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PREFACE

TO

THE FOURTH EDITION.

I HAVE endeavoured to make the present edition of the Optical
Manual as complete a guide as possible to the diagnosis and
management of optical defects, in the hope that it may prove useful
as a text-book on the subject for civil as well as for military surgeons.
In the former editions the necessities of military practice were
almost exclusively kept in view, but in the present revised and
illustrated edition, while bringing the text up to date in respect
to the visual requirements and regulations of the military, naval,
and other public services of Great Britain and India, I have added
very materially to the work in order to try, in addition, to meet
the wants of general practice. The explanations given in the
several chapters into which the book is divided are expressed in as
concise and simple terms as appeared to me compatible with a
sufficient elucidation of the matters treated on in them, having
regard to the needs of those who have not previously given particular
attention to the branch of ophthalmic practice with which the work
deals, and not forgetting the little time which, as a rule, is at the
disposal of practitioners for the study of any special subjects
beyond those which the demands of ordinary practice render essen-
tial. I have found it convenient to reprint a portion of the Preface
to the third edition of this Manual, in order to show the aim and
scope of those parts of the work which especially bear on optical
practice in the public services. The advantages that are afforded
by the illustrations, which appear for the first time in this edition,
and, with the single exception of fig. 65, are taken from original
drawings furnished by my late colleague, Inspector-General Dr.
Macdonald, R.N., F.R.S., will be sufficiently apparent on observa-
tion of the illustrations themselves.






EXTRACT

FROM

THE PREFACE TO THE THIRD EDITION.

THE circumstances under which I was originally led to put forth this
Manual of Instructions for testing and dealing with the various
conditions of vision liable to be met with in persons seeking em-
ployment, or already engaged, in military service, have been ex-
plained in the two previous editions of this work, which were pub-
lished in the years 1862 and 1874, and do not require repetition.
Since the second edition of the Manual was published, so great
have been the changes in some of the practical parts of optical
manipulation, and such advances have been made in respect to
length of range, and capacity for accurate fire, in the weapons
with which soldiers now have to deal, that many passages of the
Manual of that date have become obsolete, and the present edition
has had to be less revised than re-written.

When the increased and increasing importance attached to the
expert use of firearms of all descriptions, both rifles and guns,
at very long ranges is remembered, it may reasonably be expected
that before long even greater attention will be given by all persons
in this country who are engaged in military pursuits to questions of
quality of eyesight, and that more information will be demanded
on the subject from medical officers than has hitherto been required
from them. In the army, the firearm with which the infantry
soldier has to become familiar is his rifle, and this he can only use
with thorough efficiency when he has visual power enough to enable
him to see clearly the objects at which he is required to aim, and
to judge accurately their distances, whatever the range over which
a projectile fired from the rifle may have to travel in order to
reach them. A great deal of attention has been given of late
vears to improving the modes of instruction in musketry practice,
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and very recently important changes have been made in it, with
a view to ingure perfection, not so much in hitting a definite mark
on a target, as to ensure accuracy of aim under conditions similar
to those which are likely to occur when the soldier is engaged
actively in the field ; but, whatever may be the mode of instrue-
tion, so long as the rifle is such as it is, and objects of limited
sizes, such as men, are to be fired at from distances of eight or
nine hundred yards and upwards, an adequate power of eyesight
must evidently be the prime ingredient necessary to insure the
success of the marksman. The more this fact is appreciated, the
more the importance will be felt of giving attention to the subject
of the quality of eyesight of every one who aspires to effective
employment of a rifle. It hardly seems too much to anticipate
that, in respect to army service, at some future time the visnal
quality of every recruit will be as much recorded on his entry
into the army as his height, chest measurement, weight, or any
other of his physical conditions which are now registered; for
some of them, considering all the sanitary precantions and personal
care that are now taken to preserve the physical efficiency and
good health of the soldier, have lost much of the importance that
belonged to them in former days, and can hardly be regarded as
equal in value to the amount of visual power which the man
possesses, 80 far as his usefulness during the period he is engaged
on active service is concerned. DMilitary efficiency, the personal
safety of troops, and economy of expenditure of ammunition are
all involved in the eapacity of soldiers for making an accurate use
of the firearms placed in their hands. It is certain that the
capabilities of the rifle can only be completely turned to account
by persons who possess normal acuteness of vision, at least as
regards the right eye; and it seems to be manifestly important,
therefore, that the gualifications of each man who is destined to
be a rifleman should be thoroughly known on his starting in the
service, so that, on the one hand, the time and efforts of instruc-
tors may not be wasted in trying to teach men matters which from
natural causes they may be totally incompetent to acquire, whatever
labour may be devoted by themselves or others to the attempt, and
also, on the other hand, that the men may be distinguished, and
made known to commanding officers, who possess the necessary
optical qualities for becoming sure and reliable marksmen. -
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Not improbably, as further advances are made in musketry in-
struction, a greater influence will be exerted by physiological opties
on certain parts of the teaching. The objects painted on targets,
and employed in ‘educating” men in the nse of the rifle at the
various range practices, have not been designed, as shown in the
text, on a uniform visual standard, but seem rather to have been
settled, especially as regards their dimensions at the various dis-
tances at which they are usnally placed for firing practice, accord-
ing to the proportions which have been considered, from personal
observation, to be the most suitable for marks to be aimed at.
There is apparently no sufficient reason why all snch objeets should
not be fashioned on a regularly graduated scale of dimensions
and configuration in relation to distance, and be in exact accord-
ance with the optical conditions, so far as the objects themselves
are concerned, under which they would present themselves as marks
to be fired at in actual warfare. If a series of objects on such
principles should be brought into use, the quality of sight neces-
sary for a satisfactory execution of the contemplated task at any
particular range of practice could be defined with almost mathe-
matical precision.

Medical officers at present only have to determine the question
whether a man is optically fit for military service so far as the
possession of a set minimum standard of vision is concerned ; but
in performing the duties of recruiting, they may have in the future
to answer several questions of a more complex kind. They may
be required to furnish information on such questions as the follow-
ing: Is the man visually qualified to become a marksman up to
the longest range for which the rifle is capable of adjustment ?
If not fit for a complete marksman, up to which class of practice
does his visnal power admit of his being advantageously trained ?
If not fit for the use of an arm of precision in the first line
of the army, is he fit for duty in the ranks of the Militia or
Volunteer forces? If not fit for the duties of a rifleman, is he
visually qualified for service in the Commissariat and Transport, or
for any other corps or department of the army? Aftera sufficient
number of records on these subjects has been accnmulated, a con-
clusion may be arrived at on certain questions, which are regarded
under different aspects in different armies, and which may well
admit of different solutions in different countries ; as, for example,
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whether the proportion of men in this country, whose sharpness of
sight is inferior to the normal standard owing to refractive defects,
is so great as to render it advisable, from a military and financial
point of view, to allow correcting spectacles to be used in the ranks
of the army? and, in case of a decision being come to that it is
advisable, whether the permission to wear them should be re-
stricted to spectacles of certain descriptions, and, if so, of what
descriptions ?

I do not think it too much to assert that an acquaintance with
the subjects described in this Manual, combined with a moderate
amount of practice, will enable medical officers to furnish satisfac-
tory information, when required, on the various points to which
I have alluded, as well as on any others of a similar nature that
may arise, and to carry out any orders that may be issued in
respect to visual examination, or to correction of ocular defects
among the officers and men of the army, in all ordinary cases which
depend on faults of refraction or accommodation. At the same
time it should not be forgotten that under the nusnal circumstances
of service, in consequence of the multitudinous duties which de-
volve on medical officers, it would be too much to expect that more
than a limited number among them will find the time or oppor-
tunities for becoming experts in ocular investigations. Arrange-
ments will probably still have to be made, as hitherto, for com-
plicated and doubtful eases of defective vision to he sent to general
hospitals, and referred to medical officers who have acquired a
particular acquaintance with the visnal conditions which are liable
to be encountered, by having had the means of carrying out extended
observations of them at such institutions, and where also there will
generally be the opportunity of using special optieal appliances
which cannot be expected to be found at more limited estahlish-
ments.

Although the metrical system of numeration of lenses and of
measurement in general i1s now ordinarily emploved by ophthalmie
surgeons, and is no doubt destined to supersede the doodecimal
system everywhere, there are still many practical difficulties in the
way of its adoption by British military medical officers in the
different parts of the world in which they have to perform their
duties. They have not, as a rule, cases of lenses numbered in
dioptrics available for their use; the ordinary appliances for
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measurement at their command are divided into inches; and these
will probably remain the conditions in respect to such matters until
the metre becomes the standard of measurement for the ordinary
purposes of society and commerce. It thus becomes necessary
for British medical officers to be acquainted with both systems of
measurement, and to be able to convert any expressions according
to the metrical system which they may happen to meet with, into
their relative values on the duodecimal system. The means of
doing this are fully explained in this Manual, and where references
are made to optical measurements in the body of the work, they
are usually stated in figures belonging to both the metrical and
duodecimal systems of measurement.

The present work is limited to a study, theoretical and prac-
tical, of those varieties of the visual function, which for the most
part are independent of morbid processes, and in considering these
conditions of sight, their bearing on military service is always kept
in view. I have at the same time added short explanations on a
variety of optical matters more or less directly connected with
visual examination and the correction of visual defects, a knowledge
of which is essential to a right understanding of the principles on
which the practical part of the work is conducted. Experience
in teaching the modes of conducting the visual examination of
recruits and soldiers, and the practical correction of visnal defects,
has proved to me the need of such information being given, and I
hope that some of the explanations and matters of fact, which it
has been found necessary to impart in the course of instruction at
the Army Medical School, may prove to be serviceable as memo-
randa to medical officers in the larger sphere of the Army Medical
Department itself.
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—Field of Vision—Monocular and Binocular Fields of Vision—Their
Measurement— Movements of the Eye—Field of View— Objects on the Visual
Field— Brightness of Objects at different Distances—Motion of Objects in
the Visnal Field—Infinite Hays—Lenses—Convex and Concave Lenses—
Numeration of Lenses—Duodecimal and Metrical Systems-—Comparison of
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Case—Images formed by Lenses—Composition of Lenses—Spectacles—Their
Weight and Arrangements—Eyeglasses—Equi-convex and Equi-concave
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—5 enopeeic Hole and Stenopeeic Slit—Stenopeeic Spectacles—Strabometer—
Judging Distance—Aiming—Monocular Aim—Strengthening Sight for Long
Ranges—Abbreviations—Symbols.

Preliminary Remarks.—The chief purpose of this manual is to
furnish surgeons with such information as will assist them in
ascertaining the quality and power of vision of any persons who
may be submitted to them for visual examination, and also, that
will enable them to pronounce an cpinion on the fitness, so far
as sight is concerned, of recruits for the army and candidates for
appmntme‘*nts in the various public services of the country. It is
necessary, therefore, to describe the various qualities of vision which
are liable to be met with. The chief characteristics of the different
conditions of sight depending upon differences in the refractive
power and coaformation of the eye, and the modes of determining
the degrees in which these differences exist, will be treated on in the
second chapter; while other states of vision, either associated with
them, or occasionally consequent upon them, will be remarked
upon in succeeding chapters. The visnal needs of men employed
in the different branches of the military services, army, navy,

B
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militia, and volunteers, and also of the Indian service, the regula-
tions concerning the degrees of defective vision “lamh disqualify
men for occupation in llmm,_ and the means to be employed for
estimating whether they possess the requisite visual qualifications,
will be fullr described subsequently.

In carrying out the praetical instruetion of young surgeons on
the optical e x.uuln&f ion of the eye at the Army "i[t‘lll{”ll School as
applied to the circumstances of military service, it has been con-
stantly found necessary to explain various eleme ntary matters on
optics which must be known before the phenomena of vision,
whether normal or abnormal, or the prineciples on which refractive
and accommodatory defects of vision are corrected, or the means by
which the correction is effected, can be properly understood.
Several points connected with the special training which all men
undergo who have to acquire a technical acquaintance with the
use of arms of precision, such as the practice of judging distances
of objeets, of aiming at long ranges, and other such exercises in
which quality of vision exerts a material influence, also require
some preliminary explanations to be given to those who have not
previously had to eonsider such ‘auhivvh The ehief of these crptir_al
memoranda and allied topics are given in this introductory chapter in
as plain and coneise a form as ]]0‘*‘-3\1[!1[: for convenience of reference. _

Vision.<—Normal vision exists when, firstly, each eve is so con-
strocted that a sharp and exact 1mage of the object toward which
the eye is directed is impressed on its retina ; and when, secondly,
a correct appreciation of the form, distance, colour, and most of
the physical qualities of the object so depicted is produced in the
mind of the observer. To effect the first of these conditions, the
curvatures, refractive qualities, and mutnal relations of the trans-
parent media of each eye must be such that the rays of light pro-
ceeding from the external object arve all brought by them to
suitable foci npon the proper nerve elements of the retine. To
effect the second of these conditions the retina, the optic nerves
and their cerebral connexions must be anatomically and physio-
logically healthy and fully developed ; the images of objects must
be. of sufficient size, sufficiently but not excessively illuminated,
and must remain sufficiently long on the retina; the mutnal
relations of accommodation to distance and of direction of the
visnal lines must be in normal accord ; and the perceptive faculties
must have been duly educated.

Monocular Vision.—Vision by one {*_{fe, An object, thongh
solid, when looked at by one eye, the other being closed, appears
as a ]ﬂtl‘ﬂe ficure, having two dimensions, viz.. lvnn'lh dlld breadth
(see fiz. 1). When a group of objects is l‘l"u’:lll'{h‘ll monocularly,
'Llllmugh the lights and shadows among them are visible, no means
are afforded of determining their 1'0!.|I1w. distances or depths.
They are presented to the view like a picture on a flat surface.
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These defeets of monocular vision may to a certain extent be
counteracted by long practice, familiarity with objects and their
physical qualities, and acquaintance with the rules of perspective,

but the effects of binocular vision can never be fully realised by the
use of one eye alone.

Fi1g. 1.—Moxocorar ViIsiox.

The zuperficies, 1, alone visible ; 2 and 3 out of rangz.

¥ Binocular Vision.—Single vision by two eyes. The visnal lines,
or lines prolonged from fhe fovea centralis and passing through the
nodal point of each eye, meet in the same point of an object. If
the object be solid, the two images of it, or rather such portions of
them as are common to the two eyes, are impressed upon corre-
sponding parts of the two retinee. Images of certain parts of a
solid object are only formed in each eve f-rmcrh —in the eve on the
same side as the p'uts concerned. Under these conditions the
images formed in the two eyes respectively are mentally combined,

Fi1a. 2.—BmocULAR VISION.
The surfaces, 1, 2, and 3, being visible, determine the perception of relief with three diameters,

and produce sensorially the effect of having proceeded from a single
retinal impression. So far, then, as concerns visual perception,
notwithstanding the dual sensation, the object appears, as it really
is, single; having three d][[]-E‘I]&I[:II]b, viz. length, breadth, and
thickness; and consciousness of relief is ﬂbtmneﬂ (EEE fig. 2).

R 2
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A wider field and range of vision are obtained with two eyes
than with a single eye. The double impression on the two retinme
in binocular vision also causes the perception of objects to be more
vivid than it is in monocular vision. When a coloured object is

Fra. 3.—Dirroria.  Tmages Homonymous.
R, right eye ; L. left eye ; A, optic axiz; o, object ; 1, referred image.

geen by two eyves its brightness appears to be greater and its tint
more saturated than when it is looked at by one eye singly.
Owing to the visual perception being thus intensified, the rapidity

Fra. 4. —Dieroria.  Images erossed.
n, right eve; L, left éve: A, optic axis ; 0, object 3 1, relerred Image,

with which objects are recognised, or visual alertness, is inereased
under binocular vision. The greater or less degree of convergence
of the visual lines which accompanies binocular vision also helps
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the observer to form ideas of the distances at which the different
objects looked at are situated. It is obvious that, as recards
near objects which are situated in the median plane between the
two eyes of an observer, the convergence of the two eyes must be
in exact accord in order to ensure perfect singleness of vision of
these objects.

~/ Diplopia.—Double vision. This results when an object is per-
ceived by both eyes, but its two images are not formed on corre-
gsponding parts of the two retinge, so that the images cannot blend
for the production of a single sensory impression. The visual
lines of the two eves do not meet and join each other in the object.
When the separate images correspond in their relative positions
with the relative positions of the two eyes, they are deseribed as
homonymous ; when, on the contrary, the image to the left in
]mSltlml belongs to the right eye, :-md that to the right is the
image p:,rcemfl by the Iu:f'r eye, f].]i:""r are spoken of as crossed
images (see figs, 3 and L).

—  Optic Axis,.—A line prolonged from the centre of the cornea,

Fi1G. 5.

oo', optie axis ; X, nodal point ; v, visual line ; m. macu’a laten § oxv, angle formed by
line of aptic axis awd visual line.

through the nodal point of the eye, to the retina. The posterior
pole of the optic axis Ill‘ll.lll‘l”‘t‘: on the retina a little to the inner
side of the fovea centralis (see fig. 5).

Visual Axis, or visnal line.—The line along which the axial
ray proceeding from the point of the object looked at passes to
terminate in the fovea centralis. In the emmetropic eye it enters
a little to the inner side of the centre of the cornea, crosses the
optic axis at the nodal point, and falls on the fovea centralis; or
vice versid, starts from the fovea centralis, and, passing through the
nodal point, terminates in the object looked at. The visual line
thus forms an angle with the optic axis, the apex of which is at
the nodal point of the eye; the size of this angle varies in different
eyes according to their refractive qualities, whether emmetropie,
. myopie, or hypermetropic.

In binocular vision, when the object which is viewed is remote,
the visual lines of the two eyes are parallel, or nearly parallel, w ith
each other ; in proportion as the object viewed approaches nearer
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to the observer, the visual lines from the two eyes necessarily
become more and more convergent in direction,

Radiation of Light.—The expression ray of light indicates the
straight line along which light progresses, and the term radia-
tion signifies the emission of rays from a source of light. When
the luminous body is central, it emits rays of light in straight lines
from all its points and in all directions (see fiz. 6). A collection
of rays emitted from a luminous point, and circumferentially so
limited in their passage as to assume a conical outline, is called
a diverging pencil of rays ; and the apex of the cone from which
they proceed is called the focus of the pencil. When the divergency
of rays proceeding from a remote point of light is inappreciable,
the rays are described as parallel rays. When rays are artificially

A, pencil of rays diverging from the foous
F; B, paradel rays; ¢, pencil of mays con-
yerging to the foeus F.

Fia. 6.—EBapration rroyM A CENTRAL
SoUvRcE oF LIcHT.

caused to converge to a common point, they are together spoken of
as a converging pencil of rays; and the point at which they all meet
is called the focus (see A, B, C, fig. 7).

The illuminated surface of any object, in respect to the light it
is receiving, is regarded as lighted by the bases of a number of
divergent pencils of rays, whose foci are at the source of illumina-
tion ; and, in respect to the light it is imparting by reflection from
its surface, by means of which it is rendered visible, it is regarded
as composed of an infinite number of luminous points, which points
are the foci of a corresponding number of diverging pencils of rays
(see fig. 8). It is important, when speaking of the rays proceeding
from an illominated object, not to confound the rays emanating
from two points remote from each other (as from the extreme points
between which the visual angle is included, for example) with the
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rays proceeding from each luminous point of the obiect inde-
pendently.

Permeability of Bodies to Light.—All sabstances are probably
pervious to light in different degrees and to different depths. If
the substance be one which allows no rays of light to pass through
it, it is said to be opague; if it bhe one w hich admits of lJuhh
passing through its substance, or transmits rays suflicient to allow
objects to be seen through it, it is termed # f_ruwjuufuf il the sul-
stance be one like thin porcelain, which permits the passage of
light through if, but does not allow objects to be seen through it, it
is described as being translucent. Shadows vesult from opaque
bodies intercepting the passage of light. All bodies, whether opaque
or transparent, vary in aspect and colour according as they vary
in reflecting, absorbing, or decomposing the light w hich falls on them.

Fia. B.—RBupnation oF LaGcHT RE- Fia. 9.—THEORETICAL [LLUSTREATION oF
FLECTED FROM AN ILLUMINATED vakiors DeGREES oF PERMEABILITY
FLAT SURFACE. To LiGHT.

“  Reflection of Light.—All bodies, whether opaque or transparent,
with smoothly-polished surfaces, under ecertain conditions turn
away the rays of light which fall ‘on them from their original
divection. This is termed reflection of fif;frf There are two
general laws of reflection of 11frht The first is that whatever may
be the angle which a ray impinging on a polished surface forms
with the normal, or perpendicular, to that surface, the angle at
which it is turned away from that normal will be the same; in
other words the angle m‘ reflection is equal to the angle of i‘HE:i'(I!Tt.rr-l'E
and on the opposite side of the normal (see fig. 10). The second
law is that the plane in which the incident ray is found will be the
same as the plane in which the reflected ray is found, or in other
words, the plane of ineidence coincides with the plane of reflection.
All the phenomena of reflection of rays of light Imm polished sur-
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faces, whether plane or curved, take place in accordance with these
laws. If the polished surface be either level or have a regular
curvature, the reflected rays of light produce images of the objects
from which the rays have proce eded. If the surface be roughened,

IR F R,R

RS P/

R TP Lt it AL ===

Fi1c. 10.—RerLeEcTION oF LIgHT.
P, perpendicular, or normal, to ns, the reflecting sarface : 1R, incident ray ; LR, reflected
ray ; PR, the angle of reflection, is eqoal to PRI the angle of incidence, and is on the
opposite side of the normal, e
there will still be reflection of light, but the reflected rays are
irregularly dispersed, and no images are pmdurml
Refraction of Light.—Rayvs of | light proceed in straight lines so
long as the medium through which they are travelling is of uni-
form density. When a ray passes obliquely from a rarer into a

S o P

F

F1a. 11.—RerricTion orF LianT.

e, perpendicn’ar, or normal, to B, one gurface of a refracting medinm, such as a pleco
of glagz with opposite parallel surfaces ; I, ineident ray in wiv ; ek, incident ray refracted
towards the perpendicular in passing through BM; ki, emergent ray refracted from the

!?LT]]LI“!I{.H]III‘ in !'I!H\"'\-]IIH ont of nM into air,
denser medinm, it is bent or refracted towards a line drawn per-
pendicularly to the surface of this medium at the point of incidence ;
conversely, on passing obliquely from a denser into a rarer medinm
it is refracted from a line drawn perpendicularly to its surface (see
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fig. 11). This change of direction commences at the surface of
separation of the two media. When a ray of light passes through
media of different densities perpendiculorly to the surfaces where
these media are in contact with one another, the ray travels onwards
in one and the same straight line. In accordance with this rule, a
ray of light passing throuuh air and impinging on the surface of a
piece of giil“-’-b p(-rpmufhculn,ﬂx‘ to the point of incidence, passes on
unchanged in direction ; but if it fall on the surface with a slanting
direction, it is refracted in passing through the glasd towards the
perpendicular to the surface at its point of incidence. Any sub-
stance, whether liquid or solid, through which light can pass, will
pmduce a similar effect to that pmdnced by the g;laﬂ; but the re-
fraction will vary in degree in substances of different kinds. The
deviation of rays of light from their original direction on passing
obliquely from one into another medium of different density takes
place according to fixed laws, and the investigation of these laws,
and of the phennmenﬂ which result from tlwm constitute tlla

Fia. 12.—IxvEESION OF RETINAL [aAGES.

@, ohjeet ; o, b, and ¢, upper, middle, and lower diverging pencilsof rays emanating from q ;
OA, optic axis : D, eentre of pupil, or decussating point of the central axes of a'l the cones,
from whence they continne to diverge, while the marginal ravs converge towards them (as
geen at o', b, and ¢'), and finally depict the inverted image (1) on the reting.

branch of optics generally termed dioptrics. The three following
laws are constant in all cases of refraction :—(1.) The angle formed
by an incident ray of light with the perpendicular to the surface,
or the angle of mmf?mr:e, and the -mgle* formed by the refracted ray
with the perpendicular, or the angle of mmmhm are in the same
plane. (2.) The incident ray and the refracted ray are always on
opposite sides of the perpeudlcular (3.) Whatever the inclination
of the incident ray to the surface, the sine of the angle of incidence
has a constant ratio to the sine of the angle of refraction. These
laws apply to curved surfaces equally with plane surfaces, and
hence, when the form of surface and nature of a refracting medium
are known, the path of any refracted ray can always be determined.

Law of Visible Direction.—Each point of an object is seen in
a line perpendicular, or nearly so, to the point of the retina which
its image impinges.

Inversion of Images on the Retina.—The pictures formed on
the retina of external objects are inverfed and curved, owing to the
action of the optical apparatus of the eye, together with the concave
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form of the retinal receiving surface (see fie. 12). The mind,
however, does not judge of the positions of Uljjmt: whether primary
or miivctcd according to the part of the retina on which their
images }mppcu to fall ; ; 1f it did, the positions of the things would
appear to change with changes in the ]]u-,mun of the eves looking
at them. But the mind Jll(]u‘(‘% of the positions of 1:1th cts by fol-
lowing, as it were, the directions of the axial rays proceeding to
all the points of these objects from the parts of the retina on which
the corresponding images of such points are pictured. Hence,
though the images of objects looked at directly are inverted on the
retina by the action of the refracting media of the eye, the mind,
following the lines of light to their sources in accordance with the
law of visible direction, seex them in their true positions. The
images of objects below the level of the visual diameter are pictured
in the upper retinal hemisphere ; the images of objects above this

Fi6. 13. —Exrraxatiox oF VISUAL ANGLE.

Vizual angles ARE CDE, &c¢. D, nearer to the eve than An, thonzh alike in size, haz a
larger vizonl ang'e aml forme a larger retinal image. AYRY, A'0, an, though smaller
than each other, have the zaome sized vizsnal angle, and form images of the same =ize upon
the retina.  Distance and size topether determing the magnitude of the vizual angle, the
gize of the retinal image, and the apparent sizes of objects as seen by the observer.

line in the lower retinal hemlsp]mr they are equally reversed in
the lateral portions of the retinal pthlﬁ: but, nevertheless, all the
objects are seen in their real positions and relations to each other,
This equally applies to the reflected images of real objects : the re-
flected images are inverted on the retina, but they are seen truly
in the forms in which they proceed from the reflecting surface.
Visual Angle—The visual angle is the angle included between
two rays proceeding from the opposite extreme limits of an object
looked at by the eye and meeting at a point within the eye. These
rays, having met, cross each other and pass onward to assist in
forming the image on the retina. The poiut at which they meet is
known as ¢ the point of intersection,” or *nodal point,” of the eye.
The size of the visual angle depends on the linear dimensions of
an objeet, and on the distance of the object from the eye. If the
object be of a fixed size, the size of the angle under which it is



Cuap. I VISUAL ANGLE 11

seen will vary inversely as its distance from the eye; if the distance
be fixed, the size of the visual angle will vary in a direef ratio with
the size of the object. The angle is similar on each side of the
point of intersection— towards the object, the © visnal angle,” and
towards the image of it on the retina, the ®retinal angle.” The
expression that an object occupies so many degrees in the circum-
ference of a circle of which the eyeis the centre, or that it subtends
an angle of so many degrees, ]1‘15 the same significance as ‘ the size
of the visual angle of the object.’

