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PREFACE.

4

N writing the present book my object has been to fit in fl
necessary information between two limits. The one, I{

a certain vague rule-of-thumb method practised still by |
probably the majority of opticians; the other, the minimum L |

knowledge required by the careful operator.

Several matters are therefore discussed at greater length
than under other circumstances would be, advisable, notably
the comparison between the Dioptric system and the
methods of measuring lenses wused by the unskilled

optician.

I have endeavoured to explain everything in language as
simple as possible, and with this view have not hesitated
to adopt suggestions and transpose ideas from the works

of many authorities.

December, 1596.
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CHAPTER 1.
REFRACTION OF LIGHT.

1. Rays or LiecaT. Iaght travels in straight lines,
were it not so we should be able to see round a corner.
For the convenience of description we speak of a ray of
light meaning a very small line or streak. The grouping
of a number of rays together forms a pencil or beam,
such as is seen when bright sunlight streams through a
small hole in a dark room.

2. RerractioN oF A Ray. The whole science of
Optics is founded on the peculiar bending or deflection
which light undergoes in passing from one medium to
" another of different density. As shown in the following
illustration, unless the ray strike the surface between
the two media obliguely no refraction takes place.

Fig. 1.

A B 1s a section of a sheet of glass, and CD a line
drawn perpendicular to the surface. A ray of light
passing along C D would undergo no refraction.
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But suppose a ray of light from point H falls on the
glass at E, that is obliquely, part of this ray will be
reflected from the surface of the glass and part will
pass through and emerge from the opposite side.

We must notice the latter part a little more particularly.
In passing through the glass the ray is bent, and when
1t emerges on the other side is nearer the perpendicular
C D than if it had continued in a straight line.

The ray is again bent on leaving the glass at K, but
this time away from the perpendicular C D, so that
generally speaking, a ray of light passing from a medium
such as air into a denser one such as water, is refracted
towards the perpendicular, but in passing from a dense
medium into a rarer one it is refracted away from the
perpendicular. We see from the illustration that had
the ray of light not been refracted it would have passed
on in the direction H M. ;

Conversely, light from N, meeting the glass at K,
would pass through and emerge at E, in the direction
E H, but if the eye were placed at H the light would
appear to come from M instead of N.

This may be tested by holding a piece of plate-glass
aslant before the eye and viewing an object through it,
we notice a displacement in the position of N corres-
ponding to the distance between N and M.

Although the ray in the illustration i1s twice bent or
refracted, yet on finally leaving the glass it is parallel
to the direction in which it entered. This is because the
sides of the glass are parallel, in any other case the
emergent ray would have taken a course dependent
entirely upon the inclination of the sides to each other.

Many familiar phenomena may be explained by
refraction. A stick immersed obliquely in water appears



THE PRISM. S

bent from the point where it touches the surface, and
looking into a well or pond we always imagine that the
bottom is raised, the water seeming shallower than it
really is.

‘We have, so far, dealt only with rays of light traversing
a sheet of glass with parallel sides, and now turn our
attention to the refraction of rays passing through
transparent bodies whose sides are not parallel.

3. Tee Prism. An optical prism may be described
as a wedge of transparent material having two plane
faces inclined to each other, thus forming an angle
between them.

Fig. 2.

The above is an illustration of a prism, showing the
same In section ABC. A is called the summit or apez.
B C 1s the base.

4, RerracrioNn BY A Prism. Let us consider Fig. 2,
where the prism is shown in section. A ray of light
from point D strikes the side at E, and we know from
section 2 that when it passes into the glass from the
external air it is refracted towards the perpendicular
(shown by dotted line through E). But when it reaches
the opposite side of the prism and emerges into the air
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it is refracted away from the perpendicular (shown by
dotted line through F). This emergent ray travelling
on would enter an observer’s eye at G, and would actually
appear as if it came from H. An object therefore at D,
when seen through the prism, would appear at H. The
angle formed by the lines HO and D O 1is called the
Angle of Deviation, being about half the size of the angle
at the apex of the prism.

- This displacement of objects may be readily tested
with glass prisms of any degree. Before passing on to
the next chapter it is most important that the passage
of a ray of light through a prism should be thoroughly
understood.

It must be remembered that—

(a) Light is refracted passing from one medium to
another of different density,

(8) No refraction takes place when a ray strikes the
surface perpendicularly.

(¢) Entering a denser medium rays arve refracted
towards the perpendicular, but away from it in a rarer
medium.

(p) Rays passing through a prism are refracted
towards 1ts base.
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CHAPTER II

LENSES,

5.—DeriniTioN AND Kinps. A lens is a symmetrical
body composed of a transparent medium such as glass,
and having the power of causing luminous rays which
traverse it either to converge or diverge. The surfaces of
a lens are either both curved, or one curved and the other
flat, as shown in the illustration below. Lenses are divided
into two classes—converging or conver (calledalso positive
or plus,and denoted by the sign + ), and diverging or concave
(called also negative or minus, and denoted by the sign - ).

A B C P

There are three kinds of each class.
E ¥

Magnifiers. Diminishers.
Fig. 3.

A. Double convex or biconvex.

B. Plano-convex.

C. Convex (or converging) meniscus or convex periscopic.

D. Double concave or biconcave.

E. Plano-concave.

F. Concave (or diverging) meniscus or concave periscopic.
We are now in a position, with the aid of section 3 and

figure 2, to understand the refraction of luminous rays

passing through a lens.
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6. REerracrion BY LENsEs. For our present purpose we
may regard a convex lens of any kind as being composed
of two prisms with their bases together, while a concave
can be looked upon as two prisms with the summits or
apices together. To form the proper curvature, the sides
of the prism must be supposed bulged outwards for a
convex lens and inwards for the concave.

Fig. 5.

Passing through the upper part of a convex lens rays
are refracted downwards, but in the lower part upwards,
while the one through the centre undergoes no refraction,
being perpendicular to the surface of the lens. Ina concave
the direction of refraction is reversed. The course of rays
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passing through any lens may readily be remembered by
noticing that they are always refracted towards the thickest
part, this in a convex being the centre, in a concave the
edges.

Transparent media vary somewhat in their refractive
power, the denser the substance the greater being the
refraction.

7. Rerracrive Inpex. Taking the refraction of air
as approximately 1, we get the following values for various,
substances connected with optical apparatus:—

Diamond - - - - - 247 to 275
Crown Glass - - - - - 1-531 to 1:603
Flint Glass - - - - - 1-576 to 1-643
Canada Balsam (for cementing lenses) 1540

Water - - - - - - 1335
Aqueous Humour of Eye - - 1337
Vitreous Humour of Eye - - 1339

Crystalline Lens of Eye (outer coat) - 1340
i o (inner coat) - 1-R79
L 5 (central portion) 1-400

These numbers are known as the refractive indices of the
particular substances enumerated, the values for glass
varying somewhat with each separate maker. It is worthy
of note that the diamond is much higher than any which
follow.

From the fact that transparent media vary in their
power of refraction, we can readily see that to get the same
amount of bending in a ray of light, less curvature is
required in a lens made from a highly refractive medium
than in one of lower degree. A diamond lens, if it could
be made, would be of less curvature than one of glass to
get the same focal length. In much less degree this
applies to pebble (rock crystal) and glass lenses; ground
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on the same tool there would be a slight difference in focus,
but unless the lenses are deep, that is of high power, the
variation would be so slight as not to be of much import-
ance.

8. PrinciparL Focus. When the source of light is at
a considerable distance from the lens, such as the sun, or
even a gas flame at more than 6 yards away, we may
assume that all rays proceeding from it are parallel when
they meet the lens. These rays being refracted towards
the thickest part, will meet in the case of a convex lens
approximately at a point. The illustration below shows
this at F, which is called the Principal Focus of the lens.

Fig. 6.

The distance from the centre of the lens to its principal
focus is called the focal length or focus. The principal
focus lies on a line which meets the lens perpendicularly
and passes through its centre. This line is known as the
principal aeis.
~ In the case of a concave lens we notice that parallel rays
are refracted in the opposite direction during their passage
through, and will never meet as those of the convex do;
still, by producing these lines backwards we find a point
on the principal axis F' (see Fig. 5), called the principal
focus of a concave lens. This 1s what i1s known as a
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virtual focus, whereas that formed by a convex lens is
real. The distinction must be carefully noted. A real
focus can be received on a screen placed on the opposite
side of the lens, not so a virtual one.

The ordinary burning glass is an experimental proof of
the fact that parallel rays passing through a convex lens
all meet approximately at a point, rays of heat also being
concentrated in a similar manner., We may reverse this
and place the source of light at the principal focus of the
lens, when all rays passing through will emerge parallel.
This is utilized in the condenser of the Magic Lantern,

Convex glasses increase the number of rays entering
an eye looking through them (as can be seen from the
diagram), refraction bringing these closer together, while
concave lenses diminish the number, refraction causing
them to diverge after emergence. The principal focus of
a double convex lens is practically in the same position as
the centre of curvature of one of its faces, so that if we
place the one leg of a compass on F (fig. 6), a circle could
be described which would contain the one side of the lens
as a part of its circumference.

9. FormaTion oF AN ImacE BY A DouBrneE CoNvEx
Lens. In the preceding section it was shown that rays
from the principal focus of a lens emerge parallel after
passing through it, but if the point of light be moved a
little further away from the lens, rays instead of emerging
parallel will come to a focus on the opposite side and form
an image there, and the further we take the light from one
principal focus the nearer will its image approach the one
on the opposite side, until when the light is practically at
infinity (6 yards or more), the image falls on that principal
focus. This is shown in the following diagram, where F
and G are the two principal foci.

cosoada il cadiai
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Fig. 7.

Placing a point of light at A we get an image formed at
B, and the further A is moved from F the nearer does B
approach G. We may reverse positions and put the light
at B when the image is formed at A, and the further B is
moved from G the nearer will A approach F. We learn
from this that the positions of object and image are re-
versible, these points (A and B) being called conjugate
foci.

Let us now move our light to C, a position which is on
one side of the principal axis, and consequently not opposite
the centre of the lens. A line drawn from C through the
centre is called a Secondary Azis, and we can get an 1mage
of the light at C formed at a point D in much the same
way as if it were on the principal axis. We might in-
definitely multiply the points of light between A and C,
and also on the other side of A, all having images on their
own secondary axes, until we had a long bar of light made
up of Innumerable points forming an image of the bar
made up of innumerable images of the separate points.

The accompanying illustration shows an object ACB
and its image A'C’'B’. Rays of light pass from every
point of A C B, but we will confine our attention to those
of the extremities A and B. Divergent rays from A pass
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through the lens at all points (two are shown) and form an
image at A' on the secondary axis. An image of B likewise
is formed at B',

Fig. 8.

The intermediate points between A and B will fall
between A’ and B'. This can be seen from the diagram, and
we also notice the image is inverted. The above explains
the inverted image on the ground glass screen of the
photographic camera. The image is a real one.

When an object is placed between the principal focus
and the lens itself, no definite real image is formed on the
opposite side of the lens, but a virtual one can be seen on
the same side. This is erect and enlarged.
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The illustration shows the eye placed so that the
magnified virtual image can be seen. Rays from A are
refracted by the lens, and entering the eye appear as if they
came from A', a point further from the lens than A. The
opposite extremity of the object appears similarly further
away as shown, and likewise all points between the
extremities. This is the principle of the ordinary hand
reading glass and various magnifiers.

10. FormaTion oF AN IMAGE BY A DouBLE CONCAVE
Lexs. Concave lenses give only virtual images at all
distances. Rays proceeding from an object are refracted
towards the thickest part of the lens, that is the edge

Fig. 10.

We see from the diagram that rays being bent outward
appear as if they came from a much smaller object nearer
to the lens. Fewer also enter the eye, so that the image
appears dimmer than the real object.

11. Aserration. So far, in speaking of rays passing
through a lens and coming to a focus, we have assumed
that they all fall on the same point, as seen in the explan-
ation of the principal focus of a lens. But such is not
strictly true, as rays passing through the outer part of a
convex lens actually come to a focus at a point nearer the
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lens than those which pass through it near the centre.
Hence we get a slightly blurred or confused image, This
is called spherical aberration. We can, to some extent,
remedy aberration by stopping the marginal rays and allow-
ing the central ones to come to a focus. A focus can be
obtained also by stopping the central ones and allowing
the marginal rays to meet. The former proceeding is the
one invariably resorted to, and much to be preferred. The
diaphragms or circular discs of blackened metal with holes
in the centre, which are used in many optical instruments,
cut off superfluous rays which would otherwise cause
aberration.

There are several devices by which aberration in lenses
is much lessened, but we need only consider these with
regard to scientific instruments, as aberration plays a very
small part in lenses for correcting vision. Further details
will therefore be given under Optical Apparatus.

Points to be remembered —

(o) In passing through a lens rays are refracted towards
the thickest part.

(B) Parallel rays are brought to a focus by a convex lens
at a point called the principal focus, and the distance from
this point to the centre of the lens is called the focal length
or focus of the lens.

(c) Conjugate fociare interchangeable positions of object
and 1mage.

(p) A real image can be received on a screem, but a
virtual image can only be seen by looking through the lens.

() Concave glasses give virtual images only.
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CHAPTER III.

STRUCTURE OF THE KEYE.

12. Tue Evesann. The eye is enclosed in a cavity of
the skull called the orbit, in the posterior portion of which
is a hole allowing for the passage of the optic nerve. By
this the varied impressions of vision are conveyed to the
brain.  The eyeball is retained in position by the muscles
which move 1t, by the optic nerve and the eyelids. It is
padded 1n 1ts cavity by masses of fat which provide a cushion
for its every movement. _

The size varies very little in different persons, but the
eyelids being wider open in some than in'others convey the
impression of larger visual organs. The various parts of
the eye are described below.

13. TrE ScLEroTIC or outer coat is a thick, white,
almost horny covering which envelopes the eye, except for
a circular space in front where it intimately joins a trans-
parent membrane called the cornea. This much resembles
a small convex watch glass. - At the back the sclerotic
admits the optic nerve, and is thicker here than elsewhere.

14. Tae CorNEA is the clear transparent portion of
the eyeball which we see when looking sideways at it. The
appearance is so different from the sclerotic that we might
scarcely believe them to be so intimately connected that
the fibres of the one run into the other, being opaque in the
sclerotic portion and transparent in the corneal part. The
cornea is a part of the eye to which we shall have to give
considerable attention when dealing with astigmatism.
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Fig. 11.

Longitudinal seetion of the eye from above downwards :—8, the Seclerotic
Coat. C, the Cornea. L, Lens. A, Anterior Chamber. N, Optic Nerve.
B, Optic Pore or entrance of nerve. Ch, Choroid Coat. R, Retina.
P, Pupil. 1, Iris. Ci, Ciliary Muscle. G, Glands. M, Museles (superior
and inferior).

