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MANUAL OF OPHTHALMIC PRACTICE.

CHAFTER L.

OpTicar AND GENERAL OUTLINES.

Refraction.—The following outline of the phenomena
of refraction has been in a great measure compiled
from “Ganot’s Elementary Physics”® from which the
diagrams have also been adapted.

Refraction is the deviation which luminous rays ex-
perience when passing obliquely from one medium to
another, for instance from air into water; we say
obliguely, because if the incident ray is perpendicular to
the surface, separating the two media, it is not deflected
but continues its course in a right line,

* Ninth Edition, translated by E. Atkinson, Ph.D.
B



2 MANUAL OF OPHTHALMIC PRACTICE.

The #ncident ray being represented by SO (Fig. 1) the
réefracted ray is the direction OH, which light takes in
the second medium, and of the angles SOA and
HOB, which these rays form with the ‘““normal”® AB,
at right angles to the surface which separates the
two media, the first is the angle of incidence and the other
the angle of refraction. According as the refracted ray
approaches or deviates from the normal, the second

Fic. 2.

medium is said to be more or less refringent or refract-
ing than the first,

TRANSMISSION OF LIGHT THROUGH T RANSPARENT MEDIA.

Media with parallel faces.—When light traverses
a medium with parallel faces the emergent rays are
parallel to theincident rays, as shown in Fig. 2 in which
SA is the incident ray, AD the refracted ray and DB
the emergent ray, G and E are the normals to the two

» The line perpendicular to the surface separating the two media
(AB in diagram).



PATH OF RAYS IN PRISMS. 5

surfaces. But when light traverses media the surfaces
of which are not parallel, the emergent ray is not
parallel to the incident ray; upon this depends the
action of prisms and lenses.

Prism.—In optics a prism is any transparent medium
comprised between two plane faces inclined to each
other. The intersection of these two faces is the edge of
the prism, and their inclination is its refracting angle.

Fig. 3.

Path of rays in prisms.—\When the laws of refrac-
tion are known the path of rays in a prism is readily
determined. Let O (Fig. 3) be a luminous point, ABC,
a section of a prism made of glass, of which A is called
the summit, BC the base, and OD an incident ray.
This ray is refracted at D and approaches the normal,
because it passes into a more highly refracting medium
(see p. 2). At K it experiences a second refraction, but
it then deviates from the normal, for it passes into air
which is less refractive than glass (see also p. 2). The
light is thus refracted twice in the same direction, and
the eye which receives the emergent ray KH, sees the
object O at O'; thatis objects seen through a prism appear
displaced lowards ifs edge or summil, Prisms are numbered
by the degree of inclination of their surfaces; we
speak of a prism of so many degrees.

B 2
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Lenses.—We next come to the consideration of lenses.
These are transparent media which from the curvature
of their surfaces, have the property of causing luminous
rays which traverse them either to converge or diverge.
According to their curvature, they are either spherical,
cylindrical, elliptical or parabolic. 'We have to con-
sider only spherical and cylindrical lenses. These are
usually made of crown or flint glass, of which the latter

F1G. 4.

is the more highly refractive ; spectacle lenses are fre-
quently made of what is known among opticians as
«pebble ” or rock crystal which is harder than glass
and does not easily scratch.

The combination of spherical surfaces, either with
each other or with a plane surface, gives rise to six
kinds of lenses, sections of which are represented in
Fig. 4. Four are formed by two spherical surfaces, and
two by plane and spherical surfaces. A is a double convex,
B is a plano-convex, C is a converging concavo-convex, Disa
double concave, E is a plano-concave, ¥ is a dwerging
concavo-convex. The lens C is called the converging menis-
cus, and the lens F the diverging meniscus.

The first three, which are thicker at the centre than at
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called the principal focus, and the distance FA is the
principal focal distance or focal length of the lens.

FiG. 5.