The size of the i image nt an object formed on the retina varies
as the retinal angle, and therefore as the visual angle varies under
which the object 1s seen. The larger the visual dngIvT the larger
the retinal image. If the size of an object remain the same, the
visual angle it subtends is increased in proportion as it is hwught
nearer to the eye ; and hence, the frequently observed approxima-
tion of printed letters 1 JI:,.' HL. patients to their eves, although the
diffusion of rays about the retinal images and the strain on the
accommodation are increased by the pmcm,dmg A similar approxi-
mation of print generally takes place among amblyopic subjects,
In both instances the retinal images are increased in size, and the
area of sentient visnal impression proportionally enlarged; and the
advantages attending these results preponderate over the disad-
vantage of the loss of distinctness of outline, due to the diffusion of
the 111-11‘g111'11 By,

The retinal image will also vary in size as the distance from
the point of intersection of the rays for ming it to the plane of the
retina varies. In a short, or hypermetropic eye. the distance from
the nodal point to the retina will be less than it is in an elongated
or myopic eye, and the rays proceeding to form the retinal image
of an ﬂlljmt, h{*mg sectmuall_r interrupted in their course earlier
in the former than in the latter case, the aveal size of the image will
be necessarily less in the former than it is in the latter instance,

If the position of the point of intersection in an eye is made to
alter, the size of the retinal image will be altered also, but this can
hardly happen except artificially by placing a convex or concave
lens before the eye. 1If a convex lens be placed before an eye, the
point of intersection will be caused to advance, and the retinal
image will become enlarged : if a concave lens be similarly placed,
the point of intersection will be caunsed to recede, and the retinal
image will be lessened in size.

Field of Vision.—The term  field of vision * signifies the whole
of the space, 11‘1cludlng the D]in:‘(,’[b comprised in it, which is per-
ceptible to sight in one fixed position of the eye, or, in binocular
vision, of the two eyes.

Hunuc'u]ar Field of Vision.—When a single eye is directly fixed
in a given direction its horizontal limits of visual perception are
comprised within an angle of about 1237,
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Binocular Field of Vision.—When both eyes are fixed on an
ﬂ'hject situated at such a distance in front of the observer that the
visual axes of the two eyes are practically parallel with one another,
the limiting lines of visnal perception or luminous impression on
each side of the face form an angle of about 90°, so that the general
field of wvision of the two eyes under these conditions has a hori-
zontal limit of about 180°. The precise limits of the field of vision
will vary with the amount of projection, and other peculiarities in
form of the facial features. A certain central portion of the visual
field is common to both eves ; the right and left temporal portions
of the field are only proper to the nwht and left eyes roipectu't-h'
The absence of this monocular part of the binocular field of vision
1s a serious drawback from the uselulm—*ss of a soldier in military
service.

Fra. 14.—Gexeran, Coxyox, axp ProrErR Fienps or Visiox.

AL Bketeh showing the visual limitations, in o fixed pn.:iti-uﬁ of the face, doe to the projec-
tion of the prinecipal features,

B. Diagram showing the outlines of the commaon, proper, and genceral fields of vizion, with
meénsurements, a, b 5 b ontline of general field of vizgion ; 1 and 2, right and lefe proper
fieldz of vision ; 3, common field of wizsion ; @q, upper limit doe to frontal projection ;
ce, limits doe to malar projections ; ee, limit produced by labial projection ; dd, by nazal
projection ; b, limits due to projectionz of checks,

Measurement of the Monocular Field of Vision.—Instruments
speciaily constructed for examining and providing the data for
mapping out a field of vision are called perimeters. In the absence
of these special instruments, the extent and shape of the field of
vision of an eye mav be obtained by causing the patient to look at
a given point, and, while the eve is fixed upon it, drawing an out-
line of the boundary of distinet vision in all directions around it.
The most convenient plan is to place the patient with one eye
covered, and the other free, at a distance of about two feet in front
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of a black board placed perpendicularly to the line of sight. On
this board, at a level with the eye under examination, a small cross
in white chalk is drawn. The patient is desired to fix his eye on
this mark. At the same time the surgeon, who must watch that
the patient does not look away from the cross, holds a piece of
chalk between his fingers of his right hand, and carries it from
point to point over the board by ‘-|It=‘ht guick movements of the
hand, jotting down the points in various directions where it ceases
to be seen. These points are now joined together by lines, and
thus an outline of the shape of the field of vision is formed. If
the map thus made be copied on paper, it can be retained for
comparison with other diagrams to be made in a similar way on
future occasions.

If it be important to examine the field of vision with greater
precision, separate outlines can be obtained by a similar plan
showing where vision sufficiently distinet to count fingers ceases,
and more externally where mpmfect vision or luminous i L pression
ceases and cnmploh} absence of sight begins. Any loss of visual
function in particular spots of the retina may also be traced and
noted during the examination by moving the chalk slowly and
carefully over the field, and d'l'l'l.t‘!“llg‘ the patient to mention
whenever it disappears from view altogether or is only seen
obscurely. Particular irregularities of for m, and limitations in
extent, of the field of vision will often be rmu]meﬂ manifest by this
mode of examination in cases of weak and defective vision ﬂependmg
on disorders of the optic nerve and retina.

When it is not required to make a picture of the field of vision
but only to ascertain quickly the extent of the field, or whether
there is any break in it in any given direction, the following
method by the finger will answer the purpose re: Idll‘. and quickly.
The surgeon, standmﬂ' about two feet off, and face to face with the
patient, desires him “to close one eve, the right, for example, and
at the same time closes his own left eye Dppﬂuﬂ& to it. He now
desires the patient to look steadily into his right eve, and while
the two eyes, the one of the surgeon and the other of the patient,
are thus directed to each other, the surgeon moves his forefinger
from a ecentral point midway between his own eye and that of the
eye under observation, in all directions towards the limitsof the field
of vision. He is thus able to note the extent of the patient’s range
of vision, by comparing it with his own range. This ready me thod
has the ﬂﬁvfmtage of being capable of being put into execution
anywhere without need of any appliances or previous preparation,

Movements of the EFB.— [he external muscles connected with
the globe of the eye cause it to revolve round an ideal centre—its
centre of rotation. Consequently if the anterior aspect of the eye
is caused to move in one direction, the posterior aspect of the eye
will be caused to move in the opposite direction. The movements
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of the eye are commonly described with reference to the movements
of the anterior pole of the optic axis or central point of the cornea.
When the central point of the cornea accords with the point of
intersection of one line drawn transversely between the apices of
the two anzles of the palpebral aperture, and another line drawn
vertically midway between its two extremities, or does so very
closely, allowance being made for the slight angle formed by the
interzection of the optic axis and visnal axis, the eye is said to be
directed straight forwards; when the centre of the cornea is above
or below the horizontal line just named, the eye is said to be
directed upwards or downwards respectively ; and if to the inner
or outer side of the vertical line just named, it is said to be
turned inwards or outwards respectively. It is in accordance with
these distinctions of position that when strabismus exists the dis-
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Fia. 15.—0crorsr MovEMENTS.

The arrows ghow the direction of the movements, The four recti muzeles singly effect
purely vertical and transverse movements {|rl=|-in_ arrows), whi'e thosze in either diagonal
line are produnced by the joint action of two recti muscles (dotted arrows), Rotation to
the right or luft i2 effected by the obligue mnscles { curved arrows ).

placement of the deviated eye is said to be internal or convergent,
external or divergent, and upwards or downwards. In normal
binocular vision, when the two eyes are looking directly forwards
at a distant object, the visual lines are practically parallel with one
another, and perpendicular to an imaginary line joining the centres
of rotation of the two eves,

Field of View.—The term °field of view " signifies the space
over which objects can be seen clearly by an eye when it moves
round its centre of rotation to.the extreme limits of which it is
capable, the head of the observer at the same time remaining
stationary. In binocular vision, the *field” of view signifies the
visual range of the two eyes under like conditions,

Ocular Movements affecting the Field of View.—I"iz. 15 shows
the manner in which the visual range i1s obtained, and indicates
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the directions in which the movements affecting the field of view
oceur,

Normal Range of Motion of the Eye consistent with Vision.—

I find that my own eye can turn through an angle of about 140°
horizontally, and of 138° vertically, and 1‘rercept|0n of objects be
retained. Dn my eve being directed to a point straight before it,
it can turn from it 50° towards the nose and nearly 00" outwards
in the horizontal plane, or through an angle of 48° from it upwards
and 90° downwards, These measurements are not, however,
universal ; they are subject to variations accmdlug to 1111][5.1:]11,1[
{"IIE'IJ.TH*%ILJ.IH‘IH., viz. to personal peculiarities in the shape and
amount of projection of the parts near to the eve, as the nose, the

margins of the orbit, the eyvebrows, and other structures.

Objects on the Visual Field.—The place and s space occupied by
objects in the field of vision are measured by the visual dntr!va
under which they are seen. The apparent size, or lineal measure,
of an object is estimated by the size of the visual angle alone. 'lc:u
estimate the true size, the distance of the object, as well as the size
of visual angle, must be known. Conversely, the true size of an
object being known, the visual angle enables us to form a judgment
{}f the distance at which it is |u!dcw:1 from us. The apparent size,

* lineal measure, is to be distingunished from the apparent super-
_ﬁcirai size, or measure of surface of an {}]}_]1_‘[' . The lineal measure,
as before mentioned, varies inversely as the distance of the object ;
the measure of surface varies in ]lmpm'tmu to the squares of the
lineal measure at different distances,

Illumination of Objects.—The quantity of light received on a
given object, or unit of surface, is reduced inversely as the square
of the distance from the source of light to which the object is re-
moved. Let a printed paragraph be placed at a certain distance
from a lighted candle, and the paragraph be then removed to
double the same distance from the light, the intensity of illumi-
nation of the paragraph in the more distant of the two positions
will be only one-fourth of what it was in the nearer one; and
the rule that applies to the whole paragraph equally applies to each
letter of the print composing 1t.

Apparent Brightness of Objects at Different Distances in open
Daylight.—The vividness of the light under which objects appear in
open daylicht at different distances does not, however, vary with the
distances at which they are respectively phce& ewepfmtr so far as
those which are more remote may be affected by the thicker stratum
of air through which they are seen, prmldcd that all the objects
face in the same direction. hnppnamg the atmosphere to be per-
fectly clear and transparent, the apparent illumination of a series
of targets, one more remote than the other but facing in the same
direction, or of a line of men one in front of the other, will be
exactly similar. A transverse section of the cone of rays entering
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the pupil from each illumined point of the farther objeet, and
therefore the total quantity of light emitted by the whole object,
will vary inversely as the square of the distance to which the object
is removed, but so also will the apparent area of the object. If
one object be placed at double the distance of the other, the area
of its image on the retina will be reduced to one-fourth of that of
the nearer one, and so also will be the amount of light entering
the eye from the more remote object, so that the effect as regards
appqrent brightness will necessarily remain the same. The area
of the image on the retina is reduced in the same proportion as the
quantity of licht which forms it.

In fig. 16 the targets are represented as being at equal dis-
tances apmt and, as may be seen by the nearer targets which
admit of observation in the drawing, each is one-fourth smaller
than the target in front of it, and one-fourth larger than the next
target beyond. As the "ur-mmt of light received by the eye from
each ta get varies in the same ]lmpnrtmn as the visual ancrle under

Fia. 16.—ArreEsRARCES OF OBJECTS PLACED AT EQUAL INTERVALS APART.

GL ground-line, on which the obzerver izsupposed to stand ; &P, standing-point ; ML, horizontal
ling on a level with the oberver’s eye, all round ; 2, point of sightor pozition of abserver’s
eye on the HL; VI, vanishing lines, deawn from the =a’ient or special pointz of all objects
into the point of sight, determining their diminution in size as the distance increases,
The obzerver is represented by the perpendicular,

which it is seen the apparent brightness of the object is unchanged.
The same observation applies to the human figure under like
circnmstances,

Motion of Objects in the Field of Vision.—The movement of
any visible object across the visual field, or the change of its posi-
tion relatively to the positions of other objects, is, of course,
accompanied by a similar movement of its image across the retinal
picture. The movement which is thus rendered visible is ecalled
its apparent motion. If the object move in a direct line towards
the centre of the eye, no change oceurs in the position of the image
of the object, and its movement is not apparent, The extent of
apparent motion of an object 1s measured by its angular motion ;
that is, by the angle formed by two lines drawn from the point ()E'
visible departure, and point ‘of visible arrest of motion, of the
object, to the point of intersection within the eve. The real
movement of an object, in respect to direction and extent, is esti-
mated by other means—Dby its change of apparent size as its
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distance varies, by its relations to other objects in the visual field
as regards position, distance, distinctness, and other indications.
It is not to be forgotten that if the object moving across the
field subtend too small a visual angle, or pass with too great
rapidity, or is irsufficiently illuminated, its movement may not be
apparent ; either because its image impinges on too minute a
portion of the retinal surface to render it perceptible, or because
there is not light enough to make an tldt*qu"ltu Ti:.m‘ll Impression,
or because time E’-‘Ill'}llffll 1= not given for the impression to be made.
The movement of a gunt]mt tmvellmg across the field may not be
apparent, for the reasons just named ; while, on the other hand, a
similar shot or shell moving in a nearly direct line towards the
eve can be seen because its mﬂge 12 auﬂu’u ntly persistent, while,
although it has no angular motion, its movement of approach may
be inferred from increase of size or the louder sound pmcee:lmg
from it in proportion to its increased nearness to the observer,
Infinite Rays.—This term, in veference to vision, is emploved
to express rays of light prucwduw from an object and entering
the eve in parallel lmeq or rather in lines which are so nearly
]ﬂm"e] with each other that their div ergency is almost inappre-
ciable ; and the expression *infinite distance, or infinity, is used to
signify in effect the distance from which incident rays possessing
collectively such a parallel direction might have originally starte-l.
The angular measurement of that portion of the cone of rays pro-
EEPding from a luminons point which falls on the eve, so far as
vision is concerned, is determined by the distance of the point from
which the light radiates, and by the diameter of the transparent
eornea, or rather by the distance apart of the opposite borders of that
area of the cornea in connection with the pup*l by which the passage
of the rays into the interior of the eve is ]]l"l'l]l]ﬂ'i:‘[l Practically,
for uptlml purposes, the incident rays proceeding from every lumi-
nous point of an object about fifteen feot l]le!tll!‘ from the i]‘:ec't.lrnr
are regarded as parallel rays, and, from this distance up to that
of a fixed star, the ravs reaching the eve are ordinari Iy spoken
of as infinite rays. The angnlar divergency of a pencil of rays
incident on the cornea from a luminous . pmuh at a distance of 15
feet from the eye, supposing the diameter of the cornea to be two-
thirds of an mcln would be only about twelve minutes of a degree
(12" 40”). But a considerable portion of the peripheral rays even
of this slightly divergent pencil would be intereepted by the iris,
so that the rays entering the pupil of the eve would be still more
ﬂppl'ﬂl]]ﬂuf‘.#l\' parallel with the line of the visual axis. If the
area of that portion of the cornea which receives the precise amount
of rays that enter the pupil be taken to be one-eighth of an inch in
dlameter the divergency of the rays impinging upon it from a lumi-
nons pumt at a distance of 15 feet would only amount to 2 247,

Rays from objects nearer to the eve than fifteen feet are some-
5
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times spoken of as finite rays, and the diver gency of such rays
increases in proportion to the proximity of objects to the eve.

On referring to fig. 17, it will be seen that the whole of the
divergent ‘pencil of rays pmccedana from the luminous point F is

\

L

point ¥, and the gradually decreasing divergence of the rays falling on an object of given arvea, as

Fra. 17.—-Diasran showing the divergence of the pencil of rays proceeding from a single radiant
ali, in proportion as the distance increases,

intercepted by a b at 1 foot. At 2 feet a considerable portion and
at further distances increasing proportions of the external rays
pass on without interruption, while the rays intercepted are the
more central rays until at 15 feet they would be practically parallel.
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Lenses.—Lenses of primary form are solid transparent media,
such as glass or rock crystal, bounded by a polished spherieal
surface on one or both sides, and havi ing the property of changing
the course of rays of light falling on one of their surfaces in a
direction parallel with the principal axis, so as to cause them either
to converge to a given point—the principal focus—or to diverge as
if they proceeded from the prineipal focus.

Cylindrical lenses will be described separately.

Convex and Concave Lenses.—The lenzes which are chiefly used
for optical and ophthalmoscopic purposes are centric convex and
concave lenses—the former having two convex surfaces which are
portions of equal spheres, double convex lenses, and the latter
having two concave surfaces which are also pm‘hom of equal
spheres, double concave lenses. They are sometimes designated
bi-convex or equi-convex, and bi-concave or equi-concave lenses.

1 2 5 = & 6

Fia. 18.—Coxvex axp CoxcavE LEXSE:L

1, bi-comvex ; 2, hi-coneave ; 3, planc-convex ; 4, plano-co cave ; §; menisns . 6, cONcivo-
convex 1 AR, line passing through the nu:!r-.- of curva.ur: of tha lenses, anid which is
pFIIH}Ill].IL-lh ar to the plage suriaces of 3 and 4.

The convex or converging lenses are thicker in the middle than at
their edges; the concave or diverging lenses are thinner in the
middle thﬂn at their edges. A double convex lens may be re-
garded as composed of two prisms with their bases joined at the
centre ; and a double concave lens of two prisms having their bases
outwards, and their edges meeting at the centre. Rays of light
whose passage has been limited to the lateral parts of a convex or
concave lens are acted upon as they would have been if they had
passed throngh prisms with their bases in similar directions. In
either kind Uf lens, a line j If_]]ll!llf" the centres of curvature of the
two surfaces is the J_mmujmﬁ axiz of the lens, any straight line
other than the principal awzis which passes fhmuu‘h the centre of
a lens is designated a secondary axis. The more convex the lens,
or in other words, the shorter the radii of curvature of the two
surtaces, the greater its converging power and the less the distance
of its principal foeus; the more concave the lens, or again the
. v 2
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shorter the radii of curvature of its two surfaces, the greater its
diverging power,

Other forms of lenses have one surface plane and the other con-
vex or concave, and are called plano-conver and plano-concaove
lenses ; or one surface may be convex and the other coneave, and
with such a lensif the convexity be in excess it is styled a meniscns

Fra, 109.— Egri-coxvex LExs.

AR, dinmeter of lens ; ¢0, prineipal axis; G, a 2econdary axis ; o, optiea’ centre ; F, prineipal
foens; ©, centre of curvature of Ack; D, centre of curvatire of ADE: PR, PR, ineldent
rays parnliel with co, converge ns BE, after passing through the lens, and mect at ¥,

lens (like the erescent moon); if the concavity be in excess, a
concavo-conrer lens.  The forms of these various deseriptions of
lenses are shown in fig. 18, 1 to 6.

The prineipal focus of a bi-convex lens will be at the point to
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Fic. 20.—Egrr-coxcaveE LEXNS.
AR, diameter of lens; ¢, prineipal axis 1 6o, a gecondary axis; PR, PR, incident rayz parallel

with vp, are rémdered divergent ( ER, Er) after passing through the lens, as if they had
gtarted from ¥, the principal foons ; o, optica! contre of .ong ; ¥ postorior focns,

which rays of light falling on one of its surfaces parallel with its
principal axis, and undergoing refraction, firstly by passing through
its substance, and secondly by leaving it for the rarer medium of
the air, are caused to meet beyond its other surface. The prin-
cipal focus of a bi-concave lens 1s, on the other hand, on the same
side as the surface on which the incident rays of light fall (see figs,
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19 and 20). The distance of this focus in both kinds of lenses is
measured from the r:‘r:lh'mf cenfre of the lens. The measurement
was formerly made in inches and parts of inches; but is now
commonly made in wetres or parts of a metre in optical measure-
ments. The optical centre of a double convex or double concave
lens, with surfaces of equal sphericity, is situated within the lens
practically at the point where the principal axis of the lens is
intersected by a diameter of the lens. It is at an equal distance
from the two surfaces when the radn of their curvatures are equal.
If the sphericity of the two surfaces is unequal, the distances of the
optical centre from the two surfaces will not be alike, but will be
in direct proporiion to the radii of curvature of the two surfaces,
and the focal distance will also vary in equal proportion mcmduw
to the surfuce on which the incident rays fall. If the lens be
plano-convex, the optical centre will be on the convex surface ; if
plano-concave, on the concave surface. If the lens be a meniscus
or a concavo-convex lens the optical centre will be outside the
lens, and its distances from the two surfaces will still differ in
proportion as their radii of curvature differ. while the distance cf
the principal focus will also proportionably differ according as the
incident rays fall on one or other of its two surfaces. In common
speech, for ‘the sake of br evity, the principal focus of a convex lens
is usually spoken of as the focus of the lens; and the distance of
this focus is used to palncnhnut* the lens. Thus taking, e.q., a
lens whose principal focus is at 10 inches from its centre, it may
be designated as a convex lens whose focus is at 10 inches, or a
lens of 10-inch focus, or still more briefly as a 10-inch lens ; or,
according to the metrical system, is a lens of four dioptries, h'u'mg
1t l}llll{.lpdl foeus at a distance of one-fourth of a metre, or a 4 D
lens. Convex lenses have what is called real foci (see p. 36).
If the rays falling on a double convex lens are du‘ regent, and
ssne from a distance beyond that of its principal focus, tlwv will
be brought to a focus farther off than its prinei |ml focus ; if the 5
diverge from a point at the distance of the principal fr:-cu:. tlmv
will be refracted as parallel rays; if they are convergent, they will
be rendered more convergent and will be brought to a focus nearer
to the lens than its principal focus. When rays diverging from a
focal point fall on one surface of a convex lens and converge to a
focus on the other side of the lens, and a line joining the two foci
would pass through the centre of the lens, they are called conjugate
foei.  Such two foei are mutually so related that if the emitted
rays proceeded from either of them the rays would meet in the
other focus. It is on this principle that images of objects are
formed ; every radiant point of the object emits a pencil of rays
which is caused to converge to its conjugate focus in the image.
Rays falling on a double concave lens parallel with its pr mu]nl
axis are caused to diverge after passing through it to the same
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extent as they wounld diverge if they were proceeding from a point
at the same distance from its centre as its prineipal focus is. In
other words, the emergent rays of such a lens, if produced back-
wards, would meet in the principal focus of the lens on the same
side as the incident rays. If the rays falling on the double concave
lens are divergent instead of parallel rays, they will be rendered
proportionably more divergent, just as if they came from a point

Fin. 21.—Dovsre Coxvex Lexs.
rr, convergent rave bronght toa focns at 7, batween the lens and theg principal foems, F,
to which »%, parallel rays are brought ; %, diverging rays arising in front of A¥, the
anterior focus, meet at r", bevond the prineipal focus (). " and ¥ being on the
principal axis are conjng 4|.t.l: ‘E-l:u.,lj 03 ore als0 AF and F.

nearer to the lens than its principal focus. If they are convergent,
and they converge in a direction toward any point between the
lens and its ]]1‘111L1|}'ﬂ focus, the refracted ravs will be convergent
also ; if they converge to a point at the distance of the prmc:lpal

1..!\ ///
ot i:j:——“:'_,;—r;:" £
L f,_,; \\\\

H"‘"‘-\-\.
Fig. 22.—Dovene Coxcave Lexs,
v, ¢ v incldent rayz 3 ®, I, BY, emergent rays.

1. v, ¥, convergent rays, after passing through the eoncave lens, L, pass ont as parallel
rays I I,

2. ¢, raye parallel with the principal axis cmerge as diverging rays, »f, 7', with a direction
az if they had started from ¥, the principal focus,

3. L divergent rays become still more divergent, a8 though they had started from ¥,
a point between the lens and the principal focus.

¥, posterior virtual focusz of the lens,

focns, they will be refracted as parallel rays; if they converge to-
wards some point beyond the distance of the principal focus, the
refracted rays will be proportionably divergent, just as if they were
proceeding from some point further off from the lens than the dis-
tance of its principal focus. Concave lenses have what are called
vivtual foci (see p. 36).

Regarding the eye as a combination of lenses having together a
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certain converging power, when a convex lens is placed closely
before it, the converging action of the eve on rays entering it from
Dbjerts in front is necessarily added to; when a concave lens is
similarly placed before the eye, its l:mlvm*gnm action on these rayvs
is lessened. The convex lens, therefore, is rightly ﬂeslg;mtml in
this respect a + lens ; the concave lensa — lens. It is convenient,
too, in calculating the focal distances or powers of lenses required to
correct abnormal conditions of the refractive media of the eye, to
apply the sign + to converging lenses, and — to diverging lenses.
Thus, a convex lens of 10-inch foens is designated a + 10-inch lens,
or, in metrical numeration, a +4 D (4 dmphm) lens ; while a con-
cave lens of 10-inch focus is noted as a — 10=inch lens, or —4. D
lens.

When a convex lens is placed before the eve, it causes an
advance of the nodal point of the eye, and thus increases the size
of the retinal image; when a concave lens is similarly placed, it
causes the nodal pn::mt to recede, and so lessens the size ‘of the 1'eL1-
nal image.

Numeration of Lenses.—Lenses have been hitherto numbered
according to one or other of two systems; one known as the
duodecimal or inch zystein, the other as ‘the metirie system.  Although
the newer system, the metric, is certainly the more adv dl’lt"eﬂ'E'DllS
and is doubtless destined to supersede all others for opnml pnc-
tice, it is not yet universally used by surgeons and opticians in this
country, w hile the inch system of measurement still continues the
one uauall}" employed in commerce and is still maintained in the
numeration of lenses made use of In various optical instruments, as
microscopes, telescopes, and others. Until the metric system is
universally adopte 1, the principles of both systems should be under-
stood, and surgeons whose duties require them to engage in optical
work should be familiar with the means of readily changing the
measurements from one system into those of the other.

According to the inch system or older method of numeration,
lenses are numbered according to the position of their 1}1111(31])11
focus. A lens whose principal focus is one inch from its centre is
taken as the standard of unity. Starting from this high point, a
series of lenses, say 25 + and 25 — lenﬂes descend in succession
with lessened reh*-wtmg power, and, consequently, with the position
of the prineipal focus proportionally inereased in distance.

In the metrical system, which was first proposed at Paris in
1867 but only bronght into practical use in 1570, the lenses are
not numbered according to the position of the principal focus, but
according to their refractive power. A lens of such refracting
power that its principal focus 1s at a distance of 1 metre, or
100 centimetres, is taken as the standard of unity. This in urﬂnmw
langunage is de.-:lglmh?ﬂ a dioptric. Starting from this low point, a
series of lenses ascends with successively increased refracting power,
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and, consequently, with the position of the principal focus propor-
tionally shortened in distance. Thirty lenses constitute the usual
series 1 this system— that is, 30 + and 30 — lenses.

Power of a Lens in relation to the Position of its Principal
Focus.— By the inch system of measurement, the strongest lens
being taken as No. 1, the numbers attached to all other lenses
represent fractional ;r'u.uf.-._ as regards refracting power, of the stan-
dard of unity. The power of each lens is in an inverse ratio to the
distance of its principal focus. Inverting the number expressing
the priufipal focal distance of a lens, therefore, gives a ready means
of expressing its power. Thus, taking a lens with power to cause
parallel rays to converge to a focus at a distance of 1 inch from its

centre as the standard of unity. another lens by which similar rays

are brought to a focus at 2 inches from its centre, has manifestly
only half the dioptric power of the former; another, whose focus
is aft 3 inches, has only one-third of the converging power of the
first ; at 10 inches, one-tenth ; and so on tlumugh the whole series.
Tn the firsb instarce the focus is 1 inch, and the power is expressed
as 1; in the second, the focus is 2 inches (or 3), and the power is
1. m the third and fourth cases. the foci hvmu- 3 and 10 inches
Il.*hl"]l':l'.tl‘;i‘l}' (or § and i) the powers are } ‘111{] <53 and similarly
throngh all the series.