15. Tae CrysTaLniNE LENs is a structure of great
importance, lying about % of an inch behind the cornea
in the normal eye, and dividing the eyeball into a small
anterior chamber and a large posterior one. It is double
convex and transparent, about % inch in thickness, having
the posterior surface more curved than the anterior.
Enclosing the lens is a transparent membrane called the
capsule, which holds it in position, and is usually kept
tightly stretched by a kind of membraneous framework the
suspensory ligament, this being joined to the choroid coat
of the posterior chamber by the ciliary processes of that
coat. Thus the lens has a distinet connection with the
choroid coat, a point we must remember.,

The lens is not more than 7% inch in diameter, and is
composed of layers almost like those in an onion. These
increase in density inwards, as shown by the table on page
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7, so that we should expect to find the central portion of
greater refractive power than the outside. This is so.

16. Tue AxrTeErIOR CHAMBER is filled by a watery fluid
called the agueous humour, and has a circular curtain, the
ris, hanging in it immediately in front of the lens.

17. Tue Posterior CHAMBER encloses a glassy looking
thicker liquid, which is much like the white of egg and
called the vitreous humour.

18. TrHE Iri1s is a coloured diaphragm, having in man
a circular aperture, and hanging in the anterior chamber
i front of the lens so as to adhere to its capsule. The iris
gives what we call colour to the eyes, the pupil being the
hole in its centre. This aperture in the cat tribeis a vertical
slit, while 1t is horizontal in the ruminants. The size of the
pupil may vary in a few seconds from % to % inch or wice
versd, these changes being effected by a series of minute
muscles, some radiating and others circular, in the substance
of the curtain itself. The iris is attached to the eyeball at
the junction of the cornea and the sclerotic. At this point,
too, is attached a series of small muscles all round the eye
called the ciliary muscle, the use of which we shall consider
hereafter,

The inner portion of the iris is laden with dark brown
pigment or colour particles, absent in blue eyes, but par-
ticularly abundant in those of brownish hue, which have
colour deposited not only in the inner part of the iris, but
the front also. In Albinos, persons with pink eyes and
white hair, there is an absence of colour here, as well as in
other parts of the eye.

19. Tue CoHoroip is a membrane lining the posterior
chamber of the eyeball immediately in front of the outer
sclerotic coat. It is heavily laden with blackish brown
pigment, and richly supplied with blood vessels, the dark
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colouring matter preventing light from being reflected to
sensitive parts of the retina near, which would cause the
blurring and indistinctness of vision characteristic of
Albinos.

In the sheep, cat, and some other animals, almost exactly
opposite and a little above the pupil we find a patch on
the choroid of satin-like whiteness called the tapetum,
especially useful in reflecting a dim light to sensitive
portions of the retina. This explains why such animals
can see better at night than man, who has no such structure.
The greenish hue sometimes seen in a cat’s eye is due to
the tapetum shining through the humours.

20. Tee ReriNa may be regarded as an expansion of
the optic nerve, which enters the eyeball on the nasal side
of the centre, and spreads out into this very delicate,
almost transparent, membrane of a pinkish hue.

The retina is very little more than %5 inch thick at its
deepest portion, and although so very thin is one of the most
complex structures. Under the minute ramifications of the
optic nerve, which form the innermost portion of the retina,
is found a closely packed mass of exceedingly small bodies
known as the rods and cones. These lie side by side, and press
against the choroid coat. Between them and the nerve
layer there are other small bodies, but we may neglect such,
merely mentioning them to show the complicated structure
of the retina. The rods and cones do not exceed 14457
mch 1n thickness, and appear to be the actual structures
which are sensitive to light, especially the cones, as we shall
see presently.

Immediately opposite the centre of the lens there is a
slight depression of a yellowish hue, known as the macula
lutea or yellow spot. About 5 of an inch to the inner or nasal
side of this is a small patch having a radiating appearance,
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called the punctum caecum or blind spot.  Here the optic
nerve enters the eyeball and spreads out. We shall have to
consider these two areas in detail later on, suffice it to say
that the cones are particularly numerous in the yellow spot,
while there are neither rods nor cones in the blind spot,
where all the nervous elements enter.

21. Tue Ciniary MuscrLes. In describing the attach-
ment of the iris to the outer coat of the eye, mention was
made that to the same part all round the eye the small fibres
of ’the ciliary muscle were ultimately attached, the other
ends being fixed to the under surface of the choroid coat.
This muscle plays a very important part in vision.

22. TuE LacErymMaL GLANDs. At the upper and outer
parts of each eye glands are found, secreting a liquid whose
function is to keep the cornea and other parts moist, thus
preventing any accumulation of particles detrimental to
vision.

A small red cushion, called the caruncle, may be seen in
the inner corners of the eyes. Above and below this, close
to each eyelid, is a small canal formed to drain off the
lachrymal fluid as it is secreted. These two quickly unite
forming a single tube, the lachrymal duct, which traversing
the side of the nose for a short distance, passes through a
hole in the bone and enters the nostrils. Tears are caused
by a flow of fluid in such quantity that the duct camnot
take it all away, consequently it overflows.

224, MvuscLes oF THE EveEparn. Each eyeball is
provided with six muscles by which it is moved in various
ways, principally up and down and side to side.

These are—(1) The superior rectus or upper straight
muscle (Fig. 11).  (2) The inferior rectus or lower
straight muscle (Fig. 11). (3) The internal rectus or inner
straight muscle. (4) The external rectus or outer straight
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musecle. All these four muscles are joined on to the
sclerotic coat a little distance behind the cornea, and pass
straight backwards to the aperture in the bony cavity
which admits the optic nerve, where they are attached.
When the superior rectus contracts (i.e. shortens) it helps
to pull the eye upward, the inferior helping to pull it
downward by its contraction. The internal rectus pulls
the ball inward, and the external rectus outward. There
are still two muscles to be mentioned —(5) The superior
oblique and (6) The inferior obligue. 'These are attached to
the eyeball behind its centre, and rather to the outer side.
The inferior pulls towards the inner side, being attached to
that part of the orbit; the superior also pulls towards the
inner side, but passes through a peculiar loop and then
runs directly backwards, being inserted on the same rim as
the recti. The action of the oblique muscles is complicated,
and need not be further noticed except to point out that
they, to some extent, assist the superior and inferior recti
in raising and lowering the eye, and also assist in oblique
movements,

Points to be remembered—

(4) The eye is divided into two chambers with the lens
between them.

(8) The lens varies in density, and consequently in
refractive power.

(¢) The lens is connected with the choroid coat, and is
kept normally in a state of tension.

(p) The iris, a muscular curtain, is capable of varying
the size of its aperture.

(e) The retina is a complicated structure with the
Yellow spot and Blind spot at its hinder part.

(¥) The ciliary muscle passes between the ends of the
choroid coat and the sclerotic.

e =
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CHAPTER IV.

Vision.

23. Trae Dioprric MecmANIsM, This expression is
used to define the arrangements by means of which an
1mmage 18 formed on the retina of the eye. In the first
place it is important to notice that a sensation of light is
very different from distinet vision. A slight pressure on
the eyeball will cause a sensation of light, and we can tell
the difference between day and night even with the eyelids
closed.

To perceive objects it is absolutely necessary for an
mmage of such to be formed on the retina of the eye, and
the more sharply defined the image the more distinct is
vision, so far as the dioptric mechanism is concerned.

The eye may be regarded as a camera, the iris acting as
the diaphragm, the humours and the crystalline lens being
the refractive apparatus, and the retina the screen upon
which the 1mages are thrown.

Rays of light passing from the outer surface of the
cornea to the retina traverse in succession the cornea,
aqueous humour, lens, and vitreous humour. The various
surfaces of these are centred on an imaginary line called
the opfic awxis, which meets the retina a little to the inner
or nasal side of the yellow spot.

In chapter 1, section 2, we saw that refraction of light
takes place at every surface bounding media of different
density. Therefore, rays passing from air into the cornea
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are refracted inwards (section 2). Next to the cornea the
aqueous humour is entered, but this being practically of
the same refractive power as the cornea no further refrac-
tion takes place till the lens is encountered. This, having
a greater refractive index than the aqueous humour, causes
further bending, especially as it increases in density towards
the centre (see table in section 6). It will be noticed that
the vitreous humour of the eye is very nearly of the same
refractive power as the outer coat of the lens, so that little
further refraction takes place.

‘We have here a combination of transparent media found
to be wonderfully free from many defects which ordinary
lenses possess, especially with regard to aberration, both
spherical and chromatic; still, it must not be forgotten
that the crystalline lens plays the greatest part in bringing
rays to a focus.

Parallel rays of light falling on this combination are
brought to a point about 22-5 millimetres (nearly 1 inch)
behind the front of the cornea in the normal eye. Such is
of course the principal focus of the combination, and the
part of the retina intended to receive the image must
occupy this position, and we find, moreover, that it is
always one particular small area of the retina which
receives the image when we get perfectly distinet vision.
This, the macula lutea or yellow spot, described in section
20, must now further claim our attention,

24, Yerrow Spor AND Brinp Spor. We have so far
traced a ray of light in its passage through the eye on
to that portion of the retina specially adapted for the
reception of images, the macula lutea or yellow spot. We
may, indeed, still further limit the region, and say that for
the most distinct vision images must fall on the central
portion of the yellow spot, called on account of it being

T ——
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further depressed, the fovea centralis. Here the small
bodies known as cones are particularly numerous, being
densely packed side by side, with their ends turned in-
- wards towards the lens. They are generally believed to be,
as it were, receivers of the images formed on the retina, the
recorded impressions being transmitted by the optic nerve
to the brain.

We see, then, that only a very limited portion of the
retina is used for distinct vision, and consequently only a
small image can be received on this part. In viewing
objects, the area we look at fixedly is really very small
unless a great distance from us, and if we require to bring
an adjacent portion into this field of greatest distinctness
we move the eyes. Considering the minuteness of the
image, we cannot but marvel how beautifully it must be
defined on the macula for the normal eye to have such
distinct vision. The further away from the yellow spot an
image falls, the less distinct is vision, although every part
of the retina is sensitive to light except one small patch,
which, strange to say, lies only 5 of an inch from the
yellow spot. This is the punctum caecwm, or blind spot,
where, as we have already seen (section 20), the optic nerve
enters the eye together with the blood vessels supplying
various parts. '

The spot itself is about 1'5 millimetres in diameter
({5 inch), and although nerve fibres are so numerous there
are neither rods nor cones. This fact, together with their
great frequency in the yellow spot, goes a long way to
prove that the cones are receivers of visual impressions.
The presence of both macula lutea and punctum caecum
can be readily demonstrated. Maxwell was the first to show
that if a solution of chrome alum be held up between the
eye and a white cloud a small rosy patch can be seen, which
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however, soon disappears. The yellow spot absorbs some
rays which the surrounding parts of the retina do nof,
consequently those remaining (the red) become visible over
that area.

The existence of the blind spot can be still more easily
proved. A cross and round mark are made on a sheet of
white paper about 3 inches apart—

bid @

The left eye being closed we look intently at the cross with
the right, and slowly move the paper to and from the eye.
At a certain point the round mark will entirely disappear
from vision, but moving the paper either backward or
forward brings it into view again. The axis of vision
passes from the cross to the fovea centralis when we look
fixedly at the cross, and the image of the round mark falls
on the inner side of this (see section 20). Moving the
paper to and fro causes the image to recede and approach
the yellow spot, and in so doing it crosses the punctum
caecum or blind spot, becoming invisible as soon as it falls
on that part. With a pencil we can actually draw an out-
line the exact shape of the blind spot, within which nothing
will be visible. It is even possible in this way to denote
the position of the principal vessels leaving it.

The existence of the blind spot is also shown by the fact
that an image of light sufficiently small, thrown upon the
optic nerve by means of the ophthalmoscope, gives rise to no
sensations. How is it that there is no blank in our field
of vision? ‘‘There are no visual organs in the blind spot,
and consequently we are in no way at all affected by the
rays of light which fall on it. There is in our subjective
field of vision (the portion of our brain concerned in vision)
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no gap corresponding to the gap in the retinal image. We
refer the sensations coming from two points of the retina
lying on opposite margins of the blind spot to two points
lying close together, since we have no indication of the
space which separates them.”’—(Foster). Moreover, in
vision with two eyes the same image never falls on both
spots, and although only ;% inch away from the yellow
spot the punctum caecum is outside the field of distinct
vision. In the previous experiment we conclude there is a
gap in vision, we do not see a black patch, to see black
requires organs of vision, and these are absent in the blind
spot.

25. FormaTion oF ImAcEs oN THE RETiNA. If we
refer to the section on the formation of images by a double
convex lens, the diagram there will explain the formation
of images on the retina. Considering A B as the object
looked at, we should find a very small inverted image A'B’
upon the fovea centralis or central portion of the yellow spot.

As the image on the retina is inverted, how is it we do
not see things upside down? A similar explanation is
given to that in section 24 in the case of the blind spot.
It is the brain which interprets retinal images, and the
brain centres interpret the lower part of such images as
being uppermost, other senses having combined to teach us
this by experience. There is a decided advantage in in-
verted images, for with a given size of pupil we get a larger
image on the retina on account of rays crossing when they
pass through the lens.

26. VisvaL ANGLE—IDEA of DIsTANCE. We have now
to study a very important subject, bearing as it does on the
use of Test Types. Below is a diagram showing three
objects A B, A/B/, and A’/ B/, equal in size but at
different distances from the eye.




THE VISUAL ANGLE. 25

Fig. 12.

Tracing the paths of rays from their extremities to the
retina through the refractive system of the normal eye,
which has 1its centre (called the nodal point) near the
posterior surface of the lens, we see that all three would
form images of different sizes, although the objects are the
same size, the greater the distance of the object the smaller
being the image. The angle AOB formed by the lines
A O and B O is called the visual angle, and the further we
take the object away the smaller it becomes.

By a second diagram it can be shown that with the same
visual angle objects very different in size form images of
the same size.

Fig. 13.
The letters above are at different distances and of
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different sizes, but would all give images of the same size
on the retina, so that the conclusions we arrive at from
these two diagrams are,that we can neither judge the size of
an object nor its distance from the eye by the size of the
retinal image only. We judge of size by experience, com-
paring things of unknown dimensions with those whose
size 1s familiar to us. The amount of accommodation
(chapter VII.) necessary to focus the image is also an im-
portant factor, especially in determining the distance of the
object. We further notice that in looking at a near object
the axes of the two eyes converge, but in changing vision
to more distant objects it is necessary for the axes to form
smaller angles and converge less.

This is shown below, the axes of the eyes being in
position for near vision, while the dotted lines represent
them arranged for distant vision.