Conjugate foci.—We will now consider the case in
which the luminous object is further from the lens than
its principal focus, but so near that all incident rays of
light form a divergent pencil, as shown (Fig. 6). The

K1a. b.

luminous point being at L, by comparing the path of the
diverging ray LB with that of the ray SB parallel to the
axis, the former is found to make with the normal an



CONJUGATE FOCUS. 7

angle, LB#n, greater than the angle SB#z; the angle of re-
fraction is consequently greater, and after traversing the
lens, the ray cuts the axis at a point / which is more dis-
tant than the principal focus F. As all rays from the
point L cut the axis approximately at /, this point is what
is called the conjugate focus of the point L. The term con-
jugate focus expresses the relation existing between the
two points L. and /, which is of such a nature that if
the luminous point be removed to /, the focus passes
to L.

Accordingly as the object comes nearer the lens, the
divergence of the emergent rays increases and the focus

H1a. 7.

[ becomes more distant; when the luminous point L
coincides with the principal focus, the emergent rays on
the other side of the lens are parallel to the axis, and
there is no focus, or what is the same thing it is infi-
nitely distant.

Virtual foci.—A double convex lens has a virtual
focus when the luminous object L is placed between the
lens and the principal focus as shown (Fig 7). In this
case the incident rays LI make with the normal greater
angles than those made by the rays FI from the princi-
pal focus F; hence when the former rays emerge they
move further from the axis than the latter and form a
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diverging pencil HK GM, These rays cannot produce
a real focus, but their prolongations in the opposite
direction meet in some point / on the axis, and this
point is the virtual focus of the point L.

Foci in double concave lenses.—In double con-
cave lenses there are only virtual foci, whatever the dis-
tance of the object. In Fig. 8 let SI, S'K be any pencil of
rays parallel to the axis, any ray SI, is refracted at
the point of incidence I and approaches the normal CI.

Fig. 8.

At the point of emergence it is again refracted, but
diverges from the normal GC'. So that it is twice re-
fracted in a direction which moves it from the axis CC'.
As the same thing takes place for every other ray,
S'KMN, itfollows that the rays after traversing the lens
form a diverging pencil GH, MN. Hence there is no
real focus, but the prolongations of these rays in the
opposite direction cut one another in a point F, which
is the principal virtual focus.

In the case in which the rays proceed from some
point L on the axis, and form a diverging instead of a



FOCUS IN DOUBLE CONCAVE LENS. 0

parallel pencil (Fig. g), it is found that a virtual focus
is formed at 7, which is between the principal focus and

Fi1G. g.

the lens and which may be considered the conjugate
focus of the point L.

Optical centre and secondary axis.—In every
lens there is a point called the op/ical cenire, which is situ-
ated on the principal axis, and which has the property that

F1G. 10.

any luminous ray passing through this point experiences
no angular deviation, that is, that the emergent ray is
parallel to the incident ray. The existence of this point
may be demonstrated in the following manner:—let two
parallel radii of curvature CA and C' A’ (Fig. 10) be
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drawn to the two surfaces of a double convex lens. As
the two plane elements of the lens A and A’ are parallel
being perpendicular to two parallel right lines, it will
be granted that the refracted ray KA A'K' is propa-
gated in a medium with parallel faces. Hence a ray
which reaches A at such an inclination that, after re-
fraction it takes the direction A A', will emerge parallel
to its first direction (see Fig. 2, p. 2); the point O, at
which the right line cuts the principal axis is, therefore,
the optical centre. Every right line PP (Fig, 11) which

FiG. 11.

passes through the optical centre without passing through
the centres of curvature is a secondary axis. From the
property of the optical centre, every secondary axis re-
presents a luminous rectilinear ray passing through this
point, for from the slight thickness of the lenses it may
be assumed that rays passing through the optical centre
are in a right line, that is, that the small deviation which
rays experience in passing through a medium with
parallel faces may be neglected (see Fig. 2, p. 2).
Nodal points.—If, however, we take into considera-
tion this deviation, we have to notice what are known
as ‘ Nodal points.” The anterior nodal point # (Fig. 12)1s
the point upon the principal axis A A to which the ray a?
appears to be directed before refraction; the posterior



NODAL POINTS. T-T

nodal point £’ is the point from which the emergent
ray ¢ d appears to proceed ; the direction of the emer-
gent ray is, however, parallel to that of the incident
ray.

