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THE OPHTHALMOSCOPE. 3

Hence the divergence of rays received on a given
surface is in proportion to the distance of that
surface from the point whence the rays come,

In fig. 1, let the perpendiculars Pp Rr re-
present two surfaces of equal dimensions (quarter
of an 1inch). Simple inspection shows that the
divergence of the rays proceeding from a lwninous
point L to the surface P’p 1s greater than the
divergence of the rays which are received on the
surface Rr. If the student will enlarge the dia-
coram by making the distance between L and R#
equal to twenty-four inches, keeping the other
dimensions exactly the same, he will find the
divergence of the lines L LR so slight, that on
isolating any small portion they will almost appear
parallel.

Hence it will be easily understood that any two
rays of light from a luminous point in the sun,
distant more than ninety-four millions of miles, and
entering the pupillary aperture,—less than a quarter
of an inch in diameter,— must form with one another
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impinges, it will divide the angle made by the
beam into two equal parts. In fig. 2, SAC
represents the angle made by the incident and
reflected rays, and the angles SAR RAC must
be each equal to half a richt angle.

If the mirror 18 more inclined. the angles

(with the ruler still placed }JL’T]nmllli[f-u]m‘l}' ]
the surface) will be larger; if the inclination is
diminished, the angles will be smaller, but the
angle on one side of the ruler is always equal to
the angle on the other, or, stated as a law: The
angle of reflection is equal to the angle of inci-
dence. It will also be observed that the incident
and reflected beams are in the same plane, which

is at richt angles to the plane of the mirror.
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Reflection from Curved Surfaces.

A curved surface may be regarded as a number
of infinitely small planes inclined to one another.
Each plane would reflect a ray of light according to
the law above stated. The mode in which a concave
surface reflects can be easily understood by enlarging

a few of its planes, as shown by the dotted lines 1n

Fig. 3.

Consideration of the angle of incidence for
each shows that parallel rays falling upon three
planes inclined to one another, as a, b, ¢, would
be reflected to a point situated as at f, and what
is true of the three is approximately true of the
infinity of surfaces contained in the curved sur-
face at D,

‘arallel rays falling upon a concave mirror are
reflected to a point situated upon the axis.

* Practically the mirror would have to be of less curvature in
order to bring rays to an approximate focus.
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[f the concavity is the segment of a sphere,
rays issuing from a luminous point situated at
its centre would be reflected back wupon them-
selves, as the radii are obviously perpendicular to
all parts of the surface. But if the impinging
rays are parallel, they would be reflected to a
point situated at about half the length of the
radius from the mirror surface (by construction of
fig. 3); and, vice wversd, divergent rays from a point
at f would be reflected as parallel.

This point 18 termed the priacipal focus of the
] /;

Fig. 4.

mirror. But if the incident rays are already diver-
gent, they would be reflected to a point beyond
the principal focus, and it is obvious the closer
a luminous point L (fig. 4) approaches the mirror
(with consequent increasing divergence of rays),
the further F will recede. And if the luminous
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same optical properties as if they came from the
negative point F, fig. 5 (and not as they really do
trom the inecident parallels), the focus is termed
virtuel.

The terms positive and negative, real and vir-

Fig. b.

tual, principal and conjugate, are of frequent occur-
rence, and must be thoroughly understood.

Refraction. — When a ray of light passes
obliquely from one medium to another, as from
the ether of space into air, or from air into water
or glass, 1t is bent so that its course in the
second medium 1s at an angle with 1ts course In
the first.

If the ray falls perpendicularly to the surface,
separating the two media, it continues its original
course.

Stand four microscopic slides perpendicularly
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on the page of a book as it lies flat on a table.
Now read through them. The lines appear shifted
to a lower level as they pass behind the glass.