Fig. 14.

The optic angle is formed by the axes of the eyes and 1s
greater for near vision than for distant objects. This s a
factor in our estimation of distance; but custom and
experience play the greater part, as shown by the fact that
persons born blind, who have had their sight restored by
operation, imagine for some time that all objects are at
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the same distance. Movements of the eyes correspond, so
that images fall on corresponding portions of the yellow
spot, where this is not effected we get double vision or
diplopia.

Points to be remembered—

() The optic axis is an imaginary line upon which the
surfaces of all the media of the eye are centred.

(B) For distinct vision images must fall on the fovea
centralis of the yellow spot.

(c) The blind spot or optic pore (entrance of the optic
nerve) is quite insensible to light.

(p) The visual angle is formed by rays from the ex-
tremities of an object crossing at the nodal point.

(8) A small near object forms a larger visual angle and
image than a large object a great distance away.
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CHAPTER V.
NorMAL AND ABNorMAL Forms oF THE EYE.

27. Tuae Normar or EmmeTrROPIC EYE. This chapter,
although short, is important, as it explains the causes of
many defective eyes. Rays from a distance are approxim-
ately parallel when entering the eye, and if these come to a
focus exactly on the retina without any effort on our part
the eye is known as normal or emmetropic. Such an eye,
of exactly the richt length from lens to retina, is shown in
diagram below.

Fig. 15.

Although many people are not conscious of any defect of
vision, strictly emmetropic eyes are rare.

All variations from the normal are known as ametropic
eyes, such a term of course applying to every defect.

The emmetropic eye from front of cornea to the retina
along the optic axis measures 22-:824 millimetres.

28. Tue HypermETrROPIC KEYE. This 1s the most
frequently occurring defect, the eyeball being too shortalong
the optic axis; it is generally considered to be due to an
arrest of development, the eye not having grown to quite
the right length.
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It is frequently inherited from parents, several children
in a family being affected.

The diagram below shows the course of parallel rays
after entering the eye, the retina not being far enough
back to receive the principal focus.

Fig. 16.

The defect produced by a hypermetropic eye is known as
hypermetropia, and the person having it as a hypermetrope.

29. Tee Myoric Eye. The shape of the myopic eve
errs in the opposite direction from the hypermetropic, being
too long in the bulb. The consequence of this is that
parallel rays entering the eye are brought to a focus at a
point in the vitreous humour in front of the retina, as
shown below.

Fig. 17.
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In these diagrams of hypermetropic and myopic eyes the
dotted lines show where the retina should fall for them to
be emmetropic. They are merely illustrations and much
exaggerated.

Myopia may be hereditary, but there is no doubt that
civilization and education intensify the defect, as will be
seen when we treat the various defects separately. Persons
suffering from myopia are called myopes.

The two defective forms described in this chapter are
those chiefly found, and affect the whole bulb of the eye.
We shall have to notice later defects which are caused by
irregularities in the shape of the cornea.

We may summarize thus :—

(a) In the normal or emmetropic eye at rest the focus of
parallel rays falls exactly on the retina.

(B) In the ametropic form known as the hypermetropic
eye the focus falls beyond the retina and outside the eye.

(¢) In the ametropic form known as the myopic eye the
focus falls in the vitreous humour.
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CHAPTER VI.

TarE MEASUREMENT OF LENSES.

- 80. Systems or MeasuremMENT. Lenses for correcting
such optical defects as we shall have to consider may be
divided into spherical, cylindrical, and sphero-cylindrical,
the last being a combination of the other two. Spherical
lenses have surfaces equally curved in all directions, being
sections of a sphere; whereas cylindrical surfaces are
sections of a cylinder and are described later in Chapter XIT.

Differing in many respects, both may be measured by
the same systems, of which there are three in common use,
although the dioptric is fast superseding the others.

3l. TuE FracrioNarn SystEm. In this system a lens
of 1 inch focus is taken as the standard, and being of very
high power other lenses can be expressed as fractions of it.
Thus a lens of 2 inch focus is written 3, one of 8 inch 1,
one of 30 inch 45, &c. It is now very rarely used, and is
unsuitable for scientific work.

32. Tue IncH SystEM was until quite recently the
common method of numbering lenses, and still possesses
such a hold that there are probably more marked in this
system than the dioptric. Nearly all foreign spectacles and
folders are ticketted in inches, but with advancing know-
ledge amongst opticians it is yielding to the dioptric system.

'The method of reckoning is very simple, the focal length
or focus being expressed in inches. Thus a convex lens

which brought parallel rays to a focus at 18 inches distance
is called 418 or 418",
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Concave sphericals are marked in inches too, but there
is a supplementary system by which they are spoken of as
Number 0, 1, 2, 3, &e. These numbers correspond (some-
what differently according to each maker’s choice) to the
inch system, and although utterly unscientific are much
used in cheap work.

No. 0000 concave=48 inch. |  No. 5 concave =14 inch,
,» 000 & =42 ,, I P R e b [
3, D00 =86, | Al s Sl )
ol R =g (s oY o B EEL e SRR
» B T =24 2 » 9 T = 8 "
»y 2 2 =20 ¥ #3 10 " — ? Y
- 3 2 =18 2 » 11 ” = 6 "

» 4 LE] =16 L] 1] 12 ” = 5y

It is sincerely to be hoped that this system of numbers
as apart from inches for concave glasses will soon disappear,
being totally useless and misleading.

33. Tee Droprric SysteMm. The most scientific and
convenient measurement, and at the same time, one which
is international, is founded on the metric system. The
French metre is equivalent to 3937 (mearly 40) English
inches, and 1s divided into 10 decimetres, each of which is
divided into 10 centimetres, these in turn being divided into
10 millimetres, so that there are 1,000 millimetres, or 100
centimetres in a metre. The metric system has many
obvious advantages over the English system of yards, feet,
and inches, and it is daily becoming a necessity for accurate
measurements.

The dioptric system takes as its unit a lens of one metre
focus called a dioptre, this in the inch system would be
39-37 inches, for convenience we will call it 40 inches.
Thus we have a weak lens as our unit, and one of double
the power would be two dioptres (written 2D). Just o a
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lens of five times the power would be 5D. In the inch
system a lens of 20 inches focus is twice the strength of a
40 inch, so that we can at any time convert the dioptres
into inches by dividing 40 by the number of dioptres.

Thus 4D is a 10 inch lens (%!zke2 = 10 inches). This
explanation is given for the convenience of those who have
only been accustomed to the inch system, but in future all
lenses will be written in dioptres. ' :

The intervals between the dioptres being too large,
decimals are introduced to express intermediate lenses, ‘25,
‘50, and ‘75 being used. The conversion to inches can be
worked out exactly as before; thusa 275D lens is one of 14
inches focus (252 = 14 inches).

The dioptric system is a truly refractive one, enabling
us 1o add and subtract lenses with an ease quite unknown
in the others. Let us take an instance, adding together a
lens of 4+ 20 inches focus and one of 4+ 30 inches focus.
This involves considerable trouble unless we do it in the

dioptric system. The 4 20 inch is + 2D (Ei:g;% = 2)
and likewise the + 30 inch is 4 1-25D (approximately).
Now by adding 4 2D to 4 1-25D we get 4 3:25D. This
is & + 12inchlens (2Ja%e*— 12 inches). Justaswe canadd
lenses so we can subtract them. -+ 5D can be reduced in
power by taking away + 2D (for example) and we should
have 4 8D left. We may put it in another form and say
that a + 5D lens side by side with a — 2D lens would
refract (that is give the same focus) as a + 3D lens.

Cylinders arealso numbered in the dioptric system, and,
as we shall see later, can be added or subtracted just like
sphericals, making allowance for the position of their axes.

The following table gives the equivalents in inches of all
the dioptric numbers, reckoning 1 dioptre (the metre) as 40
inches, and calculating to the nearest inch.
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Dioptres, English inches, | Dioptres. English inches.
i RA 160 L JRIBEE) A e 8
ol . 80 7t B [N 7
PR . 03 -_ G e e

1 1t 0 R 40 6Bl el
B:25 . 0ne w 92 A e 9%
A 7 T LA 26 B o e 53
1l TR IR & 22 850 43
Lol | ST i 20 18 TR | 3
Bl s 18 OB s e T
2:50.. 16 1| elenie 4
L e e 14 EO:60 1 e s Y
S e ol 13 A+ ORI e 3
giap . 19 19 .. ol T
S 11 0 S e 3
-l e S L lﬂi B ci5swimaliraraen 22
] e e § [ e S . 23
v 17 PO gt O 8 I(C i 1 [ 2+
P e | B St L oL ST L

If we take 39'37 inches as the dioptre we get minute
fractions and several of the above figures would vary a trifle.
This explains why some writers put 2:25 as 17 inches, the
actual figure on that basis being nearer 17 than 18.

The French inch is now rarely used, 36 of these equalling
the 1D, so that 36 French inches equal 40 English.
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CHAPTER VII

ACCOMMODATION.

34. ExpranatioN. The eye cannot see distinctly far
and near objects at the same time. Looking through a
curtain at an object on the opposite side of the road we can
see either the curtain or the object, but not both together
distinctly. When we change vision from the far to the
near object we are conscious of an effort in adjusting or
accommodating the eve.

Below are diagrams illustrating the way in which rays
from a distance (practically pm'aﬂel'}, and those from a
near object come to a focus,
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In the first instance rays meet at the principal focus,
but in the second beyond this point. By what means could
we bring that position nearer to the lens, so that the focus
in the second case will fall on the same point as in the first?
This is the problem presented by the eye’s adjustment for
near objects, as the retina is fixed and cannot be moved to
and fro to receive images falling at different distances from
the lens.

Rays proceeding from the object in the second illustration
are much more divergent than in the first, where they are
practically parallel. By putting a stronger lens in the
second case we could adjust this, so that both images would
fall at the same point,

35. Mecuanism oF AccommoparioN. The question
arises—How is the adjustment of the eye for mear vision
brought about ? The principal change is in the crystalline
lens which becomes more convex, readily shown by an ex-
periment due to Helmholtz. A lighted candle is held in
front of the eye and a little to one side. An observer,
looking into the eye from a position about the same on the
other side of the eye, sees three images; one upright,
formed by reflection from the front of the cormea; the
second upright and larger from the front surface of the
lens, and the third smaller and upside down from the back
of the lens. When the eye is adjusted for near distance
(accommodation) the second image becomes less and
approaches the first, while the first and third remain un-
changed. This shows that the front of the lens becomes more
convex, and also that it approaches the cornea.

Evidently then, adjustment or accommodation of the eye
is due to the lens becoming more convex.

The accompanying diagrams are merely illustrative of
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the accommodative proeess, parts being enlarged and
simplified to show the method more clearly.

Fig. 20.

Figure 20 represents the eye at rest, just as we should
find it when adapted for distant vision. Figure 21 shows
the same parts after the change to near vision, that is after
accommodation. L in both cases represents the lens with
its capsule and suspensory ligament, the latter joining it to
the choroid coat. A is the junction of cornea and sclerotic,
and from A to B stretches the ciliary muscle, B being the
part which joins the choroid.

These are all the parts concerned in the mechanism of
accommodation, but we must remember that the capsule of
the lens, when the eye is at rest, is always kept on the
stretch by the suspensory ligament. '

The effort felt when we accommodate for near objects is
due to the contraction of the ciliary muscle. Now when
a muscle contracts it brings its two ends closer together,
thus B approaches A because the point A is a fixture,
consequently B must move. Thus, all round the eye the
edges of the choroid coat are pulled forward a little, and
the suspensory ligament is slackened in consequence. By
a peculiar arrangement of its fibres the lens is highly
elastic, and immediately bulges out in its anterior portion
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causing it to become more convex. This is exactly what we
require to get an image of a near object focussed at the
same distance from the lens as a far one.

The feeling of relaxation on looking at distant objects is
due to the relaxing of the ciliary muscle, which allows the
choroid fringe to fall back, and the lens capsule is pulled
tight, causing the lens itself to become flatter.

Another feature of accommodation for near objects is
the contraction of the pupil, which cuts off the outer rays of
light. Dilation occurs when we look at distant objects ;
we then require more light to enter the eye.

36. TaE Far AnD NEArR Poinrs. The small ciliary
muscle is of very great importance as we have already seen.
‘When relaxed the lens has its least convexity, the eye is
completely at rest, and is adapted for what is called its far
point or punctum remotum. :

The ciliary muscle contracting as much as possible causes
the lens to assume its greatest convexity, and the eye is
adapted for what is known as the near point or punctum
Pproximum.

The far point, then, is the greatest distance at which an
eye can see distinctly.

The near point is likewise the nearest point at which an
eye can see distinctly.

The far point for the emmetropic or normal eye is
practically infinity (6 metres or more).

The usual way in which the near point is determined is
to find at what distance the eye can read No. 1 type (the
smallest), of course trying each eye separately. There is,
however, a simple method of accurate determination, known
as Scheiner’s Test.

Two small, smooth pinholes are made in a piece of card,
not above § inch apart (less than the diameter of the pupil),
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This is placed close to the eye with the holes horizontal,
while a needle or thin wire is held vertically at some
distance away, being gradually moved up toward the card.
At a certain point the needle (or wire) will appear double,
and we have now reached the punctum proximum or near
point for the eye tested.

Let us turn for a moment to the diagrams in Sections
28 and 29, referring to the hypermetropic and myopic eyes.

We know that the far point of the emmetropic eye is at
infinity (6 metres or more), parallel rays being focussed on
the retina when the crystalline lens has its least convexity,
and the near point is generally about 20 centimetres (say 8
or 9 inches) when the lens has its greatest convexity.

But in the hypermetropic eye the rays focus too far back,
the shape of the eyeball throwing the retina forward, theres
fore rays must be convergent (coming together) before they
enter the eye to enable them to focus on the retina for the
far point. This means that the far point is beyond infinity.

The shape of the myopic eye causes parallel rays to focus
before they come to the retina, in this case rays must be
divergent before they enter the eye, so that the focus may
fall further back. Thus for the myopic eye the far poiug
is less than infinity, that is less than 6 metres, while the
near point comes so close as to be uncomfortable for distinct
vision. The far point of myopes being so close we can
frequently find it by Scheiner’s test.

37. Raxee or AccommoparioN. This expression is
used to denote the space between the far and near points,
which will vary much in different cases.