P.-\' the metrical system of measurement, as a lens of very feeble
power is taken as No. 1, the numbers of other lenses 1'epresent
multiples of the standard of unity, and the distance of the principul
focus is in an inverse ratio to the power of the lens.  Inverting the
power, therefore, gives the position of the focus. One dioptrie, or
a lens of one metre focus, being the standard of unity, a lens which
has the power of two ﬂmplrir:s,_ or a No. 2 lens, has its focus at a
distance of half a metre, or 50 em. ; another, which has the power
of four dioptrics, or a No. 4 lens, has its focus at one-fourth of a
metre, or 25 em. ; of ten dioptrics, No. 10 lens, one-tenth of a metre,
or 10 c¢m., and so through the whole series of lenses.

Comparison of the Two Systems of Numeration of Lenses.—
The difference in the practical working of the two syvstems is very
great, ]u-mmpn::rtant changes hdwlv: n etfected ln‘ the introdue-
tion of the metric system. The potential intervals between the
successive numbers of lenses have been simplified, and errors from
the different lengths of inches in different countries, and conse-
quent variations in lenses nominally of the smme power, have been
avoided.

In the inch system of numeration, as regards the difference in
power between lenses of successive |n11n!wr~« no two intervals are
alike throughout the series. The difference in power between a
2-inch lens and a 3-inch lens, or lenses with powers equal to one-
third and one-half of the standard of unity, is equal to a G-inch
lens, or lens of one-sixth power; between a 3-inch lens and a
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4-inch lens is a 12-inch lens, or lens of one-twelfth power ; between
a 4-inch and 5-inech lens i1s a 20-inch lens; and the values of the
intervals are equally irregular thronghout the whole series.

In the metrical system, the value of the interval between the
ﬂ_dJ(}l]]_]n:J‘ whole numbers is alws ays alike. The difference in power
is uniformly that of one l]m]lfl ic. A No. 2 lens has twice the power
of the No. 1 lens; a No. 3 lens is one dioptric stronger than the
No. 2 lens; a No. 4 lens is equally one dioptric stronger than the
No. 3 lens. A No. 10 lens has the power of 10 dioptrics, and the
same regularity prevails throughout. In working on this system it
1s ul‘nmf-; known that on taking a mnext hl”llf‘l‘ whole number
among the convex lenses, the converging power is increased by the
utwngl‘h of one dioptric, “and in taking the next lower number it 1s
decreased by the strength of one dmplzu or, in dealing similarly
with concave lenses, that the div erging {|uahn' is increased or de-
creased to similar amounts.  The relative strength to one another
of all the lenses in the metrical series is thus at once made known
by their numbers.

When the inch system is employed, the difference in value of
the inches proper to different countries has to be taken into account,
The English, French, Austrian, and Prussian inches all differ in
length, and, though umimportant when dealing with weak lenses,
these differences if ignored are liable to lead to important errors in
optical practice when dealing with lenses of high powers. The Paris
inch is 02707 of a metre, the Englizh inch -02540 ; and thus the
Paris inch exceeds the English inch by one-sixteenth, or, in other
words, 16 Paris inches are {=c|ni1.'=||{ nt to 17 English inches. The
metre is of course the same in all places, and thus the difficulties
arising from the different values of inches in different countries are
avoided.

Another advantage of the metrical system of numeration of lenses
1s etated to be that the necessity no 1{111:1( 1 exists for using vulear
fractions. which is unavoidable in w mlun::v with the inch system,
If the most powerful lens of a series be taken as the standard of
unity, all the other weaker lenses must necessarily be fractional
parts; 1f the weakest lens of a series be taken as the standard, all
the other stronger lenses will be multiples of it. T'o those who are
not ready arithmeticians, calculations of multiples are easier than
calculations of fractions, T hig, however, only applies to whole num-
bers. If parts of whole numbers are introduced into the series,
fractions, either decimal orvulgar, must be used in calenlations con-
cerning them. In certain parts of the metrical system of lenses
the intervals are fractional, and in using these parts decimal fractions
are employed.

The Series of Metrical Lenses.— Although the number of metri-
cal lenses in use, as before stated. iz 30, the highest in the series is
20 D, having a focal le neth of one-twentieth of a metre, or 2 inches,
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Under the inch system. although a l-inch lens is taken as the
standard of unity, the highest number employed in practice is also
a 2-inch lens, In the metrical arrangement, the separation of a
whole dioptric would have made too great a difference in the lenses
of low power at the commencement of the scale. On this account
the lenses have been added to by quarters up to 3 dioptries, and by
half dioptrics from 3 up to 6 dioptries. From 6 up to 20 dioptries,
the differences are too slight to be broken. A table is given which
shows the composition of the whole series of metrical lenses and
their equivalents on the inch system. (See p. 23.)

To convert Lenses numbered on the Inch System into their Equi-
valents in the Metric System.—If the number of the lens be in Paris
inches, invert it, and multiply by 56 ; if in English inches, multiply
its inverted number by 40 ; the result will be the corresponding
{1inpfric number. Thusa 12 lens, Paris measurement, whose power
is 5" multiplied by 30, is equivalent to a metrical lensof 3 D ; or
a 10" lens, whose power is -, English measurement, multiplied
by 40, is equivalent to a lens of 4 D.

Or, more simply, if the lens be numbered in Paris inches,
divide 50 by the number; if English inches, divide 40 by the
number. Thus a 12" lens in the former case is=26 or 5 D ; the 10"
in the latter is=4% or 4 D; a 14” lens, Paris inches= 1“_?;:_} a7 D
a 167 lens, l;llﬂ‘ll'ﬁ.}l 111::'111-5.— 30 =250 D.

To convert Lenses numbered on the Metrical System into their
Equivalents in the Inch System.—If required to be in Paris inches,
divide the metric number by 36 ; if in English 111{]10&, divide I]ue-
number by 40. Thus a 1 D lens has for its equivalent in the inch
system, Paris inches, 2" or 1", or a 9 lens; in English inches,
&, or 212", or a 10" lens,

To find the Measure of the Principal Focus of Lenses numbered
on the Metric System.—If the distance be required in centimetres,
divide 100 by the dioptric number; if in Paris inches, divide 36
by this number; if in British inches, divide 40 by the number.
T |11n twhng for example a 4 D lens, its focal distance is 108 or
25 em. ; or 48 or 9 Paris inches ; or #¢, or 10 British 111{?11?!-,. Or
again, Hkin:r a 050 D lens, its f‘uca,l distance is .22, or 200 cm. ;
or .46, or 72 3 Paris inches ; or .28, or 80 Lnglﬁh inches.

Aberration, Spherical, ——thcucnl lenses, in refracting homo-
geneous rays of light, are subject to what is termed Spherical Aber-
ration, i.e. the r rays refracted by different parts of the lens do not
all intersect at pl'nmh the same focal distance from the lens.
The rays which pass through the lens near its circumference are
refracted to a focus nearer to the lens than those which pass
tlu‘ouu:h its central portion, and this difference, of counrse, renders
the image of an object less clear and defined.  Spherical aberration
1s the more marked in degree 1n pmpmllnil as the aperture of the
lens, or the angle obtaine L] by joining the edges of the lens to the
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site of its principal focus, is increased ; in lenses whose angular
apertures do not exceed about 10°, the refracted rays practically
meet at one and the same focus.

& M -
K-
25 o
[

Fia. 25.—5PHERICAL ABERRATION.
AAA, BER, Incident parallel mays of light ; My, marginal ; 11, intermediate ;: oo, more central

rays; M focus of the marginal rayz ; r', focus of intermediste rays; o', decussation of
the more central rays corresponding with the principal foenz of the lens.

Aberration, Chromatie.— Another kind of aberration to which
lenses are liable results from the different degrees of refrangibility
of the simple colours, and is termed Chiomatic Aberration. Since
a convex lens consists, as it were, of a series of narrow prisms
united at their bases, rays of llu-ht when they pass through it, are
not only refracted, but the lm’ht to a certain extent is ﬁeumlpnqed
When this decomposition occurs in a noticeable degree, the violet
rays, being most refrangible, intersect at a point neaver to the lens

A aBL

& _..-'Y -.\
|
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AXiS = [AXIS >
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& ~BL
Fis. 24, —CHREOMATIC AEERBATION.

AAA, BRER, incident paral'el rays of homngeneons enlonrlezz light emerging as colonred rays 3
R, red; ¥, yellow ; i, blune; B\, ¥, BLY, decnssating points of the {-nrn.-:a'[lumliu: rays. 1t
i= thus apparent that Spherical and Chromatic Aberration are giite the converse of each
other. The marginal rays cutting the axis firzt (M) in the former case, and last of all
in the latter (R'). '1"]113 more central, the intermediate, and the marginal ravz in the
former caze hold the same relative position after decuzzsation, whi'e the order of the
eolours is inverted in the latter. The bracketz show the area of white light under ordi-
nary circumstances, both in front and behind the focal di-tance,

than all the other coloured rays; while the red rays, being the
least refrangible, form their focns at a point on the axis of the lens
farthest from the lens. This quality interferes with the perfect
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definition of images, and renders them defective by imparting
colours to their mlwa Practically, however, as in the case of
an ordinary lens, red and yellow are only to be seen anterior to
the focal pumf while blue alone is visible after the decussation
of the rays. This is shown by the position of the brackets in
fig. 24. ;

Table of Metrical Lenses and their Relative Values in English
Inches.—The French metre being equivalent to 39-3707 English
inches, as before shown, for ]}mdlml purposes this may be eemrded
as 40 English inches. The caleulations in the fourth cnlumn of
the fullmnllﬂ' table have been made on that basis.

Foonl Focal ."L|1|r|:‘-.'l.1.'illmtr.' T Focal | Approximate |

| Dioptric |NI,,TE]1 in | lengih in | focal length || Dioptric ]E,L _-tlhlin length in | focal length
numler. ““:in‘__.' centi- in Engiish number, mokrss centi- | in Eng 1sh
z metres, inelies, : metris, inches.
0-25 4 400 ‘ 160) 5 0-200 | 20 ‘ 8
[ 050 2 20 80 a-50 0-182 152 | T:33
- 0TS 1-333 133 | 43 6 0-166 166 | 666 |
1 1 100 | 40 7 0143 | 143 | 6 !
| 1:25 0200 B0 32 8 0125 12:5 a
| 1+50 0-66615 (363 20-66 9 0-111 | 111 450 |
| 1-75 0-571 571 23 10 0-100 10 + I
(B 0-500 50 | 20 11 0-091 91 | 376 |
| 2-25 0-444 414 15 | e (-053 53 353
2-50 R ] 40 16 13 0077 T-h I 3
208 0-:63 363 14-54 14 0071 rial 2-85
(R 0:353 A3:8 1333 15 0-067 i | 206
350 0-286 253-5 11-50 16 (-062 -2 2-50
1 U=250 25 10 15 0055 2 | 2:325
4 {)=225 P H 20 U050 3 [ |

| =
| =

Cylindrical Lenses.—A eylindrical lens is one which has the
curvature of a cylinder instead of that of a sphere ; it is, in fact, a
portion of a segment of a cylinder. The opposite sides of a
eylindrical lens are parallel w ith each other in the direction of the
axis of the eylinder of which it is a =egment, while there is more or
less curvature between them in all other directions. The cur-
vature is greatest in the direction perpendicular to that of the axis
of the eylinder. The foei of eylindrieal lenses may be either positive
or negative. There are several kinds of cylindrical lenses.

Elmple Cylindrical Lenses. —Ordinary eylindrical lenses are
cylindrical on one side only and flat on the other. They are known
as plano-convew or r!f:-nu-r:rrnmuf cylindrical lenses. DBut, like
spherical lenses, ihv:l_.‘ may be bi-convex or bi-conecave, or convex-
concave or concavo-convex lenses. In these, which have both
surfaces cylindrical, the axes must be parallel. The plano-convex
and plano-concave cylindrical lenses are the lenses chiefly employed
for trying and correcting simple forms of astigmatismn.

The illustrations which follow are explanatory of the points
mentioned in this and in the preceding parvagraph. Fig. 25
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exhibits the principal features of a cylinder so far as concerns its
optical relations to eylindrical lenses; figs. 26 and 27 indicate the

¥z, 25.—Portiox oF CYLIXDER.
LAM, zector of the cyvlinder; AR, axiz of the eylinder ; La, Ma, two radil of exhinder{ TR,

are of the gector; cDE, principal cnrev iture perpendicnlar to axis ; P, line parallel with
AX15 ; KIH, & 2econdary curve of the evlinder.

mode of construetion of a plano-convex and plano-concave evlin-
drical lens, and show the aspects of their two principal sections,

L

e

o

e

L O
Fia. 26. Fi6. 27.

A, plano-convex zegment of a o linder : A, plano-conceve segment of a ey'inder;
a, cutting of a plano-convex oy indrical a, entting of a plano concave e lindrical
lens; B, transverse section; <, longi- lemz: R, trunsver-e section ; ©, longi-
tudinal zection through the axis. tudinal section through the axis,

Bi-cylindrical Lenses.—T'heze are lenses with both surfaces
eylindrical, but with the axes of the eylinders perpendicular to
each other. Their construction is shown in figs. 28 and 29,
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Spherico-cylindrical Lenses.—These are compound lenses, of
which one surface has a spherical, the other a eylindrical enrvature.
They are chiefly used in the correction of compound and mixed
forms of astigmatism. Their construction is slmwn in figs. 30
and 31.

Action of Cylindrical Lenses upon Light.— Rays of light falling on
a simple cylindrical lens are acted upon Lhﬂuwnth dLCU[‘{hIH" as t]uy

Friz. 28, —Coxvex Br-oyvrmsprican Lexs. Fic. 20, —Coxcave Bi-oyrixprican Lexs.

A, anterfor segment ; &, pozterior segment ¢, vertieal section ; D, transverse section.

fall upon the lens in a plane coincident with the axis of the eylinder
of which it is a segment, or in a cross direction. Rays incident in
the plane of the axis of ‘the eylinder pass throngh it as through
glass with opposite parallel surfaces, or as if it were a piece of plate
glass, and form on a screen a line of light. Rays incident in a
pl.-uu:- at right angles to the axis are :-lm{*d upon according to the
amount of convexity or concavity of the glass in the direction

Fra. 30.—Srpeno-coxvex Crrmyprican  Ti1e. 31.— SrHERO-CONCAVE CUYLINDRICAL
LExs. Liexs.

mentioned, and converge to a point or diverge as if issning from a
point. The more convex or the more concave the surface, the more
convergent or more divergent the rays will be rendered after their
passage through the cy linder in this direction, just as happens with
spherical lenses. 'The essential difference between a spherical lens
and a simple eylindrical lens is that in the spherical lens all the rays
which fall on it are altered in direction by their passage through it,
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while in the evlindrical lens some of the incident rays pass through
it unaltered in direction, and the remainder of the rays are more or
less altered in direction. A spherical lens brings the rays pro-
ceeding from a luminous point to a focus in the form of a point,

Fias. 32 axp 33.—Acriox ofF SiupnE OYLINDEICAL LEXsEs 0% LIcHT.

&, transverse section with convergent rays, £, axial zection with para’lel rays.
Combination of A and & rezelting in a linear focns, ab.,

while a eylindrical lens brings the rays from a similar point of
light to a focus in the form of a line insfead of a point.

Prisms. —Prisms of different powers are used in certain parts of
ophthalmic practice, especially in the investigation and treatment of
strabismus and diplopia.  Prisms for L"ptltﬁl
purposes essentially consist of a solid piece of € [+
crown glass contained between five plane sur-
faces, of which three—two sides and a Dase
—are rectangular, and two—the ends—tri-

ap
angular, these. luttm* being at right angles with |
the base of the prism, and therefore parallel 2} i! i

with each other. The line of junction of the
two inclined surfaces, or Hds: is the edge
of the prism ; each triangular end if perpen-
dicular to the base, 1‘91}1&?91\#@ a principal
~section of the prism (:':LI? fig. 34). In orderto €
adapt them for use in front of the eve, however,
the angles are sometimes rounded off, and
a shape thus given to them which 1:, nealh
circular. Fic. 34.—Tae Prs.
When rays of light are made to fall upon b dals, two rect-

. - anouar sides ; eeid,
one of the sides of a prism, and to pass through s
it, they are refracted towards its base, and the Sl L eI

degree of their deflection on issuing from the ubin 2B elncting
other side of the prism varies according to the i 2

size of the angle inclosed between the sides throngh which the re-
fracted light has passed, or, in other words, according to the angle
of refraction of the prism. As a consequence of these qualities,
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when an object is looked at through a prism, its apparent position
is changed ; it seems to shift its direction towards the edge of
the prism, and the distance to which it appears to be shifted from
its normal position increases with the increase in the refracting
angle of the prism (see fig. 35). Taking advantage of these facts,

the rays from a given Gb]l’*l:t- may be made to impinge upon any
part of either retina, by the use of prisms of different degrees of
strength placed in suitable ‘f}ljbllltlll‘élh fore the eves; and by these
means the presence or absence of binocalar vision may be de-

termined in doubtful cases, diplopia may be counteracted, and
single vision restored, or the relative Ft-l‘f‘-‘]‘lgth of the several motor
muscles of the eyes may be tested.

oL

Fic. 35.—REFrRAcTING PROPERTIES OF THE PRIsar.

4+, ohject ; 1, ray in air incident on ok, one of the zides of the gz prism, abe ; pr, perpen-
dicn ar to ab; i, direction of incident ray if no prism intervened ; », incident ray
refracted in prism toward perpendica ar pe; 5, perpendicon ar to side ac of prism ; #r",
emergent ray from 2 n2: prizm into air, refracted from the perpendicular, P+, direc-
tion in which the object + is seen by an eve at 7.

The effect of placing a prism before a squinting eve mav be
seen in fig. 36. In diagram A, a right eye with fixed internal
Sqml‘if SPEs thfe image of an object d|-|}l=mt o ﬂl]h\'._ll‘dh : hut with a
prism of suitable refracting power place «l before it with its base
outwards, as shown in l.]l"l“‘l"LH] B, is caused to see the i image in Ih
true direction.

When a pair of prisms of equal refracting angles are placed
before the two eyes with their bases outwards, and an object
situated at a limited distance is looked at, it appears at first to
each eve to be displaced in a direction towards the edge of the
prism or inwards, and the strain on the muscles of convergence of
the two eves, the recti interni, in order to preserve single vision is
increased ; when the prisms are placed with the bases inwards the
object appears to each eye to be displaced outwards in the direction
of the edges of the prisms, and not only is the extra strain on the
recti interni muscles thvu taken off, but the need for the normal
action of these muscles may be lessened.

The strength of the convergent power of the eves may be
measured by cansing the two eyes to look in the manner just
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described at an object situated in a plane midway between them,
through two prisms with their bases directed outwards. The
object which appears to be displaced in the direction of the edges
of the two prisms respectively, or across the median line, if the
prisms be of sufficient strength, will be seen double, and, if the
power of the prisms is gre*tter than that of the internal recti
muscles to fuse the double images into a single one, the two images
will remain at a certain distance apart. The lltg}]t‘.af] refracting
angle in the prisms which can be overcome by the muscular efforts,
as shown by the fusion of the two images into a single image,
affords the measure of the extent to which the couv erging f"wulfjr
can be exerted,

In like manner, if the bases of the prisms be held inwards, the

F1c. 36.—IxTER¥AL StRapIsMUs (BicET EvE).

A. Without prism, @, object: af, position of image, homonymons, or with external dis
placement ; &, optic axiz.

B. With prism. a, ohject, with which ', the image, is rendered coincident by the action
of the prizm, c.

limit in diverging power of the external recti muscles may be
measured,

The prisms supplied in the cases of eye lenses and prisms in
ordinary use have angles of refraction varying from 3° to 247,

Trial Case of Len-ses —A case of lenses of various desc riptions
and powers employed for purposes of optical investigation. A com-
plete trial case usually includes full sets of the convex, concave, and
cylindrical lenses just described, each bearing a {-!1I'-tll1ﬂ'l.11-1111|':=' mmk
of its quality and power, together with a series of puamq coloured
glasses, stenopeeic dlaphragms, opaque discs, and two pairs of lens-
holders or trial frames.

D
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Trial Frames or Lens-holders.—Two kinds of frames are re-
quired for holding lenses to serve as spectacles, and are generally
supplied with each trial case. One with a single groove is arranged
for holding a pair of spherical lenses; the other with a double
groove for holding cylindrical lenses in addition to the spherical.
lenses. The posterior grooves are intended to hold the spherical
lenses ; the anterior, the cylindrical lenses. The metal rim of each
of the hemispheres within which the cylindrical lens is placed is
divided into degrees, plainly marked on the surface ; so that any
required inclination may easily be given to the axis of the ecylin-
drical lens held by if.

Ready Tests of Convex, Concave, and Simple Cylindrical Spec-
tacle Lenses.——It is frequently necessary to ascertain rapidly the
nature of a lens, This can be readily done in the following
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F1e. 37.—Coxtrany MovEuExTs oF CoxveEx LExs axp Imice.

A, a black dot, supposed to lie in the axisof 1, n + lens; A'A'A"A", the same dot holding
“intermediate and marginal positions according as the lens i3 moved to the right or left,
The larger arrows show the movement of the lens, and the smaller ones the movement
1‘:{112!1;E.cnlur-,;ml image, which always reaches the margin of the lens in advance of the
manner :—On holding the lens a few inches in front' of some
]n-mteﬂ type and lﬂﬂlung through it at the print while the lens is
moved in a plane parallel with the plane of the print, if the print
1s enlarged and appears to move in an opposite direction to the move-
ment of the lens, the lens is convex ; if the print is diminished in
size and appears to move in the same direction as the lens, the lens
is concave; and if in either case the same occur equally in what-
ever direction the lens is moved, the lens is centric. If the re-
spective movements just deseribed only occur in one direction, the
print appearing to remain stationary w vhen the lens is moved in the
opposite direction, the lens respectively is a simple + or — cylin-
drical lens,
Similar indications will be obtained if the lens be moved an inch
or soin front of the eye, and an object at a distance of several feet off
be looked at through it. If the lens be a centric convex lens, the
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object will appear in all directions to move the opposite way to
the movement of the lens; if it be a concave lens, it will appear to
move in the same direction. If it be a simple convex eylindrical
lens, the dimensions of the object will be elongated in one direction,
and in this direction will appear to move Uppmlta to the mov ement
of the lens; while it will seem to be shortened, but show no move-
ment, when the lens is moved in a contrary divection. This latter
will be the line of direction of the axis of the lens. If it be asimple
cencave cylindrical lens, the dimensions of the object looked at
through it will be lessened in one direction, and in this direction
will appear to move in concert with the movement of the lens;
while it will seem to be elongated, and show no movement, when
the lens is moved in the contrary direction. The last-named will
be the line of direction of the axis of the lens,

To ascertain the Power of a Convex, Concave, or Cylindrical
Lens.—This may be readily done in the case of a centric convex
lens, even without a trial case of lenses, by ascertaining the distance
of its prmmlml focus. The rays of light from a window frame fifteen
or twenty feet away, or, as is often done in opticians’ shops, from
the large letters on a "-hlilp front on the opposite side of a street, are
allowed to pass throngh the lens and are received on a piece of white
card or other suitable screen. At one distance only can a clearly
defined and sharp picture occur of the object from which the rays
have come, and the measure of this distance from the lens gives the
distance of its principal focus, and therefore of the power of the
lens under examination.

This cannot of course be done in the case of a diverging lens.
When the power of a centric concave lens is sought, it must be
ascertained by nentralising it by a convex lens ot known power.
This is quickly managed with a trial case of lenses at hand. A
convex lens is taken from the case, placed in contact with the con-
cave lens, and an object, such as the bar of a window frame, looked
at through the two lenses combined while they are moved in front
of the eye. If the bar appear to move in the opposite direction to
that of the lenses, the convex lens is stronger than the concave lens;
if the bar appear to move in the same direction, the convex lens 1is
less strong than the concave lens; when the bar, seen through the
two lenses, shows no movement on the lenses being moved, the
concave lens is exactly neutralised, and the power of the convex
lens being known, that of the concave lens is also known.

In the same way the power of a convex lens may be quickly
ascertained, if a trial case of lenses is at hand, by finding the
conecave ](mb which exactly neutralises it.

In the case of a convex cylindrical lens, the prineipal focus, and
therefore its power, may be ascertained by measuring the distance
from the lens at wluch a pmnt of light, as a candle p‘laced at the
distance of 10 cr 15 feet, is bmugl:t to a sharply defined line of

D 2
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light on a screen. The power of a concave eylindrical lens must be
found by mneutralising it by convex cylindrieal lenses of known
power ; and, indeed, both forms of cylindrical lenses can have their
powers most quickly ascertained by neutralisation by opposite kinds
of cylindrical lenses taken from a trial case of lenses, in the same
way as concave and convex spherical lenses. The axes of the two
opposite kinds of eylindrical lenses must be so placed as tocoineide
exactly in direction.

Army Optical and Ophthalmoscopic Case.—In the combined
optical and ophthalmoscopic case which used to be supplied to officers
of the Army Medical Department, in addition to the convex and
concave lenses belonging to the ophthalmoscope, there was a pair
of spectacles fitted with 10-inch convex or +4D lenses. Parallel
rays falling on such lenses are cansed to converge to foei at a dis-
tance of 10 inches from their respective centres ; while divergent
rays proceeding from points at 10 inches’ distance from their centres
are refracted by them as parallel rays.

Formerly spectacles with concave —G” lenses were also supplied
in this optical case; but the supply was discontinued because it was
found that their employment could be dispensed with without in-
convenience.

Images formed by Convex and Concave Lenses.—Images are
representations of objects formed by concourse of the pencils of
rays emanating from all the points of the objects which they repre-
sent. All the points of a perfect image are the conjugate foei of
the rays which have proceeded from corresponding points of the
'DbJEGt (see ¢ Conjugate Foci,” p. 21).

‘When an image is formed in the focus of a lens, and can be
received on a screen, as at the focus of a convex lens for example, it
is called real or positive ; when it is not formed by the actual union
of rays in a focus, but only appears to be so, and cannot be received
on a screen, it is called a virfual image.

An image is8 erect when the object and image lie on the same
side of the centre of the lens; is @nrerfed when the object and
image lie on opposite sides of the centre. The retinal image of
any object sitnated in front of the eye is an example of a real and
inverted image.

The diameters of the object and its image are directly as their
distances from the centre of the lens; as thm' separate from this
point, the farther off either is, the greater its proportionate size.

When an object is placed between a conver lens and its prineipal
focus, an eye on the other side of the lens sees a virtual image of
the object, erect, magnified, on the same side of the lens as, but at
a greater thf-.iﬁnm‘ Irmn it than, the object. It is on this principle
that micros scopes are formed. If the object be farther off than the
principal focus, but its distance be less than twice the focal length
of the lens, the image is real, inverted, magnified, and on the oppo-
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site side of the lens to the object ; if the distance of the object be
greater than twice the focal length of the lens, the image is real,
waverted, diminished, and on the opposite side to the object.

When an Gb_]ecf: is placed in front of a coneave lens, an eye on
the other side of the lens sees an image of the object which is
virtual, erect, diminished, on the same side of the lens ag, and nearer
to it thau, the object. The image is diminished when the distance
between the lens and the object is increased ; but when the distance

Fie. 38.—BEan axp Viervan Diases (Dovere CoxvEx LExs).

AR, object ; A'E,, real image on retina ; AYEY, virtual image ; ¥, anterior focus ; L, lens,
The lines of reference from the reting are strongly dotted,

of the object is a large multiple of the focal length of the lens,
further increase of its distance does not appreciably alter the dis-
tance of the image, or, consequently, its size.

Fia. 390.—Rear axp Viervar Dasces (Douvsne Coxcave Lexs).

AR, object ; A'R real image on retina ; A"RY, virtual image; ¥, anterior focus ; L, lens.
The lines of refercnce from the retina are strongly dotted.

