in position
by tightening the screws. In order to place a lens in the
frame, it 18 necessary only to turn. the screw about four
times, when the joints of the eye-wire will part slightly,
and you are then able to spring your lens into position in the
erooved wire.

The end-pieces or joints are where the temples fit over the

pins. To remove a temple, you must turn the serew entirely
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out, so that the joints may come quite apart; when you can
then lift the side off the pin.

The sides, 1t 18 unnecessary to add, are for holding the
frame on the face of the wearer.

The component parts of an eyeglass are thirteen in number,
if we include both the eye-wires, the two guards, and so forth.
The different sections are only eight, as follows (see also
illustration) : —

The eye-wire, which i1s for the same purpose as in a

spectacle frame.

HAMDLE

Fia. XOVIL.

The spring, which enables the framme to retain its position,
by pressing the guards or placquets against the side of the nose.

The hanger is a little projecting piece to which the guards
are attached. 'T'his, as well as the spring, fits into the stud;
and they are both fastened by means of a small screw.

Now that we know the names and purposes of the several
portions of a frame, we will consider the different varieties of
spectacle frames; leaving the eyeglasses alone for a while.

Spectacles are of two kinds. The first are those with
straight temples or sides, and are called “5.5.” meaning

“straight sides.” The others are those with curled temples,
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measurement, as the spectacles {'H]'t‘l":%}]:)ll{]_ v:-;m-t]_‘:,‘ in their
arrangement with the Nos. shown on the chart. To illustrate
the use of these, take the following example :

From our trial frame we see that the pupillary distance
necessary 1s 2¢ inches; and on looking at our patient’s face we
can judge easily whether the bridge is to be flush, outset or
mset. Let us suppose it needs to be outset; then, on reference
to the chart, we know that our frame will be either No. 17, 18,
19 or 20; as only these four numbers have a pupillary distance
of 28" with an outset bridge. Again looking at our patient we
cness the height of bridge to be }-inch, and consequently try on

|BASE o f ERIDCE !

I
J

1
|

L]
1
1
i
!

————— ‘=== PUPILLARY DISTANCE ----m-eeeee-

FACIAL BREADTH ——=—== cccccmcccc s ccmm =

Fig, CGITI.

frame No. 19. If this is not correct, the frame must of necessity
be 18 or 20 : the first being lower and the latter hizher than
the frame you have just fitted on the patient’s face, other
particulars being identical. Thus it is seen that only two

frames need be handled, to fit almost any person.
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.-
P

nose. Doubtless, when they first wore these glasses, the
position was close to the eyes; and gradually, as they became
weaker, the frames are slipped down the nose, and in this way
the rlasses are increased in power—the lenses, of course, being
convex ; and thus the patient obtains an artificial accommo-
dation.

Notice that the sides of the frames do not press against
the patient's temples. When they are for distance, the lenses
should be set perfectly vertical before the eyes. If the frames
are intended for reading, they should be angled sufficiently to
enable the patient to read without bending his head ; and also
that he should be unable to see the lower eye-wire of the frame
(see Fig, CVI1I. p and r).

The angle of the lenses should be such that, when looking
through them, the visual axes are perpendicular to the lens

surfaces ; because, if looked through obliquely, a spherical lens

Hig, GYILII.—PARTOBCOPIC SPECTACLE,

1as the effect of a sphero-cylinder with the axis parallel to the
axis on which the lens is tilted. And in a like manner the
effect of a compound lens would be altered.

(Glasses to be worn constantly are more satisfactory when
fitted into a frame of some non-rusting material.

Spectacles are by far the most comfortable, and by the
majority of patients are preferred when reading; but when
walking or wvisiting, as the case may be, the more elegant
|-I'-,'|'_i_';]i-|,:~1':-if'3-'\. are the favourites. However, l||l'}.' all ]:uilu']] the
nose, to a greater or lesser extent, as they must necessarily

hold on to something in order to keep on the face; but this



























CHAPTER XY.
SPHERICAL ABERRATION.

Wz have hitherto been supposing that all rays of light, on
passing through a convex lens, are brought to a single point at
the principal focus of the lens. This is what ought to occur,
certainly, but because this is not exactly what does take
place, we will devote this chapter to dealing with Spherical
Aberration,

What this really is, may easily be seen from the following

diagram :

Fre. CXT.

The circumferential rays aa', falling on the lens L, at a

greater obliquity than the rays B!, are brought to a focus at

' ; whilst the rays Bp', which fall upon the lens near the

centre, are focussed at about #.