Let us consider it in the emmetropic eye. The far point
is at infinity, the near point about 20 centimetres away.,
To adjust the eye from one to the other requires greater
eonvexity of the crystalline lens. Evidently the extra
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convexity might be represented by a convex lemns, which
would be a measure of the force exerted to adapt the eye
from its far to its near point. This force is called the
amplitude of accommodation. A lens of the right power
might be used in front of the normal eye to focus near
objects at 20 centimetres instead of using theaccommodation.
If we find the near point (the nearest point at which small
print can be read) in an emmetropic eye, and divide the
distance into the metre (the standard), we shall get the
lens which represents the force of accommodation necessary
to bring vision from infinity (the far point) to the near
point. Thus, in the case taken, where the near point is at
20 centimetres, we get = m:;f:::f;ﬂ:smm’ =8I,

- We can also find this power by looking at distant objects
through a concave glass, and gradually increasing the
strength till we get the strongest with which we can see
these objects distinctly.

_ The elasticity of the crystalline lens rapidly diminishes
as we get older, commencing from about the tenth year;
consequently the amplitude of accommodation decreases,
the table below showing the amounts remaining at stated

years.
Age of person. Amplitude of Accommodation.
M years. (oo e e LD
L e 12 D
T e N 10 D
B R e T YA
B L e e e s s e A R
thEr it M s R N N )
e e A
S B R L O T
1| SO I N T a0 |10
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The following must be specially noted—

(4) Accommodation is adjustment of vision from far to
near point.

(8) To effect this the lens becomes more convex on its
anterior surface.

(c) The whole process is a muscular one, relaxation of
the ciliary muscle for distance, contraction for near vision.

(p) The erystalline lens is highly elastic. .

(8) In myopia the far point is less distant than infinity
(that is less than 6 metres), in emmetropia at infinity (6
metres or more), and in hypermetropia it is beyond infinity.

() The amplitude of accommodation may be represented
by a lens (found by dividing the near point into 100
centimetres).
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CHAPTER VIIL

Test TyrEs AND TESTING.

38. THE AcuTENESS OF VIsioN. So far we have been
dealing with refraction, but now we come to a function of
the nervous arrangements of the eye. There are cases in
which we may fully correct refractive error, and still vision
may not be acute. Although we cannot remedy such, we
must understand in what respect they differ from ordinary
acute vision.

A circle is divided into 360 degrees (written 360°), each
of these contains 60 minutes (written 60°), each minute 60
seconds (written 60”).

We saw in section 26 that when we look at an object,
rays from the extremities would form an angle at the
nodal point of the eye. We know also that objects of
different size may subtend (or face) the same angle if
placed at different distances. There must, then, be a limit
to the smallness of this angle, and it is found that when
two objects are so close together as to-subtend an angle of
less than 1 minute at the nodal point they cannot be dis-
tinguished as two, and are fused together.

It is very evident that we cannot have a correct com-
parison between the vision of two persons unless we have
a standard, nor could we tell by how much we had improved
a patient’s vision without such.

There is now a general agreement to take a visual angle
of 5 minutes as a standard, and the normal eye should be
able to see clearly any object which subtends that angle.
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The diagram below shows an angle very much larger
merely for clearness; but we see from it that letters between
the lines bounding the angle vary in size according as they
are nearer to or further away from the nodal point; still,
all subtend the same angle, so long as they extend from one
boundary line to another.

ii metres. 12 metres. 18 metres.

Fig. 22.

Let us suppose the above letters arranged at equal
distances of 6 metres apart, B being also 6 metres from the
eye, and so arranged as to subtend an angle of 5 minutes.
They are called No. 6, No. 12, and No. 18 respectively, and
if at 6 metres the eye focusses No. 6, at 12 metres No. 12,
and at 18 metres No. 18, then vision is normal for that eye.

We should express vision as follows :—

V (vision) = Sgnetres). =], or shortly V=¢ =1.
But we may find a case in which No. 12 would have to
be brought to 6 metres distance, showing that the visual
angle is much larger than 5 minutes.
We should write vision—

_ 6 (metres) _ —
V= 2 (No.12 type) — OF V=1s

We must not test vision for less than £, or accommoda-
tion will be exercised.
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39. Tesr Types. Test types are formed on the basis
of Fig. 22, letters composing them subtending an angle of
5 minutes, as we should naturally expect after reading the
previous section.

Snellen’s type 1s the best devised for testing, consisting
of letters of various sizes with the distances marked at
which they must be read by the normal eye. Thus 12
should be distinet at 12 metres, and 6 at 6 metres. Each
separate letter is constructed so that the limbs are one-fifth
the thickness of the whole, and the spaces between are
either the same or multiples of it. The letter complete
forms a square in such cases as E and M. This thickness
of the limbs evidently would subtend an angle of one
minute at the nodal point, which, as we have just
learned, i1s the smallest angle for two points to appear
distinct. ;

It is advisable to have two sets of type, as patients soon
get accustomed to one set of letters.

For near vision many use Jaeger’s type, the letters being
of the ordinary printer’s style and arranged in words, the
different sizes are marked in centimetres for the distance
at which they should be held from the eye, the letters then
subtending an angle of 5 minutes at the nodal point.

Test types for astigmatism will be dealt with later
on.
40. Testing. Before commencing to test, we must
remember that for correct vision with both eyes two
conditions are indispensable. |

1. A distinct inverted image must be formed on the
macula lutea or yellow spot of the retina of each eye.

11. The connection between the retina and the brain must
be perfect.

With the second condition we are not concerned, that not
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being the optician’s business; but it is necessary to notice
that there are two causes which might prevent a distinct
image being formed on the retina. It may be merely the
refractive apparatus of the eye needs correction, or, much
more serious, some change of structure in parts of the eye
itself, as in cafaract. We have now to consider solely
errors of refraction, and fortunately we have a very simple
apparatus by means of which we can decide upon this point.
The pin hole disc or round blackened diaphragm with a
small hole in the centre can be fitted into a trial frame (a
convenient cheap form with handle is made) and each eye
tested separately, the pin hole being placed exactly opposite
the centre of the pupil. A very small beam of light will pass
through from the object looked at, and will traverse the axis
of the eye, so that images of objects at all distances will be
clearly defined (because only rays very near the axis are
allowed to pass). If we get improved vision the refractive
apparatus needs correction, but if there be no improvement
the fault lies either in the transparency of the eye or the
sensibility of the retina, and these we cannot consider.
Much information with regard to the defect from which a
patient suffers may be elicited by a few questions combined
with observation. There is generally no lack of detail as
to trouble, &c., which should be utilized as a guide.

The formation of the features is worth noting. It i3
almost unnecessary to call attention to the fact that various
parts of the body frequently correspond in their general
appearance ; thus a person with long limbs will have an
elongated body and head, and one with a short body will
be short limbed. Just so the relation between the shape of
the head and eyeball. Patients with a long face, deep from
front to back of the head, and a prominent nose, suggest
an eyeball too long, consequently we suspect myopia. The
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face which has a flat appearance and less prominent nose
than usual leads us to suspect that the eyeball is too short,
causing hypermetropia.

In cases of high myopia the eyeball is visibly longer and
appears to protrude from the eyelids.

Irregular faces suggest differences between the eyes, and
frequently astigmatism.

Having noted these points, the test type for distance
should be placed in such a position as to receive the light,
while the patient should have his back to it, so as not to
get the glare in his eyes.

Each eye must be examined separately, the other beng
covered by the black disc or ground glass.

Supposing that Snellen’s No. 6 type is read at 6 metres
distance, we may conclude that the eye is not myopie (short
sighted), nor is it probable that astigmatism exists to
any extent. It may therefore be emmetropic or hyper-
metropic.

Many young people will read No. 6 type at 7 or even 8
metres, in such a case we should describe the acuteness
as 1 or &; but where defects occur, we shall have to allow
the patient to read large type, No. 12 perhaps ; we then write
+%. Or, we may find that he can only see No. 36 (letters
about 2 inches) at 3 metres distance. In this case vision
18 ;.

Points to be noticed are—

(o) Two objects subtending an angle less than onme
minute at the nodal point appear as one.

(8) The standard of visual acuteness is an angle of five
minutes at the nodal point.

(c) Test types are framed so that they shall subtend this
angle at different distances from the nodal point of the

eye.
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(p) The pin hole test will show whether error of
refraction, or change in retinal sensibility or humours.

(e) Facial characteristics are a preliminary guide in
some cases.
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CHAPTER IX.
HyPERMETROPIA.

41. Symproms anp Causes. Hypermetropia 1s
frequently called long sight, because eyes suffering from
such can only see distant objects distinctly, and imme-
diately reading, sewing, or fine work is commenced vision
becomes indistinct, especially at night.

It is caused by the eye being too short in the bulb
(section 28), so that the retina is too forward, and images
formed by the lens would be behind it, where parallel rays
are also focussed.

There are minor causes of hypermetropia, but the arrest
of development referred to is undoubtedly the usual one.
The diagram below shows the refraction of rays from
distant objects; and yet the hypermetrope can see distant
objects distinctly. How is this ?

Fig. 23,

Accommodation should be used only for adapting the
eye from distant to near vision. Referring to the diagram
above we see that if the lens became more convex it would
pull the image forward on to the retina ; this 1s what the
lens does in accommodation.
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We see now the secret of the distinctness of distant
vision in hypermetropes. They are using their accommo-
dation for distance, whereas it should only be used for ngar
vision, and having done so they have not enough left to
focus objects close at hand. i

How shall we remedy this state of things? Evidently
by making the refractive apparatus convex enough to focus
distant objects on the retina without having recourse to
accommodation.

42, Testine AND TrEaATMENT. Using the distant type
(No. 6), we find the eye has V=29. This is obtained by
the exercise of accommodation as shown above. We may
relieve it by trying first a 450D spherical in front of the
eye. Vision is just as good. We try 41D with the same
result, and so work upwards till we come to a lens with
which the eye cannot see £. The lens below this is the
highest with which V=¢. Suppose it is 43D, evidently
such is the measure of the hypermetropia, for it is the lens
which will equal the accommodation previously used for
distant vision. =~ We/must, however, qualify this statement
and call 43D the measure of the manifest hypermetropia,
or that which is evident. There is, then, some hidden,
Just so, and we call this portion latent hypermetropia,

In section 35 was shown how the crystalline lens is made
more convex by contraction of the ciliary muscle. Buta
hypermetropic eye has been constantly doing it to focus
distant objects, with the result that it is always in a state
of tensian or strain, called spasm of the ciliary muscle.

When we use the 4+ 3D as above, the muscle will not
relax to its full extent, and necessarily the lens still remains
too convex. This extra convexity, which we cannot
diminish except by. using atropine, measures the Ilautent
hypermetropia.
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~ Total hypermetropia, therefore, equals manifest hyper-
metropia (written H. m) + latent hypermetropia (written
H, 1). Using the drug atropine to the eye causes the
cithary muscle to relax to its uttermost, and we might find
that our patient could see ¢ with + 5-50D. Evidently in
this case there are 3 dioptres of manifest, and 2-5 dioptres
of latent hypermetropia. It may be mentioned that as age
advances the latent gradually becomes manifest hyme-
tropia, so that even if we are accustomed to use atropine it
is rarely necessary for patients over 30 years old, while in
young persons we may get cases in which the hypermetropia
is all (or nearly all) latent, then the weakest glass in front
of the eye will interfere with vision.

How are those unused to atropine to correct the latent
hypermetropia. Fortunately by adding about + 1D to
the manifest we shall not err much. ~Even after using
atropine it would not do to correct the whole of the latent,
and usually only one-quarter of this is added to the
manifest to get the total hypermetropia.

We must now consider the near vision of a hyperme-
tropic eye. In section 37 is a table showing the total
amount of accommodation remaining at various periods of
life in the emmetropic eye; but in every case the hyper-
metrope will have as much less as is indicated by his total
hypermetropia. Thus a child of 10 normally has 14
dioptres of accommodation. If he is hypermetropic to the
extent of 6 dioptres he uses it to focus distant objects,
consequently he has still 8 dioptres left for near vision
This is ample, and his hypermetropia is no great incon-
venience to him. But when that child becomes a man of
21, even if he had normal vision he would only have 10
dioptres of accommodation. Being hypermetropic he uses
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6 dioptres to focus distant objects, and only has 4 dioptres
left for near vision.

When he was 10 his near point was at 123 centimetres

0 om =12 cm.) about 5 inches, and as he could read
much further away than that, evidently he still has accom-
modation to spare.

But when he becomes 21 his near point is at 25 centi-
metres (‘metreor i centimetres — 95 ¢m.) or about 10 inches. He
is now using the whole of his accommodation to read, a
thing which frequently causes trouble.

We see from the above how necessary it is to correct
any degree of hypermetropia except the lowest, because as
age increases, or in case of illness, the balance of accom-
modation quickly runs down, and soon we get the marked
symptoms of hypermetropia, near objects being indistinet,
the near point rapidly receding.

Summarizing our proceedings.—

(o) We note that the commonest cause of hypermetropia
is the eye being too short in the bulb, parallel rays
focussing behind the retina.

(8) Therefore to see distant objects hypermetropes have
to accommodate.

(c) To prevent this use + glassesin front of the eye till
distant vision becomes indistinct.

(p) The highest power with which vision is distinct is a
measure of the manifest hypermetropia.

() By using atropine we could continue and find the
latent hypermetropia, caused by spasm of the ciliary
muscle ; but to get the total hypermetropia we must not
add above ; of this to the manifest hypermetropia. Or,

(rF) We can usually allow 4+ 1D for the latent and

adding 1t to the manifest get the correcting pnwer
required.




52 MYOPIA.

CHAPTER X.

MrvyopIA.

43. Symproms AND Cavuses. Mpyopia, or short sight, 1s
1n many respects the reverse of hypermetropia. The myopic
eye cannot see distant objects distinctly, but focusses for
near vision without any difficulty. The front of the eyeball
often seems to protrude, and the eyelids are partially closed,
as if too much light were entering the eye.

The chief cause of myopia is too great a length of the
eyeball, images of objects being formed in the vitreous
humour instead of on the retina.

Fig. 24.

This extra length of eyeball is the result of high civiliz-
ation, and the necessity of looking so much at very near
objects. Myopia is not often found amongst country
people and illiterates.

Given a myopic eye, then, what we have to do is to make
the lens, in effect, less convex, that is, we must make
parallel rays from a distant object divergent by using a
concave lens in front of the cornea.
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44. Testine Axp TrearMENT. We must, at the
commencement, notice that accommodation is frequently
unnecessary in myopia, for near objects are already focussed
on the retina, and the far point is close to the near point.

In consequence of the little use made of accommodation,
the ciliary muscle is frequently very small or wasted.

We must be careful not to give too strong a concave lens,
as this would throw the image behind the retina, and the
eye would exercise accommodation to bring it forward on
to the retina, causing a strain on the disused muscle.

“The greatest distance at which an object can be clearly
seen is the exact measure of the myopia; for instance, if
the far point be at one metre, a concave glass of that
strength ( —1D) would render parallel rays as divergent
as if they came from a distance of one metre, and with a
glass of this focus the person would be able to see distant
objects distinctly ”— (Hartridge).