Composition of Optical Lenses.—Lenses for spectacles are either
made of crown glass or colourless quartz, and it is useful for surgeons
to have some knowledge of their respective qualities and occasional
defects. Lenses made of qual'tz. are described by the opticians who
sell spectacles as ¢ pebbles,” “rock erystal,’ and are usually re-
commended by them as hemg clearer and cooler to the eyes than
glass. The clearness of view through pebbles depends on the
quality and manipulation of the quartz, and can very rarely, if
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ever, be equal to that of the best crown glass; any su’pe:'mrltv n
coolness as regards the eyes is very ]Jmhfemﬂtiml (ilass is a bad
conductor of heat, and quartz conducts it better than glass; hence
a guartz lens feels relatively cool when applied to the tongue, as it
abstracts the heat from it more quickly than a glass lens. This
quality is sometimes turned to account as a rough-and-ready test
for distinguishing between a rock crystal and glass spectacle-lens.
The only real advantage of ‘ pebbles’ is their greater hardness, so
that their surfaces are not scratched and dullml o easily as those
of g]‘lqs lenses. Unless the quartz is unusually pure and trans-
parent, 18 scientifically eut and s,lmprd as rmrm*ch refraction, 1t 1s a
decidedly inferior material to good crown olass for optical purpﬂSEb,
and it is doubtful whether pebbles do not remain more trying to
the eves, even when proper attention is given to the rf-qumite
yualities just named, than spectacles of the best crown glass, such
as 1s specially manufactured for spectacle lenses. Quartz has the
quality of double refraction, and although its effects may not be
perceived by the eyes in thin lenses of low powers, the images of
objects on the retina must be in some degree less perfect in dis-
tinctness in consequence, the more so if the quartz is not well cut,
and a certain amount of accommodation will be exerted in trying
to render them sharp and single. The only way to eunt rock
erystal so as to avoid double refraction is to cat it exactly perpen-
dicular to the axis of the crystal, so that the axis of the lens which
is formed from it may coincide, or be parallel with the axis of the
original crystal. The operation 1s difficult except in compara-
tiv L-lﬁ.r rare specimens of perfectly erystallised quartz, requires
spc-cmi care, and renders the lenses more costly.

It is sometimes desirable to establish whether a pebble lens is
properly eut or not. This can readily be done by looking throngh
the lens placed in a tourmaline forceps, which may be procured av
the establishments of all good opticians (see fig. 40). The blades
of the forceps consist of two thin plates of tourmaline, one of which
can be revolved in front of the other, and they admit of a lens
being placed between them. On turning the movable tourmaline
plate, when it arrives in a certain position the transmitted light
becomes polarised, and is as it were extinguished. If a quartz
lens is now placed between the tourmaline plates, the light is de-
polarised, and the field becomes luminous ; if the lens were a glass
lens, the field would remain dark. 'This serves to distinguish be-
tween a glass and a pebble lens. On further examination of the
quartz lens, if it has been cut perpendicularly to the axis of the
erystal, its middle portion will be seen to be occupied by a series
of concentric coloured rings; if no such rings appear, it has been
cut in a contrary direction. If the rings appear towards the edge
of the lens, or are elliptical in form, it is defective, for it has been
cut uhhqm ly in respect to the axis of the erystal.
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Glass lenses for spectacles should be made of pure, colourless,
and perfectly homogeneous crown glass. They should approach as
nearly as possible in limpid transparency to that of the dioptric media
of a young and perfect human eye. Inferior lenses are made of a
bad quality of crown glass, having more or less of a greenish tint,
and not unfrequently contain microscopic air globules, specks, or

A, tourmaline forceps, half natural size, with the blades slight!y open ; &, zimple wire frame-
waork , with loops to hold the brass mounting of the tourmalines (& and ¢}, and a spring (2}
at the other end ; 4, cork lining, with a square central opening ; B, a spectacle lens held
between the blades of the foreepz ; ¢, pebble lenzes a2 2een between the tourmalines (),
in the position to intercept lizht (axes crossed at right angles ), and (¥) when they trans-
mit it (the axes being pacallel ).

strie, owing to an imperfect mixture of the vitrifiable ingredients
which enter into the composition of the glass. Such lenses inter-
fere with a clear and even view of objects, they are unstable with
respect to their transparency, are more or less unequal in their
refractive power, and in consequence of these defects are propor-
tionally trying and injurious to the eyes that use them.

Unless glass lenses ave duly protected their surfaces are apt to
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lose their polish and transparency from being roughened by the
fine gritty duost which collects on all UhJecta E}spD‘-Ed to the air.
This is EE'[]EL‘]H"}T objectionable in a convex lens, for by such means
it is rendered most dim at the centre on which it rests, the part
where it is essential to retain perfect transparency. The superior
hardness of rock erystal lenses gives them an advantage over glass
under similar conditions of exposure.

Thickness and Weight of Glass and Pebble Lenses for Spectacles,
It is important for the ease and comfort of those who have to
wear spectacles that the lenses should not be needlessly thick and
heavy. Although the refractive index of rock crystal is rather higher
than that of crown glass, I have ascertained from Messrs, Pickard &
Curry, ophthalmic opticians, that in the manufacture of lenses for
gpectacle purposes there is no difference in respect to thickness of
substance or weight between glass and rock crystal lenses of corre-
sponding powers.  The following measurements show the average
thickness and weights of spect af‘h- lenses of a few given powers, as
manufactured by cmnpptent opticians, Spherical bi-concave lens,

—2 D, least thickness at centre, 1 mm. ; thickness at cir camference
1-5mm. ; weight of pair of lenses in frames 6 dwt., the lenses
forming half the weight, the frames the other half. Spherical bi-
convex lens, +2 D, thickness at centre 2 mm. ; weight of pair of
lenses in frames 5} dwt. Concave spherico-cylindrical lens,
sph. —2 D < eyl. —2 D ; thickness at centre in axial line 1 mm. ;
greatest thickness of mrcumh*rvnce 12 mm.; weight of pair of
lenses in frames 6} dwt. Convex sphencn cv]mdru:al lens, sph.
+2 D < eyl.+2 D, thickness through centre of spherical surface
2 mm. ; wvwhf of pair of lenses in frames, 6 dwt. Meniscus
lenges and concavo-convex lenses are approximately tln:' same in
weight as bi-convex and bi-concave lenses of corresponding powers.

Arrangement of Lenses in Spectacles.—When lenses are applied
in the form of spectacles for the purpose of relieving visnal defects,
several points of optical importance require attention. Glasses of
the proper description and power may be ordered by a surgeon,
but, however good in quality the lenses may be, unless they are
1'1rrhth' disposed by the spectacle maker their purpose may not only
not be attained, but the eves concerned may be much inconvenienced
by them. Spectacles often require the inspection of the surgeon
who has ordered them, to ascertain whether his directions have
been carried out.

Spectacles should be so arranged that the visual axes pass
through the centres of the lemses. For this purpose, in the firs
place, the lenses should be properly centred, or, in other words, so
udmatvﬂ within the rims in which they are held, that the centres of
the rims, and the centres of the lenses, are in exact correspondence,
Although the lens may have been correctly ground in respect to
the coincidence of its axis and the centres of curvatures, it is evident
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that if it be not eut or shaped in perfect accordance with the shape
of the frame which receives it, the axis will be displaced, and the
vision of the wearer will be liable to be proportionally incommaoded.
In the second place the frames carrying the lenses must be
accurately measured and adjusted to the eyes before which they
are pIaccd, neither too narrow nor too wide. If the visual axes do
not pass through the centresfof the lenses, the line of sight of each
eye will be either to the outer or to the inner side of the centre of
the corresponding lens. If the spectacles are convex, and the line
of sight is allowed to pass through the outer part of each lens, as
will be the case in too narrow spectacles, the rays arriving at each
eye from the object looked at are acted upon as if they had passed
through a prism with its base turned inwards ; if the line of sight
of each eye pass through the inner part of a convex lens, as will
happen when the lenses of the spectacles are placed too far apart,
the rays of light from the object looked at are changed in direction,
as they would be in passing through a prism with its base directed
outwards. The position of the two eyes must change in order to
meet the altered directions of the rays falling on the macula Iutea.
In the former case the eyes will have to conv erge less, in the latter
case more ; and where the s spectacles are used for near objects, as
in presbyopia for reading, the increased demand made on the action
of the muscles of convergence, and the disparity caused between
the exercise of convergence and that of the accommodation for the
distance at which the print is placed, will entail a sense of strain
and uneasiness (asthenopia) about the eyes. When concave spec-
tacles are worn, and are not properly centred, the effects will be
the reverse of those just named for convex glasses. The necessity
for the visual axis passing through the centre of each lens involves
a slight difference in position of “the lens, or in the adjustment of
the frame, according to the purpose for which the spectacles are
worn. If they are used for correcting distant vision, as in myopia
and hypermetropia, the two lenses must be parallel with one
another, and their two centres should be directly in front of the
pupils of the two eyes; ‘if for correcting vision of near objects,
they should be inclined *11: such an angle “toward each other as to
allow the visual lines to pass thmugh their centres to the visunal
distance of the objects looked at through them. So with bi-foeal
spectacles, in which the upper half of the spectacle is used for
distant objects and the lower lens for objects near at hand, the
upper lens sections should be placed parallel with the vertical
planes of the two eyes when looking forward, and the lower lens
sections connected with them at such an angle, about 75°, as will
preserve the same correspondence in direction when the eyes are
turned downwards towards objects close at hand, as in reading, the
centres at the same time being moved slightly inwards, to -.i.].lUW for
the convergence of the two eyes. When one side of a spectacle 1s
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allowed to drop to a lower level than the opposite side, an occur-
rence which may not unfrequently be noticed, the visnal axis of
one or other eye no longer accords with the centre of the lens before
it, and the discord leads to visnal disturbance. A horizontal line
joining the two centres of the lenses of a pair of spectacles onght
to be exactly parallel with a similar line joining the centres of the
pupils of the two eyes. A want of eongruence in this respect is a
frequent source of error when folding glasses are used,

Distances of Spectacles from the Eyes.— When spectacles are
worn to correct refractive defects of the eyes, they should be so
adjusted that the lenses are placed as near as possible to the anterior
focus of each eye, i.e. about half an inch (13 mm.) in front of the
cornea. Yhen they are worn to correct failure of accommodation
(presbyopia), the positions of the lenses are less important ; if they
are removed an inch or so further from the eye than its 1l1ter101
focus, the only effect will be to modify slightly ‘the apparent size of
the Gh.]ect& looked at, and to alter the [’}DR}.TIDD of the near point of
distinet vision. This is met by suitably adjusting the distance at
which the objects looked at are placed.

Eyeglasses.—The use of a single eyeglass by any one who has
the use of both eyes is not to be recommended, excepting in rare
cases, when its purpose is to adjust the refractive power of the eye
before which it is placed, so as to make 1t agree with that of the eye
which is left free. If the effect of the glass is simply to assist the
vision of the eye to which it is applied, while that of the other eye
is left unattended to, the action of an eveglass becomes more or
less deleterious. 'The two eyes should always, as far as practicable,
be exerted in concert; if the retinal image in one be habitually
suppressed, the unused eye will in time become amblyopic. Eye-
glasses are not allowed to be used at tar get practice at the School
of Musketry, though spectacles may be worn.

Spectacle Frames.—The frames should be well fitted to the form
of the face, should not press on the temples, but should only rest on
the bridge of the nose and the tops of the ears, and, w hatever thc
metal of which they are made, should be sufficiently firm to main-
tain the right positions of the lenses, When tlm} are used for
vision at near objects, or for work in which the face is required to
be bent forward, it is advantageons for the extremities of their
sides to be curved so as to hook behind the ears, and be thus pre-
vented from shifting or dropping off.

Pantoscopic Spectacles.—;l name given by nptwmnq to spectacles
in which a portion of the upper margin of each lens is cut away. so
that they are nearly flat at the top and oval below. They enable
the spectator to see over the lenses when he 1s not ]nnhmg at near
objects, The lenses, and the parts of the frames holding them, are
set at an angle with the sides of the frames, so that the upper
borders of the lenses are tilted to a certain extent forwards, They
are snitable for emmetropic persons who have become presbyopie.



Cuar. I YARIETIES IN FORMS OF SPECTACLES 43

Some convex lenses are made perfectly flat above with the usual
oval below ; while other concave lenses have this shape reversed,
and are made oval above and flat below for myopic persons. As
spectacles of these last two kinds are occasionally used by artists,
they are usually sold under the name of * sketching spectacles.”

Equi-convex and Equi-concave Spherical Lenses in Spectacles.
Rays which pass through the secondary axes of a spherical lens,
although 1rr11)lilﬂ‘1ng obliquely, are not much altered in direction on
leaving the lens, because the opposite surfaces near the centre are
nearly parallel ; but as rays approach the circumference of the lens,
they become mm‘e and more oblique relatively to its curvature,
are more strongly converged on emergence, and so intersect at
points nearer to the lens than its principal focus. This deviation,
known as spherical aberration, has been explained elsewhere (see
p- 27). It gives rise to a certain amount of imperfection in the
use of bi-convex and bi-concave gpherical lenses as spectacles when
the eves are so turned as to look obliquely through them. The
spherical aberration is greater in a plano-convex or plano-concave
lens, than it is in a bi-convex or bi-concave lens of corresponding
power. As the rays most free from deviation are those which most
nearly coincide with the principal axis of the lens, it follows that,
as before mentioned, vision through a spectacle is best when the
eye looks direct through its centre; and it is for the purpose of
maintaining vision in this direction that persons wearing spectacles,
even when perfectly fitted, or using a glass, are in the habit of
turning the head altogether towards an object in cases where
persons without .specl.au.iva would merely turn their eyes.

Periscopic Glasses.— Lienzes concave on one side, convex on the
other. When they are sectionally crescentic in shape, 7.e. when
the convexity is in excess of the concavity, and the glasses act as
COnvex glahse&, they are designated meniscus g]ﬂE‘:Ei_‘Es (pnvickos, a
_little moon, a crescent). When the concavity is in excess of the
convexity and they act as concave lenses, they are styled concavo-
conver g]"l"sE-F In the former, the two surfaces meet if they are
continued ; in the latter, under the same conditions, they do not
meet (see fig. 41). The'i: are positive or minus lonses g, according
as their convexity or ﬂﬂncavltv is respectiv ely in excess. The dis-
tinctness of {}h.]i"l'_‘fs seen thmuﬂ'h a4 meniscus or CONcavo-convex
lens is less interfered with by s }lwwc-ﬂ aberration than when they
are seen through bi-convex or bl-cmmaﬁ, lenses of LUIIE"-sp:'Jllﬂlilﬁ'
powers, and: 1]1{3 further have the advantage of closer accordance
in their form of curvature with the curvature of the front of the
eye-ball, and in this way they enable the wearer to see more
ﬂlﬂlquel‘r and to have a wider field of view, or rather to look round
with less inconvenience when the eye -:m]v is turned without turn-
ing the head. Hence the name {Jf}uﬁ*p iscopie glasses, given to them
by Dr. Wollaston who advocated their employment for spectacles
in preference to bi-convex and bi-concave glasses.
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For a long time special difficulties were encountered in making
satisfactory periscopic glasses at a moderate price, but they are
now manufactured on the continent in large numbers of excellent
quality, and may be obtained in England at as cheap a rate as

Fis. 41.

D. Mec. EveE conrecTED BY A CoNcavo-coNvEX LEeNs.

HNB,—The dotted lines show the correotion,

other glasses. TFig. 41 shows (see A, B, C, D) the nearer approach
of the yvisual lines to a perpendicular incidence when they fall on
the lateral points of a meniscus and concavo-convex lens than
obtains when they are directed to corresponding lateral parts of
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the surface of a bi-convex or
bi-concave lens, and at the
same time indicates the wider
range of view afforded by the
two forms of glasses first
named. Fig. 42 (A, B, C, D)
shows the differences in the
angular obliquity of a lateral
ray which falls on the surface
of a bi-convex, meniscus, bi-
concave, and concavo-convex
lens respectively, at an equal
distance from the centre of
curvature of each.

Duplex Focal, Bi-focal, or
Franklin Glasses.—Spectacles
with the upper half adapted
for looking at distant objects;
the lower half for near objects.
The line of the lower segment
i1s brought into contact with
that of the upper at an angle
so that the visual axig, in the
different positions required
for seeing distant and near
objects, meets the surface of
each segment at right angles
or nearly so.

Thus the upper segment
may be made slightly convex
to correct H. ; the lower half
more convex to correct H.
combined with Pr.; as the
conditions of the segments
appear to have been in the
glasses first used and de-
scribed by Benjamin Frank-
lin, after whom they are
named ; or the upper to cor-
rect a full degree of M., as
regards distant vision, the
lower to correct the M. suf-
ficiently for some relatively
near distance, or again to cor-
rect a moderate degree of M.
as regards distant objects,
and Pr. in respect to near

A. Bi-coxvEx
Lexs.

B. Mexiscros
LExs.

C. Br-coxcave
Lexs,

D. Coxoavo-
CcoNVEX LExS,

Fra. 42.
ab, central ray: e, ray meeting surface of lens in
each instance at distance b from centre ; o=,
tangent to apherical surfacefat point e. The
angles #ed show the ralative obliguity of the
Iateral rays in the four lenses,
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objects. TFig. 43 shows the Franklin principle applied to a meniscus
spectacle glass, the lower segment being more convex than the
upper and joined to it at an angle snitable for viewing objects near
to the eye. When half-lenses are thus employed, their optical
centres should be clear of the line at which the upper and lower
seements are joined together. They should, therefore, not be con-
‘simcteﬂ by cutting a r-;lnrr]e- glatq into two ]m. Ives to form the cor-
1'c-*-?pn11c]mg spgmc-nt'; in the pair of spectacles, as is sometimes done,
but each segment should be cut from a separate lens, and have its
own axis complete. 'When Franklin glasses are thus arranged the
wearer is not troubled by the fine boundary line between the two
half-lenses ; he acquires the habit of looking above and below it
without noticing its presence. In some French lenses the same
purpose is DﬂEﬂ.""-LlDll"IH"E' attained by giving the upper half of the
spectacle glass a curvature different from that of the lower half,
thus combining in one glass the two powers required for distant
and near vision without an obvious boundary line between them,
They are sold under the name of verres d foyer double.
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F1i. 43.—PBr-rocan Mexiscus Grass. The two segments inclined angularly
to each other.

Tinted Spectacles.—Plain glasses, or convex and concave lenses,
may be tinted in various shades of blue colour, or may be simply
darkened (neutral or smoke-tinted glasses), with a view to lessen
the effects of glare, as of tropical light, or sunlight reflected from
snow or water, or to prevent the irritation caused by light in photo-
phobia from any.cause. Orange and red rays appear to be the
most irritating rays of the spectrum to w eak eves, and whenever
these tints are in excess in the light to which such over-sensitive
eves are exposed, blue-tinted crl.nso% are the most suitable, as they
neutralise the orange colour and render the light similar to
ordinary diffused daylicht. When there is no need to change the
colours of objects, and all that is required is to lessen the intensity
of brightness of the light reflected from them, glasses of neutral
tint are the most fitted for the purpose.

Opticians supply eight degrees of saturation of blue-tinted
glasses. A set of specimens obtained from a leading manufactur-
ing optician in London were designated by a series of numbers,
the saturation being least in No. 1 and gradually increasing to No. 8.
They also supply eight shades of neutral or smoke-tinted glasses,
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respectively distinguished by the letters A to H, the saturation
being least in A and gradually increasing to H.

Eye Protectors.—Spectacles so called because they are chiefly
emploved to protect the eyes against dust, grit, or in certain trades
against particles of metal and other ﬁulﬂh‘mm‘-‘s which would injure
the eyes if they reached their surfaces. They consist ordinarily of
spoon-shaped but plain glass, having such forward Eﬂnreutv as
readily to cast aside 1}11’#101&:: on atuhnw them, and equally to pro-
tect the eves from the force of a strong wind when meeting it in
front. When they are blue-tinted, and correct in form, tl1u are
very useful for lll‘th“Cf'lll g weak eyes against the 11‘1'1tat111n' influence
of cumnge-co]:mred light, and also against the glare of the sun, as
in India and other tloplcal countries. It is important that they
should have a suitable curvature for preventing the direct access to
the eyes of bright light reflected from below or entering by the sides
of the spectacles, for otherwise the eyes will be dazzled and fatigued
by the mixture of the untinted rays admitted at the borders cf the
glasses and the tinted rays transmitted in front. An advantage of
the spoon-shaped eye protectors, when compared with some others,
is that, while 1111t1rrnt111:r the effects of strong glare, they allow air
to pass freely over the eyes upwards and (Irm'111.r-11'd'-"~ and thus are
far better than glasses so shaped as to fit close to ‘the orbit, for
these heat, relax, and sometimes inflame the eyes by lirlpuilng the
normal ev*qmmtmn of their secretions, and by preventing the
access of any air to them. They are also better than double
spectacles with glass sides, which are objectionable not only on
account of heating the eyes but also on account of their weight.

The cheap eye protectors sold in some shops require careful
examination, as thﬁ' are not unfrequently defective in form, so that
they do not 't-::t 311111111;' as a cover and shade to the eyes, but may
nperﬂ{'e as convex or concave lenses, and may further ﬂltlE‘l‘tE vision
by causing a certain amount of distortion of objects owing to faulty
curvature. T hey can be easily tested in the same way as has been
already described, with regard to convex and concave lenses.
Inferior glasses are also not “unf requently coloured unevenly in the
grain of the glass, and sometimes contain specks and other imper-
fections, which are less noticeable than they would be in unstained
glass, owing to the fact of the glass being tinted. Such defects
are always more or less detrimental and E]l*-tl'll'l.':llllﬂ' to vision.

Goggles.—These are also contrivances for protecting the eyes
against dust, glare, and other sources of irritation. They are for med
of various materials, wire gauze, or a combination of wire ganze
and glass, and may be set in apvctacle frames or only fitted to the
orbits, and held in place by ribbons that may be tied behind the
head. The goggles ‘:upplled to the troops engaged in the recent
military operations in Egypt consisted of two oval flat pieces of
blue-tinted glass, set in front of two boat-shaped fine wire-gauze
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sides. The glasses and the ganze wire were kept in Ehnpe by
narrow steel frames or borders, and the whole was so fashioned
that the edges fitted closely to the bony margins of the two orbits.
The eyes were thus completely inclosed within the gogeles. Each
pair of goggles were connected on their inner aspects by a piece of
cord admitting of a certain play, so that the goggles mnrht adapt
themselves to eyes at different distances apart ; and at their outer
edges were connected by a piece of elastic cord sufficiently long
to permit it being passed over the ears and behind the head, and
to hold them in position when they were worn. When not required
for use, one gcrcm*le could be placed within the other goggle and the
two put together in an oval japanned tin box, 2} inches long by
14 inch across, and 1 inch deep, for security. Pm‘hbllltr,
lightness, and {:Gmp:w&tivﬂ cheapness were thuns secured, while
they answered the purpose of warding off the grosser particles of
sand and diminishing glare.

Prismatic Glasses.—Spectacles fitted with prisms, or with prisms
in combination with convex and concave lenses, are occasionally
used for varions optical purposes; such as to correct slight de-
clinations of the visual lines, whether upwards, outwards, or
inwards, and thus to prevent visual confusion from double images ;
or to relieve asthenopia depending on undue strain of the M.
rectl interni, as when persons with high degrees of myopia read
or work at near distances at which the exertion of accommodation
18 not parallel with that of the convergence. Their action will
vary according to the positions given to the prisms (see Prisms).

‘Stenopeic “Hole—A very small circular opening in the centre
of an opaque metallic diaphragm. The effect of the stenopoeic

Fia. 44.—Stexormic HoLe.

A, illuminated point of an object ; B, cone of light proceeding from A ; ¢, metallic diaphragm
with eentral perforation ; b, eve globe ; aa, marginal rays of the cone, 81 &, central Ty A
of the enme 1 e, stenopoeic aperture transmitting & 5 dd, dotted lines showing the course
that aa would take if not obstructed by the metallic diaphragm ¢, which only transmits
the centrn! rays &, and a0 far redoces e, a diffnsion area formed in front of f, the true
emmetropie focal point, and at ¢ behind the same,

hole, when the eye looks through it, is to exclude the marginal
rays of the beam of light, proceeding from each illuminated point
of an object, which would otherwise pass through the pupil, and
thus to lessen the area of the circle of diffusion on the retina in the
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case of any eye that is not emmetropic. At the same time that
the marguml rays are excluded, a certain portion of the light
emanating from an object is neceqsanh’ also excluded, so that the
luminons impression on the retina is proportionally dnmms]wd
Although the actual brightness of the surface of the object looked
at may remain the same, the effective brightness is lessened in
nvmh‘ the same ratio as a fransverse section of the cone of rays
entermg the pupil through the stenopceie hole is less than the cross
section of the cone of rays which would enter the pupil if its whole
area were free for their admission. Objects looked at through a
stenopeeic hole, therefore, appear darker, and both the range of
vision and the advantages of ocular movements are also curtailed
by it. The stenopeeic hole is often of use in determining whether
{leﬁcmwv in acuteness of vision is due to ametropia or to some
other ocular defect. It is very important for optical purposes that
the margin of a stenopeeic opening should be perfectly clean and
EVET.

Stenopeeic Slit.—A narrow slit in an opaque metal dhphr-‘wm
The effect of the stenopeeic slit, when placed before the eye, is to
limit the entrance and passage of rays of light to one meridian of
the eve. It may be conveniently mnplﬂ}c-d in the diagnosis of
astigmatism.

Stenopeic Holder.—An appliance provided with a stenopeic
slit, so arranged as to be capable of being lessened or increased in
mdth and adul}tvﬂ for holding concave or convex ‘ll‘.llll‘l'IL‘Ell lenses.
The -1pplmnr_-e is provided with a suitable handle. It is chiefly
employed in the diagnostic examination and in the correction of
astigmatism.

Stenopeeic Glasses.— Opaque glasses or mefal dises with very
narrow openings, either in the form of a circle or of a slit, for
limiting the transmission of rays of light to the eye. They are
used to 11111}1*0!,4_, vision, when oaly a particular portion of the
dioptric media is clear, by prmnnnmr the disturbance due to light
being diffused thrmlrrh pm‘tlal obscurations of the cornea or of
other of the [lmpfrlc media ; in irregular astigmatism, to restrict
the passage of light to a particular portion of r.hf_‘ cornea ; and also
when it is desired to lessen the amount of light entering the eyes,
as in tropical countries in mydriasis or cases in which the iris is
permanently dilated from any cause, or in which the iris or
a large p{}rtlnu of it has been removed by iridectomy.

Strabometer or Strabismometer — An’ instrument for measuring
the linear extent of deviation of the centre of the cornea of an eve,
which is displaced laterally from the position it would occupy in
normal binocular vision on the two eyes looking directly for ward
at a distant Dl?ﬂt‘ﬂf as happens in converge n‘r and div ergent;
strabismus. It consists of a small ivory plate, “fitted with a }lﬂnﬂ'r?

and made suitable in shape for being 1|:pheﬂ to the lower lid of an
E
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eye. At the curved margin of the ]ﬂdh* a scale of marks and
h{rurea 1s engraved, mdlLatmfr distances in millimetres, or parts of
111[:‘:1&::., on EHL]I &ule of a Cl‘.llflﬂl mark which is 111h*ndﬁd to be
placed in line with what would be the normal sitnation of the
centre of the cornea. As =oon as the instrument is adjusted, the
distance of the displaced corneal centre from the line indicating
this normal position can be at once read off from the instrument.