Thus, spherical aberration
exists when rays of light passing through a lens are focussed at
several distances from it. Rays striking the surface of the lens

between aa' and sB'. meet at intermediate distances along the

Fot )
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We have just seen that Spherical Aberration only occurs
when rays of light fall on a lens at different distances from the
optical centre, whereas Chromatic Aberration consists of a
splitting up or dispersion of the several parts of one ray of
light.

The spectruin consists of the seven constituents of white
light as enumerated, and since prisms increase the dispersion
of these colours, they can be easily seen by the following
experiment.

RED

ORAMNCE
YELLOW
GREEN
BLVE
INDIGO
VIOLET

Fig. CXII.

Make a small aperture in the shutter of the window of a
darkened room, and allow the ray of light entering the room to
pass through a prism, when the spectrum can be received upon
a screen, and the colours may be distinctly depicted. The red
end of the spectrum will be towards the apex of the prism,
and the violet will be seen in the direction of the base (see
Fig. CXII.).

The Chromatic Aberration is not perfectly corrected in the
refractive media of the eye, as is proved by the presence of
coloured edges of a luminous object, if seen when one half of
the pupil is covered with a card. But the different indices
of refraction and dispersion of the humours of the eye correct
it sufficiently to prevent any interference, under ordinary cir-
cumstances ; also the Iris counteracts Chromatic as well as

Spherical Aberration.
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spot, which is an advantage, as it diminishes the dark central
shadow that is too conspicuous when the aperture is cut
through the glass. The small mirror with the black back-
ground is the one preferred by the author, as it reduces the
amount of reflected light, which is consequently not so dazzling
to the patient’s eye. Of course, the larger the mirror, the

Fi1a. CXIII.

easier it is to work with; and beginners will find that with it
the illumination is not so easily lost from the patient’s face;
also it does not require so steady a hand to manipulate it, as
the smaller one.

A new retinoscope has lately been introduced by the
Anglo-American Optical Company, of Hatton Garden. It is
fitted with an “Iris” diaphragm in front of a plane mirror,
which can be adjusted to any size from five to thirty
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since we are not using cycloplegics. He must not look at the
mirror; as to do so, necessitates the accommodation being
brought into play—and also the reflected light from the mirror
will cause the pupil to coutract, and in this way render the
testing more difficult; but the patient should look over and
beyond the observer's right shoulder when the right eye is
under examination, and over the left shoulder when the left
eye is being tested.

2. The mirror should be held in the right hand, before
the observer's right eye, so that the sight-hole is directly
before the pupil. The retinoscope may be rested against the

|¢————1 METRE —
Fra. CXVIL

side of the nose, and the handle against the cheek, so as to
ensure ifs being quite steady.

3. The mirror should be moved very little; otherwise
the illumination will be reflected off the patient’s eye—but it
may be moved quickly or slowly, whichever is most convenient
at the moment. Generally the mirror is tilted quickly, at the
commencement of the test; but when approaching the
correction the movement should be slower. Keeping the light
on the patient’s face is one of the greatest difficulties
experienced by the novice; so that it is advisable to have
some practice with an artificial Skiascopic Eye (see pages 279
and 280) before attempting it with the human one.
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HxampLE 1V.—Astiematism, SiMmpre HypErRMETROPIC.

The fundus reflex seems to be fairly bright; but the
movement of the shadow, although rapid, seems to be unequal,
and with the mirror. The movement is noticed to be more
rapid in the vertical; so this is the meridian of least Ametropia,
and therefore is the direction to be corrected first. On placing
a + 050 sphere in the trial frame, before the eye in question,
the movement 1s not entirely dispersed, but still remains with
the mirror. However, a + 1D. is found to correct it entirely
in the vertical meridian ; but in the horizontal 1t 1s still some-
what with the mirror, and after making a mental note of the
lens which corrects the vertical direction, this lens is increased
in power. The one which reverses the horizontal movement is
+ 1:75, so it requires + 1:50 to remove the shadow. The above
correction is graphically :

Fig. CXX,
which represents the following error, on adding — 1D. to the
above :
L

Fig. OXXIL
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So the lenses to be preseribed, provided it is confirmed with
the trial case would read :

+ 05 cyl. ax. V.

ExamprLe V.—AstiemaTisM, Comrounp HyPERMETROPIC.