Testing with the distant type we can also find the
correcting glass, for it will be the weakest with which the
patient can read 8.

Again, we may try the eye with the reading type and
perhaps find, that instead of reading No. 1 at 33 centi-
metres as marked, the patient brings it to within 20 centi-
metres of the eye, and cannot read further away.

Evidently ((0cetimelres— __5D) his myopia is 5 dioptres.
Let us revert to the paragraph above from Hartridge and
take a case in which the far point is at 50 centimetres in-
stead of being at infinity as in the emmetropic eye.

Now 100 centimetres divided by 50 centimetres gives us
—2D, which would make distant vision of the myopic
eye the same as for an emmetropic eye, because it is just
that power which will throw the far point back from 50 em.

to infinity.
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In the previous case, where the punctum remotum or far
point was at 1 metre, a glass of that power (—1D) would
push the far point to infinity, thus making the eye emme-
tropic. Likewise with the far point at 2 metres, a glass of
— 5D (pron-or lmeire — 7 =-5D) would push the far point to

2N ¢m. or 2 metres

infinity, and if it were 4 metres, a glass of — 25D would
do it (JWe—1=-25); until, when we came te anything
over 6 metres the glass would become so weak as to be
almost without refractive power, consequently we should
have a normal or emmetropic eye.

If the eye has, say, a far point of about 14} cm., we
should conclude that a —7D lens would make it emme-
tropic, because it would push the far point back to infinity

0em. —7D). We should possibly find that such a person

14'5 cm.

could see well with —6-:5D or even —6D, showing that
with the —7D the image is focussed beyond the retina
and accommodation is used to bring it on to the retina.
To prevent this it is advisable always to give the weakest
lens, and so avoid over correction.

The power of accommodation remaining in myopic eyes
can even be estimated. It is, evidently, the difference
between the weakest and strongest lemses giving distinct
vision.

We must in myopes always take into consideration the
age of the patient and the degree of myopia. In young
persons and low powers (— 2D, — 2:5D—3D) the ciliary
muscle may be coaxed, as it were, into greater activity; so
that such could read with their glasses, using their accom-
modation for near vision, as the lenses really make the eye
emmetropic.

But in elderly people and cases of myopia of — 7D and
upwards, accommodation will not take place in consequence
of loss of power by the ciliary muscle, so that although the
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eye is corrected for distance, they must not use these glasses
for very close work.

45. TrearmeExT oF HicHE Myoria ror Reabping, &c,
Suppose we have an eye with 8 dioptres of myopia, evidently
the far point will be at 12'5 centimetres away (F22 =12-5),
But this is much too close to be useful (only 5 inches),
We want to remove the far point to say 33 centimetres.
To give parallel rays (from infinity) the same divergence as
from 33 em. will require a glass — 3D (322 =3D). But
at 125 em. a glass of — 8D was wanted. If, then, we
take — 3D from — 8D we shall have the lens required
for reading, &c., but a caution must be given that work
must not be brought nearer than 33 cm. (about 13 inches).

In all cases it is important that we should find the far
point, and if this come much within the usual distances for
near vision we must provide a remedy so that the limit is
not passed.

Summarizing our proceedings—

(o) We note that the commonest cause of myopia is the
eye being too long in the bulb, consequently parallel rays
are focussed in front of the retina.

(B) Accommodation frequently is little used by myopes,
the ciliary muscle becoming small or wasted from disuse.

(c) Great care must be taken not to over-correct, the
weakest lens giving distinct vision being used.

(p) Testing with the distant type we find the far point.
This distance is the degree of myopia, by calculating thus
et o= degree of myopia in dioptres.

(E.) In young persons and low myopia the ciliary muscle
can be coaxed into greater activity.

(F) In high myopia care must be taken that strain is not
put upon the eye for near work.
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CHAPTER XI.

PrEsBYOPIA.

46. Symproms AND Cavses. We only look for presbyopia
in persons over 35 or 40 years who experience a difficulty in
seeing small objects distinctly, holding a book or paper
further from the eye, or endeavouring to find a better light.
Larger type is sought, and a feeling of heaviness at night
oppresses the eyes, especially after close work. = The cause
of presbyopia must be carefully remembered. We saw that
hypermetropia and myopia were caused primarily by differ-
ences in the shape of the eyeball, existing from early years;
‘but presbyopia is due to changes in the dioptric mechanism
caused by age. As age advances the visual acuteness
diminishes, and the accommodation gradually lessens, the
lens losing its elasticity, and consequently it will not
become so convex as formerly.

The ciliary muscle, also, loses part of its power of con-
traction. This loss of accommodation, as shown in the
table on page 42, commences at the tenth year, when the
body is only developing.

So soon as this loss of accommodation causes the near
point of distinct vision to recede beyond the distance that
a person usually reads ordinary print, then presbyopia
has set in, and increased at the rate of about 4+ 1 D every
5 years.

This point is now generally recognized as 22 cm. from
the eye, and the emmetrope or person with normal vision
will need lenses when abouf 40 or 45 years old.

We can easily see why this is so. Referring again to the
table in section 37, we find that at 40 the emmetropic eye
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has + 4'5 dioptres of accommodation left. But to bring
vision from infinity to the near.point at 22 cm. will require
45 D because 5™ —4-5. Consequently the eye uses the
whole of its aeeﬂmmuda.tmn, and immediately the accommo-
dation lessens, the near point recedes from its usual position.

47. Testine anp TreEaTMENT. We shall now have
to consider presbyopia in connection with the emmetropie,
hypermetropic and myopic eyes, remembering that in all
cases our object must be to supply by spectacles exactly
that amount of accommodation lost inside the eye by
failure of the dioptric mechanism.

In emmetropes who require the near point at 22 cm. we
know that 4-5 dioptres of accommodation are absolutely
necessary (oo™ —4-5). But at 50 the amount actually
remaining is only 2'5 D (section 37), therefore+2 D lenses
will be required to bring it up to what is needed. At 60
only 1D of available accommodation remains, so that +
3:5D will correct, and at 75, when the whole of the natural
accommodation is exhausted + 45 will be needed. Tt will
be noticed that reading would not necessitate bringing the
book to 22 cm. from the eye. This would be too great a
strain on the accommodative mechanism. As we have seen
the full accommodation cannot be used for sustained
periods.

The table below gives the glasses required (approxi-
mately) at various periods of life to bring back the near
point of emmetropes to 22 centimetres.

Accom. remaining  Near point To bring this

at that age has back to 22 cm.
Age. (Section 37). receded to requires
SR DD Ll S i 4 1D
Ll R s e L s 2D
FoenLat Ly 10 B SRR ST B 1 T 7§
ol Sy s R W e . G + 4D

(NS IREC | BREs LA ity ......... + 45D
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From these figures it is apparent why every few years
presbyopic patients come for stronger glasses, and every
five years we shall be pretty safe in advancing 4 1D to
correct the natural failing of accommodation. The above
remarks apply to normal or emmetropic eyes which become
presbyopic. Separate consideration is necessary for hyper-
metropic and myopic eyes becoming presbyopic.

The hypermetrope requires a certain lens to correct a
deficiency in shape of the eyeball, as we saw in Chapter IX.,
so that becoming presbyopic at a later date, a further
correction will be necessary for this failing. Hypermetropes
become presbyopic at an earlier age than emmetropes. In
an emmetropic eye of 30 the accommodation remaining is
+ 7D. To focus objects at a near point of 22 centimetres
costs that organ + 45 dioptres (%: 4-5) so that there
are 2:5 dioptres to spare.

Now if the same eye had been hyperinetropic to the
extent of 1 dioptre, this would mean that 4 1 dioptre of
accommodation would have been used up in focussing
distant objects, and to focus near objects it would have that
much less to spare than the emmetropic eye. But the
latter had 2-5 dioptres in hand, so that this hypermetropic
eye of 30 years has only 1'5 dioptres of its accommodation
left after focussing near objects, and consequently will soon
be presbyopie, for we saw that we must aiways allow some
accommodation to remain in reserve.

It is very evident that when a hypermetrope becomes
presbyopic we must add the correction for hypermetropia
to what we should give an emmetropic eye of the same age,
and prescribe a glass equal to both. Thus we first make
the hypermetrope emmetropic, and then prescribe for his
presbyopia as if he were really emmetropic.

Thus, if a jpatient of 50 has hypermetropia of 4-2:5D,
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knowing that an emmetrope of 50 would be presbyopic to
the extent of 2'5 dioptres (section 37), we should add these
together and give a 4+ 5D glass.

Arguing in exactly the same way, we can prescribe for
myopes who become presbyopic; but everything will be
reversed, and we shall have to subtract the correction for
presbyopia (in an emmetropic eye of the same age) from
the amount of the myopic defect, thus giving a weaker glass,

Let us consider an eye myopic to the extent of —4:5
dioptres, evidently such will have a near point at 22
centimetres (1222:=22 ¢m.) and needs no accommodation,
so that even if this completely disappears it will make no
difference.

This eye can never become presbyopic, and much more
impossible will this be in myopia of higher power.

In cases of less than —4-5D myopes will become pres-
byopic later in life than if they were emmetropic, instead
of earlier as in hypermetropia. Thus, the amount of
hypermetropia is a measure of the disadvantage to the
hypermetrope becoming presbyopic, just as the amount of
myopia is a measure of the advantage to the myope
becoming presbyopic.

In the case of a person of 50 years, myopic to the extent
of —1'5D, we should note, that had he been emmetropic,
at 50 he would require + 2 dioptres to bring near vision to
22 c¢m., so that the difference + 5D represents the glass he
requires.

Consideration of these points explains why some people
never appear to get presbyopic to any extent. In earlier
years they were myopic to an extent which did not cause
serious inconvenience; but this, gradually counterbalancing

the presbyopia as it increases with age, becomes an ad-
vantage to them,

e e cmm o e e — e -
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We must bear in mind that the 22 cm. fixed by Donders
as a near point would vary with the occupation and habit
somewhat, just as some people read at nearer distances
than others; so that those requiring a closer near point
will require glasses a trifle stronger to correct their pres-
byopia, and for such as can do with the near point further
away glasses a little weaker might be prescribed, the special
requirements of each case deciding this.

Points to be noticed—

(a) Presbyopia is due to a decline in the power of
accommodation, and becomes manifest usually at about 40
years of age.

(B) It commences when the near point of distinet vision
recedes beyond the distance at which a patient usually reads,
and inecreases at the rate of about 4+ 1D every 5 years.

(¢) Our object must be to supply glasses to exactly
counter-balance the accommodation lost.

(p) We take 22 centimetres as a standard for the near
point in correcting presbyopia, so as to leave some accom-
modation in reserve, this being necessary.

() The hypermetropic and myopic eyes are corrected for
presbyopia by making them emmetropic and then adding
the amount for such presbyopia.

(r) Hypermetropes become presbyopic earlier, and
myopes later in life than emmetropes.
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CHAPTER XII.

CyLINDRICATL LENSES.

48. Prano-Cyrninpers. Before commencing to study
further defects of the eye it is necessary to examine the kind
of lenses known as cylindrical, so called from their being
segments of a cylinder, just as spherical lenses are segments
of a sphere.

If we take a short round bar of wood and split it down
the centre into two parts, this would be the exact shape of
a convex plano-cylindrical lens. Pressing the rounded side
into a cake of wax we should get a waxen shape of a concave
plano-cylindrical lens. An ink line might be drawn down
the centre of the rounded part of the wood, and similarly
a mark could be made down the centre of the depression in
the wax. The line on the wood is the awis of a convex cylinder,
and the mark in the wax the axis of the concave cylinder.
The examples taken would be lenses of very high power,
but the illustrations on next page show lenses of less
curvature, although still rather deep (10 or 12 D.) These
are called plano-cylinders, as only one side is curved, the other
being perfectly flat. ILines drawn from A to B in both
cases would mark the axes, but usually small diamond
scratches at each extremity indicate these.

If we pass the finger from side to side of a spherical lens
_1In any position we are conscious of curvature of the surface,
but not so with a cylinder.
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Passing the finger from A to B (along the axis) we find
A A

.|?|!|||H|h

N

it is perfectly flat, but drawing it across at right angles we
get the line of greatest curvature.

When we use a cylinder to look at objects, we shall find
very important results follow from this difference in cur-
vature. A square viewed through either a convex or a
concave cylindrical lens appears as an oblong figure, the
convex enlarging it one way, but not the other, and the
concave diminishing it in one direction, but not the other.
A little reflection will enable us to see the cause of this.
Along the axes A B the lenses are flat, and consequently
we should not expect the square to be altered in appearance
in that direction; but across the axes (i.e. at right angles
to them) the curvature of the lenses would show that the
square would be enlarged in that direction by the convex
and diminished by the concave. From this we learn that
the greatest refraction by plano-cylindrical lenses always
takes place along a line at right angles to their axess

-‘_.

Fig. 25.
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Plano-cylinders are marked like spherical lenses, in the
dioptric and inch systems, convex and concave lenses of the
same power neutralizing each other if held with their azes
together. Another feature worthy of notice is, that two
convex (or two concave) cylinders of the same power, if held
with their axes at right angles to each other, will form a
spherical of the same power. The oblong reading glass is
usually formed of two convex cylinders ground in these
positions. Thus a + 2D cyl. with axis vertical, put on a
+ 2D eyl. with axis horizontal, will form an ordinary + 2D
spherical.

49. SpHERO-cYLINDERS. It has been previously men-
tioned that plano-cylinders have one side of the lens
perfectly flat. We shall meet with cases requiring the use
of this side for a spherical to be ground on it. If we take
one of these and look at the Square with it, supposing
the spherical and cylindrical sides were both convex, we
should find that the square would be enlarged in both
directions but more in the direction across the axis of the
cylinder than along it.

It must be remembered that—

(4) There is no curvature along the axis of a plano-
cylinder and. the greatest curvature along a line at right
angles to the axis.

(B) A convex and a concave plano-cylinder of the same
power, with their axes together, neutralize each other.

(¢) Two convex (or two concave) plano-cylinders of the
same power, with their axes at right angles, form a,
spherical of that power.
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CHAPTER XIII.

ASTIGMATISM.

50. Causes. Astigmatism is a defect quite different
from any yet mentioned. Defects in shape of the eyeball
account for most cases of hypermetropia and myopia, while
presbyopia is a failing of the power of accommodation;
but it is defects in the shape of the cornea chiefly which
cause astigmatism, these usually being unchanged through-
out life. Other causes scarcely come within the scope of
this work.

In the astigmatic eye the cornea is of greater curvature
across one part of its surface than another, and for all
practical purposes we may place these positions as vertical
and horizontal. This can be best illustrated by a diagram
which represents the cornea of the eye as if it had been
squeezed from above below.