Judging Distance.—An important part of the instruction of
recruits at rifle drill practice consists in teaching them to estimate
correctly the distances of objects by ocular observation alone, that
is, without the aid of range-finders, or other means of measure-
ment. Ifa bullet on being fired from a rifle travelled in a str alght
path nearly to the end of its course, there would be no need for
soldiers to become skilled in judging the distances of objects, or for
adjusting their rifles to those distances, for the bullet would strike
any ﬂb}ect. it might meet in 1fs path mtluu the limits of its range ;
but since its path, or trajectory, instead of being straight, is
curvilinear, it is evident that the bullet in its fall can unl_v strike
an object of the height of a man within a certain limited space,
I the object be outside this space, either in front of, or beyond it.
it will not be hit. Hence the necessity for a correct I-:mm'l(-f:lgv of
the particular distance of any object t that may be aimed at, in order
to adjust the rifle to that distance, and so make sure that the
object shall be hit by the bullet in its fall,

The power of judging distance, as 1t is called, with approximate
accuracy, is therefore essential, for without this knowledge a soldier
cannot use his rifle efficiently.

The faculty of judging distance depends npon the capability of
properly appreciating the differences in the visual angles, or in
other words, the differences in the sizes of the retinal images,
formed by an object of known size, a man or horse for e\mn]_ﬂo at
different distances. The visnal angle, and therefore, the retinal
image of an object, lessens as its distance increases.  In proportion
then as the distance of an object of given size from the eye of an
observer is increased =0 will be the {hllmnl!:un of the app-went size
of the object; and couversely, in proportion as the apparent size
diminishes, so will be the increuse in distance of the object from
the eve of the observer.

The acquirement of the art of qudging distanees is effected by
causing the men under instruction to note the apparent size and
aspect of soldiers placed at certain distances, to observe and
familiarise themselves with the appearance of different parts of the
ficure, limbs, accoutrements, and dress of the men, and to make
i nn|}:|]'i:-:[lns. between them and the appearances of the same soldiers
aud objects at various other distances. The appearances of sur-
rounding objects, such as trees, buildings, &e., at different distances,
are also impressed on the soldiersmind.  The practice is facilitated
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by observing that certain parts of the men or objects on their
persons disappear from view at particular distances; this fact
depends, other things being alike. on the visual angles formed by
these parts at such distances being too small to permit recognition.
In like manner, and from the same cause, the whole object
according to its size will disappear from view at some particular
distance, even though no other impediments to a clear view of it
exist (see ch. vii., pages 155 to 159, for further remarks on this
subjeet).

The difficulty of judging accurately the distances of all objects
is greatly increased when they are placed far away from the spec-
tator, vet it is under these circumstances that in using the rifle the
need for for ming a precise judgment of the distance “of any object
that may be aimed at is greatest, Hence, the experience derived
from repeated practice, and accurate observation and comparison of
surrounding objects, as well as of objects themselves, together with
very perfect qualities of sight, are essential for a man to become a
good marksman at objects at long mnp_ﬁxs when the estimate of the
distances at which the objects are lﬂuccﬂ depends on the marksman’s
oW1 ‘]udu‘mi-uf‘ as it must often do in military npelatmns on active
service in the field. The drop of a bullet increases in curvature in
proportion to the elevation for distance given to the rifle, and of
course the space within which an nhjml of the height of a man
would be liable to be struck is lessened in the same proportion.
In firing at distances up to 300 yards at a target G feet in
height, thﬂ bullet does not rise anywhere more Ilmu 6 feet above
f.lm gmulul, and hence a man of that height would be hit at any
point of the bullet’s path within this range ; but if elevated to suit
a distance of 400 yards, the space within which he could be it by
the bullet in the latter part of its course would be limited to 110
yards; if at 800 yards, the limit of the dangerous space would be
Ieskaned b0 45 yvards; if at 1,000, there would only be a space of
about 20 \"Lt{]b \uthm which an ﬂlli:*(‘r 6 feet in he ight would be
liable to be struck. It is obvious that at such ]l.‘ll‘l“‘ distances,
and under such reduced visual angles as objects of the lwurht of an
infantry soldier or trooper wounld subtend at them, the eye must be
capable of getting retinal images quite clear of circles of diffusion
in order that the objects may be distinguished plainly.

A certain amount of assistance in in:]w'nlw the relative distances
of objects, when several are regavded in succession, is derived from
the sense of the varying efforts of accommodation, mnl also rom a
consciousness of the consentaneons movements of the two eves 1n
changing their positions for the purpose of so adjusting their visual
lines that they may meet together in the same points of the different
objects under observation.

It is not to be forgotten that, irrespective of the particular
quality and condition of the dioptric media of the eyes of any

B2
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individual observer, the character of the retinal image of an object
and the acuteness ol the visnal impression produced by it, will be
modified -very materially by the degree of illumination of the
object, the position of the sun in regard to it, the character of the
backeround, particularly its amount of contrast with the object, and
the state of the atmosphere between the object and the observer
in respect to its transparency and refractive stability.

Aiming.—Before a recruit is permitted to practize firing his rifle
either with ('.m'triﬂge or hall, he has to go through a course of
instruction in ¢ aiming drill,” or the mode of aligning the *sights’
of the rifle on the nh]ert aimed at ; in other nm*dw, in so holding
his rifle that the parts of it named, and the object to be aimed at, all
simultaneously occupy positions in the line of vision. There are
two sights attached to the ri itle, technically called the backsight and
the foresight ; a slide on the former being {"II}EI]J]{:‘ of being raised to
varions heights, while the foresight is h\f*d The recruit is tanght
to look stend! .natlr with his l'rght eye along the bottom of a noteh in
the backsight in the direction of the projecting top of the foresight,
which. in turn, 1s to cover the eentre of the mark towards which the
eye is directed. The backsight has to be kept perfectly npright,
and the slide upon it to be so pl wed as to adjust the rifle in respect
to elevation to the special distance of the object ordered to be aimed
at. The recruit is instructed to fix his eye steadfastly on this nh]ecr
not on the barrel of the rifle or the foresizht, Lm‘[}mn' his left eve
closed, while he brings the top of the f'mewrht in line with the
nh]ect’{hrr:mtrh the notch of the backsight. 1f more than the tip of
the foresight is brought up into the 'lllfflmwnf. a little additional
elevation nf' the rifle is the result. This instruction is earried on for
increasing distances until the soldier has become perfect in aiming,
for the difficulty of aligning the foresight accurately increases as the
distance of the uhlect increases.

Medical officers are occasionally appealed to by musketry
instructors on account of their meeting with difficulties in getting
some men to adjust the sights of the rifles so as to bring them into
true line with the object, and from dounbts arising in their minds as to
whether the men concerned are not suffering from defective eyesight.
1t is well, therefore, for medical officers to be prepared with a know-
ledge of the visual conditions which may facilitate or hinder men
from taking a correct aim.

When a Martini-Henry rifle is bronght to the front of the right
shoulder of a soldier in the standing position the distance of the
noteh in the slide of the backsight is about 15 inches, and of the
‘tip’ or ‘fine sight’ of the foresight about 39 inches, from the
richt eye.  When an object, such as the bull's-eye of a r*ner{‘ at a
distance of several hundred yards, is aligned with these st;_rhrs of
the rifle, it 1s obvious that an eve, if' it tried to do so, could not see
the three different objects with equal distinetuess at one and the
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gsame time. The recruit, therefore, is rightly instructed to fix his
eye steadily on the mark he is to aim at—not on the sights nor the
barrel of his rifle, “huih although not directly looked zli can yet
easily be brought into the line of vision with the bull’ b-f“'fL of the
ta,r'get. As soon as the sights and object are brought tugetl:m‘ into
true line, the recruit is rendered conscious that they are so, by the
simple fact that the foresight, projected through the notch of the
backsight, intercepts some of the rays of light reflected from the
bull’s-eve of the target which would otherwise reach his eye ; and he
learns that his rifle, if its elevation be duly adapted to the dist: ance,
is then in the rlght direction for a missile discharged from it ¥
strike the target. He does not look at, nor recognise with distinet-
ness, either of the sights of the rifle ; ].1:= only sees clearly the bull’s-
eye of the target, and at the same time observes its 1‘.!"1["[1&1 obscura-
tion owing to “the intervention of the for esight.

Monocular Aim.—The recrnit is tanght to close the left eve when
aiming at an object with his rifle. By so doing he confines his
view to the object and a comparatively limited field around it, while
he finds it easier to align the sights of the rifle upon the anect It
is doubtful whether this plan is advantageous under all circum-
stances, especially when the object aimed at is not a fixed one at a
given dlsmlm, as it 1s at target practice.

Binocular vision gives a more vivid impression of an object
from both eyes being simultaneously centred upon it, while it
enables the observer to obtain a better notion of its distance and
form, as well as of the direction and rate of its motion, when the
oh_lﬂct is a moving one, such as an enemy running or riding in an
open landscape. There is also a further athdntaﬂ'e w-nmd under
some circumstances from binocular vision, t]ll:mgh an Interchange
of svmpatlwtm action between the tuo eves. 'This is lﬂd?p?lld?ﬂh
of the ¢ searching motion of the eye,” so qu'; deseribed by Sir C.
Bell, the purpose of which is to obviate the effects of retinal ex-
hanstion when vision is intently concentrated on a particular spot
in the field of view. If the gaze of a single eye be fixed on a
distinet point of an object, the other eve bemg closed, notwithstand-
ing the ¢searching motion’ above referred to, the point quickly
fades from view owing to retinal exhaustion, whereas, if both eyes
be open, a clear view of the point gazed u pon can be maintained
for a much longer time. As the qen:ll.nhtv in the region of the
macula lutea of one eye is becoming exhausted, the nec pESaAry
energy is provided by the other eye, and this alternate ebb and
flow of retinal power between the two eyes enables the duration of
the maintenance of the intent gaze on the object to be considerably
prolonged.

But a man cannot align the sights of the rifle upon a given
distant point, as when at t‘a,rgpt p]‘ac-hc'e-} when both eves are open
and visually directed towards that point. He can only do so if he
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has the power, althongh both eyes are open, of arresting the use,
as it were, of the one eye while the other is taking aim ; that is,
of mentally suppressing note of the imaze formed on its retina,
When one eye only is used, the sights of the rifle, or such parts of
them as are not covered by other I‘mltw nearer to the eye and the
object aimed at, are all in the visual line, and consequently together
form an image on the most sensitive part of the retina, the fovea
centralis. When hoth eyes are used, and the object aimed at is a
long distance off, the visual lines are nearly parallel, and the dis-
tant object is imaged on the fovea centralis of each eve with bino-
cular advantages; but, under these circumstances, the images of
such near objects as the sights of the rifle are formed on parts
of the retina outside the region of the fovea centralis, and are
eonsequently less distinetly \Ii-:.lh]{,'! than they are when they are
in the course of the visual line under monoenlar vision. For either
of the sights of the rifle to be seen distinctly the visual lines
must have a very different relative direction; the two eyes must
converge on the ‘sight concerned, and the visual lines be inclined
toward it at an -mcrle corresponding with the proximity of the
object.

These facts may be illustrated by two simple experiments with
a rifle.

When a distant object is regarded with a single eye, the other
being closed, the rifle and qlghta aligned upon the ij ect are seen
with a certain amount of []lz-tllﬂﬂfl'l.E“ﬂr; if, without any change of
position, the other eve be now opened, and both eyes are directed
on the distant object, the distinctness of view of the rifle and its
sights, especially of the backsight and parts approaching the stock,
is at once lessened. The rifle is no longer in the line of sight; 1t is
outside of it. Or if an object be aimed at from a rest, and the rifle
be placed in a straight line midway between the two eyes while
they are fixed on the UI:JE ct, the object may be seen l]l‘:ulll]("”"f but
the barrel, and, of course, its sights with it, appear very shadow ¥,
becae the vifle does ok comncide with either 6f the vieual Lt
the two eyes; it is between them. The backsight, if elevated, will
probably appear double under such conditions.

If a rifle be not at disposal the same facts may be illustrated
simply by the hand alone. If the knuckle of the right hand be
applied against the lower border of the richt orbit, and the fore-
finger extended 8o as to cover a portion of a distant object, while
the left eye is closed, the finger and object will be seen together
with more or less dlsrlm,lm-m being together in the line of the
visual axis; if now the left eye be :«uﬂd:‘-nh npmwd the finger will
diaappear from view, while a more vivid perception of the “distant
object, and a more extended view of its surroundings, will be
obtained.  After a short time, if the mind be intently directed to
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the purpose, the use of the left eye may be suppressed although the
evelids remain open, when the hufrer and the object to which it is
directed will be again seen tou-etlmr with a certain amount of
distinetness. This will be more mmh accomplished by persons who
are in the habit of ignoring the image formed in one eye, as
happens with surgeons who are accustomed to use the ophthalmo-
scope, microscope, and other such optical instruments, or as many
sportsmen do who are in the habit of firing with both eyes open.
Consideration of the facts just mentioned will explain why musketry
instructors find that men who cannot shoot with an approach to
accuracy at a mark when both eves are open can shoot fairly with

one eve closed, although there is no difference in the two eyes as
regards refraction or visual power.

As the central line of the notch of the backsight and the slender
ridge or tip of the foresight are very fine nl;pch and very accurate
recng;mtlc}n of them is necessary in ensuring their perfect ’Lllgllmfr]ll,
with a distant object, it seems probable that in taking a precise
aim they are each looked at in rapid suceession, in other words,
that an alteration of accommodation takes place from one to
the other object, but so rapidly that the view of them is practically
simultaneouns, so that the alternate adaptation of vision to the dif-
ferent distances escapes notice. If such a rapid visual adaptation
be essential for ensuring a perfect aim, as seems likely, it is obvious
that a person who is either hypermetropic or 111'-9:-.!_1_\ opic in any
considerable degree would experience special difficulties in taking
a correct aim with a rifle at a remote object; for he could not see
the foresight of the rifle with sufficient definition and alertness.
A hypermetropic P.w. even at the recruniting ag‘e, if the hyperme-

tropia amount to —2 1), sees a small object, such as the tip of the

foresight, so very hdf.l!\' that aceurate alignment, unless the optical
dref'ect is corrected by a suitable lens, is out of the question. Also
for a mvnplc eve, if the myopia be of corresponding amount, or
equals + 2 D, alignment is rendered very difficult because, although
the tip of the f'me-ﬂrrht is less obscured than it is with the hyper-
metropic eye, there is still such reduplication and haziness of the
distant c-h]ect as to make the amount of the foresight brought up
into the alignment and the relative positions of the sights and the
object all very uncertain. If the ametropic condition be com-
plicated with astigmatism, a certain amount of alteration in form
and apparent ch*mu*e of dimensions are added to the haziness of
view already mentmnw], and the difficulties in the way of accurate
alignment are increased.

Strengthening the Eye for Shooting at Long Ranges.—It is
laid down in the book of Musketry Instruction that ¢ it cannot be
too strongly impressed on every man that to shoot well at long
ranges he must train and strengthen his eye by looking at small
objects at long distances ’ (* Musketry Instruction,” 1884, par. 77,
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. 84). A study of the conditions on which accarate vision of
dlstant objects depends sufficiently shows that if an eye be em-
metropie, neither the eve nor the [lll"lllt‘i,' of vision for such remote
object : admits of increased strength or improvement ; if an eve be
myopic from natural formation, there is no reason for believing that
exercise on distant objects will lessen the degree of myopia or its
effects, or, if it be }n'permetmplc make up h_u' the deficiency other-
wise thﬂu by the ordainary exertion of accommodation. But other
conditions on which accurate shooting also depends may be de-
veloped, and these belong more to the bmm than to the eve. Minute
features and '[JECLI]IHI‘HIL:; of a given object and its f-:.urmun[lmcrs
which are unnoticed at first view, are rendered familiar and attract
critical attention under close and repeated observation, and relations
of size and distance of c-hj ects become more correctly estimated. It
is by these means that painters perceive particular features of a face
or landscape, and sailors see and distingunish objects on a distant
horizon, althongh the images of those (:-th-ct-, are not pictured with
any more precis.on in tlmn eyes than they are in the eyes of others
with the same quality of smht who, however, fail to recognise their
presence in the field of view. The artlﬂt and sailor learn to observe
with more precision, and they acquire by practice the art of dis-
tinguishing and rightly inter preting differences, often very slight,
in form and colour, or contrasts in light and shmle which are un-
noticed by a less observant o1 less experienced spectator, notwith-
standing he may be equal in strength of eve and acuteness of vision.
1t is pot the stleng’rh of the eye which is dev eloped so much as the
fuculty of observation, and it is to this the attention should be
c:lm-.ﬂ:; directed.

The recent introduction of figure largets as objects to be aimed
at in the range practice at m usketry instruction will probably assist
men in acquiring an increased facility of judging distance. The
different distances at which the 6-feet figure is fired at along the
range must tend to educate the eyve and to enable it to w-fmmte
1‘1wl1tl} any particular distance of the figure through the familiarity
which will aradually be leJl.lllu 'd with the different appearances
presented hx it at the various distances it is fired at.

Abbreviations.—The fu“nwmi" abbreviations are occasionally
employed in thig mannal: Ace., for Accommodation; Ambl. for
Amblyopia; Km. im‘]uinnl{-h'upl.t* Eme., Emmetropie ; M., Mvopia;
Me., "tho]uc' Hm., manifest Hypermetropia; HIL., latent Hyper-
nwhnpm R - absolute Hypermetropia; He., Hypermetropic;
Ast J\.Htl!ﬂtlﬂhhm ; U., Convergence ; Cyl. lf‘vllmlrlml V., Vision,
or ncutemiss of vision; Pr., ]’wnhvnpm' Pre., E"wall}upiu; B
proximate or nearest point of distinet vision ; R., remote, or most
distant, point of distinet vision ; Lt., Left; Rt., Right: Ref., Re-
fraction ; Sn., Snellen’s types; Sph., Spherical 3 D., Dioptrie ; 1
m., one metre; 1 em., one centimetre; 1 mm., one millimetre,
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Symbols.—The following symbols are also found useful for the
purposes of abbreviation:— 1°, one foot; 17, one inch; 1", one
line; oo, infinite distance, or infinity; <, combined with; +,

convex, and —, concave, when applied to lenses,

CHAPTER II.

Vision according to varieties of Foeal Adjustment--Chief Varieties—EMMETROPIA
—-Detinition— Optical Conditions—Farthest and Nearest Points of Distinet
Vision— Diagnosis—MyoP1A—Definition— Farthest and Nearest Puoints of
Distinet Vision — Optical Conditions — Causes — Symptoms — Counterfeit
-]"uITﬂP]a.—fLﬁSD{:]ﬂllﬂI] of M. with Strabizsmus— I_Jnfrnﬂsm—hxprcqﬂun of De-
gree of M.—Determination of Degree —Correction —Exaggeration of M. from
Spasm — Over-correction - Extension of Reading Distance in High Degrees of
M.—Test in Military Practice for High Degree of M.—Influence of M. on
Military Service — HYPERMETROPIA — Definition — Optical Conditions —
Farthest and Nearest Points of Distinet Vision —Canses —Symptoms—Associa-
tion of H. with Strabismus—Manifest and Latent H.—Subdivisions of H.—
Diagnosis—Expression of Degree of H.—Determination of Degree—Exzample
— Explanation— Correction of H.—Influence of H. on Military Service
AsTIGMATI=EM —Definition—Optical Conditions—Causes—Symptoms—Hetinal
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Chief Varieties of Focal Adjustment. GENERAL REMARKs.
Measure of focal distance being the chief feature of those conditions
of vision which depend upon the optical adjustment of the eye in a
passive state of rest or the state in which there is no active exertion
of accommodation, all varieties in this respect may be classed under
three heads or natural divisions. They are expressed by the follow-
ing terms: 1. EMMETROPIA, focus in correct measure, the refractive
power of the eye being normal ; 2. Hyro-METROPLA, under measure,
or Brachy-metropia, focus short in measure, the refractive power of
the eye being in excess ; 3. HyPER-METROPI1A, focus beyond measnre,
the refractive power of the eye being deficient in degree. But, as
regards No. 2 Hvlm-uwtrupn and Bmcln‘-mﬁ-i ropia, the old classical
term My or1a, derived from the habit of short-sighted persons

- partially closing or nipping together their evelids, is so familiarly
known, and is so convenient for avoiding mistakes from similarity
in sound between the Greek derivatives signifying under and over,
that its use has been universally continued.

The diagrams which follow, fj;__:;b 45, 46, 47, serve to illustrate
in outline the three different refractive cumhtmus or varieties of
focal measurement, just named.

AMETROPIA, not in measure, is a term which simply signifies
that the condition of emmetr pia does not exist; 1t therefore
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comprehends the condition of myopia as well as that of hyper-
metropia.

ASTIGMATISM is a variety of disordered focal adjustment of a
composite nature, in which diferent degrees of refractive power

Fic. 45.—Exmuerroric Exve. Parallel rays focussed on retina.

exist in the same eye in different meridians. The principal elements
ot Astigmatism, howev er. when l'i‘f_,:lltll‘ll separately, belong to one
or other of the three 1?:1[][1”?' optical divisions above named.

The terms ]bmlhllmrm, with its adjective form isometropic, ave
sometimes used to express briefly that both eyes of an individual

Fig. 46.—Myoric Eve. Parallel rays focussed in front of retina.
i, remote point of distinet V., from which divergent rays are focnzzed on the retina.

are equal in refractive quality and power; ANISOMETROPIA, and
tnr.r.'-:milr‘fiﬂjlt-“ that, although similar in x-e*f'n(:m'e quality, they
differ in their degrees of that quality ; ANTIMETROPIA, that they are
dissimilar in quality, as when one eye is emmetropic but the other
ametropic ; or that their refractive quahtus are both defective and

Fio. 47.—Hyren-metroric Eve. Parallel rays focussed behind the retina.
Convergent rays focussed on retina.

at the same time opposite in kind, as when one eye is myopic and
the other hyper-metropic.

The varieties of focal adjustment which have been named
refer to the refractive quality of the eye when it is in a state of
complete repose ; but the focal adjustment of every eye under
normal conditions may be more or less changed by the exercise of
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a special function named AccoMyMopaTioN. The various refractive
conditions, as well as the funetion of accommodation, will now be
described more fully.

EMMETROPIA.

Definition.—Normal-sightedness, in respect of the refractive
power of the eye in a state of repose—that is, when it is not exert-
ing any of its accommodatory power.

Optical Conditions.—The dioptric media of the eve are so
adjusted that, by mears of their combined refractive qualities, rays
of light emanating from distant objects—that is, objects at a dis-
tance of 6 m. (20 te-er) and upwards—and falling upon the eve practi-
cally as parallel rays, ars brought accurately to a focus upon the sen-
tient layer of the retina. The eye 1s in true measure. In other
words, the retina is so placed as regards measure of distance that
it 1s pmu&elv in the plane of the ptmmpdl focus of the dioptric
media of the eye; the two distances, that of the retina and that of
the principal ﬂmptuc focus, are in perfect harmony (see fig. 45).

Farthest Point of Distinet Vision.—Infinite distance, or the
distance of the farthest visible objects— the fixed stars for example.
However great the distance of an object may be, so long as the
other conditions necessary for vision, viz. sufficient size and illumi-
nation, are preserved, a perfectly defined retinal image of it will be
formed by the emmetropic eye.

Nearest Point of Distinet Vision.—Varies with age, and power
of accommodation (see ch. iv

Diagnosis of Emmetropia may be established subjectively :
by types, (2) by spectacles, and (3) objectively by the ophthalmo-
scope.

1. By Types.—The emmetropic eye, other conditions being
favourable, can read Snellen’s types at the indicated distances with
clearzess and facility.

2. By Spectucles—Vision of distant objects is not improved
either by a convex or concave lens as a hy per—metmpiv or 1m x':'rpiu
eye re-"-tpectlvelv would be, but, on the Enntrarr 15 deteriorated in
pmpm*tmn to the increase in power of the lens ap‘phed to the eye.
If, however, a weak concave lens be applied to an emmetropic
eye, its deteriorating effect may be counteracted by an exercise of
Ace. on the part of the person under examination, especially if he be
voung. Printed letters of small type can be read at a distance of
10 inches from a + 4 D lens, placed in front of the eve at the dis-
tance of the anterior focus of the eye, about half an inch from
the cornea, for the rays of light coming from the print are thus
caused to fall on the eye as parallel rays. The farthest point of
distinct vision of the emmetropic eye with a + 4 D lens before it
1s at. 10 inches,

Occasionallv, as age becomes advanced, the subject of vision
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which has appeared to be emmetropic finds that he derives some
advantage in looking at distant objects from the use of convex
glasses of moderate degrees of power. This is a change which
Professor Donders designated ‘acquired hyper-metropia,” and in
his great work on Aurmmhw.\ of Hefraction he has given a diagram
&.]mnmu‘ from various observations the course of this change.
Aceor [lmu' to this diagram the change begins at middle life, and at
80 years of age the a,cquu'ed H. amounts to a deficiency of refrac-
tive power ulillhllﬂnt to 1'5 D, or a lens having a focus of 263
inches. 1t is questionable whether in snch instances the so-called
acquired condition of H. is really due to senile changes, or whether
the eyes under observation have nct alw ays been ln'per-metm]u"
'ﬂtlmugll the H. has not been detected, owing to its being supple-
mented by a certain amount of accommodation. Practically,
however, whatever the explanation may be, whenever the condition
exists, the fact that vision for distant objects is improved by
convex lenses takes the eves under obzervation out of the category
of emmetropia and puts them in that of hyper-metropia.
3. By Ophthalmoseopic Observation (see page 1006).

Myoria.

Definition.—Syn. : Short-sightedness, Near-sightelness. The
measure of distance of the principal focus of the dioptric media of
the eye is under the measure of the principal axis of the eye, and
the focus, therefore, does not reach the plane of the retina. The
refracting power of the eye, when it is free from all exercise of
accommodation, is in excess by comparison w ith that of an emme-
tropic eye: so that parallel rays from remote objects are brought
to a focus in front of the retina. Only divergent rays are I-bn,u.. ed
upon the retina; vision is, therefore, acute as regards objects at
and within a certain limited distance, while it is indistinct as
regards more distant objects (see fig. 406).

Farthest Point of Distinet Vision.— A fixed limited distance in
front of the eye, the measure of which varies in different persons
according to variations in the degree of myopia,

Nearest Point of Distinet Vision.—This also varies in distance
with the degree of myopia, together with the amount of Ace. that
can be exercised, but it is always nearer to the eye than it is in a
person of emmetropic vision at a corresponding age, or with a
corresponding amount, of accommodatory power.

Optical Conditions.To produce a myopic condition of vision,
either the antero-posterior axis of the globe of the eye must hEn
prolonged beyond the distance of the I:-rim,qml focus of the refract-
ing media (and this is the general canse in simple myopia), or the
refracting qualities of the dioptric media must be inereased out of
proportion to the lengih of the eyeball, irrnwpn'rli\'t‘ of exercise of
accommodation,  In llt.lLlIu' it is most convenient to regard the
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myopic state as depending on an excess of refractive power in the
media of the eve, and to take no note of the increased length of the
antero-posterior axis of the eyeball.

Causes.— Hereditary conformation of the eye is the most
common source of myopia, it being frequently transmitted by
parents, and seen to prevail in many members of the same family.
Originating in the majorily of cases in artificial and avoidable
causes, it becomes transmitted to children, who, in turn, from
similar causes, are in many instances leudurELl myopic in a more
marked degree than their parents,

Morbid changes, of which distension, attenuation, and protrusion
posteriorly of the sclevotic coat, together with an atrophic con-
dition of the choroid coat, are the most conspicuous ﬁ-mum con-
stitute 1ts secondary causes. This morbid state may either be
general, the posterior hemisphere of the eve being E'IHII{_T ited 1n all
directions; or, as frequently happens, it is local, the eve being
more elongated in the direction of the antero-posterior axis than in
other directions (staphyloma posticum).