In this case the retinal illumination is very dull, and the
shadow moves slowly with the mirror. This at once looks like
a bad case of Hypermetropia, so we place + 4D. before the eye,

Fra. OXXIT.

when the reflex immediately becomes brighter, and the move-
ment quicker. On increasing this to + 5D., the retinal
illumination appears as in Fig. CXXII. In the vertical there
is no shadow at all on rotating the mirror; but in the horizontal
the movement is still with it.

The + 5D. evidently corrects one direction, but not the
other ; so it is changed to 4+ 6D., and then to + 7, and this
renders the movement in the horizontal slightly against that of
the mirror. So we reduce it to 6-50, and then it is seen that
with this the shadow again goes in the direction in which the
mirror is tilted. This tells us that 4+ 6-75 is wanted to correct
the horizontal.



i
s

REFRACTION.

This condition is drawn thus:

Brg, OX XL,

and the infinity correction, after the necessary deduction, is:

+ 4 sph. = + 1'75 eyl. ax. V.

The above case could have been corrected by cylinders,
placing the axis in the vertical, and increasing their power
until the shadow is dispelled in the horizontal; instead of
continuing with spheres after correcting the meridian of least
defect. But it is not so simple to do as the latter; therefore
it is better to test outright with spherical lenses, and transpose
the combination into a sphero-cylinder form afterwards, when
testing the acuteness of vision with the distance test types.

ExampLe VI.—Astiematism, Coxprounp Mryoric.

With the retinoscope, the movement of the shadow is
against that of the mirror, but appears to be quicker in the
horizontal than in the vertical direction. On placing lenses
before the eye in the trial frame, it is found that —3D. stops
the movement in the horizontal ; but —5D. is required before

the vertical meridian is corrected.
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The retinoscopic result reads:

Fra. OXXIV.

which gives the infinity correction as:

— 4 sph. T — 2 eyl. ax. 180°.

Examere VII.—Mixep ASTIGMATISM.

On placing patient in the dark room, by retinoscopy we
find that the movement is with the mirror in one meridian, and
in the other it appears to be agawnst it. On trying a +2D.
before the eye, the movement is stopped entirely in one
direction; and the appearance of the retinal i1llumination
presented to the observer is a distinet band of light running
across the pupil obliquely, as near as can be judged, in 135
meridian. This indicates the position of the meridian just
corrected by the +2D. sphere ; and also the direction in which
the axis of the cylinder will be placed eventually. We now
rotate the mirror in the direction corresponding to 45° meridian
and endeavour to remove the shadow, or reverse it in this
direction. As it is against the mirror, we try a —1D., which
18 found to reverse the movement shghtly ; showing a —0-75D.

to be the lens r'e-cinirm] to correct this meridian.
|
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The retinoscopie result reads :

Fra. CXXV.

and on adding —1D. to this, it becomes :

Fig. OXXVI.

which is transposed into this prescription :
+ 1 sph. > — 2-75 cyl. ax. 135°,

The patient should now be seated at the requisite distance
from the distance test chart, and his visual acuity ascertained ;
and this correction confirmed with the trial lenses.

ExamMpLE VIII.—MixEp ASTIGMATISM.

This example is merely to show another result which

also denotes Mixed Astigmatism; although at first sight it



=]
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appears to be only compound. By retinoscopy we find this
result :

g, UAXYIL

To the tyro this appears to be Compound Hypermetropic
Astigmatism ; but when the customary — 1D. is added, it

becomes a case of Mixed Astigmatism :

Fig. CXXVIIL.

the eylindrical combination of which 1s:
— (0650 sph. T + 1 eyl. ax. 90°,
RETROSPECT.
Pommts to be observed :
. Examiner should always be seated at the same distance
from the patient—one metre if the mirror used is plane, or one

and a quarter metres if concave.
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illumination the observer can approximate the power of the
lens necessary. Of course, the more practice the refractionist
has, the nearer he arrives at the required glass.

As was explained at the opening of the chapter, it is not
intended to go deeply into this subject; but the endeavour of
the writer has been more to explain the method of using the
retinoscope, by giving, in as simple a manner as possible, the

several essential rules upon the subject, so that the refractionist
might include this valuable method of testing in his daily
practice.

Before bringing this chapter to a conclusion, a brief deserip-
tion of the Schematic or Skiascopic KEye, for use in practising
skiascopy, would not be out of place.

The eye illustrated above is made of two brass or card-
board tubes, the front one being somewhat the larger of the
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ineident ray. Therefore, an eye situated behind the glass
plate, sees the luminous point B in the direction of the prolonged
emergent ray (at ') ; and thus point 8" is apparently displaced
laterally, the amount increasing with the obliquity of the
incident ray. If two plates of equal thickness are used, instead
of one, and placed one above the other, two images will be
seen, each displaced a little fo one side.