It is very apparent, that if lines be drawn from N to S
and E to W, the curvature along N 8 will be much
greater than along E W. These lines are known as
meridians, and could be placed at any angle across the
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figure representing the cornea, but we must confine our
attention particularly to the vertical (N 8) and the horizon-
tal (E W), for even in the normal or emmetropic eye the
vertical meridian is more conver than the horizontal, but to
only a slight extent, the diagram being much exaggerated.

A little consideration will show that rays passing through
the cornea in the vertical meridian will come to a focus
sooner than those which pass through the horizontal
meridian. The following diagram is intended to illustrate
this, rays from a point being focussed at different points
according to the meridian they pass through.

Fig. 27.

The central ray shown is of course in both the vertical
and horizontal meridians, passing through the point of
crossing in fig. 26, which may be of use to elucidate the
above diagram.

The image of a point formed by an astigmatic eye is
blurred, and not a point; as we see above, the meridian of
greater curvature refracts more than the one of less
curvature,

An interesting experiment is to take a paper with a cross
formed of horizontal and vertical lines upon it, placing this
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very near one eye and gradually moving it away. At a
certain point the horizontal line becomes distinct while the
vertical is still blurred, a little further distance being
required to focus that. A little consideration will show us
that it is the greater refraction (convexity) of the vertical
meridian which focusses the horizontal line on the retina at
a nearer point than the vertical line, so that the latter must
be moved further away to be focussed by the lower refraction
of the horizontal meridian. We note that for the horizontal
line to be distinct the sides or edges of the line must be
focussed, and these are vertical in relation to one another.

51. VarierTies or Astiemarism. So far we have
assumed that the vertical meridian is always more convex
than the horizontal; sometimes we actually find the reverse
of this, just as an egg usually lies on its side, but it is
possible to stand some on end. i

Furthermore, the meridians may not be strictly vertical
and horizontal, but incline on one side or the other; they
are, however, in all cases which we shall consider, at right
angles to each other.

Every eye is astigmatic to a minute degree in many
meridians, thus making a star appear radiate instead of
round. This is known as @rregular astigmatism, and is
too small in degree to affect general vision. _

There are five varieties to which we must give our
attention—

(1) Simple hypermetropic astigmatism.

(2) Simple myopic astigmatism.

(3) Compound hypermetropic astigmatism.

(4) Compound myopic astigmatism.

() Mixed astigmatism.

The natural astigmatism of the emmetropic eye does not
further concern us, as it is too slight to interfere with
vision.
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In simple astigmatism (hypermetropic or myopic) one
meridian only refracts erroneously.

But both meridians have errors of refraction in com-
pound cases (hypermetropic or myopic).

In mixed astigmatism one meridian is hypermetropic
the other being myopic.

Especially notice that—

(a) Astigmatism is a defect in the shape of the cornea,
one meridian being more convex than another, Irregular-
ities in other parts of the eye may also cause it to a less
extent.

(8) In the emmetropic eye the vertical meridian is more
convex than the horizontal one.

(¢) It is the rays from horizontal lines through the
vertical meridian of the cornea which make these horizontal
lines distinct.
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CHAPTER XIV.

TesTiING OoF AstieMaTIic (ASES.

52. Symproms. Referring to section 51 it will be
readily understood that the astigmatic eye will not see a
point as such, but will get a blurred image on the retina.
Especially is this the case with straight lines, some appearing
more distinet than others according to their position.

When we test the patient for distance, vision is always
below the normal, and generally neither convex nor concave
glasses give any decided improvement. Looking at certain
letters, the head is frequently held on one side, in which
position they can be seen more distinetly, a certain sign
that astigmatism exists. We should find in some cases
that with one letter V = 4°%; perhaps, while with another it
might be §. It has previously been mentioned that an
unsymmetrical face often gives us a suspicion of the
existence of astigmatism.

58. Testing. The object in testing for astigmatism
must be to find the meridians of greatest and least cur-
vature. To do this special type and devices are necessary.

The type used takes the form of an astigmatic clock face,
or a fan composed of radiating lines. The clock face is
numbered from I. to XII., the opposite figures (such as I1I.
and IX., I. and VII,, &ec.), being joined by three parallel
straight lines, except for a small circle in the centre which
is left white. This device should be placed about 6 metres
from the eye, in a good light. We must be careful to test
each eye separately, covering the other up with a disc.
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The stenopaic disc is worthy of special notice, being
exceedingly useful in readily determining the position of
faulty nreridians. It is a small circular sheet of metal the
size of a trial lens, having a slit in the centre nearly an
inch long and about 4; inch wide.

The disc, when placed in front of the eye, will only allow
rays to enter through that meridian indicated by the
position of the slit, so that by turning it round we can find
the positions in which the clock face is seen most distinetly,
and also most indistinetly, These represent the meridians
of least and greatest error, at right angles to each other.
By having the disc on a small holder a patient can himself
frequently find the meridian of least error almost im-
mediately.

This is the special apparatus necessary, but there are
various other devices more or less useful for determining
the faulty meridians. Dr. Pray has constructed fest letters,
each being composed of parallel straight lines and arranged
in a series from horizontal to vertical positions.

Looking at these, the astigmatic eye will pick that letter
out as most distinet in which the direction of the lines
indicates one of the chief meridians of the eye.

A variation of this is a series of circles similarly striped
at different angles.

The disec of Placido is a sheet with a hole in its centre
having conecentric circles of black and white around it.

This can be used by placing the patient with his back to
the light, and directing him to look at the centre, while the
operator views the reflection of the concentric circles from
the cornea through the hole in the disc. Inastigmatic cases
the cireles will appear slightly elongated in the direction of
the meridian of least curvature, but in low degrees it is only
the practised eye which would notice the distortion ; still it
1s a useful adjunct in testing.
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Points to be remembered—

(A) Vision for distance is always below the normal in
astigmatic cases, and frequently neither + or -~ glasses
have improved it to any extent.

() We may feel tolerably certain of the existence of
astigmatism if the head be held on one side to read certain
letters.

(¢) The object of all methods of testing for astigmatism
is to find the meridians of greatest and least curvature.
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CHAPTER XV.

SIMPLE ASTIGMATISM.

54. SivpLE HypeErMETROPIC ASTIGMATISM. In defects
already considered we should find more cases of hyper-
metropia than of myopia, and just so we get more patients
with hypermetropic than with myopic astigmatism.

When thinking of hypermetropia the idea of a convex
lens being necessary to correct it at once comes into our
mind,—we require greater convewity.

Exactly so in simple hypermetropic astigmatism, only
that it will be one meridian of the cornea which requires
greater convexity, the other (at right angles to it) being
normal or emmetropic.

We learned in Chapter XIII. that in the emmetropic eye
the horizontal meridian is generally less convex than the
vertical, so that in a case of simple hypermetropic astigma-
tism, where one meridian has insufficient convexity, we
should naturally expect that it would be the horizontal one.

We perhaps suspect a patient has astigmatism who sees
test type badly, and V =%, ; so we put the clock face up, and
find that he sees horizontal lines (IX o’clock to ITI o’clock)
distinetly, but vertical lines (XII o’clock to VI o’clock) are
blurred, the intermediate becoming blurred as they approach
the vertical and distinct as they approach the horizontal.

But horizontal lines depend upon rays which pass from
them through the wertical meridian for their distinctness,
and wvice versi, so that when we find vertical lines indistinct
we know the horizontal meridian is at fault.
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Next, we place the stenopaic slit before the eye, and
move 1t round until we find a position giving best vision
with the test type, suppose the vertical. If V=¢ with the
slit so placed, and it is still as good when a + 1D is placed
in front, we may consider the vertical meridian emmetropie.
So far no rays have passed through the horizontal meridian,
which we suspect 1s faulty on account of the blurred
vertical lines when first testing the eye; but now the slit
must be placed horizontally, so that all rays entering the
eye pass through that meridian of the cornea. Trying the
test type, we get perhaps V = $;, (No. 18 type at 6 metres);
a weak convex lens wmproves vision, so we gradually
increase the power until we find one giving V=296 (No. 6
type at 6 metres). This we will suppose is +1:5D, and
looking at the clock face with it still fixed behind the slit,
the patient sees all lines equally well. |

The rays passing through a + 15D spherical lens along
a horizontal meridian correct this case: so that we must
give a lens which will produce the same result. Rays
passing through one meridian only are refracted exactly as
a cylindrical lens of that power would refract them, its
meridian of curvature being in the same position, but s
axis at right angles (section 48). We can now dispense
with the disc and spherical lens, and by placing a + 1'5D
cylinder in front of the eye with axis vertical shall correct
the horizontal meridian and get V =§.

55. BmrLE Myoric Astiemarism. Just as myopia
suggests that a concave lens is necessary to reduce the
excessive convexity of the eye, so in simple myopic astig-
matism we should expect to find the meridian of greater
convexity in the emmetropic eye (vertical) still more
Convex,

For the same reasons as before we may suspect astigma-
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tism in a patient, and perhaps cannot get better results
with the test type than V = &, finding that the vertical
lines of the clock are distinet, but the horizontal blurred.
By rotating the stenopaic slit as before, the horizontal
meridian is the one now giving distinet vision, and we get
V = 6 through it. If a + 1D does not interfere with
vision we shall conclude that the horizontal meridian 1s
emmetropic.

Turning the slit so that it is vertical we find V = £, and
trying a + 1D in front it becomes worse, V = 3% perhaps.
Evidently a + spherical is not what is required. Putting
a — 1D we get an improvement, and V = -f;; still increas
ing the power, with perhaps a — 1'75D, we get V =
and all lines on the clock equally distinet.

This means that a —175D spherical lens acting through
the vertical meridian has corrected the defect, and reason-
ing as in the hypermetropic case, we should find a —1-75D
cylinder with its axis horizontal would correct this simple
myopic astigmatism.

Summarizing we find that—

(a) In simple hypermetropic astigmatism the meridian
naturally inclined in the normal eye to be insufficiently
convex (horizontal) will be still more faulty; while in simple
myopic astigmatism the one inclined to be too convex
(vertical) will be still more so.

(B) Testing with clock face, the eye cannot see both
vertical and horizontal lines distinctly; we note the d:rea-
tion of the most distinet, and

(¢) Rotate the slit to the position giving distinct vision,
if a weak + lens makes no difference

(p) We move the slit to a position at right angles, find
lines indistinct and vision with type bad.

() We try a +lens, if better, increase till V=2¢; but if
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CHAPTER XVI.

CoMPOUND ASTIGMATISM.

58. Comprounp HypeErMETROPIC AstiemMaTisM. In
simple astigmatism we learned that one meridian of the
cornea was faulty, while the other (at right angles to it)
was emmetropic; but in compound astigmatism both are
faulty, and in unequal degrees. TFor it is clear, that if both
meridians were faulty (hypermetropic for example) to the
same extent, there would be no astigmatism; whereas, in
compound hypermetropic we perhaps find one meridian
with + 2 dioptres of hypermetropia, while the other has
+ 3 dioptres or more.

The horizontal meridian is that which in the normal eye
is of less curvature than the vertical (section 50), conse-
quently when both are insufficiently convex we should
expect the horizontal deficiency to be greater than the
vertical, and this is generally so.

The procedure in testing for hypermetropic astigmatism
is much the same in both simple and compound; but,
trying the patient with test type, we should find vision
worse in compound cases, perhaps V = %, and when the
clock is looked at all lines appear blurred, the vertical
especially so, showing at once that the horizontal meridian
i1s the ome principally affected. We therefore rotate the
stenopaic slit to make sure of this, and commence testing
the vertical, where the defect is least. Vision with the
type 1s now perhaps f;, and with the clock face horizontal
lines are still hazy, while vertical will be better. As in
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simpler cases we try + 1D spherical in front of the slit
and find vision improved, possibly we get V = £, when this
meridian would be corrected. There are cases where lenses
of less power than + 1D ( + ‘75D, + 50D or + -25D)
would correct, but + 1D is taken in all these instances for
the sake of uniformity.

Attention is now turned to the horizontal meridian, and
looking through the slit in that position vision is very bad
with the type. The vertical lines of the clock face appear
to fade one into the other, but better résults are obtained
when + 1D spherical is placed in front. Continuing with
+1:25D, +1:50D, &ec., we perhaps with + 3D get all lines
equally distinct, and V = ¢ when the type is used.

It is evident that + 1D has corrected the vertical, and
+ 3D the horizontal meridian ; this being a case of com-
pound hypermetropic astigmatism, :

These results may be expressed graphically by putting a
vertical line to represent the slit in the first case, with the
correction mear it, and a horizontal line for the second,
thus:
+1D

1) (2) +3D

These can be combined and a complete representation
made by placing R (right) or It (left) in front:
+1D

R + 3D

The question arises:—What lens is to be prescribed to
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give this result? Evidently, + 1 D spherical will correct
all the vertical defect and part of the horizontal, leaving
+ 2D of that meridian to be corrected. - Referring to the
section dealing with plano-cylinders we see that these glasses
refract most along one meridian, but along the axis not at
all. Consequently, if we arrange a cylinder + 2D with its
axis vertical the meridian of refraction will correspond with
this horizontal position which we want to correct.

Thus a + 1D spherical on one side of the glass and a
+ 2D cylinder, axis vertical, on the other side, corrects the
above case of compound hypermetropic astigmatism.

By using atropine, accommodation is paralyzed, and the
eye may be again tested, to ensure the best results; but
this should not be used except in cases under 30, and unless
the operator is skilled it is far better to gain experience
without it.

In the eye suffering from compound hypermetropic
astigmatism, rays refracted by the vertical meridian are
brought to a focus behind the retina, while those passing
through the horizontal meridian are focussed still further
behind the retina. :

5%7. Comprounp Myoric AsTIGMATISM is the reverse of
compound hypermetropic astigmatism, vertical and horizon-
tal meridians being too convex, the former especially so,
seemng 1t 1s the one with greater convexity in the emmetropic
eye. To correct it we shall require a concave spherical
combined with a concave cylinder,

We proceed exactly as in the last case, and find vision
with the test type bad, perhaps &. The horizontal lines
of the clock face are very indistinet, showing the vertical
meridian to be especially faulty.

Trying the horizontal meridian V=-§,, and placing a
weak convex lens in front of the slit vision is worse in every
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respect, proving it to be the wrong lens, so that instead of
proceeding with convex lenses we try a weak concave, and
get V=4 with — 1D. Increasing the power —1'5D gives
us V=2, thus correcting this meridian of its myopia.

Attention is next turned to the more defective vertical
meridian, V =, and horizontal lines are very hazy. The
weak convex placed in front makes vision worse, so that
concave lenses must be tried, with the result that as they
are increased in power, V is successively equal to 8, ¢, 55
¢, and perhaps — 4D gives V =¢, all lines of the clock being
distinet.