Conditions in which the convexity of the cornea is unduly in-
creazed are algo causes of M.

Anciher cavse is leng-continued convergence of the eves and
ocular over-exertion at near objects, paﬂn,ul.u]b by children.
Under such conditions a certain amount of C1'J1|1]'1|‘i“-=~=]m1 of the an-
terior ]H}lllun of the eveball is produced, and a strain is thrown on the
tunies in the neighbourkood of the posterior pole, giving a te ndency
to elongation of the globe, and going on eventuoally, if the origin of the
mischief be not stopped, to utd]nin loma posticum. Negle ct of adopt-
INg proper measures ﬂ.il' preventing or remedying the excessive strain
thl‘ named is a very common source of aggravaiion of existing
myopia, especially when it is associated w 11I1 a weak state Uf'ia(\{l]!!;
health. The M. becomes progressive, and under additional condi-
tions of intense light, heat. and glare, such as men are exposed
to in India and other tropical climates, the M. is apt to become
complicated with serions disorders of the retinal and choroid tunics.

Under simi'ar conditions of continued strain the lens may lose
some of its subjectiveness to change of form, or, from being so
constantly accommodated for a very near point, the accommo-
datory ﬂpr}*llalnﬂ in an eve that is Eme., or nearly go, may cease to
be able to relax itself sufliciently to allow parallel rays to be
brought to a focus upon the retina. In this last case the parts
concerned in Ace. would be primarily in fault, but acquired M,
would become one of the results.

Certain neurotics, as the extract of the Calabar bean, by exciting
contraction of the eiliary muscle and constrictor l:ll[!ll]dj ten-
porarily change an Eme. into the condition of a Me. eye.

Symptoms.—In uncomplicated M. near objects up to a limited
point are seen quite clearly. Hence the common name of the
affection—near-sightedness.  The nearness with which objects can
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be brought to the eyes enables minute letters to be read, because
under such conditions their retinal images are of suficient size, and
suflicient light is reHlected from them, for recognition. The cir-
cumstances named enable myopes to decipher small print in a
light so relatively dim that emmetropes, who would have to hold
the print farther “off, would fail if they endeavoured to accomplish
the same task, More remote objects appear to myopes to be misty,
enveloped in a haze, and are consequently only indistinetly Gisibls
by them. When distant objects are highly illuminated or brightly
coloured, they often appear solid tow ard their central parts, but
at tf'ncled by a shadowy apparition, or spectral reduplication, of
their outlines. The reason that objects near to the eve are
naturally seen by a myopic person with precision is that the
pencils of rays meeedmtr from all the illuminated points of these
objects impinge on the eyve more divergently than they do from
distant objects, so that, the increase in dive rgency hunu' rendered
proportionate to the over-measure in the mnuwgﬁnl nllmhl!‘. of the
eve relatively to the length of its visual axis, the rays are brought
to a focus upon the 1et11n? and proper images are formed there,
At the farthest limit of distinct vision, the over-refractive quality
of the Me. eye ig just balanced by the divergency of the rays pro-
ceeding from the object looked at at that limit; within that
distance, as the rays from ul}jecl'.‘; become more divergent, the
accommodatory function is called into play to supplement the
refractive qlnli’rv in order that the eye may still get clearly-defined
images on the retina. The reason why an object bfﬂrnnd the far
pamt of distinct vision appears ¢ blurred,” or surronnded by a halo,
18 that after the rays proceeding from it have besn hruught to a
focus short of the retina, they cross each other, proceed divergently,
and become spread out upon the retina. An image of the object is
then formed, but as the pencils of rays l}mwodinu from the ol;ju:
instead of hr-m;:r focuszed to emte,]mmhn:r points on the retina, are
spread out In successive circles, the image 1s necessarily confaged
and indistinet. The ravs which pmwvﬂ to form the image consist
of a number of sections of diverging cones, and these sections over-
lap each other in its formation. The cireular outline of the i mage
is determined by the form of the pupil throngh which the rays
originally Imqsed into the eye. The diffusion is greatest toward
the circumference of the image, because the rays of the conical
pencil become more divergent in proportion as they approach its
peripheral limits. These scattered ravs, for sake of brevity, are called
“ (ircles of Diffusion.” The farther an object is removed from the
eye the greater is the diffusion on the retina of the rays proceeding
from it, for each penecil of rays from the object is brought to a
focus at a greater distance from the retina, and the cone of rays
proceeding from this focus has, in consequence, a longer axis and
a base of proportionally longer diameter where it 1s mrercepted by
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the retina, than it would have if the ocular focus from which it
started were neaver to the retina. The habit which myopic persons
have of partially closing their eyvelids, and thus narrowing the
lntET‘pﬂli}i :bral fissure, when ]l.mldllu‘ llllt*llt]i. at a distant object,

arises from an instinctive endeavour to prevent some of the peri-
pheral rays of light reaching the eye, and so lessening the circles
of diffusion upon the retina.!

When M. is due to the natural form of the eye, and morbid
changes have not been induced in the organ by unhygienic mis-
managmm-nt? the M. does not lessen in degree with advancing
years in all, though it may do =0 in some, instances. In illustration
of this fact I may mention that a relative of mine at eighty-five
years of age used the same concave glasses he had worn as a youth
and assured me they rendered distant objects as clear to him as
they had ever done. He had never worn glasses when at such
near occupation as reading and writing, and as his M. amounted
to about 4 D he never required correction for presbyopia, though he
became rather dim-sighted a year or so before his death in his
eighty-ninth year.

Counterfeit or False Myopia.—It is necessary to be on guard
against counterfeit M., or a condition which may pass for M. but
is ]‘eull}' ;::.111:.,' a semblance of 1t due to irritation and spasmodic
action of the parts concerned in the exercise of accommodation,
Prolonged work at small objects, as in etching, long-continued
readinz small and defective 'E:uml“md other similar near work, will
sometimes not merely cause an exaggeration of M. when it Ei]][_’d(]}
exists, making the patient appear to be more myopic than he really
is, but in occasional cases will induce an 1mitation of a considerable
degree of M., particularly in eyes that are weak and excitable from
any caunse, although no M. may be present. A person may exhibit
the condition referred to, and may even have a He. formation of the
eve. The question of the true refractive quality of an eve under
such circumstances can only be solved after the power of accommo-
dation has been paralysed by atropia.

It has been proved by experienced observation in countries
where conscription is in force that young persons with good ac-

! T was once informed by some myopic candidates for commissions in the army
that they had been advised by their trainers to apply Calabar gelatives to the eves
shortly before appearing for physical examination. The intention was to pr oduce
contraction of the pupils, and so to lessen the diameters of the circles of diffusion.
On the other hand, the use of eserine to produce a condition simulating that of
myopii by lessenings the size of the pupil and shortening the limit of distinet
vision, is said to have been not unfrequently resorted to h} persrns on the Conti-
nent, for the purpose of avoiding military service; and on this account, in the
mili’r_ar:,." reculations of some countries, it is ordered that the ocular examination
of conscripts in special cases shall only take place after the accommodation has
been paralysed by the employment of atropine. A simulated, or exaggerated,
myopic condition artificially produced by the use of eserine would thus be counter-
acted.
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commaodation wnlun# to avoid military serviee have been able by
voluntary practice to acquire the power of reading print, both
distant and near, with concave glasses of higher power than was
required for the neuntralisation of their real dmrﬂ-e of M. They
thus succeeded in counterfeiting an excess tiwrwu of M. sufficient
to eause their exemption from service, when i}m disabling degree
was determined by the use of concave glasses of certain degrees of
ﬁl‘.r{*ngfll.

Association of Myopia with Strabismus. — M. is not unfrequently
found to be associated with strabismus.  The squint is oceasionally,
but rarely, convergent, in cases where the internal recti musclés
have become disproportionately dev f*]ﬁprﬂ from constant use owing
to the approximation of objects for distinet vision, and so do not
admit of being relaxed in proportion to the external muscles. It
is much more ll*urluently divergent. This prevalence of divergent
squint with high degrees of M. is usually thus explained. As the
Me. condition leads the patient to bring small objects near to the
face to be seep clearly, strong convergence of the visual axes is also
necessary in order to ensure binocular vision ; and thus a strain is
thrown upon the internal recti muscles, uhmh they are unable to
maintain beyond a limited period of time. Moreover, when the
degree of M. is so high that the distant point of distinct vision is
mnh‘ a fow inches off in front of the eyes, no accommodatory
exertion is required as there would be at a similar distance in the
case of an Eme. person. But at so near a distance a person can-
not avoid exercising instinctively some amount of Ace. in association
with the convergence of the visnal lines, and the result is that the
refractive state of the eve 1g added to, ‘and the " distant point of
distinet vision brought still nearer. The M. 1s, as it were, for the
time inecreased in degree. A greater strain is thrown upon the
muscles of convergence, and the desire is naturally created to relieve
this strain, and at the same time to et olv-wm images of objects
farther off than the short myopic distant pmnt "rslmuld an inerease
in the length of the antero-posterior axis of the eve gradually
result, increased M. will be associated with 1t ; and the difficulties
of the internal reeti muscles in effecting the necessary movements
of the eyeballs, and mainfaining convergence, will be still further
augmented. Under these several circumstances the ocular ad-
ductors get so over-faticued that they cease to act in true concert,
and confused, or double vision 1s hable to resunlt. When this
happens, one eye, pr nlmhlj the stronger and more acute, will be
directed to the object in view, while the other eve at the same time
will deviate a little Ul‘lf‘-‘-dl‘ﬂh, a less central, and therefore less
sensitive portion, of the retina of the deviated eye will then be
brought in line with the object, and thus the mental recognition
of its image will be avoided with more ease.  Or the eve not in use
niay deviate still further outwards, and receive only the rays
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coming from distant objects, when, from the myopic state of the
organ, very diffuse and easily disregarded images will result, and
80 ugain visnal confusion will be prevented, whilu? at the same
time, the aching from asthenopia and the uneasiness connected
with the stretching of the posterior tunics of the globe under ex-
cessive convergence will be averted. Under both these conditions
vision will become practically monocular, not binocular. The
strabismus may be temporary in its nature, occurring only when
near objects are fixedly regarded, or it may be rendered permanent
by repetition of the circumstances just explained, and continue also
when distant objects are looked at.

Diagnosis of Myopia. —This may be established subjectively :
(1) by external signs, (2) by types, (3) by lenses, (4) by + 4 D spec-

tacles, .(9) by cnuwh{}llutlul (G) {}h;'-ﬂtn‘t-h h\.' the ﬂplll‘lm]tmmcnlu

1. Euternal Sigis. —The myopic eye 11~..m!h' presents  some
peculiar characters indicative of its condition. It is prominent, or
even appears to protrude ; the pupil is usually contracted, and the
constant nipping together of the lids l:mdum‘*‘; a noticeable : appear-
ance of the parts immediate 1y surrounding the eye. l|1t3 existence
of divergent strabismus, whether observable only when the eyes
are directed to very close objects, or constant, as already explained,
maﬁ.‘ be a further {ll-uruml ic sign of my {“:-lnn,

2. By Types.—T he Me. e ve, if no other defect exist and the M.
he moder: ate, not above 1-50 D, will be able to read No. 1 and also
No. 2 of Snellen’s types at the proper distances, but will not be
able to read the larger types at the distances indicated by the
figures placed above them. If the degree of M. be ll'-’?llL"I‘ thn
3 D, then No. 1 of Sn. will not be read at quite the dtamme of one
foot. The farthest distance at which the smaller types can be
distinetly read will indicate the probable degree of the M.

3. B:Jr Lenses.—This method, sometimes referred to as Donders’
method, is very simple when a Enlu]llt*tP trial case of lenses is
available for use. The subject being in position before Sn. types
No. XX, or D =6, a weak 4, and then a weak — lens is placed
before the eye to be examined, the other being shaded. Should
the + lens be found to make V. worse, while the — lens improves
V., this result establishes the dmglmalﬁ. If the latter be a — 1 DD
lens, lenses of gradually increasing power are applied, until normsal
V. or a near approach to it is attained. The weakest of the series
of lenses which gives clear vision of the distant types changes the
eye mto the same condition as an Eme. eye, and gives the measure
of the degree of M,

4. By the + 4 D Spectacles.—When the + 4 D spectacles are
worn, as before described, one eye being covered, and small type
is placed before the uncovered eye at a distance of 10 inches from
the lens, it is found that the tvpe cannot be read, but on bringing
the type nearer to the lens it becomes legible. The farthest point

-
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of distinet vision of the Me. eye, with the +4 D lens before it, is,
therefore, short of 10 inches. In examining the refractive condi-
tions of eyes with spectacles, the patient should stand with his back
to the light, which should so fall on the print as to illominate it
thoronghly. The print should be advanced gradually towards the
lens, ar I“'lLl inch measure being held at the same time horizontally
by the HI{IE‘., and the distance of the first point at which the print
becomes clearly defined should be carefully noted. In shading the
eye not under examination, the lids should not be closed by pres-
sure of the fingers, but the eye should be simply covered by the
hand. If the eye be pressed upon, some minutes must elapse before
it will recover a suitable condition for optical examination.

5. By Correction.—When the true degree of uncomplicated M.
is ascertained, the proper concave lens for that degree will com-
pletely correct the abnormal condition, and the person under
examination will be able to read Sn, 6m. at a distance of 20 feet.

It must be remembered, however, that it is not always easy for
a myopic subject to decide with precision the lens which exactly
nentralises his M., or, in other words, the glass which suffices to
eive him distinct vision for distant objects without over-corrvection.
This may arise from several canses. The glass may be stronger
than 11(*1:&:-311*1‘ and the myope unconsciously exert Ace. to
neutralise the ﬂl‘ithhl“\' pmdum d deficiency of refraction, just as
a hypermetropic person would do, or from the pr esence of a certain
amonnt of amblyopia, and defective acuteness of visual observation,
there may not be sufficient difference in the apparent distinetness
of the objects, when two or three concave glasses of approximate
powers are used, for the myope to be able to appre-iate the dif-
ference which really exists. If, however, a correcting glass is
found which enables a myope to read No. 6 m. Sn. at 6 m. , or 20
feet, while a weaker or stronger glass does not enable him to do 80
with equal facility, the myopia is probably just corrected, and not
over- cmmci.n‘[].

6. By the Ophthalmoseope (see p. 106).

Expression of the Degree of Myopia.—The degree of M. may he
either expressed by the power of the concave lens whose principal
focus is sitnated at the same distance from its centre as the remote
point of distinet vision of the Me. eye under observation, or by
the power of the convex lens which represents the amount of the
excess of refracting power of the eve relatively to emmetropia.
The hfn-r mode of expression is the more convenient in practice.
M. =2 1D then signifies that the excess of refracting power in the
eye equals the power of a + 2 D lens, and that this excess will bs
neatralised or corrected by a —2 D lens. The distant point of
distinet vision of the eye with myopia =2 D will be at the same
distance as that of the principal focus of the —2 D lens, viz. at
20 inches’ distance,
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Determination of the Degree of Myopia.—When the existence
of M. is established, its degree may be determined by simply find-
ing the distance of the remote point of distinet vision of the eye
under observation, or, in other words, the farthest point at which
small objects can be seen with perfect definition, and beyond which
they I_mu-m to appear blurred. The distance n{‘ the remote point
of distinet vision agrees with that of the principal focus of the lens
which represents the degree of M. But for reasons explained
below (see footnote) it is more convenient in military practice to
determine it by the 44 D spectacles. The distant point of distinct
vision is accurately ascertained after the +4 D lens has been
placed before the eye at the usunal distance of spectacles, viz.
half an inch in front of the cornea. Inver ting the distance so
found, and deducting from it so lm'{-rtz?:l the power of the lens
added to the eye, viz.,, 44" the difference gives the degres of
myopia.

Example 1.—Suppose the distant point of distinet vision of the
lm'upic eve with the +4 D or+ 10" lens before it, is found to be

, then M.=1—-.—_L. In calculating by the metric system
t-}m distanee of the remote point must be converted into dioptries,
and the dioptric power of the lens added to the eve, viz. +4 D, must
be subtracted from it. The difference gives t]n- degree of M.
Thus in the example just taken, as 6 ine hes is the focal distance of a
6:66 D lens, then 6:66 D—4 D=2-66 D, the degree of M.

Explanation.—The following will explain the process more
fully. Let @=the refracting power of the eve under examination ;
let «=the refracting power nf an emmetropic eye ; + 4 D=the power
of the lens to which the eye has been hllh]tLi’{‘d and + G-GG D
=the power of the lens which would give the ascertained
distant point of 67 if the eye were emmetropic. The excess of
refracting power in the e \mltpl(' given is therefore obviously equ-
valent to the difference between a 6:66 D and a 4 D lens. This
excess can only be in the eye itself, and its refracting power must
evidently be reduced to a corresponding degree to ]_llll‘lﬂ' it to a par
with an Eme. eye.

Therefore  —(6:66 D—4 D)=a; or a—2:66 D=a; or a=u
+2:G6 D. M., the excess of refracting power over that of an
emmetropic eye, is=2-66 D, or is equivalent to a lens of 15 in.
focus.!

\ Reasons for Adoapting the Method described in the Tewt.—The nse of the con
stant + 4 D or + 10" lens for examination of ocular states of refraction is adopted
in preference to other methods for military purposzes, because it is egually appli-
cable to the determination of Emmetropia, Myopia, and Hypermetropia, and of
the degrees in which the two latter conditions exist; because medical officers
cannot usually avail themselves of regular series of lenses for condueting such in-
vestigations ; because the mode of observation can be easily and qguickly learned ;
the observations can be conducted within a moderate range of distance, such as
can be obtained in any ordinary room ; and further, since the trials arve usually

F 2
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The Correcting Lens.—The exact excess of converging power
Laving been determined, it is corrected hy a lens of corresponding
diverging power. In the example given a —2-G6 D, or a 15" con-
cave lens, will be the correcting lens, because this will neuntralise
the + 2:66 D refractive power which is in excess.

The distant point of distinet visiin of the eye in this example
when no lens is placed before it will be 15 inches off; or, in other
words, the rays of nearest approach to parallel rays which the
uncorrected eye is able to focus with accuracy are the rays with that
degree of divergency which they have when they start from a point
]‘.-IH{'*E‘I’I at a distance of 15 inches from the eye. A—267 D lens
held in front of the eye causes parallel rays from distant objects to
have the same degree of divergency as the ravs have which proceed
from an illuminated object at 15 inches’ distance from the eye.
The eye is thus rendered competent to form distinet retinal images
of ﬂh]ecla at infinite distances just as much as it was able to do of
the nearer objects at 15" without the lens.

When the precise degree of M. has been ascertained, in correct-
ing it a slight allowance has to be made for the distance at which
the trial lens is placed from the eye ; and when both eves together
have lenses placed before them, another correction often becomes
necessary in practice to compensate for the gain in refraction due
to the amount of Ace. in activity which is associated with the con-
vergence of the optic axes when both eyes are employed in regard-
ing an object. Rather weaker glasses are consequently required
under the circumstances named than those which the ascertained
distant points indicate.

Exaggeration of Myopia from Spasm.—In most cases of seem-
ingly very high degrees of M., it is prudent to try carefully

made on persons who have no knowledge of the effects of lenses, becanse efforts at
deception, if at'empted to be practised, are more readily defeated. Uther
metbods of earrying out the investigation are less fully referred to in the text, as
the main ohject is to render this manual as s mple as possible,

Ocecasional cases will oceur, when atropine has not been employed, in which
the true degree of myopia way not be exactly found by 1he use of the + 10" lens,
because the persen under trial has not been able altogether to relax his accommo-
dation when fixing his siglt on an object within 10 inches distance ; but such in-
stances are rare when the trial is thoroughly conducted. 1t is also to be taken
in‘o account that the action of the convex lens will cause the retinal images of the
printed letters to be enlarged, and their magnitude to vary slightly according 10
the distances at which the letters may be placed in front of the lens. The altera-
tions in the apparent size of the letters, when the lens is kept fixed in p sition, are
not, however, of the =ame importance as they would be if the distance of tl e lens
were chanced mstead of the distance of the print, and practieally the variations
in mawsnitude which oceur do not influence the results to any appreciable extent.
This is poved by experiment and by the fact that in cases of uncomplicated
myopia and hypermetropia the degree of myopia thus found is shown to be very
closely the true one by the corresponding concave lens correcting the vision for
distant objects, while the degree of manifest hypermetropia, when atropine has not
been used, ascer'ained by the same means, is equally corrected by the correspond-
in: convex lens,
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whether the M. is as high as it appears-to be. Counterfeit M., a
condition in which no true M. exists, has been already referred to.
From causes similar to those which induce eounterfeit M., the real
condition of M. may become exaggerated in its appare 111: degree.

It will be found in oceasional cases that the measure of [11::-t"!|1LL‘ of
the remote point of distinet vision is shortened by the spasmodic
exercise of a certain amount of Acc., so that the M. is caused to
appear higher in degree than it really is. Some myopes read with
the print nearer to the eves than their M. renders necessary. It
may be owing to faulty posture, to a habit of reading in a bad
lizht, of readmg h.uii:_r printed books in small type, or to other
canses. But under the condition named, an unnecessary amount
of Acc. is exerted, and this accommodatory exertion is liable to
bacome so habitual that it cannot be EJ":-["';' relaxed whenever the
eves are similarly employed. The enmlm ment of atropine will
suffice for the detection of the exaggeration. It prevents the exer-

cise of Ace., and by thus removing the added refractive power will
show, in am‘ such case of exaggeration, that the M. is not so high
as th!., tests without atropinisation made it appear to be. If, in
such a case, the apparent, but exaggerated, amount of M. were
fully corrected, the true amount of M. would be over-corrected ;
and constant exercise of Acc. would be required to neutralise this
excess of correction even for vision at the farthest distance. The
correcting glass, owing to its power being too high, would render
the eyve in question practically hypermetropic.

Over-corraction of M.— If the use of the lenses which have been
ordered for corvecting the M. be found to be all that is desired as
regards distant vision, but is attended with discomfort, and aching
when the eyes are employed in work at a moderate distance from
the eye, leading to the inference that the Acec is not effective for
work at the distance indicated as would be the case if the eve were
Emec.. it should be ascertained if the M. has not been over-corrected
by the lenses sapplied, and the eves bronght into a condition of H.,
as described in the previous paragraph. The eyes should be dgaln
tested after they have becn subjected to the influence of atropine.
If there be no over-correction, but the concave lenses ordered are
found to be only equivalent to the excess of refraction, or, in other
words, to the degree of M. which they have been calculated to
neutralise, it becomes evident that the Acc. from some cause or
other 1s alone at fault, and cannot be exerted to the extent neces-
sary for obtaining clear vision of near objects when lenses fully
correcting the M. are placed before the eves. It is best under such
circumstances to prescribe two sets of :rhbse‘s—mw set for fuliy
correcting the M., but only to be employed for distant vision, a

second set for use at a relatively near distance. The distance for
which the second set should be calculated may vary according to
the nature and position of the work to be done with their aid—for
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such work as rmlmg for seeing notes of musie, or for some me-
chanical occapation. But under no circumstances should the glasses
be caleulated for a distance very close to the eyes, or with their use
all the discomfort and difficulties attending ur ndue convergence and
strain of Ace. will still have to be encountered. A reading distance
of ten inches or a foot from the eyes should at least be provided for,
"T'his is especially necessary when the degree of M. 1s so great as to
11] wee the distant point of distinet vision ver y near to the eyes. It
is important to remove this point further off and so ]wm'ent the
fatigue and nerve irritation entailed by accommodatory strain and
excessive convergence.

There is another reason why glasses for full correction should
not be wora at near work in high degrees of M. The higher
degrees of M. are generally associated with some amount of Am-
blyopia, and as the retinal i images are considerably lessened in size
1n concave glasses of high power, this {]111111111“&11 together with
the m-exlﬂhlw El.mhl‘i.'upm, impel the myope to bring the objects still
nearer to the eyes. . An additional strain is thua caused on the

relations between HIL Ace. and convergence, ﬂQIhnnol}m results,
1nd if posterior staphyloma exists a I'E’Iltli’lli.‘\ to its increase 1s pro-
moted. The calculation must be made by lessenin o the dispersive
power of the lens required for full correction to the extent of the
power of the lens representing the Acc. that must be exerted to
give distinet vision at the distance to which the lens is to be
adapted. Thus if a concave lens of —4 D will correct vision
for parallel rays, a lens of —4 D+ 2:75 D (275 dioptrics being
nearly the equivalent of 15 inches), or a lens of —1-25 ['lmptl'm&.
or of 32-inch focal length, will suffice to correct vision for a distance
of 15 inches.

It is sometimes said that in M. of a pronounced degree, the
ciliary musele becomes wasted from disuse, and Ace. cannot be
exerted. But this is not so in most ordinary cases of M. of high
degree, for when the range of Ace. is tested, it is generally found
to agree with the range proper for the age. Yet in such cases, if
the M. be full y corr ected the exertion of continued exercise of V.
at relatively near distances while the glasses are before the eyes
will be attended with difficalty, and will be followed by ocular ach-
ing and weariness. In these cases no solid foundation exists for
attributing the symptoms to atrophy of the ciliary muscle; the
difficulty seems to arise from the fact that during the period no
relief was afforded to the myopic condition, the Ace. was associated
with strong convergence, the range over which the Ace. was
exerted was a very limited one near the eyes, and thus, from
acquired habit and adaptation, it is hard to exercise the Ace. over
a range that is more distant. If the M. be =4 D, and this be
wholly corrected, it might be anticipated the eyve would be placed
in the same condition as an emmetropic eye, and the Ace. be set
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free to exert itself from within infinite distance to the natural near
point for the age, without inconvenience, but practical experience
shows it ig not so. Under such ecircumstances it is better to fix
the distance at which work is to be done, and to correct the excess
of refraction sufficiently for obtaining clear images of objects at
that distance. The patient with M.=4 D wishes to read music at
a distance of 20 inches, then 4 D =2 D=2 D will represent the excess
of refractive power which will have to be neutralised, and a —2 D
lens will accomplish the object. The person will then be in the
condition of M.=2 D, instead of M.=4 D, and the distant point of
distinet V. will be at 20 inches. If the individual be 20 years of
age, with 10 D of Ace.,a range of clear V. will be afforded from R
a6 20 inches’ distance to P. at abont 34 inches from the eyes, and
the transference of the range of Acec., which, before partial correc-
tion of the M., was from ne: u!r 3 inches to 10 inches from the eve, to
the range f'r{)tn 52 inches to 20 inches will be accomplished without
any fmuhle Moreover the notes and letters will appear more nearly
of their natural size with the 2 D glasses than they would if con-
cave glasses of 4 D were worn, and this adds to the ease of seeing
at the distance caleulated for. If the person ecarries folding glasses
of —2 D, when ke looks through them doubled together he will be
able to see clearly the most distant objects expozed to view with a
single eye, or if he places them in front of the —2 D spectacles
distant f:l;r.imrt:-, will be rendered equally clear to both eyes,

Extension of Reading Distance in High Degrees of Myopia.—In
like manner in a case where the M. is very high in degree, as 10 D
for instance, when it would be important to remove the reading or
working point of distinet vision from a distance so near to the eyve
as 4 inches to some given distance farther off, the same proceeding
may be followed as in the last example given.

Supposing it be desired to remove it to a distance of 12 inches,
Then the M. being =10 D, and the distant point of distinet vision
of the eye 4 ]I]t*]lu-«- — 10 D would correct the eve for parallel rays
or distant vision, and (=10 D+ 3535 D), or —6-66 D. would suffice
to remove the distant point of distinet vision to a distance of 12
inches from the eve.