So long as the secondary axes make only small
angles with the principal axis, all that has been said
about the principal axis is applicable to them ; that is,
that rays of light emitted from a point P (Fig. 11) on the
secondary axis PP, nearly coincide in the same point

FiGg. 12.

of this axis P' and accordingly as the distance from the
point P to the lens is greater or less than the principal
focal distance, the focus will be either conjugate or
virtual.

Formation of images in double convex lenses.—
In lenses the image of an object is the collection of the
foci of each of its points; hence the images furnished
by lenses are real or virtual in the same cases as their
foci, and their construction resolves itself into determin-
ing a series of points,

Real image.—Let A B (Fig. 13) be placed beyond the
principal focus. If a secondary axis A a be drawn from
the outside point A, any ray A C from this point will be
twice refracted at C and D, and both times in the same
direction, approaching the secondary axis which it cuts
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at a. From what has just been said (p. 11), the other
rays from the point A, will coincide in the point g,

FiG. 13.

which 1s accordingly the conjugate focus of the point A.
If the secondary axis be drawn from the point B, it will
be seen in like manner, that the rays from this point
coincide in the point 4, and as the points between A
and B have their foci between ¢ and 4, a real image of

Fi1G, 14.

A B will be formed at a4, which is inverted and smaller
than the object A B.

Virtual image.—There is another case in which the
object AB (Fig. 14) is placed between the lens and its



VIRTUAL IMAGE. 13

principal focus. If a secondary axis, Og, be drawn
through the point A, every ray AC after having been
twice refracted, diverges in emerging from this axis,
since the point A is at a less distance than the principal
focus (see Fig. 7, p. 7). This ray continued in the
opposite direction will cut the axis Oz in the point g,
which is the virtual focus of the point A. Tracing the
secondary axis of the point B, it will be found in the
same manner that the virtual focus of this point is
formed at 4. There is, therefore, an image of AB at
ab. This is a virtual image, it is in its right position,
and is larger than the object.

Formation of images in double concave lenses.
Double concave lenses give only virtual foci, whatever
the distance of the object. Let AB (Fig. 15) be an

F1G. 15.

object placed in front of such a lens. If the secondary
axis AO be drawn from the point A, all rays, AC, Al
from this point are twice refracted in the same direction,
diverging from the axis AO; so that the eye receiving
the emergent rays DE and GH, supposes them to pro-
ceed from the point where their continuations cut the
secondary axis AQO, in the point «.






































































































FIELD OF VISION. 47

positions from its extremity towards the centre, and the
point at which it first comes into view noted, this gives
the outermost limit of the field. Its shape will be found
to be somewhat oval, the long axis of the oval being
situated obliquely from above downwards and outwards.
The field extends from the central or fixation point out-
wards, go° or more, in other directions it is limited by

GREEM.......

FiG. 25.—Field of vision of right eye. The continuous, broken and
dotted lines show the outer limits of the field over which different
colours can be recognised. (Landolt).

the height of the bridge of the nose, prominence of
orbital margins, and depth of the eyeballs in the orbits,
and extends for about 65° to 75° from the fixation point,.
The extent of field is different for different colours,
white is the largest, then comes Blue, next Red, and last
Green. (See Fig. 25).
















































HYPERMETROPIA. 63

then (taking care to relax our own accommodation)
revolve the disc containing convex lenses, placed at the
back of the ophthalmoscope until we have ascertained
the s/rongest lens through which a distinct view of the
fundus is still obtained.

F1G. 28.—0ldham’s Ophthalmoscope.

The number of D of this lens expresses the degree of
hypermetropia ; for instance, if it be found that a clear
view of the fundus is obtained when + 1°'5 D is placed
behind the sight-hole of the ophthalmoscope, and that a
stronger lens renders the image indistinct, H 15 D is
present.