Thus :—

“ For we whicl resent daysa
1iow beliold these p
Have eyes t« gues to praige.”
'wonder but lack ton!
| JSJ‘I-' rh'z'r.'a‘p{'ﬂfﬂ.
|48

Inspection of fig, 6 shows a ray passing
obliquely from the book to the surface of the

Fig. 6.

alags, where it is bent in the direction ab.
On emerging from the surface at b, it is again
refracted in a direction parallel to its original
course. If the ray is produced as shown by the
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of a diamond at the same angle. A ray falling on
olass at 60° would be less refracted than the one
at 45°. A ray falling on diamond at 60° would be
less refracted than the one at 45°, but more than
the ray at 60° on glass. And so on; the same
proportion being always maintained till the ray
falls perpendicularly to the surface, where it
undergoes no refraction either by glass or diamond.
The angle is measured by a method involving a
slight acquaintance with mathematics for its com-
prehension.,

[f the surfaces of a refracting substance are
inclined to one another, as in a prism, it is obvious

a ray can never be perpendicular to more than

Fig. 7.

one surface at a time. A ray can therefore never
fall upon a prism without being refracted.

Fig. 7 shows a ray from p falling perpendi-

cularly to the first surface of the prism, and it



THE OPHTHALMOSCOPE, 135

therefore undergoes no refraction: and, if the
second surface were parallel to the first, the two
perpendiculars would coincide, and the ray undergo
no deviation. But on emerging from the second
surface, it comes into relation with the second
perpendicular p* from which it is refracted
according to the law of passage from a denser to
a rarer medium. A ray from p would therefore
not proceed to ¢, but to D, and would virtually
come from a point situated as at d.

Ij“:‘_'ﬁ‘ of a moderate degree of obliquity are
refracted towards the base of a prism, and this
fact will enable us to understand the laws of

refraction by curved surfaces, on which the main

Fig. 8,

properties of the eye as an optical instrument de-
pend.

If two prisms are placed base to base, any two
parallel rays p 2/, fig. & falling upon corresponding
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Oblique lines sa, sa, passing through the same
point, are the secondary awes,

Rays of light coinciding with principal or
all other

rays are refracted. [Parallel rays are rendered

secondary axes undergo no refraction

convergent by a biconvex lens, and meet in a

he
Fig. 9.

point at a fixed distance from the second sur-
face.

arallel rays are brought to a focus in a point
on the axis to which they are parallel, if with
the principal on that axis as at C, if with a secon-

dary on that axis as at f.
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The focus for parallel rays is termed the prinei-
pal focus, and its distance from the optical centre
of the lens its principal focal distance.

Lenses are measured by their power of refracting
parallel rays to a given point,

The unit of comparison is a lens that brings
parallel rays to focus at one metre (in round num-
bers 40 in. Brit.) from its optical centre. This 1s
called a diopter.

A lens of double power (equal to two such

Fig. 10.
]t‘llh‘.t!ﬂ) would be of two :liulhh-r.ﬂ, and would ]n'in‘g

parallel rays to focus at half a metre (in round
numbers 20 in. Brit.) Three times the power,
would be three diopters (=13 in.) and so on. Fide
Appendiz.

The divergent rays from a luminous point at
the principal focus are rendered parallel; but
rays from a more distant point are less divergent,
and the refractive power of the lens is more than

sufficient to render them parallel.
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They are, therefore, rendered convergent in a
point situated at a certain distance on the other
side of the lens. The closer the luminous point
L, fig. 10, approaches F, the further f will recede;
and zice versd,

As the relationship of these is constant and
interchangeable, they are termed conjugate ; both
are positive and real.

The rays from a luminous point closer than

Fier, 11,

the prineipal focus are too divergent to be rendered
}mrulleai by the refractive power of the lens, and
consequently emerge from the other side divergent,
thouch in a less degree than before passing through
lens.

Fig. 11 shows rays diverging from ‘a luminous
point L, situated on the axis between the lens and

its prim:i;:ul focus F.
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If the resulting diverging rays d d are produced
by imaginary lines, they will meet in a point
situated as at f, and the lines d ¢ will have the
optical value as if they proceeded from f, and not,
as they really do, from I.. The closer L is brought
to F the further f recedes, and wice versd.