Tests in Military Practice for High Dsgrees of Myopia.— Before
concluding the remarks on myopia it may be well to refer to the
plan of establishing the presence of high degrees of myopia by
means of conecave leuas:a It has ;-nlw:-ulv been mentioned that
formerly the army optical and ophtl mlmoscopic case included
'-qn-ctm,lel; fitted with —G6” lenses for this purpose. They were
originally introduced for the ready detection of degrees of M.=,
533 1), and upw ards. They had been used in the Austrian Army
at the suggestion of Stellws ag von Carion for determiming, when
high degrees of M. were urged by conseripts as a plea for exemp-
tion from military service, whether such degrees of M. did really
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exist, or otherwise ; the degree of M. being deduced fr om the near
]]umt at which sm: ] print conld be read when the — 6" lenses were
worn. The rule laid down was that if*a man, when wearing — 6"
spectacles could read small print (No. 2 Jiiger) at or within 67 dis-
tunce from the eye, he was obviously so m;;:_:piv as to be unfit for
military service, for he would be myopic {5 or upwards. A’ithnugh
the conditions c:nt military recruiting differ greatly in foreign armies
from the conditions in the British army—>M. in an Exﬂggemted
degree being one of the defects most fr Equentl_', alleged as a cause
for exemption from service, while, on the other hand, what British
surgeons have usually to guard against is its attempted conceal-
ment or depreciation in degree where M. exists—still, if the results
of so simple a rule were to be relied upon, its application would be
capable of being turned to advantageous account in the British, no
less than in continental armies, thuugh employved for different
ends.
A myopic eye of 15" 4+ 3 ‘} i D, is converted into the condition
of a hypermetropic m(, of &, or—3-35 D, by — 6", or—6-66 D,
lenses being placed before it. A lens of —3'33 D would saffice to
neutralise the M. ; a lens, therefore, of 666 D will not only nen-
tralise it, but will ]e*wa a refractive deficiency of 3-33 D. At the
age of the recruit, 18 to 25, the power of accommodation is about
—J— or 10 D. Of this, 5 33 D would be required to neutralise the
mhr:mll:, produced H——3383 D, and there would remain dyna-
mic refraction= 666 D, and this when fully exercised would bring
the near point of dh’rmr.:t V. to a di‘stﬂllﬂt“ of 6” from the eye.
Eyes with higher degrees of M. than 4% will be able to obtain still
nearer points when the — 6" lens is before them. If the amount
of M. were equal to 666 D, the —0” spectacles would just
neutralise the M., and with the full exercise of Acc.=10 D, the
near poiat of distinct V. would be brought to 4 inches distance
from the eye. Theoretically, thez efore, the test of reading within
6" with a dispersing lens of — 1" power should prove the eustenre
of M.=+% or above, and wmllﬂ exclude M. less than ! 7, Or SIEE
D, Hut pr*mhcalh, myopes with M. no higher than 275 D, or
2:50 D, b:. practice in the exercise of Acc. can read within 6" with
the — 6" lens, and their employment for deciding the presence of
such high degrees of M. as 333 D or upwards, not being found
reliable, was abandoned. It was proved in one instance in Belgium
that instruction in the means of fraudulently escaping conserip-
tion by practice in the use of concave lenses of the official limit,
or, in other words, in developing dynamic Ace., was systematically
given as a matter of trade.
The rule in the Austrian Military Medical Service, by the more
recent recruiting Tt‘glll}“l{‘.l'llb of 158843, as regards the {]uaqnmhhclthun
of M. for mlmurf-mf-nl in the army, is the following. A myopie
recruit, w ith a far point of 12 inches or less, if he is able to read
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printed letters, or to recognise other characters, of 1rd of a Vienna
line in height and [*ﬁlll“‘]lundlllg breadth at any distance from the
eve with concave 4-inch spectacles, 1s to be IE]P( ted as totally un-
fit for military service without any further examination, The — 4",
or — 10 D, spectacles are to be close to the eve, care is to be taken
that the recrnit really looks through them, not under them, and a
good light is to fall upon the print.

The conditions described afford a proof t]mt the degrﬂe of M. of
the person under observation is not less than <5, or 3:33 D, though
it may be higher. Supposing the M =3-33 D, there would be Ace.
at the age of the conscript about 10 D, so that the excess of refrac-
tion above Emmetropia and the dynamic refraction of Ace. together
would be equal to 15-33 D. He could obtain a near point for read-
ing at 3 inches’ distance from the eye without the glass. If then
a —10 D lens be applied to the eye, the Acc. mll be neutralised, and
there will remain + 3:33 D, or M. =333 D, or 4", Suppose the far
point distance of distincet vision without a nl.r-ﬁ appeared to be 6
inches from the eye, or, in other words, the M. was alleged to be I, or
6:66 D. The mode of proceeding if pmttht‘-'c'l would Lqﬂﬂlh‘ afford
a decided proof of its truth if the statement were correct. For a
M.=6:66 D with Ace.=10 D would together amount to 16:66 D,
and 16:66 D—10 D would leave an excess of refraction, or M.=1, or
6:66 D. The concave 4-inch lens neutralises the Ace., and leaves
the myopic excess of refraction to act alone. If the eye had been an
Eme. eye, and had assumed a distant point of 12 inches, employing
fu:t the purpose a portion of its normal Ace., it could no longer

ead at the distance named with a —4”, 0r —10 D, lens ; the eye
bemcr Eme., and its full amount of Acc. neutralised by the lens, it
mml{l only be capable of adjusting parallel rays and seeing distant
objects of suitable dimensions.

It is stated in the Austrian Military Instrue tim:s forthe surgical
examination of conscripts (1883) that * Many years’ experience sand
very numerous trials have p]'mu] that a myope can only satisfy
this test if his myopia is dhme 1", which is laid down as the limit
of fitness for militar 'y service.’

Influence of Myopia on Military Service.— For an account of the
practical effects of different degrees of M. in respect to the require-
ments of military service, see Chapter IX. The regulations under
which the faulty vision resulting frem M. is ordered to cause the
rejection of men seeking enlistment as recruits are also given in the
same chapter,

HyPERMETROPIA.

Definition.—Over-measure as regards the distance of the principal
focus of the dioptric media of the eye in relation to the measure of
the optic axis.—The refractive power of the eye, when in a state of
repose as regards accommodation, is below what is necessary for
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forming clear images of objects upon its retina. Parailel rays
from distant objects are not brought to a focus by the time they
reach the retina, but would unite in a focus, if they were not
stopped in their course, at a point, hm'mld the retina; or, in other
words, the retina is in advance of the principal ﬁmlq c-f the eye.
Only rays reaching the eye as convergent rays can be focussed on
the retina (see ﬁw 47).

Optical Conditions.—In H. the antero-posterior diameter of the
eye is, as a rule, disproportionately short, and hence its deficiency
of refractive power. Similar opticul effects would result from the
refracting qualities of the dioptric media being tco low in relation
to the length of the antero-posterior diameter, but the short diameter
is the condition usually met with.

Causes.—I1. is often congenital. It is not unfrequently due to
hereditary conformation of the eye, and, like myopia, 1s often frJund
to exist in scveral members of the same family. While the myope’s
eye is usually a full and prominent cye, the eye of the hypermetrope
is Emnnmul:-; a shallow and flat eye. In cases where the hyper-
mefropic state is found to be excessive, the eye appears as if it
had been stunted in growth : it is diminutive in form and short in
all its dimensions.

Similar optical conditions to those which characterise H. may
be induced by any circumstances that lead to flattening of the
globe of the eye, or of one or more of its component structures -
as removal of the crystalline lens by displacement or by operation ;
or sinking of the cornea from any cause. It sometimes shows
itself as age advances, becoming noticeable after the patient has
arrived at full manhood, without any apparent cause beyond the
natural changes due to increased years. It is then associated with
presbyopia.  This form of H. has been designated by Donders
acquired H., to distinguish it from original H., due to P’Lrl}' ocular
ﬂmﬁm*matmn (See 1vnmlln under luunm-tmpm p. o9.)

Farthest Point of Vision.—This is sometimes spoken of as
negative, becanse the hypermetropic eye has no objective distant
point of distinet vision. Only convergent rays can be brought to
a focus on the retina, and such rays do not proceed from any
natural objects—they can only be pmﬂumd artificially, as by a con-
ve r:?mg lens. The He. eye has only a virtual distant pmnt and
this is situated at the distance of the focal point to which parallel rays
would be produced after traversing the dioptric media if they could
pass beyond the retina.  In order that parallel rays may be focnssed
on the retina itself of the He. eye, they must be first altered in
direction ; they must have such a convergence ﬂ:in n to them
before entering the eye as would cause them, uppmmg their conrse
to be unaltered in direction by the action of any refracting media,
to meet at the distance of the focus above named. The convex
lens that would give this amount of convergeney to the parallel
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rays proceeding from objects at infinite distance, makes up for, and
will serve to represent, the deficient converging power in the eye
itself, or, in other words, the amount or degree of lypermetropia.,
Henee the remote point of distinet vision of the hypermetropic eye
has sometimes been deseribed as being at a distance beyond infinity
equal to the value of the negative lens representing the deficient
convergent power which the addition of the positive lens supplies.
This of course is a mere optical expression, but its employment is
convenient when it is desired to signify the different positions of
the remote points in different degrees of H.

Thus, if a + 2 D lens supplies the necessary amount of converg-
ing direction to parallel rays that will enable them, in addition to
the refracting power of the eye itself, to be bronght to a focus on
the retina of the hypermetropic eye, the remote point of vision of
this eye may be stated to be — 2 D beyond infinity.

Nearest Point of Vision.—This varies in position according to
the degree of H., but is always farther off from the eye than it is
in emmetropic persons at corresponding ages of life.

Symptoms.— When a person affected with well-pronounced H.
looks intently for a short time at small objects, as in reading and
writing, the letters become blurred and seem to run into each
other. The vision of distant objects is more limited in range than
normal, though the patient himself often fancies he can see well at
a distance. The hypermetropic marksman, although he only uses
one eye in aiming, cannot adjust vision for distant objects, as
in trying to hit the bull's-eye of the target at long-range rifle
practice, without an amount of accommodatory or muscular strain
proportionate to the degree of H. Still less ean he do so for near
objects, such for example as the ‘ back and fine sights ’ of the rifle.
As part of the natural amount of accommodation possessed by the
hypermetrope has to be employed for getting a less indistinet view
of the distant bull’s-eye, a less amount remains for use in the effort
to rapidly adapt vision to the distance at which the nearer objects
are placed. When both eyes are habitually employed in looking
at near objects, especially such as call for close and accurate obser-
vation, a sense of ocular weakness results, and faticue and aching
are quickly produced ; the patient suffers from symptoms of astfien-
opie (see Asthenopia). This ocular strain is rendered exces-
sive, and the results of it are much more severe and occur more
speedily, when a He. soldier is not only engaged in occupations
requiring intent and anxiouns observation, but when his eyes at the
same time are irritated by subjection to the heat and dazzling glare
of a tropical sun, Examples of this occurred among He. men
engaged on active service in Egypt and Burmah. The symptoms
of asthenopia are the more marked in proportion as the degree of
H. is greater, when much anisometria exists, and are especially so
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if the general health becomes deranged and the subject becomes
debilitated in consequence.

Acssociation of H. with Strabismus.—H. is not unfrequently
associated with convergent strabismus, and this cirenmstance seems
to arise in the following way. The hypermetropic eye being only
able to bring convergent rays to a focus on the retina without the
exercise of accommodation, and no such rays existing naturally, the
accommodatory apparatus is subjected to a constant exertion, in
ord:r to obtain more convexity of the erystalline lens, and thus o
make up for the hypermetropic dehmencv and to lessen the diffu-
sion and indistinctness of the retinal images of external objects,
even the most distant. This exertion is increased in proportion as
the rays entering the eye are rendered more divergent by objects
being brought close to vhe face, as oceurs in r mdmw, and the strain
is of course all the greater when the work at near objects is pro-
longed and frequently repeated. Hence the frequent appearance
of strabismus in hypermetropic children at the ages when the
begin to learn to read .and write. The hypermetropic child, gene-
rally a child of early age, unconsciously tries to lessen the excess
of strain on the ciliary musele by contracting the internal reeti
muscles in order to obtain the advantage of the increased accom-
modation for near objects which is derived from the association of
the accommodatory effort with convergence of the optic axes. The
normal balance of power between the internal and external straight
muscles, and, consequently, the evenness of their concerted influence
over the position of the eye to which they respectively belong
disappears; the internal straight muscles from constant exertion
either become more developed and stronger, or, from their habi-
tual state of contraction, lose some of their subjectiveness to
extension ; and a state of constant convergence results, even when
the eyes are at rest. Under these conditions such co-ordination of
the accommodation and dirvection of the visnal lines as would be
necessary for clear binocular vision of objects relatively distant
ceases to be attainable, and parallelism of the visnal lines for
objects at infinite distance becomes impossible. With the inter-
section point of the visual lines under this convergence near to the
eyes the images of objects farther oft will not fall upon correspond-
g points of the two retinwe, and the inconvenience and confusion

of double vision will result. Under these difficulties the young
hypermetrope finds it less irksome to get a comparatively clear and
easily obtained monocular image than to make repeated efforts to
get  binocular vision which is attended with so much trouble,
One eye 1s turned further inwards by its internal rectus musele, at
the same time that the other eve 1s turned sufficie ntly outwards by
its external rectus muscle to bnng the image of a more distant
object on its macula lutea by which a distinet view of it is obtained ;
a decided squint results : and the image of the object in the Lc-n-
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'-:ergeﬂ or deviating eye falling upon a less sensitive part of the
retina, is ignored mentally, or, in other words, ceases to exist so
far as the sensorial part of the act of secing is concerned. For a
time monocular vision is carried on E"t]li}i”". by each eve in turn
according as the position of an object to the l'lg‘ht or left of the
face may dn::l'ntv but at last vision devolves principally on one eve
while the other is almost constantly turned inwards. This Clhump
takes placv more readily when one eye is naturally weaker than the
other in respect to re tinal power, or has a higher d: aree of H. than
the other eve. These abnormal relations of the recti muscles at last
become constant, and a fixed convergent strabizsmus is established,
When strabismus has thus been acquired, its tendency to become
permanent is increased by the fact that the deviating eye gradually
becomes retinally still weaker, and loses sensi nht} from disuse.
It is for the purpose of neuntralising the ill effects of continued
strain upon the accommmodatory apparatus in the efforts to obtain
accurate vision of near objects, that convex glasses are recommended
to be constantly worn for the treatment of H.; and it is by these
glasses neutralising the H. that the strabismus so often induced by it
may be prevented when it is properly treated on being first noticed,
Manifest and Latent Hypermetropia.—As the Hypermetropic
eye is not able even to bring rays from distant objects to a foeus
on the retina by its unaided refractive power, it supplements it by
using some of its accommodatory power in order to obtain clear
retinal images of the objects looked at. Still more pow erfuily has
it to exert its accommodation in order to see near objects clearly.
Thus the eciliary musecle iz kept in a constant condition of
exercisé and tension. This habitual association of the act of
accommodation with the aet of vision at all distances leads to the
loss of voluntary power of completely separating one from the
other. In early life when all the structures of the eye are very
tractable, and there is plenty of Ace. to be spared, the whole of the
H. may be concealed by the Acec. supplied, but as vears advance,
and there is less Acc. available, and a continual struggle to use as
much as possible of this Acc. in association with convergence for
obtaining distinct vision at a nearerdistance, the H. becomes de prived
of a portion of the help it had previously derived from the Ace., and
the H. becomes more and more manifest. At last late in life, there
18 no Ace. to be lent to it, and then the total amount of H. is rendered
manifest. DBut until this period arrives the full amount of H. is
not shown unless all power of accommodation is artificially removed,
This ean be done by producing complete ciliary paralysis through
the agency of atrupu The power of Ace. hemﬂ' thus removed,
that p rtion of the deficieney of refractive power which was sup-
planted, and so concealed by its agency, is brought under observa-
tion. Hypermetropia, therefore, of or dinary degrees usually
consists of a certain amount of deficiency of refractive power
which may be rendered apparent while Acc. is exerted; and of
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another amount which, naturally concealed by Acc., becomes appa-
rent only when Ace. is artific ially prevented or has disappeared from
age. The former deficiency is known as Hm., manifest liyper-
metropia ; the latter as HI. , Latent fu;y:u'nufr'u .  Obviously H., or
the total amount of u-[r Lcln e deficiency, is composed of Hm. 4+ HI.
If the degree of H. be moderate, or the hypermetrope be very
young, it may be entirely latent—that is, only apyarznt after para-
lysis of accommodation. H. may therefore sometimes exist with-
out attracting attention or being at once readily diagnosed.
Usually, however, thongh slight in degree, and not noticeable at
first, it becomes so Incre eased ln fatigue, especially as age advances
fiom continued occupation at near ::-I;|1=r:l-'-_a or by muscular weakness
when the general health is impaired, that the symptoms of H.
become apparent, and the diagnosis of it is rendered sutliciently
easy.

Subdivisions of Hypermetropia—A further division of H. has
been made by Professor Donders into (1) absolute H., in which the
rays from distant objects are not able to be focussed on the retina,
but their focus still lies behind it, even with the aid of full power
of Ace. and the strongest convergence of the optic axes; relative
H.. in which the rays from distant objects can be hl'nucrht to a
foeus on the retina h‘l,' the exercise of Ave. and convergence of the
optic axes combined ; (3) fucultative H., in which the rays from
distant objects can be brought to a focus on the retina with parallel
optic axes, either with or w rthout convex alasses,

Diagnozis of H. may be effected *‘alll)jl_‘i‘l'i\‘i‘h’ by the following
modes of observation : nsmwlj (1) by external signs, (2) by test-
types, (;-} by lenses, (4) by + 4D spectacles, {J} by correction,
and (6) objectively lw the ophthalmoscope.

1. By ',efm.-u.-f E'~in.-,.r.-:=e —The eye, as before mentioned, frequently
has a general flat appearance and seems smaller than normal, as it it
had been stunted in its growth, so that, in consequence, the space
beneath and between the eyelids is not filled out, as it is in a fully
grown eye. Sometimes the iris may be observed to reach nearer
to the cornea than usual, owing to want of depth in the anterior
chamber of the eye, w hile the pupil is inactive and relativ ely small.
An abnormal hollowness of the space between the ey eball and
outer canthus may also be generally noticed on dmumg the
orbicular coverings aside.  The appearances just deseribed are,
however, occasion: |11~. absent, or only very slightly indicated in eves
affected with He. vision.

3 _.l'i':l,r ""'.I'j”'-“"_“ the H. exist in ]Hl"h dt“*lt‘:\, Snellen's f:.']]i‘ﬂ
cannot be read by the aul}lrl.l of 1t clearly at their regular dis-
tances without the aid of lenses: but if it be moderate, the larger
and more distant type may be read for a time, but with more or
less difficulty. This is especially the case with young He. per-
sons who have an abundance of accommodatory power, and who
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can exercise a portion of it with comparative ease in order to
bring the parallel rays from distant objects to a focus on the retina,
buLh young persons may be able to read Sn. No. Gm. type at a
distance of twenty feet without diffieulty, but, on placmg weak
convex lenses before their eves, the type will be seen with equal
clearness. The power of the + lenses which can be thus employed
without lessening the distinctness of view of the types at the
distance named will vary in proportion to the amount of Hm. of
the person under examination. With older persons, when the
types and the distance named above them are maintained, the eye
soon becomes fatigned and the letters indistinet. In tryving to
read, a tendency for the optic axes to converge may sometimes be
noticed, and the patient will often be observed to squeeze the eye-
lids tf:--::-'f-fher for the purpose of contracting the interpalpebral
fissure. The association of the internal recti muscles, with the
exercise of accommodation, explains the occasional converging aspect
of the eyes in the efforts at reading. The reason w hy the larger
and more distant types are perceiv ed with less dxﬁmu]rv than the
smaller and nearer type, is simply due to the fact that the accommo-
datory strain is inereased in proportion to the proximity of objects,
owing to the rays that enter the eve from near objects being meore
divergent in proportion to their nearness; and the difficulty is
greater in proportion as age is greater, because the power of
Ace. diminishes as vears advance,

When types of smaller sizes are used, the He. person, if he be
of the ordinary age of a recruit or soldier, will be generally
observed to carry them nearer to his eye than the 1‘wunl.ut{ .d dis-
tances in tt"»m;_r to read them. He will be able to LI1-’r111umF-h
them better when close to his eve than at a distance aw ay from it.
The patient does so because, with the greater convergence of the
optic axes when the object is cloze, he is better able to exert his
accommodatory power to assist in counteracting the dificulties of
reading, which are due to his hypermetropic condition of vision ;
and, in addition, because the retinal images of the letters are in-
creased in size, and therefore more readily perceptible, while the
circles of dispersion are not enlarged in a corresponding proportion,
owing to ‘the pupillary aperture becoming smaller on the near
approach of the letters {o the eves,

From this circumstance, in diagnosing by tyvpes, H., when ex-
cessive, may be mistaken for M. combin red  with amblm]nu
Distant objects are seen indistinetly—type of moderate size has to
be held close to the eve to be read—and very small type cannot Le
read at all, as happens in M. complicated with Ambl. The
diagnosis may ke established by the fact that in H. distant objects
are seen more distinctly, and the mode rately sized types can be read
further off, with the aid of convex glasses, while the same glasses
would produce exa ctly opposite results in M. But even without
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+ lenses the diagnosis may be established, for it may be observed
that in H. the larger Sn. types may be read quite as well, if not
better, as regards relafive distance, than the smaller types, which
would not be the case with M.

3. By Lenses.—This, or the Donders, method of diagnosis is
carried out in the same way as explained in lfu- diagnosis of M.
In the case of H. the —lens is found to make V. worse, while the
weak + lens either makes V. clearer, or sensibly relieves it of a
certain amount of strain, while V. remains as clear as before the
application of the glass. Convex lenses of gradually increasing
power are then appl ied, and the st rongest glass that can be borne
at the same time that the types are seen clearly at the normal
distance gives the measure of the degree of H.

4. By the +4°D Spee tacles—When the convex 10” lenses are
worn, the He. eye is able to read type of moderate size ata distance
bmmul 10 from the eve without the use of atropine. The dis-
tance at which the f'.']w can be read will be increased when the
power of Ace. has been previously taken away by paralysing the
ciliary muscle with atropine.

5. By Correction.—When the troe degree of H. 1s ascertained,
if no complication exist, the proper convex lens for that degree
will completely correet the abnormal condition. It supplies the
refractive power, which is missing in the eye itself, and produces
the same effect as if the deficiency did not exist.

6. By the Ophthalmoscope (see p. 107).

Expression of the Degree of H.—The degree of H. may be either
expressed by the power of the convex lens which would so act upon
parallel rays as to give them the amount of convergence that
would cause them to meet at a similar distance to that of the vir-
tual remote point of the hypermet ropic eyve, for rays having such a
convergent direction when entering the eye would be -:-wsa-d to
meet upon the retina; or it may be n?\.]]reswd by the power of the
concave lens which J't*pw'-:.vn‘ra the amount of ﬂvhuenm in refract-
ing power of the eye re'atively to emmetropia. The latter mode is
the most convenient and simple. The H. will then be expressed
by the amount of the defect, and not by that of the lens which
corrects it. H.= 2 D then signifies that the deficiency of refr: mt-
ing power in the eye is l.l"llli"n"'l]ﬂllf to and represented lw a—2D
lens, and that this deficiency will be neutralised or corrected h\. a
+ 2 D lens.

To determine H. or the Degree of Hypermetropia ; or, in other
words, to ascertain the total deficiency of re Ilél(l'll].ﬂ' power as
cnmp.uwl with emmetropia, by means of the + 10" or + 4 D
spectacles,

Having thoroughly paralysed the power of accommodation by
the nse of a strong t..uluimn of atropia, and noted the distant point
of distinct vision of each hypermetropic eye, examined singly, with
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the + 4 D or + 107 lens before it, deduct from the power of this
lens the inverted value of the distant point, and the difference will
give the degree of H. in the eye examined.

Example. —?ulnlmse the distance point is found to be 15", then
H' = '1']':1' T L:. = 1.U

Explﬂ.natmn —Let @ = the refracting power of the eye under
examination ; let @ = the refracting power of an emmetropic eye ;
<. = the pmwl of the lens to which the eye has been subjected ;
and {x = the power of the lens which w ould give the ascert hea
distant point of 15" i{'fhﬂ eve were emmetropic. The deficiency
of the refracting power in the r‘xamp]e glwu 1s therefore equiva-
lent to the difference between a 4'; and a 41 lens. This deficiency
can only be in the eye itself, and its refr actin o power must obvi-
ously be increased to a corresponding degree to bring it to a par
with an emmetropic eye.

Therefore & + (5 — {5) =asorz + fr=aj;orz=qa — 4.

, the total deficiency of refracting power, is = L.

Or, converting the distances measured by inches into dioptries,
A8 ex) Jlained in calculating the degree of myopia, there result :
2-66 IJ —~ 4D = — 1:34 D, the amount of de ficiency of refractive
power, or degree of H.

If the distant point of distinet vision with the + 4 D lens be
infinite, then H. = 4; — !, or = {5 or — 4 D.

If H. be suspected to be in excess of this amount, a stronger
lens than a + 4 D lens will be necessary to ascertain its degree by
this method. The + 27 lens emp :‘:wd with the ﬂplltll-ﬂnmwulw
is generally av uldblb to army medical officers for the purpose. If
H.=1 the rhﬂlunce point of distinet vision with the + 2" lens will
b at 8 for H. — 4+ = 1. This will probably be the highest
degree of H. to be l'l]Lt. with, unless the lens be absent either from
accident or operation (;ll‘llltlr]-.]él) But it 1s absolutely necessary
that only one eye be examined at a time, and that it should be
atropinised, for the spasm of the ciliary muscle associated with the
cvnvergence required for so short a range would otherwise prevent

a proper diagnosis being arrived af.

If it be only required to determine Hm., or the degree of mani-
fest hrpernwtm]}m in all moderate cases the same modus operandi
as above described may be followed, and the previous use of atropia
may be dispensed with. But each eye should still be examined
singly.

To find the Correcting Lens.—The total deficiency of refractive
power having been determined, it may be corrected by a lens
supplying the amount of converging power which is deficient,
providing no accommodatory ]JGWEI‘ 18 exerted at the same time,
In the first example given, a + 45 or approximately a + 1:25 D lens
will be the correcting lens, because it will supply the refractive
power which has been proved to be absent.

L6
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The absence of this amount of refractive power was shown in
the experiment already above explained. The action of the lens will
be such that when the patient looks at distant objects, the parallel
rays proceeding from them, in passing through the lens, will be
caused to assmme a converging direction before Iluﬂ-\. fall on ﬂlE eye ;
and the angle of convergence given to the rays by ‘the action of the
correcting Jens will exactly correspond with that degree of con-
vergence which is wanting owing to the hypermetropic formation
of the eve itself. The lmmlhl rays from distant objects will thus
become focussed on the retina, and clear vision obtained without
exercise of accommodation.

This 1s the general principle on which correction of H. is
effected ; but in practice several modifving circumstances have to
be specially considered. The hypermetr ope, when he 1s not ander
the influence of atropia, cannot fully give up the Ace. which
he has been accustomed to use cmlfstanth as a substitute for the
deficient refractive quality of his t-ve*-: Even when convex olasses
are placed before his eyes, exercise of part of the Aece. to which

they have been accustomed is still continued. If, therefore, while

this amovnt of Ace. is still active, convex glasses equivalent to a
full extent of the H. be furnished, the eyes will be put into the
condition of myopic eyes, with an excess of refracting power for
rays from distant D]'I]LCtE The recommendation of Professor Don-
ders for the correction of H. was that glasses should at first be
supplied equivalent in power to the total manifest H., together
with one-fourth of the latent H. After a certain interval. if the
glasses be constantly employed, the efforts of Ace. wiil become par-
tially relaxed, but in the course of time the use of the remaining
Ace, will probably again induce symptoms of asthenopia. The
glasses at first given can then be strengthened to the amount of
another instalment according to circumstances of the HI., and,
shonld the symptoms return after a further period of time has
elapsed, the glasses may then be strengthened to the full amount
of the H. The final 1{]_1|mtm(=nt if it be satisfactorily borne, will
place the subject of the H. in the same condition as an emmetropic
person of corresponding age. The full amount of accommodatory
power possessed by him will be rendered available for its normal
purposes.