If the observer is not emmetropic, he must place that
lens which corrects his ametropia in the clip purposely
fixed to the instrument in Oldham’s instrument before
commencing the examination. Or if he be using an

































































































































































































































































































































































































































































































































































































































266 MANUAL OF OPHTHALMIC PRACTICE.

knife, a sharp hook and curette (Fig. 47, ¢, 4, a). (For
the position of patient and surgeon see Fig. 32, p. 204).
The lids should be held open and the eyeball steadied
by the operator’s fingers as detailed under solution.

The incision may be made either upwards or down-
wards (fig. 48 B), by passing the straight knife through
the sclero-corneal margin on the outer side at a point
(puncture) corresponding to the horizontal corneal meri-
dian, into and across the anterior chamber, out at a
corresponding point on the inner side (counter-puncture),
and then cutting forwards by a sawing movement, 0b-
liquely, through the cornea, midway between the pupil
and upper or lower corneal margin; the former if the
incision is made upwards, the latter if it is made down-
wards. In entering the knife and passing it across the
anterior chamber, care must be taken to keep its edge
directed forwards towards that part of the cornea which
it is desired to incise; if the knife is rotated in any way
after the anterior chamber has been opened, the aqueous
humour will escape and the blade become entangled in
the iris.

The capsule should next be lacerated by scratching it
with the sharp hook, and the lens removed by gently
pressing on the eyeball at the upper or lower margin of
the cornea aided by gentle counter-pressure near the
opposite margin. The pressure can best be made with
the thumb of one hand and the fore-finger of the other
placed upon the surface of the partially closed lids; the
position of the incision near the centre of the cornea,
however, will not allow the lens to be pressed outimme-
diately. Before attempting to squeeze out the cataract
its margin must be brought opposite the incision by
gently pressing upon the globe above or below, accord-
ing as the section has been made upwards or down-

wards.









































































290 MANUAL OF OPHTHALMIC PRACTICE.

If any pieces of bone are found loose they should be
removed by operation.

H=morrhage into the orbit.—Orbital hzzmor-
rhage may depend upon the spontaneous rupture of a
vessel within the orbit, and if the amount of blood is
considerable, produces displacement of the eyeball.
The blood may become diffused, and appear beneath
the conjunctiva, being subsequently gradually removed
by absorption; occasionally, however, the clot becomes
encysted, and permanent displacement of the eyeball
results, Haemorrhage into the orbit also occurs from
foreign bodies entering it, and in fracture of its walls,
frequently to a considerable extent; subconjunctival
ecchymosis is a prominent symptom in some cases of
fracture of the base of the skull extending through
the roof of the orbit,

Hzemorrhage sufficient to cause displacement of the
eyeball has occurred after the operation for strabismus.

Treatment.—In cases of spontaneous hzmorrhage
light pressure should be applied to the eye by a pad of
lint or cotton wool and a bandage. Where excessive
hazmorrhage occurs after operations for strabismus a
large pad of lint should be placed on the closed lids,
and firm pressure by means of a bandage kept up for a
few hours after the operation. Hzemorrhage from
foreign bodies entering the orbit, or from fracture of
its walls is only of secondary importance to the injury
which caused it, and may be left to itself; it is of more
interest to the general surgeon than the specialist.

Vascular protrusion of the eyeball.—This is the
name applied, and very justly, by Mr. Thomas Nunneley
(Medico-Chir. Trans., vol. xlviii.) to a set of cases for-
merly considered to belong to the class of ‘“aneurism
by anastomosis,” but which Mr. Nunneley shows differ
in many essentials from the latter affection, both in their
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[ saw the patient again at the beginning of the sum-
mer of 1874. The congestion had disappeared, the
pulsation ceased, and the eyeball had returned to its
natural position, the only sign of the disease remaining
being a small linear cicatrix in the upper eyelid and a
slight thickening near the inner angle of the orbit in
the position previously occupied by the pulsating tumour.