This may be written down as before, expressing the
meridians and the power necessary to correct them—

—4D
Rifor e 2 i

|
|

In the above case —1'5D spherical will correct the
horizontal meridian entirely, and —1'5 dioptres towards
—4 of the vertical, leaving —2'5 dioptres of the vertical to
be corrected.

We can effect this by
placed horizontally,

Compound myopic astigmatism means that rays passing
through the horizontal meridian of the cornea are focussed
in front of the retina, while those through the vertical
come to a point still further in front.

Swinimarizing owr method, we—

(o) Note the eye sees some lines of clock face better than
others, but none distinetly, and V is always bad.

(8) Place slit in position of least faulty meridian, and

(¢) Test in that position; finding defective try a weak

25D cylinder with the axis
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convex, if it improves proceed with convex lenses till
V = $¢; but if vision is worse try a weak concave and
proceed till V = §.
(p) Put slit for opposite meridian and proceed as in (c)
(8) Combine the results of the two meridians and

prescribe a sphero-cylinder.
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CHAPTER XVIIL

MixeEDp ASTIGMATISM,

58. Cause axp TrEaTMENT. In four typical cases of
astigmatism we have seen that simple forms have one
meridian emmetropic, while the other is either hypermetropic
or myopic; but in compound forms both meridians are
unequally hypermetropic or unequally myopie.

In the case which we are about to consider, the astig-
matism 1s known as mized, because while one meridian is
myopic the other is hypermetropic. Thus, rays passing
through the myopic meridian are brought to a focus in
front of the retina, but rays through the hypermetropic
meridian, at right angles to the other, will come to a point
behind the retina.

The method of procedure will be the same as in the case
of compound astigmatism, except that we may commence
with either meridian, not knowing which is the weaker.

With the slit horizontal we perhaps find V= & when
+ 1'5D isin front; but on turning the slit vertically a weak
convex makes vision worse, showing clearly that it is the
wrong glass. We therefore try a weak concave, which
improves matters; so that probably —2D will give us
V= § for this meridian.

As we did in former cases, so now we may write our
results graphically

' — 2D

— 1 15D
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The mode of expressing this in a sphero-cylindrical lens
is rather more difficult. Proceeding as before we choose
the weakest meridian as the basis for our spherical, this is
+1'5D. But we require a concave glass for the vertical
meridian, so that we shall have to add —1'5D (to neutralize
the +1:5D) to —2D for our cylinder thus getting —3-5D,
We must place this —3:5D cylinder with 1ts axis horizonfal
to ecorrect the vertical meridian, as in this position it refracts
rays passing through its own vertical meridian.

59. Summary or Astiamaric TestiNGg. The preceding
cases, with full details under separate headings, give one
the idea that astigmatic testing is simpler than we really
find it.

A patient requiring spectacles must be carefully examined
to discover whether he is astigmatic, and once this is estab-
lished beyond a doubt, we must find the position of the
faulty meridian or meridians. As previously stated, in
practically every instance these will be at right angles to
each other, although cases do occur where this is not so, and
where cylinders with their axes crossed at various angles
are necessary for correction.

We must also notice that the position of the most faulty
meridians may be quite contrary from the cases taken as
illustrations, and in fact, may occur in any position. If
one meridian i1s emmetropic, then we have only the other
to correct; but when both are faulty we must determine
whether both are hypermetropic, both myopic, or one
hypermetropic and the other myopie.

A faulty vertical meridian of the cornea causes horizontal
lines to appear blurred, and conversely a faulty horizontal
meridian diffuses verfical lines. There is no refractive
power along the axis of a plano-cylinder, but the meridian
at right angles to this refracts to the fullest extent.
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Two plano-cylinders (convex or concave) of the same
power with their axes at right angles to each other make a
spherical of that power.

When full correction has been made the spherical lens
should be placed in the trial frame, and the plano-cylinder
with its awis in the correct position in front of it, so that
the patient may have an opportunity of trying the glasses.
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CHAPTER XVIIL

PRESCRIPTIONS.

60. SymmeETRY OF THE EyEs. Before commencing
to deseribe prescription writing, one or two remarks are
necessary as to the symmetry or otherwise of the two eyes.

Frequently they are symmetrical as regards defects of
vision, but with careful testing many exceptions will be
found, the different conformation of the two sides of a
face being followed out to some extent even in the eyes.
HEspecially do we find astigmatic patients varying. both as
regards position of the faulty meridians and refractive error.

By far the most frequently erring meridians are the
vertical and horizontal, as we have already seen. Tt is
generally considered that an error of refraction in either of
these positions interferes less with vision than when the
meridian is oblique. Not infrequently one eye will to some
extent correct the other, the defects only being fully experi-
enced when using the eyes separately.

61l. Prescriprion Writing. There are many details
with regard to the writing out of prescriptions which must
be understood; not only so that a successful correction
may be written down in a scientific manner, but also that
we may be able to comprehend what others have written.

The first point to be noticed is the method of indicating
the two eyes. R E and L E are now generally used for
right and left eyes, but some medical men use the
symbols O D and O S, these being the initials of the
Latin words for the same.

It is almost unnecessary to call attention to the need of
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+ or -—— before lenses, and D after, to show that the
measurement is in dioptres. There are still many who
express lenses in inches, writing + 20" for + 2D, + 12" for
3:25, &ec.

On page 86 is printed a prescription form in which there
are spaces marked Sph., Cyl.,, Prs. for both eyes. With
the Prism, as a glass for correcting vision, we are not
concerned in an elementary work. In the Sph. division
must be written the refractive power of the spherical lens,
while under the heading Cyl. would appear the cylinder.
Having done this we consult the printed “eyes” above in
order to indicate the position for the axis of the cylinder.
It will be noticed that the eyes are marked in degrees in
the upper and lower portions in such a manner that the
two ends of any line are numbered the same, commencing
with 0° and running to 180°, thus forming a semicircle.

By drawing the pen through the line indicating the
position of the axis of a cylinder all errors may be avoided,
and it is much to be regretted that no fixed rule obtains in
the method of marking the semicircles. Whereas some com-
mence with 0° on the inner and upper side of cach eye, and
complete the semicircle with 180° others begin on the
outer side and mark inwards, while another will place 0° in
the vertical position, marking down to 90° at the horizontal
on each side of the eye. Even these do not exhaust the
various methods, and in such a chaotic state it is necessary
to be especially careful that no error arises from this source.

On page 86 the same preseription is written in three
different ways, so that they may be compared. In I. we
find the ordinary prescription form, only that the pen
should be drawn through the degrees indicated. The
spaces below are arranged for reading and distance pre-
seriptions.
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The style of No. II. is taken from the printed forms of a
leading oculist. It will be noticed that 0° is in the same
position for the L eye as in style No. L., but quite contrary
in the R eye; consequently although the axis is the same
the degree is numbered differently. The sign T means
“combined with.”

Style No. ITI. adopts the Latin initials, and does away
with any form, describing the axis as “down and in” and
““down and out,” 0° being of course vertical.

In many infirmary and hospital notes the full working
by which an oculist arrives at his conclusions is shown.
Thus the expression R. V. ;5% H. m. 4D = ¢ indicates that
vision of the R eye was & without glasses. H.m. is
manifest hypermetropia, and using + 4D spherical will
give ¢.

By careful study of testing, and the methods of writing
down results described in this chapter and in the articles
on astigmatism, no case of puzzling complexity in writing
need trouble anyone who is willing to spend a little time
on it.
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CHAPTER XIX.

TaE Trian Casz,

62. Lexnses AND Frames. Trial Cases may be bought
either with or without eylindrical lenses. For a complete
outfit cylinders are necessary, but prisms are rather above
the average optician, so that, if included, they are of Little
use to such.

Fig. 28. Fig. 29.

Fig. 28 shows a case containing sphericals with tinted
slabs and a trial frame, the lenses running from 25D to
20D in both convex and concave., Such can be purchased
for under £3.

The illustration in Fig. 29 is of a full case of Sph. Cyls.
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and prisms, with two trial frames (one double divided) and
tinted slabs. A good case will cost about £1 more than
the simpler one, prisms adding a further 15/- or so.

It is preferable to obtain an English made case, not so
much because of error in the lenses of foreign cases, but
because they very rarely contain the requisite powers neces-
sary in actual work. A full set of glasses should include
pairs of both convex and comcave ‘25D, ‘50D, ‘75D, 1D,
1-25D, 1-50D, 1:75D, 2D, 2-25D, 2:50D, 275D, 3D, 3:25D,
3:50D, 4D, 4:50D, 5D, 55D, 6D, 6:50D, 7D, 8D, 8:5D, 9D,
9-5D,10D,10-5D, 11D, 12D, 13D, 14D, 15D, 16D, 18D, 20D.
In plano-cylindrical lenses it is only absolutely necessary to
have a single glass of each power convex and concave from
25D to 5D, the intermediate lenses as above. There should
also be tinted plates and some small provision of dises.

In a spherical lens trial case one trial frame only is
necessary, but that with cylinders will have two, the simpler
one for sphericals, and a double divided frame with a semi-
circular plate marked in degrees for cylindrical lenses, one
groove being used for sphericals and the second for cylinders.

63. Accessories, Under this heading may be included
the various kinds of test type needed for practical testing,
Snellen’s for distance, and Jaeger’s for near vision; the
astigmatic clock and fan, supplemented by Dr. Pray’s
device, being useful for astigmatism. The pin hole disc with
a small handle, and the stenopaic slit similarly mounted
prove useful in addition to those usually found in a case,
also a small frame with handle into which lenses may be
readily placed.

A short rule marked one side millimetres and the other
inches is frequently a convenience.

Many other devices may be obtained and added with

increasing knowledge. s
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64. Use or THE TriaL Case. The chapters on testing
show the necessity of an accurate trial case marked in
dioptres; but the lenses may be used as gauges for finding
the strength of unknown powers by neutralization. By
this term is meant the combination of a convex and concave
of the same power, the result being the absence of refraction,
consequently ohjects viewed are neither magnified nor
diminished by their union. Having a glass of unknown
power we try against it those of the opposite kind, until
we find one which completely neutralizes it; so that when
they are held together in front of the eye and moved from
side to side, looking at the bar of a window, we see no
appearance of movement, the two glasses acting like a plane
glass. Supposing the trial lens to be + 2D sph., then the
unknown glass is —2D sph. Tinted glasses need care in
prescribing them. Smoke glasses are used to cut off some
of the light—for diminution of quantity; but blue alter
the quality, as they absorb the orange rays (see chapter 21
section 67), consequently these do not enter the eve.
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CHAPTER XX.

Firrineg or FraMES

85. NEecessity oF AccurRATE Frrring, A line drawn
through the nodal point of the lens to the fovea centralis
of the yellow spot i1s known as the visual azis. It should
be noted that this is not the same as the optic azis (section
23) ; still they are usually so close that the difference may
be ignored for our present purpose, which is to show that
the centre of the lens should be opposite the centre of the
pupil in all such cases as we have considered.

Assuming that the centre of the lens is in the centre of
the “eye” of a spectacle, we can easily see’that the rim of
such should surround the patient’s eye symmetrically when
the latter is viewed through it.

86. Size AND SHAPE oF Frames. To attain the above
two things are necessary, and we must attend to (a) the
centres of the eyes or pupillary distance, and (8) the fitting
of the bridge. The centres of the eyes of frames may be
measured in inches or millimetres, the latter giving smaller
divisions. It is easier to measure from end of one eye to
end of the other than from centre to centre, the most usual
sizes being 2%, 21 22 21 inches, the eyes usually increasing
in size with the increase of pupillary distance.

The best bridge for fitting the nose is that known as the
W, flattened as illustrated. If we imagine a line drawn
through the centre of the lenses from joint to joint we have
our starting point for the measurement of bridges. One,
of which the centre of the flattened portion touches this
line, would be described as height O, projection O.
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If above the line in height, the num-
ber of millimetres or fractions of an
inch can be expressed, and precisely so
with its projection beyond the eyes.
Two measurements, then, are neces-
sary, height and projection.
i The space within the bridge needs
|;_;:, i \ consideration, as some noses are narrow
i e | and others broad.
Cases of slight nasal deformity are
1 of frequent occurrence, when the bridge
'] must be shaped to fit.
To prevent eyelashes touching the
glass it 1s occasionally necessary for the
bridge to recede instead of projecting,
and some noses will require it to be
placed below the central line.
The front of a spectacle or facial
width, 13 measured from the end of one
joint to the end of the other, and is
usually about two inches more than the
pupillary distance.
\  Some persons are narrow between
st .i":llii.'f- the outer corner of the eye and the
e 5-:‘..:;: side of the face, requiring a short or
M turn up joint, while others are wide,
i and will take a long joimt,

It is important to notice that frames
for distance require to be a trifle higher
on the face than for reading, and the
latter are frequently better adapted by
having angled joints, this arrangement
tilting them forward a little.
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Pantoscopic frames are angled, intended for reading, and
allow the user to look at distant objects over the top.

There are numerous adjustable frames made for taking
all measurements required ; many are good, but few satis-
factory in actual fitting, owing to patients having a dislike
to such cumbersome apparatus on their faces.

The method employed by some of the most successful
opticians is to have a series of frames of various bridges and
centres (from 6 to 12 are sufficient). Omne frame gives the
bridge and another the centres. They can be obtained
fully numbered and lettered. By combining details of two
frames the spectacle required may be obtained.

Periscopic spherical glasses will sometimes enable the
eyelashes to move clear of the lens. They were suggested
by Wollaston for giving a wider field of vision, but have
the disadvantage of reflecting too much. |
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CHAPTER XXI.

OPTICAL APPARATUS.

87. AceromaTisM IN LENsEs. Achromatism means
freedom from colour. To understand this we must refer
to the prism (section 4). During the refraction of a ray
of white light it is also split up into seven colours, forming
a miniature rainbow, violet being refracted the most, indigo,
blue, green, yellow, orange, and red following, the last-
named being refracted the least. Such splitting up is
known as dispersion. Passing through a convex lens each
colour has a separate focus, violet being the shortest and
red the longest, so that when we view an object through a
strong convex glass we see rings of colour round it, the
deeper the glass the greater being the colour.

Fig. 31.

Achromatic lenses are devised to obviate this, a most
important matter in such apparatus as opera and field
olasses, microscopes, and telescopes.

‘We have already seen that different kinds of glass have
different refractive powers, so that by combining lenses
(suitably ground) of flint and erown glass we can produce
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a lens which re-combines the colours and gives clear
definition. This would destroy the dispersion but not
the refraction. The convex lens in Fig. 31 is crown, and
the concave flint glass, both fashioned of such curvature
as to reduce spherical aberration also (section 9). Lenses
free from the latter are known as aplanatic and are specially
useful in photographic cameras. A great advantage is
gained in this respect by using two combinations a short
distance apart, as it allows a larger aperture to be used
than one only would.