A luminous point situated as L has, therefore,
a conjugate focus on the same side of the lens.

[t has no real existence, but represents the point

i‘lrr I'?
Fig. 12.

whence the rays seem to come—it is negative or
virtual.

A concave lens is thicker at the edge than at
the centre, and may be regarded as an infinite
number of truncated prisms with their Dbases
turned away from the centre. As parallel rays
would be refracted towards the bases, it follows
that a concave lens renders parallel rays divergent.

A concave lens has no real or positive focus.
Dut if the directions of the divergent rays are
produced backwards, they will meet in a point on
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straicht line) that not more than a few rays from
each point can pass through the pinhole at e, and
must necessarily cross there. The ray from the
uppermost point of F becomes the lowermost on
the screen P, and wice versd ; and as the rays from
the right cross over to the left, and those from the
left to the right, it follows that the image will be
completely reversed.

The figure shows that if the screen is exactly

Fig. 13.

midway between the candle and the paper, the
1mage and the flame will be of the same size. But
if you place the paper at a greater distance (say
nine inches), the image will be enlarged, as at P’
if nearer, it will be decreased. In trying this ex-
perimentally, you will find the smaller the 1mage
the brighter it will be. |
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[f you make a second pinhole in the screen, two
images will be formed on the paper; with a third,
three, and so on. If you make a number of pin-
holes close together, a corresponding number of
images will be formed, but they will overlap, and
present only the appearance of a blurred spot of
light.

You will therefore have no ditticulty in under-

standing that the reflection from a sheet of paper

Fig. 14.

(or any visible object) is composed of the rays pro-
ceeding from a number of overlapping images of
the sun, candle-flame, or other source of illumi-
nation. With a minute aperture in a screen all
superfluous rays are cut off, and each point of the
flame is represented by a point in the image, and
it is therefore clearly defined.

You will have noticed that whereas the image
of the flame appears on the screen and inverted,
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refracted, and cross at F, the principal focus. Now
[rom the same points draw lines corresponding with
the secondary axes; they undergo no refraction,
but meet and cross the former rays at ab. In
other words, ab are the conjugate foci to AB.

I'rom what has been said before, you can under-
stand that the image of A will be formed at «, and
of B at &, and so for other points in the object.

This 1mage is inverted, and as it can be received

Figx, 15.

on a screen, or seen suspended in the air, it is a
real i1mage. From the construction of the figure
it 1s seen that the 1mage is diminished. As ab are
the conjugate foci of AD, it follows that if ab repre-
sented points In an object, the 1mage would be
formed at ADB and enlarged.

Hold a (two-inch) convex lens at (six inches)
a greater distance than its focal length from this
page. The letters will appear inverted and dimi-



24 THE OPHTHALMOSCOPE.

nished, and as if printed on the surface of
the lens. It is really in the air, and its for-
mation is represented by fig. 15. This inverted
acrial image is of the utmost importance 1In
practical ophthalmoscopy, and must be further
studied.

Move the lens to double its focal length (four
inches) ; you will observe the print is still inverted,

but the letters are no longer diminished, but of

Fig. 16.

their natural size. At three inches, the letters
are magnified, and continue to increase as vou
approach the prineipal focus (two inches), where
you will notice the inverted image disappear.
On approaching the lens with your eye you will
be able to read, as the letters are in their natural
position. The page being at the principal focal
length (p. 7), you will remember the rays issue from
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size, therefore, depend partly on the actual mag-
nitude of the object, and partly on its distance
trom the eye. Fig. 17 makes this evident. The
lines drawn from the extremities AB of an object
through the optical centre ¢ enclose the angle
subtended by the arc bg, and beg is the visual
angle of AB. But if an object of same size is
at a greater distance, as XY, the lines passing
through the optical centre would only enclose the
smaller angle zey.