The instrument used consists of a small telescope (T Fig.
CXXX. 2), the axis of which coincides with the plane
separating the two glass plates (ee', p¢’). If we look at an
object (8), and turn the plates till two are seen (8, 8') touching
each other, the size of the image of B will be equal to the
distance that the two objects are displaced respectively to the

richt and left sides. Having in this way ascertained the size
of the reflection, it is an easy matter (if we know the size of
the object reflecting the light and its distance from the eye) to
calculate the radius of the curved surtace.

The ophthalmometer of to-day is based on the foregoing
plan, but the improved manufacture and design have reduced
the readines of the different measurements to a mechanical
process—so that the difference of curvature of the Cornea in
the various meridians is recorded in dioptres; and also the
targets or reflecting objects employed are so designed that, by

noting the amount of overlapping or separation, the degree of
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(¢) A large metal disc, attached to the telescope, imme-
diately behind the arc.

(d) Focussing adjustment by means of a rack and pinion
on the sliding table of base.

() Perpendicular adjustment of the telescope, by a rack
and pinion on the upright.

(f) Rotating joint, for lateral movement of the telescope.

Frg. O NTT.

(7) A scale on the back of the large dise, graduated to
correspond to the graduations of the arc; and an index with
three pointers, to show the relative positions of the mires, and
to indicate the measurement of the corneal curvature,

() Small dial at the back of the telescope, to read the
direction of the two principal meridians of Astigmatism,.

(7) Adjustable chin-rest, operated by means of a milled
head from the operator's end of the base. This is a perforated






















































































































































CASES. 885

[n order to make this case quite clear to the reader, we will
illustrate it, showing exactly the effect of the different lenses
used during the test.

The defect present 1s represented thus :

the vertical meridian being myopic 1-50D., and the horizontal
hypermetropic 2-25D.

The + 1 sphere first tried naturally made the vision worse,
as it changed the defect to this:

But on holding a — 125 sphere before the eye, the vision
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improved very materially, as the state of affairs was altered to
this :

Frg. OXLIV.

This lens rendered one of the meridians practically normal,
and made the other rather worse. The minus cylinder was
rejected, as it made the hypermetropic meridian still worse,
without altering the vertical meridian. The result of this lens
is graphically :

+4-+00.D

Prg. ULV,

On changing to 4+ 1 cyl. ax. V., the condition ‘was altered
for the better, thus:

Fig. OXLVI
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and + 375 eyl. ax. V. entirely corrected the Astigmatism (by
over-correcting the hypermetropic meridian, and making it
slightly myopic). This left only — 0-25 sphere to be added to
completely neutralize the patient’s Ametropia.

Fra. OXLVIL

Case 24.—SpasM oF ACCOMMODATION.
Master H. 1. S. D., age 10.

History.—Patient complains of being short-sighted, and
unable to see the blackboard at school. The eyes water a good
deal; the pupils were rather small. In course of conversation,
the boy’s mother said he had only complained of his short-
sightedness a little while.

On testing the distance vision, it was found to be 2% with
either eye. The weakest plus lens was rejected; and on trying
minus, 1D. was found to improve the vision a good deal, and
— 2D. brought it up to ¢ distinetly. The fact of a weak
concave lens improving vision so much, and the data given
above, suggested Spasm of Accommodation. On testing the
near point without glasses in front of the eyes it was found to
be nine centimetres, which at once proved the presence of
SpasIm.

The patient’s near point being nine centimetres indicated
Hypermetropia of 3D. If patient was myopie to the extent
of 2D., at his age the near point should have been 625
centimetres from the eyes.























































































k3 fiﬁf.
el

“.rrll.rﬂ","'i 4 ¥
TRLEEA IR | '
] 1 il |
1§ |
1] | |
i1 1
N
| |
11
| i
| i
'
1
i
§
o
wia
|
I
]
|
Jit
41
|
i -.:l o
' “
1 ;
! ]
H
T 1
\ | i
i | | i 1
i |
! | |
i | 1 | |
| | | | | Hi | 1
r | | |
ST | !
I il | :
] | i 11 i
il i L1 HE T 1 i LUETECERLRPRERAR LY ] T
1 FIPERRRAAY 1
i
A - H
[ i | |
111 EEERRRREL Ll