68. Orpera, Fierp, aAnp MarINE GrasseEs. These
practically consist of two tubes, each having a concave eye-
piece and a convex objective, arranged in such a manner that
when vision is distinet the distance between the glasses is
equal to the difference in focus between them, expressed in
inches. Thus, a 2 inch concave eyepiece and a 7 inch
convex objective would give distinet vision when 5 inches
apart, Evidently there is a limit to the power which can
be obtained with a given size of glass, the idea of very
small glasses having very high powers being altogether
fanciful. There are 4, 6, 8, and 12 lens glasses, these
expressions referring to the combinations used to malke them
achromatic. 4 lens glasses are worthless; in 6 lens instru-
ments the eyepieces are single, and objectives double
(Fig 31), the two parts being cemented together with
Canada Balsam. In 8 lens glasses the eyepieces are double
in addition, while 12 lens have treble eyepieces (two con-
cave and one convex part), and also treble objectives (two
convex and one concave part). It is almost unnecessary to
add that the greater the number of lenses the higher should
be the degree of achromatism.

By examining the edges of the lenses a line can be
discerned where the glasses are cemented together.
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Few people are capable of judging the magnifying power
of these instruments, and still fewer can compare one with
another in this respect, especially in the higher powers.

Looking at an object through one tube only, with the
other eye open and also viewing the object, we see a
magnified image and the thing itself. By this means we
can judge of the magnifying power, the freedom from
colour rings round the edges of objects being a guide to
their achromatism. To compare two glasses we look
through a tube of each, and view the images side by side, a
proceeding requiring a little practice. The usual magni-
fying powers are from 2 to 5 diameters, better glasses giving
8 and 10 diameters. A frequent source of trouble is the
non-coincidence of the two fields of vision, due to the fact
that the pupils of the eyes using the glass are not the same
distance apart as the centres of the eyepieces. Glasses
with bending bars remedy this, the tubes being movable
can be adjusted to any pupillary distance. Opera glasses
are merely smaller and of less power than field glasses,
marine being shorter in form but of larger objectives,
enabling a wider range of vision to be attained. This is a
necessary feature of a sea glass, causing a slight sacrifice of
power, but a gain in light (section 70).

69. Terescopes. In a telescope the objective, or glass
nearest the object, is a convex achromatic combination of
two or three lenses of comparatively low power, an image
formed by these being magnified by a convex eyepiece.
An astronomical telescope is essentially this, and images
are formed upside down, a matter of indifference when
viewing sun, moon, or stars; but for terrestrial work an
arrangement of lenses is introduced between the eyepiece
and objective, so that images may appear the right way up.
Diaphragms are placed in the tubes to cut off the marginal
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rays which would otherwise mar the definition. The size
of a telescope is generally denoted by the diameter of its
objective, the smaller being measured in lines (12 of which
make 1 inch), and the larger in inches; thus we speak
of a 16-line, a 19-line, or a 3-inch telescope. |

The magnifying power may be tested in the same way as
an opera glass. A good plan is to select an individual brick
in a wall some distance away, and notice how many times
larger its image is, by counting the number it covers as seen
by the other eye. 'We then speak of it as magnifying so
many “diameters” or “times,” the former term being much
more correct and less ambiguous.

70. Tae Microscore. In the microscope the objective
is a small achromatic combination of lenses of wvery high
power, so arranged that different “powers” can be screwed
on, forming two and three in a combination, and giving dif-
ferent degrees of magnification. These are known as §in.,
Zin., &c., “powers,” the number denoting the focal lengths.

The principle of the mieroscope is as follows. The high
power of the objective forms a real image much larger than
the object, and the eye viewing this real image through the
eyepiece sees a still larger wirtual one. Usually the eye-
piece is doubled, the two lenses being separated by an
interval with a diaphragm between.

The magnifying power is referred to as 50, 100, 500, &c.,
““ diameters,” this being linear measurement, as in the case
of telescopes, &e. 'We can also speak of 2,500, 10,000, &e.,
“times.” These are the sguares of the former numbers
and denote superficial measurement. Thus a square
magnified two diameters is four times its original area.

A mierometer is a small glass rule divided into +}5ths of
an inch. By noting the size of one of these as compared
with 1 inch outside, viewed by the other eye, we can find



THE MICROSCOPE. 97

the magnifying power. Thus, if the image of 1}z inch
covers 3 inch, the power is 50 diameters. In all instru-
ments so far considered, with every gain in power there is
a sacrifice of light.

71. Tae Macric LANTERN is so well known as to need
few remarks. The source of light has a mirror arranged
at the back to reflect rays on to the condenser, two plano-
convex lenses with their curved surfaces inwards, a rim of
metal joining them together. The light should be at about
the principal focus of the combination, so that emergent
rays are parallel (in reality they are slightly divergent).
These pass through the “slide” and meet an achromatic
combination which throws an enlarged image on the screen,
a screw allowing for focussing. The magnifying power at
any distance can be calculated by dividing the space
between screen and lens by the distance between lens and
slide.

72. PeBBLEs AND THE TourmMALINE. The substance
known as pebble is a transparent mineral found in crystals,
which vary in size. It is much harder than glass, and
consequently not so liable to scratch, a matter of great
importance when the usage of spectacles is considered.
Pebble lenses absorb more heat too, consequently make
the eye feel cooler,

There is a peculiarity in the refraction of light by a
pebble lens which does not exist in glass, a single ray being
split into two, undergoing what is known as double refrac-
tion. Most transparent minerals have this property, and
objects appear double through them, but in the “ pebble”
of commerce one ray is absorbed, so that we see only one
object. Nevertheless, pebble cut from the crystal exactly
across its length absorbs the extraordinary ray more com-
pletely than that cut in amy other position, and lenses
ground from such slabs are known as azis cuf,
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Tourmaline is a semi-transparent mineral, which, eut
imto slices parallel to its axls, acts very peculiarly according
to the position of the slabs. When lying parallel to one
another light passes through both, but placed one across
the other no light passes. On putting a pebble lens
between them in this position light is transmitted, but
glass will not cause this change. Here we have a ready
test for pebble, but of much greater use is it for testing
axis cut lenses. Looking at such through the tourmaline
we get a series of concentric rainbow rings with a clear
space in the centre, the whole having a black cross upon 1t
in a certain position. Unless the rings are quite complete
and central the pebble is not perfectly “axis cut.” In
taking slabs for axis cut pebble lenses the crystal generally
cats to waste, hence they are more expensive than the
ordinary article.
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The following list gives the prices at which many useful
articles may be purchased : —
1. Snellen’s Test Type, 4 different sheets, various
letters and arrangements, paper, 21 inches
by 9 inches 1 6d. per sheet
Jaeger’s Test Type, fuldmg cardboard, d1s+
tances marked in centimetres, 11 inches by

=
-

14 inches.. = o .. 9d. each,
Astigmatic Fa,n paper 1a,rge size . e nad
Astigmatic Clock Face, on c&rdho&rd 23 inches

by 20 inches ... ISR e S

Test Type (after Dr. Pra,}r), for a.stlgma,hsm 6d.
Pin-hole Dise, black bronzed metal in nickelled
steel frame and neat ebony handle ... 2/-
Stenopaic Slit, in disc of bronzed metal with
nickelled steel frame and neat ebonyhandle, 2/-
Disc or Lens Holder, nickelled steel with neat
ebony handle ... SES
9. Set of 6 W Bridge Frames (Flg 30} , for facial
measurement, ticketted with full details of

2 R o 8

bridges and centres ... ...8/6 per set.
10. Ditto, of very finest workmanship 12/6 u
11. Set of 12 W Bridge Frames as above (NO.IQ),
6 T "
12. Ditto, of finest workmanship ...‘244- 4
13. Trial Case, with 140 spherical glasses, trial
frame, and tinted plates as Fig. 28 ... 55/- each.

14. Trial Case, with 140 spherical and 36 cylin-
drical glasses, two trial frames, &c., as Fig.
29 (but no prisms) ... i ?8{ ,,
15. Folding Boxwood Metre Rule (fulds into 5

inches), marked in millimetres, reverse mde
in English inches e 1
16. Two Sample Plano- cﬂmdfﬂ s, deep, -i-aud-— 4d.

by

Any of the above ariticles may be obltained from Messrs.
J. & H. Tavror, Manufacturing Opticians, 54, Tenby
Street North, Birmingham.

In all cases postage will be extra.
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J. & H. TAYLOR,

54, Tenby Street North, BIRMINGHAM,

AND

Christchurch, NEW ZEALAND.

GOLD SPECTACLES-—-Hall Marked.
Plain 10/9, 12/-, 12/6, 13/-, 13/9, 14/6
Facetted and Engraved ... 14/6, 15,6, 16/6, 18/6 upwards

STEEL PEBBLE SPECTACLES.
ALL ENGLISH WORK.
From 14/- per dozen upwards

e e e i e e o e

e T o

SPECIAL LINES IN AXIS CUT PEBBLES.
Speciality -FINE WORK AND HIGH-CLASS FINISH,
SPECIAL PRESCRIPTION FRAMES from 2|8 each.

B

P T e i i,

e i

Below are a Few Prices from our Repairs List:—

Solder Eye ... toh . od. Hteal ST ... 6d. Gold
New Eye (Rim) Led v from 1/6 ,,
s Side L i s i 2l
,» Bridge (Spec.) ... 6d. ,, i LGRS
,» Curl Side e Gl - Al
Pair Best Pebbles, Convex, to Spec. or Folder caer 148
Pair Plano-Cylinders to 5 e
Pair Sphero-Cylinders to 5 i S
Tinted Flat, Periscopic and Conc&?e Glasses to
Spec. or Folder ... 3d. each

REVISED CATALOGUE ON APPLICATION.



DBIRMINGHAM.
PENCIL COMPASSES BOWS CASES OF INSTRUMENTS (including
DIVIDERS SETS Special Lines in Pocket Cases)
RULES, SQUARES, &c., &o.

&5 Full Illustrated Catalogues Free on Application,

—

B. J. ROUND & SONS,

(The First Introducers of Sand Blasting for Gilding,)

Electro-Platers, Gilders, and NicKellers

'DN ALL KINDS OF

JEWEILILERY,

German Silver and Britannia Metal Wares.

RE-PLATING AND GILDING (—
Re-polished, and Repaired.

| Antigque Silvering, Bronzing, Coppering, OCxydising, Brassing,
and Parcel Gilding of every description for Town
and Country.

9 & 10, Northampton St., and 65, Albion Street,
Established 1866. gBlrmmgI)am

-




ol =€ =+ =€ 9/ =S O 9/t 99/
~SCqIN PIOD FEAED-§ «'N3d NIVINNOS

- O/2 O8 96 9/ 96 98 9L =S =/t AFINVIS ¥ 139

— —sSqQIN PIOD jeded=p)

%: "INO 109 FAdw

WYHONIWYIE “1S ONOE
‘SHYOM ATINVIS 31309 "pg JUANUIPIE UL saf “yui Suridod pravdasd figyproads
f0m ‘SI0TLH B 2awYy 0t FUIT aydpafopfg Lo wrmpunod 119 pun aoqn a3y LoJ S a0 u..v.._.____.rm_,_m_.m. v
JII@UIIN] [EST4TEMATITN CB[Y *9T0 JUOTIIM B PINOYE INTIN PUBHOYS ahm (08 hﬁwuﬂwﬂﬁ.ﬁﬂ o yas -
1 .

" ..I.I.I-I.I.I.I.I.|l 2
‘SHENVIL NEd 010D pupddid G  pouand?

SNOS ¥ AVOTM T | ™ s omer

! RITOUNUET] ped®

EPIOM (OO'ET 03 COO°OT WCd] 9JLIs [ Paf[y
uay A\ 013 Suiysod sued [0978 000'ET ISEINO |[14 SUQ

‘ova 9/Q| ‘pejuncul ppos fyoue g/ ‘quu plod Jered-Fl eIy Ui
‘o582 cooodowt ul jud ‘PesEYd puuy ‘1agqnd pawly vIvg 9seq 10 s1aploH

-seoling €03 *-/17 '9/S1 ‘9/z1 ‘9/01 ‘9/L -9 9/T wead

Tymermscee N3d NIVANAOS AJINVLS 3H
‘favuipag ui epew pus peddy pucmep sued [y £ . )




PRIZE MBEDATS A WARDED.

ARTIFICIAL HUMAN EVES.

PACHE & SON,

Manufacturers to the Birmingham Eye Hospital, also to the
principal Hospitals in the United Kingdom,

21 & 22, Great Charles Street, BIRMINGHAM,

g B g M o B Ay v\i‘-ﬂ-’mﬁ

HUMAN ARTIFICIAL EYES MADE TO PATTERN,
DESCRIPTION, OR DRAWING.

These Eyes are made from the finest enamel, and are matched
and fitted to perfection.

SELECTION SENT TO OPTICIANS ON APPR{]VAL

*ﬁ C. WALL %%‘

{EBTABLIEHED 1860,)

Ell’uﬂ[[l] -Plater, Gilder, Gold Gutter, &c.,
105, VYSE ST., BIRMINGHAN,

Tu e e

D@F Dead Golaur Gﬂdmg by the Sand Blast Process.

Antique Silvering, Oxydizing, Polishing and Burnishing.

Specialities:—DEAD COLOUR GILDING AND
BERIGHT GILDING.




J. & H. TAYLOR,
5L, Tenby St. North,

BIRMINGHA M,
and CHRISTCHURCH, NEW ZEALAND.

...................................................................................................

Special Work. Messrs. Taylor have great facilities
for making up specials of all kinds, stocking no less
than 150 varieties and sizes of prescription frames, so
that almost any size can be had at a few minutes’ notice.

Repairs. Both in Repairs and Special Work all
parcels are despatched same day as received. Customers
may rely upon 9094 of all jobbing and specials being
returned same day.

Hall-Marked Gold Work. Inevery case possible
work 1s Hall-marked, thus ensuring quality being up
to standard. Specs, can be had Hall-marked, from 10/6.

Steel Work. In this department every pattern is
made, and customers’ names are stamped on sides free
of charge. Spectacles can be made with the sizes of
frames assorted in small quantities, thus giving ja
greater variety for fitting.

Interchangeable Frames and Lenses.
Folders and Spectacles in all metals can be had inter-
changeable in calibres 13 and 14 with lenses to fit,
either glass at 3/- doz. pairs, or pebbles at 18/- doz.
pairs.

Axis Cut Pebbles can be fitted to any frame at a
slight extra charge on ordinary best convex pebbles.

Revised Catalogues on Application.