In order that an object placed at the same

Fiz. 17.

distance as XY should seem as large as AD, it
would require to have the dimension pg. As a
familiar illustration of this fact, a threepenny-
piece held at arm’s length will appear as large
as the moon’s dise, which has an actual diameter

of more than 2000 mailes.
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that in returning from P’

they will be again
refracted on passing through the lens, and will
converge to the point C whence the light came.
No rays will pass in the direction PE.

[nspection of fig. 18 shows a pencil of straight
ingoing rays and straicht outcoming rays separated

Figs. 18, 19.

by an angle, and it is clear the diameter of the
cone of light having its apex at P increases with
the distance from the box. In our experiment
the cone is about six inches in diameter at a foot
from the bottom of the box. Thus there is plenty

£y . - ' -
of room for the eye to receive the outcoming rays
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into the eve, the return-pencil would strike the
reflector. Furthermore, if the reflector were trans-

parent, so as to allow a portion of the return-

Fig. 20.

rays to pass through it, the observer would per-
ceive the fundus of the eye dimly illuminated, and
the pupil would no longer appear black.

Hold four glass microscope-slides. You will
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The manner in which a coneave mirror renders

Fig. 21

the fundus of the eye visible may be readily
understood.
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[ should advise you to adopt the plan of exa-
mining the patient’s left eye with your left, and

Fig. 23.

Ve versd, as shown 1n Fi:,'. 2:. 1.[1- 11.1&1

these
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have now to learn how to bring details into focus
with the aid of the objective.

Take the lens (2-inch) between the thumb and
forefinger of your disengaged hand, and hold it
two inches in front of the patient’s eye, so that
the light from the mirror passing through the lens
is concentrated on the pupil. You may steady
your hand, if you choose, by resting your little
finger against the upper margin of the orbit.

You should now see the inverted image of the
optic dise, and a portion of the surrounding fundus.
Remember the image is in the air about two inches
on your own side of the lens. You have therefore
to overcome the difficulty of focussing with the ob-
jective so as to obtain a shaip, clear image, and
of holding your head at such a distance as to
see it plainly. In the beginning you will bungle,
as you did when you first tried to row with a
pair of sculls, or execute the associated move-
ments of arms and legs In swimming; but if
you have previously mastered the use of the
mirror as advised, the period of struggle will
be short. The distances you have to maintain
are—(1) the lens must be two inches from the
pupil, and (2) your own eye must be two inches
farther from the lens than the distance at which you
clearly read small type (wow); say that is twelve
inches, you will see the image clearly at fourteen.
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has not unfrequently been viewed with complacency
as the dise. It may at once be distinguished by
the little black dot in the centre. By inclining
the lens a little from the perpendicular, it can be
thrown beyond the marcin of the field.

Do not mmagine these early steps are easy. Even
with a good teacher much difficulty will be ex-
perienced. You must spend time and take trouble

before you can simultaneously perform the minute

adjustments of hand and eye upon which focussing
depends. But do not attempt to pass on to other
portions of the subject till you have thoroughly
mastered this; and above all, do not persuade
yourself you can see when you cannot. I repeat
the steps :(—
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than its focal lencth from the latter, so that a
bright, circular spot of light is thrown into the

pupil. By movine the lens slichtly, and directing

Fig. 206.

the patient to look successively in various directions,
the faintest opacities are made visible,

The second lens (2-inch) can be held rather
within its focal length from the eye, and used as a
magnifying glass.

Two or three trials will suffice to make you

complete master of the method.
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2. The optic disc must be studied in the inverted

1nage, but minute variations in colour are best
made out by the direct examination.

The general aspect of the dise is ecirecular or

/% =) ﬁ?.rz-ratfr —
, {P?Hw e

Fig. 27.—5cheme of Optie Dise.
oval, with the long diameter vertical. The colour

is compound, being derived from the following
elements: (a) Red from the nutrient capillaries ;
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the movements of an opacity would be affected by
its depth, stick three pins in a row about two inches
apart; look at them with one eye exactly on the
same level —the foremost pin only will be visible.
Interpose a convex lens between the eye and the

first pin, so as to see its enlarged Inverted image.