Treatment.—Many of these cases recover without
operative interference. Rest, low diet, with depressing
remedies, as cold applied locally, and the administration
of digitalis or antimony should always have a fair trial.
Pressure applied locally, by means of a pad and band-
age, should also be employed if it can be borne,

These means failing, recourse must be had to digital
pressure of the carotid, kept up for some hours, the
patient being under the influence of an anzesthetic, as
pressure in the neck gives rise to such intolerable pain,
that even the most resolute can only bear it for a few
minutes at a time.

As a last resource, a ligature must be applied to the
common carotid on the same side as the disease.

This operation was performed in all but one of Mr.
Nunneley’s cases with the best results. In a case under
my own care ligature of the carotid was followed by
complete subsidence of the symptoms.

Should a case similar to that reported above occur,
the operation which proved so successful in it should
be performed.

ExoputHALMIC (GOITRE,

This disease is characterised by protrusion of the eye-
balls, impairment of the movements of the lids, and
diminished sensibility of the cornea and conjunctiva,
accompanied by disturbance of the heart’s action and
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of tannin, or chloride of zinc, may also be tried, but
the greatest caution is necessary, as the operation has
occasionally been followed by the sudden death of the
patient,

Cysts.—Various kinds of cysts are met with in and
about the orbit, the most common being the congenital
dermoid cyst (se¢e Operations on the Eyelids). Simple
cysts, probably the remains of hamorrhages, and cysts
connected with the lachrymal gland, are also met with.
Hydatids have occasionally been seen. Cysts or hyda-
tids can be cured by puncture and removal of part or,
if possible, of the whole cyst.

Nodes.—Periosteal nodes are not unfrequently met
with; they occur as hard and sometimes painful
tumours, usually situated somewhere about the margin
of the orbit, but sometimes deep in its cavity, The ex-
istence of a node deep in the orbit should always be
suspected in cases of paralysis of any of the ocular
muscles, displacement of the eyeball, etc., more especi-
ally if these symptoms are associated with nodes on the
forehead or margin of the orbit, or other symptoms
of syphilis. Nodes gradually disappear under anti-
syphilitic treatment.

Distension of frontal sinus.—Appears as a swe]l-
ing situated above the inner canthus, at the inner
angle of the orbit; the character of the swelling depends
upon whether the bone forming the boundary of the
sinus is intact or has become absorbed and perforated;
in the former case the tumour is hard and resisting,
resembling an exostosis; in the latter it is soft and
fluctuating, resembling a mucocele, it is, however,
higher up above the tendo oculi, instead of below and
behind it, and communicates a peculiar crackling
sensation to the touch.

We are often told that the tumour is smaller when
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These indications are best carried out by the applica-
tion of leeches (if the patient is strong, and can bear
blood-letting), by opium internally, and by the constant
use of sedative fomentations, the best being Fotus
Belladonnae, (made by dissolving a drachm of extract of
belladonna in a pint of warm water) mixed with an
equal quantity of Fotus Papaveris, (made by boiling an
ounce of poppy-heads in a pint of water); a piece of
rag or lint soaked in this mixture as hot as it can be
borne should be kept constantly applied to the affected
eye. Poullices may also be employed. Most patients
will require the administration of a fair amount of
stimulant, good food, with iron and quinine.

‘When suppuration has been fairly established, and all
perception of light lost, the eyeball must be treated as
an ordinary abscess, and the pus let out by incision.

If suppuration occurs in both eyes, as is sometimes
the case when it arises from idiopathic causes, especially
pyeemia, treatment must be directed towards the relief of
pain. If the patient escapes with life, he will certainly
be blind.

Removal of foreign bodies from the interior of
the globe.—Foreign bodies in the anterior chamber
can be removed with iris forceps; if fixed in the iris a
portion of iris should be removed with the foreign body.
If lodged in the lens, the lens should be extracted with
the scoop or loop, (see p. 268). From the vitreous a
foreign body may be removed with forceps made for
the purpose, but the operation is extremely difficult and
the result will probably be a failure. )

Chips of iron or steel can be removed from any part
of the interior of the globe by the electro-magnet. Mr.
Simon Snell, of Sheffield, has had wide experience in
the removal of foreign bodies by this means. The
following is his description of his instrument (fig. 48)
and its mode of use.
























































