Move the lens to the right ; the image moves to the
richt also, more rapidly than the lens; by con-
tinuing the movement, the inverted image of the
second pin comes mnto view, and also moves to the
richt, but slower than the first; and ultimately the
third image is seen moving in the same direction,

but slowest of all.
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The Cornea.—Opacities in the cornea are easily
seen to be superficial. ' With the mirror small nebul®
appear as black spots, and transparent ulcers
have a black edee. With the
oblique illumination very thin
nebul@ and ulecers or inequalities
of surface are easily seen.

Small white punctiform deposits
take place on the posterior surface
of the cornea in serous iritis.

The Lens—On the anterior
capsule opacities are, for the
most part, due to disease of
either cornea or iris.  Small
patches of lymph, threads ty-
ing the iris down to the capsule,
and dots or streaks of uveal
pigment, present no difficulty in
detection. A common form 1is
seen in young children as the
result of ulceration of the cornea.
[t appears by oblique 1llumination
either as a small white spot,

not more than about half a line

diameter, mm the centre of the

* Fig. 29,—A shows pupil tied down by adhesions to anterior
capsule with deposit of lymph in centre; B, central capsular
cataract ; C, cortical ; D, zonular
nation,

all as seen by obligue ilumi-
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accommodation relaxed, details can be accurately
made out.

Fig. 30 shows divergent rays proceeding from
two points ab (say the upper and lower margin
of the optic dise), traversing the lens L. They
emerge parallel, and as if proceeding respectively
from the virtual points oo, pp, producing an
enlarced virtual image, Simple inspection shows
that an eye situated at E would only see the
portion of the image included in the angle CED ;

that if it approached so as to increase the angle,

it would see more; if it receded so as to diminish
the angle, it would see less (v. Visual Angle, p. 28).
You may roughly demonstrate this by laying a
convex lens (2-inch) on the optic disc in fig. 27.
On looking through it at the diagram, a space
equal to the diameter of your lens will be plainly
seen at a distance of 15 inches, But gradually
raise the lens from the paper, the details become

larger and larger, but less and less can be seen
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and the position of the image,—E, the observer's
eye (emmetropic); M, the myopic eye; I, position
of the image,™

As the return rays are convergent, it follows
that you cannot see the erect image of a myopic
eye without the aid of a lens to render them
parallel, In the above example, the rays cross
at 10 inches from the myopic eye. Let us suppose
you place your eye at 2 inches; the rays would
cross at 8 inches behind the front of your cornea,
supposing no refraction to take place. Therefore

if a concave lens of 8-inch negative focal length

Fig. 31.

be ]l]&l{_iljli as an eye-plece behind the mirror, the
rays will be rendered parallel, and focussed on
your retina without acccommodation.
In a few trials 1t i1s easy to determine what con-
Short-sighted persons are very common, and may be known
by their inability to see objects (a church clock, names over shops,
&ec.) clearly at a distance ; by their good sight for small objects

held near the eye, and by concave glasses improving vision for
distance. The statements in the text should be verifiecd on such

an one.
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In Emmetropia—Pupillary glare bright. The
shadow passes in a flickery sort of manner.

[t moves in the opposite direction to the mirror,

It will be made to move in the same direction by

the interposition of a weak convex lens (eg., +1D).
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Fig. 32.

In Hypermetropia—Pupillary glare fainter and
fainter according to degrees of H. In hich degrees
(e.9., +4D and upwards) the illumination is very
feeble.

Shadow moves In opposite direction to mirror.
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therefore advanced, so that its refraction is hyper-
metropic.

2. Its diameter is enlarged.

Fig. 36.—8wollen Disc.

The optic-nerve fibres, as they radiate from the
centre of the dise, are infiltrated for some little
distance beyond its margin, and rendered grey and
opaque, so as to look like a continuation of the
natural surface of the disc.

3. The margin 1s woolly.

The infiltration shades off with a fluffy or woolly
edge into the unaffected retina. The natural
margin of the disc is hidden.

4. The central veins are enlarced, arteries dimi-

nished.




















































