Influence of H. on Military Service.—The conditions under
which H. dlhquuhh( for military service in the British Army are
explained in Chapter IX., in which the authorised modes of con-
ducting the visnal examin: ition of recruits and soldiers are explained,
On :-u,ll occasions in which spectacles are allowed to be worn by
soldiers, as in range practice, and at the School of Musketry, the
nse of correcting lenses by hypermetropes, even though the H.nmy
be very low in degree, is of great advantage. It takes off the
strain of the Acc. which is always present when a He. eve is tryv-
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ing to see distant objects clearly without such assistance, while it
sets free the Ace. for use at near objects, so that at target practice,
especially when the men are young, both far and near objects, such
as the objects painted on the tmgef together with the fore and
back sights of the rifle, are all seen more plainly and with less
visual exertion and r}lllﬂ'lll:‘ The indistinetness of vision that H.
entails, the ocular troubles that accompany 1t particularly when
the subjects of it are exposed to the glare of tropical light or are
reduced by privation and over-fatigue such as men so often have to
endure when they are on active service in the field, and the con-
stant increase of visual difficulty with increasing vears, all these
render men with He. vision ]l.lrllﬂll]ﬂll‘f nmmpetant for military
service, especially in an army in which correcting glasses are not
permitted to be worn.,

ASTIGMATISM.

Definition.—A term signifying that the rays proceeding from a
single point are not, aflter refraction, reunited in a Smﬂ‘lP point.
App]]{-ﬂ to vision, it signifies a state in which there is In*mun"lc}'
of view from malformation and blurring of retinal images owing to
the fact that although some of the rays proceeding from an thrf
may be brought to a focus on the retina, other rays proceeding
from the same object are not at the same time r-mmlmiy focussed
upon its retina.

Optical Conditions.—The refractive quality of the astigmatic eye
12 not alike in all its meridians, and, consequently, has no 5111g1p
focus. The eye may be Eme. in one mnﬂdnn, ‘ﬁhl'f‘ in another 1t
i1s Me. or He. ; it may be Me. or He. in all its meridians, but the
degrees of M. or H. may be relatively different in them ; and
lastly, it may be Me. in one meridian. while it is He. in the other.
Oceasionally the refractive quality will vary in one and the same
meridian of the eve fo such an extent as "-'-E‘l‘ltllﬁh' to interfere with
clearness of view. The term reqular astigmatism is applied to that
kind of Ast. which depends npon dissimilar curvatures of different
meridians of the eye; frreqular astigmatism to that which depends
on unequal curvature in one and the same meridian, or to excessive
spherical aberration of rays.

Causes.—Congenital asymmetry of the anterior segment of the
ocular globe, or of the cornea, of such a kind as to cause a greater
curvature of one meridian compared with that of the intersecting
meridian, The absence of perfect sphericity 1s sometimes recog-
nisable on observing the cornea by lateral illumination. An abnor-
mal position or unegual curvature or other structural peculiarity of
the erystalline lens has been said also to be a cause of astigmatic
VIS10on,

Normal Astigmatism.-—All eves have ordinarvily a higher degree

i 2
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of corvature in a vertical direction, and therefore a shorter foecal
distance than they have in a horizontal direction, but the difference
of corvature in the two directions is usually slight, and is not found
practically to interfere with correct V. The condition is strietly
one of Ast. of the kind known as Regular Ast.; but, from the fact
of V. not being lessened by it, owing either to the moderate degree
in which it exists or to the completeness with which in this mode-
rate degree it i1s neutralised by accommodatory compensation, is
sometimes described as Normal Astigmatism. An exaggeration of
the difference in curvature and refractive power in the two direc-
tions gives rise to the inaccurate vision and disturbing symptoms
characteristic of Ast as an abnormal condition or ocular defect.

In normal Ast. the meridian of greater curvatuore does not pre-
cisely correspond with the median vertical line but intersects it at
an angle of about 15° passing from the centre respectively upwards

Fic. 48.

A, direetion of eorneal extenzions of rays, a, & ¢, from o lighted candle 52 seen by the left eve,
B, ditto, as seen by the right eve,  (For fonll explanation see the text, )

and ontwards, (a), downwards and inwards, (1), and again downwards
and outwards, (¢). My colleague Dr. Macdonald has maintained
that the difference in direction of curvature in the two eyes of the
same individual is in accordance with a bi-lateral symmetry which
has apparently escaped notice hitherto. A simple experiment
serves to illustrate the fact. When the left eye is closed and a
small centre of light, as a lighted candle, that has been placed a
few feet in front of the observer, is looked at by the right eye, the
head being raised, but the eye turned downward toward the light,
a pencil of rays shoots from the light upwards and outwards at
an angle a little to the outer side of the vertical; but when the
head is lowered slightly, the eye looking in the same direction, the
pencil of rays shoots downwards at a similar angle to the inner
side of the vertical. When the experiment is repeated with the
left eye, the right being closed, the pencil of rays shoots from the
light obliquely upwards to the left or outer side of the vertical ;
when the head is bent forwards the rays shoot obliguely downwards
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toward the inner side of the vertical. In each instance when the
head is maintained upright the angle at which the light radiates is
about 15° to the outer or inner side of the perpendicular. The
directions of the corneal rays thus produced in the right and left
eve respectively are shown in fig. 43, Ao and B, while the con-
verse corneal curvatures indicated by the directions of the radia-
tion are shown in fig. 49, A and B.

Fic. 49.—NoRMAL ASTIGMATISM.

Corneal curvatures indicated by the conditions desceribed in fig, 485, B, right eyve ; 4, left eve,

This normal Ast. seems to have been designed as an important
aid to the perfection of binocular vision of near objects. In demon-
stration of this view, Dr. Macdonald has shown that when a dot,

a vertical line is placed so far within the focal distance of either
eye as to present a blurred aspect, the left side of the dot or line is
found to be more clearly defined when the left eye is used, and the
right side when re “'.11!1]: d by the right eye. In each instance, on
the inner side of the object, or that tow: ard the nose of the observer,

=
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Fiz. 50.

A, B, effects of normal astigmatizm (zee text).

a repetition of more or less indistinet ime rges of the nh]L et is per-
celved, and in this direction a softly shaded effect is produced.
[Figs. 50, A and B, and 51, ¢ and b, will serve to illustrate the effects
11|-l deseribed. When regarding any one of the objects included
in them it will be seen. if the two eves of the observer are emme-
tropie. that every ]H['|']L11]i]" observed 1 )y one eve has its counter-
part when the ob jject is observed by the other eye. In fig. 50, A,
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on closely inspecting the crossed white lines at @ with either eye
separately, the vertical line will be observed to be brighter and
better defined on the outer side as regards the eyve making the ex-
amination than on the inner side, where it appears more diffused
and faint. The horizontal line, on the contrary, is more even in
its aspect, its upper and lower borders being similar in appearance.
In fig. 50, B, on experimenting with the crossed black lines, similar
results ensue. In both figs. in observing the dots and circles from
b to ¢ corresponding effects will be noticeable. In the smallest
dots, and thinnest lines, the outer side is the more distinct accord-
ing to the eye observing them, while the black and white centres
in ¢, ¢, of A and B, are cmupletel} obliterated, and in d, d, are much
reduced in appar ent size

Fig. 51, ¢ and b, 1|lustrat.es the combined result of these effects
of normal Ast.,iu perfecting the definition and obviating confusion

C. Dot L. VERTICAL LINE.
. b.

LEET EYE RicHT EYE LEFT EYE RICGHT EYE

@ L '; ]'!

L] i .!
BINGCULAR RESULT. BinocuLan RESULT.

Fi. 51.—Compixep Errecr or Norumin Asrieaarisy 1N Bixocorar Visiox.

in the aspect of objects under binocular vision. As the objects
are removed from the two eyes acting together, the outer, more
defined, lines or margins which are seen !Jﬂ.' the eves separately
up]n'r:ach one another, and at last coalesce ; and thus, when they are
brought by Ace. to their true retinal foei, each object is seen smtr]j
and f'qu*llh' defined and distinct on both borders or on all sides.
Symptoms.— All objects, as well those which are near, as those
which are distant, are more or less dulled in appearance, and have
their shapes more or less modified in certain particulars, when they
are regarded by subjects of astigmatism. The change in the shu;ws
of objects as seen by an astigmatic eye, chie fl\.' concerns their
linear dimensions, The nature of the c]mnge can be observed by
placing a eylindrical lens close to an vmmetmpic eye, and so
practically making it for the time astigmatic. Supposea +2 D
cyl. lens, with its axis vertical, is pl: wced before such an eve, and
an UhJLct bounded by straight lines is looked at, the object will
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appear elongated in its lateral dimensions, and shortened vertically ;
while, it the glass be turned round, the shape of the object will
alter as it i1s rotated, and when the axis has become horizontal, it
will appear elongated vertically and shortened laterally. Thus the
sides of a square object cease to appear equal. A —2 D eyl. lens
will produce similar results, but the alterations of shape will be in
opposite directions to the alterations effected by the +2 D cyl.
lens. In proportion as the distance of the eyl. lens from the eye
is increased, so necessarily the apparent alteration in shape of the
object looked at through it will be also inereased. If the origin of
the astigmafism be Lougemml, the svmptoms just deseribed will
have been continuous and without much alteration in degree.

Some parts of objects are seen more distinetly than others by
an astigmatic eye. If the image of an object be sharp and defined
in one rlmlumu it will be rendered indistinct by ditfusion of rays
in a contrary dlrectmu or if the image be indistinct from diffusion
in both directions, it will be still further confused by the blurring
being more widely diffused in one than in the other direction. In
If:ﬂ,duw the letters appear badly printed. Objects presenting
linear inters ecting markings, such as patterns with crossed stripes,
are ccrmpﬂrutnrelv strongly defined and darker in colour in one
direction, while in the other they appear faintly marked ; or the
whole pattern may become more or less obscure from the diffused
rays from one direction of lines gpreading over the lines of the
pattern in the opposite direction. The astigmatic subject mani-
festly cannot by any accommodatory efforts hrluﬂ' the rays which
are [llﬂerentlv acted upon in passing through the various meridians
of the eve to a focus on the retina at one and the same time, and
he therefore exercises his Ace. to obtain greater clearness of view,
first in one meridian and then in the nthm‘, often in rapid succes-
sion, so that asthenopia is induced, and adds to the visual trouble
of the patient. The greater the difference of refraction in different
planes of the eye, in other words the higher the degree of Ast., the
more 5t1:::-11trlv marked will be the symptoms above mentioned.
The more open the pupil of the eye, the more obvious to the
patient are the effects produced by his astigmatism. Ast. is often
associated with high degrees of abnormal refraction, both M. and
H., but the ametropic condition with which perhaps it is most fre-
quently associated is H.

Retinal Images of Astigmatic Vision.—In consequence of the
rays passing through the meridian of greatest curvature being
brought to a focus earlier than the rays passing through the
opposite meridian, diffusion of the rays LDI‘I‘IPDHI]IW the image of
an object is an inevitable vesult. T he rays passing ﬂll‘ﬂﬂtrl the
meridian of greatest curvature will throughout their path towards
their focus be more convergent than those through the meridian of
least curvature, and a ser,tmn of all these rays on a screen, placed
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perpendicularly to the optic axis, would have an elliptical outline
with the shortest axis of the ellipse formed in the direction of the
most convergent rays. When the more converging rays have been
brought to a focus, the vays through the meridian of least refrac-
tion will still be in progress,and at this distance a linear image will
result with its length in the direction of the rays of least con-
vergence which have not yet been brought to their focus. After
the more convergent rays have been brought to a focus, if there be
no interruption to their progress, they will cross and pass onwards
divergently, while the less convergent rays will be approaching
their focus. Here the image will also be elliptical, but the short
axis of the ellipse will be in the direction of the rays of least con-
vergence. On these rays arriving at their focus, a linear 1mage

" __-LH—FF' ;
_-'_'-.-'-H-'_'-.-F.- : !
_— iR 5
s ——— -
‘ki-;-.‘_‘."—-——.h_'_;—“"“"——— : '
: : A E E
: : I _‘_‘-‘_‘-\_‘_\_ﬂ_‘\;ﬁ\‘
1! 2 3 4 5 6
; i ' v
:I v T
v - | T l
rﬂ-“_....l--.__“L 1:._ ':.er C '._ I h | '
]..H.__., ___.._:]1, h"‘v_h’ hi—j—h I —.1 —h hh 1 | h
r Y p ;
&

Fra. 52 —Dieruaroy TMAGES TN ASTIGMATISM,

Prrp, para'lel rays from distant object : vv, vertical meridian of refracting mediom (astig-
matic)y : Ah, horizontal meridian of ditto ; 1, 2, 3, 4, 5, 6, transverse sections at distances
indicated.

The space (F) between the point of intersection, v'v', and that at A'A, is called the
tfocal interval.!

will result, with its length in the direction of the divergent rays
which had crossed from the first focus. At a certain point the
distances at which the boundaries of the crossed divergent rays, and
those of the converging rays still advanecing towards their focus, arve
separated from each other will be alike, and at this point, and this
alone, the image on a screen, such as the retina, would be a circular
image. The mode of formation, and the varieties of form, of the
diffused images just described, are illustrated in fig. 52,

Amount of Astigmatism.—This is determined by estimating the
difference in refracting power of the two meridians of the eye in
which the inequality of refraction is most marked. Whenever Ast.
exists, there must be one meridian in which the refracting force is
greatest, and another in which it is least. These two meridians
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cross at right angles to one another or nearly so. They are the
prine :Prgfmm*gff:.:mw of the astigmatic eye ; the intervening meridians
varying in refractive power accor ﬂlng as t]'_lf'}' approach one or other
of the two principal meridians. Either the expression of the
difference between the refracting power of the two prineipal meri-
dians, or of the power of the lens which would remove this differ-
ence by making the two equal, will therefore represent the amount
of Ast. in any particular eye.

Rays of light traversing the principal ocular meridian of rela-
tively greatest curvature, and therefore relatively greatest refractive
power, will obviously Le brought to a focus at some point anterior
to the focus of the rays which ‘Thave traversed the principal meridian
perpendicular to it, or the one which has the least refracting power.,
The space between the two foci, bracketed under ¥ in fig. 52, is
known as the Forcal Interval. The greater the difference in refrac-
tive power of the two principal meridians, the longer will be the
focal interval ; the less the difference in refractive power between
these meridians, the less will be the extent of the focal interval.
The measure of the focal interval, or of the lens which will bring
the two foei into exact coincidence, atfords another means of ex-
pressing the amount of astigmatism.

Estimate of Amount of Astigmatism.—The measure of the
amount of Ast., or of the difference between the refractive powers
of two uppm:.:tﬂ meridians of an astigmatic eve, must be caleulated
differently in different kinds of Ast. If (1) the eve be ametropic
in one meridian onl v, the opposite being emmetropic, the amount
of ametropia in the one meridian will express the amount of Ast, ;
if (2) the eve be ametropic in two opposite meridians, and the
ametropia is like in kind—that 1=, 1f’ both meridians are Me. or both
He., but differing in degree in each—the difference between the
ametropia of the two meridians will express the amount of Ast. ;
if, lastly (3), the eve be ametropic in the two principal meridians
but the ametropia is unlike in kind—that is, if one meridian be Me.
and the other He.—the sum of the two degrees of ametropia must be
taken to express the amount of Ast. or difference in refractive
powers of the two meridians.

Three Kinds of Astigmatism.—The three varieties of regular Ast.
referred to in the preceding paragraph are named: (1) Simple
Astigmatism ; (2) Compound Astigmatism; and (3) Mixed Astig-
matism. In form No. 1 one principal meridian of the eye is
emmetropic, while in another and opposite meridian there is either
an excess or deficiency of refractive power; in No. 2, in both prin-
cipal meridians, either an excess or a deficiency exists, but in
different amounts; in No. 3 there is excess in one principal
meridian, while in the opposite oue there is deficiency of refractive
power as compared with an emmetropic eve. (See fig. 50 at end
of chapter.)
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Diagnosis of Regular Astigmatism. Subjective Methods.

. By Lenses—Though the eye may be hypermetropie, or
myopic, neither + nor — centric lenses of any power will correct
the existing defective condition or materially lessen the amount
of acuteness of vision which 1s missing,

.. By Lines.—When vertical and horizontal lines and rows of
auptuate square dots, as shown in fig. 53, are placed in front of
the eye, they are not seen with equal definition. When the vertical
lines appear dark and defined, the horizontal lines will not be seen

Fis. 53.—VEerTican axp Horizoxtan Lixes as Tests FokR ASTIGMATISML.

with equal clearness, and, wice versd, when the horizontal lines are
seen eompar: atively cls :ll!\.‘ the vertical lines will appear hazy. It
attentively obs and the indistinet dark lines appear ]Wh[t‘l‘ n
colour than the vy are printed, while the white spaces between them
appear to be larkened. the ceneral effect being to produce a grey-
ness of colour, as if the black and white lines were mixed togre []I-i T,
or as if part of the black were spread over the white, and part of
the white spread over the black objects. If the horizontal lines
be indistinct at the same time that the upper and lower margins
adjoining the white interspaces are undefined, the left and right
extremities of the lines will be sharp and distinet. On the contrary,
the lines placed vertically which are seen separate and defined,
appear very black in colour, without any blending with the white
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interspaces, but the upper and lower ends of the lines appear to be
a little elongated, or present the appearance of a shadow extending
beyond each of them.

The lines which are most blurred, and so seen most indistinctly,
are those which are in a confrary direction to that of the most
ametropic meridian of the eye of the observer. Lines, on the other
hand, in a direction corresponding with that of the most ametropic
meridian, are seen distinctly if one mendian be Eme., or with
relatn'elwr greater distinctness if both meridians be ametropic. Thus
supposing an eve to be Me. in one meridian but Emec. in the meri-
dian perpendmu]ﬂr to this Me. meridian, the linear markings of any
objects looked at by it will appear hazy and obscure, t mugh defined
at their ends in the direction of the Emc. meridian ; distinet, normal
in intensity of colour, but elongated at their ends in the direction
of the Mc. meridian. Or supposing the whole eye to be Mec., but
in different degrees in its principal meridians, lines seen in the
direction of the less Me. meridian will appear to be the most indis-
tinet and confused, those in the direction of the meridian having
the highest degree of M. will appear to be the least so. The same
will be the relative appearances of objects seen by astigmatic eyes
in which the defective refractive quality is He. in kind.

If the eye be Me. in one meridian but He. in the opposite one,
lines parallel with the meridian in which the defect of refraction is
greatest will be seen with most distinctness, while lines parallel
with the meridian in which the defect is least will visually appear
the most obscure. Thus the preponderating defect as regards
form of the astigmatic eye, and the preponderating defect as I‘E‘U’:ud‘:
visual effect, are alwayvs in opposite directions to each other. It
follows, in practice, that the fact of lines being seen in a certain
direction more obscurely than in the direction perpendicular to it
at once shows the direction in which the antlgma‘tlc eve under
observation is least ametropic ; and, vice versd, the direction of the
lines seen most clearly indicates the direction in which the form of
the eye in respect to its refraction is most defective.

The explanation of the visual effects just described is simple.
Thus, taking the case in which an eyve is Me. in one meridian and
Eme. in the opposite one, the eye being accommodated for the
distance at which the vertical and horizontal lines of Snellen are
placed, the rays of light emanating from every point in the lines
parallel with the Me. meridian will be brought to a focus in front
of the retina, and images of all these pmnh will be confused by
circles of dlffusmu while the rays falling in the Eme. meridian will
be focussed in the plane of the retina and form clear images.
Supposing the Me. meridian to be vertical and the horizontal meri-
dian Eme., the diffusion will of course be in a vertical dirvection.
Vertical lines will therefore ¢ appear shadowy and elongated at their
upper and lower ends, but there will be no diffusion at their lateral
margins, or in the duu,tlun corresponding with the horizontal
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meridian of the eye. The diffusion of the rays proceeding from
each dark point upwards and downwards, on the surface of any
vertical line, will be superimposed on the adjoining dark points of
the surface, and the general blackness of the whole line will not be
interfered with. The only visual defect as regards lines in the
direction of the defective myopic meridian will, therefore, be the
shadowy prolongation of the vertical ends of the lines; the re
mainder of the dark lines, and of the white interspaces, will be
clear and defined. But as regards lines parallel with the Eme.
meridian, or approaching it in parallelism, the diffusion being still
in the direction of the vertical Me. meridian of the eye, the upper
and lower boundaries of the horizontal lines, both the black and the
white lines, will become diffused vertically on the retina, while
there will be no diffusion as regards the ends of the lines. The
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vertical diffusion of their images on the retina will thus cause the
series of black and white Lorizontal lines to appear to be mixed
up together, not only rendering their upper and lower borders unde-
fined, but causing also a general grevness of colour over the whole
series. The ends of the lines will, however, remain sharp and dis-
tinet, because there is no diffusion of their images in the horizontal
direction. The same explanation is applicable to the cases in which
both principal mervidians are ametropic though in different degrees ;
the relative visnal defects depend equally on the caunses just
explained,

5. By the Astigmatic Fon.—The same remarks will apply to
lines when they are arranged in the form of the astigmatic fan (see
fig. 54). The line which appears to be blackest, and to have the
most sharply defined borders, indicates the direction of the chief
ametropic meridian of the astigmatic eye; while the line perpen-
dicalar to it will be the most defective in definition, and will
indicate the meridian of the eve which is least ametropic.
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If the Aste. fan be extended so as to form a wheel-like eirele of
spokes or radii, while the central portion is filled up by a series of
concentric and equidistant circles, similar effects to those described
with the Aste. fan will be manifested, and if' the figure be rotated
the alternating displacement of the focal adjustinent on the retina
of different parts of the central circles will produce the effect of a
revolving movement in them (see fig. 55).

L. By a Civenbar Point of Light.—When a small round opening
is made in a dark screen and light admitted through it, if looked at

Fre. 85. —Circvnar ExTexsioN oF THE Asticyatic Fax with CoNCENTRIC AND
Eguipistast CIRCLES WITHIX.

by an astigmatic eve at a distance of a couple of feet or so, the cone
of light appears elliptical in form, the direction of the ellipse vary-
ing as the eve approaches or recedes from the opening. Whatever
may be the direction in which at one distance the hole in the sereen
appeuars to be elongated, at some other distance from the eye the
hole will appear to be elongated in another and generally in a
contrary direction.

The variations in the apparent form of the small opening depend
on the differences of distance for which the eve is accommodated.
If the astiomatic eyve is accommodated to the distance at which the
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small opening is placed, so as to bring the rays of light proceeding
from it to a focus on the retina in one meridian, the opposite
meridian will be relatively ametropic, and diffusion of the rays
passing throngh it will result. Thus, taking for example an eye
that is Me. in its vertical meridian and Eme. in the opposite meri-
dian, when the small hole is so placed that the light traversing it
is brought to a focus on the retina in the Eme. meridian, diffusion
of rays s will occur in the direction of the Me. merldmn and the
]]mnt of light will appear to be elongated in that direction : the
opening wi ill be elongated vertically. “If, howey er, the distance be
such that the rays of light are hmurrht to a focus on the retina in
the line of the Me. meridian, the opposite. Eme. meridian will
practically be rendered for the time ametropic, deficient in refractive
power, and diffusion will oceur in that direction. 1f the eye in its
horizontal Eme. meridian be accommodated for focussing on the
retina rays of light coming from the distance point of the Me.
meridian, the Me. meridian will have its distant point shortened,
and diffusion will oceur in that direction. The point of light will
appear to be elon g'tfed vertically.

5. By a Stenopeeic Hole. — When the stenopceic opening is placed
in the visual line near the centre of the cornea, and the astigmatic
eve looks through it at the vertical and horizontal lines of Snellen,
they appear as sharp and defined, or nearly so, in all directions, as
they do to an Eme. eye.

6. By a Stenopeeic Slit.—When an astigmatic eye looks throngh
a stenopeeie slit at an object, the rays of light proceeding from the
object and passing through the slit will be acted upon by the
dioptric media of the eye according to the refractive quaht’y of
the particular meridian the slit coincides with. If the case be
one of ﬁnnpl{* Me. or He. Ast., and the slit be placed in the dirELtiun
of the Eme. meridian, both vertical and horizontal lines will appear
equally clear. If the slit agree with the ametropic meridian, there
will be diffasion of rays in the direction of that meridian, and lines
mrrespc;-mlmg with the meridian perpendicular to it will be rendered
visually dim and obscure. The proper correcting + or — lens,
aocm'duw to the kind of ametropia, will at once remove the confu-
sion. If the slit be applied to any intervening meridian similar
effects will occur in a modified degree, according to the position of
the mevidian. If the case be one of compound Me. or He. Ast,
and the slit be placed so as to correspond with either of the prin-
cipal ocular meridians, the visual effect will be the same as if the
case were one of simple Me. or He. Ast. of amount corresponding
to the degree of ametropia of the particnlar meridian to which the
slit is applied. If it be a case of mixed Ast., objects will be seen
as they wonld appear if they were regarded by an eve with simple
Me. or He. Ast., according to which meridian the fissure is applied to.
In all cases a correcting spherical lens will remove the astigmatic
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effect produced by the application of the stenopeeic slit. It should,
however, be remembered that effects similar to those last described
would ensue if the stenopeeic slit were applied to a myopic or
hypermetropic eye of the same degree of M. or H., but without any
Ast.

Diagnosis of Astigmatism. Objective Method.

The existence of Ast. may be determined objectively by the
changes of form it produces in the Uphtlmhumu_ﬁpu- appearance of
the optic papilla. When the fundus is observed by the direct mode
of examination the optic papilla appears elongated in a direction
corresponding with that of the most refractive ocnlar meridian ;
when the fundus is obzerved by the indirect mode of examination,
and the image is inverted, the optic papilla appears elongated in
the direction corresponding with the least refractive meridian..

Varieties of Regular Astigmatism.—All cases of regular Ast.
belong to one or other of six varieties of the three kinds of Ast.
before mentioned. They are the following :—-

1. Simple Myopic Ast. (-'im.}—ihm ocular meridian is Me., the
contrary meridian Eme.  Parallel rays passing through the former
meridian are br mlprhr to a focus in front of tlw retina; through the
latter meridian, in the plane of the retina.

2. Simple Hypermetropie Ast. (Ah.)-——One meridian is Eme.,
the contrary meridian He. Parallel rays passing through the
former meridian are focussed in the plane of the retina : I’I‘I]*ﬁ[ilri] the
latter meridian, have not attained their focus on mm'hmg the
refina.

3. Compound Myopic Ast. (M. + Am.)— Both principal meridians
are Mec., but in different dt‘tr]*i'fﬂ One meridian pres sents a
maximum of M., the meridian at right angles to it a minimum.
Parallel rays traversing the two pr mr:.l]J-sLl meridians are all bronght
to a focus in front of the retina, but at different distances in front
of it.

4. Compound Htfjrr"'j:-ia?i'.'-'f.njrff Ast. (H.4+ Ah.)—The two prin-
cipal meridians are He., but in different degrees. One meridian
presents a greater deficiency of refractive power than the other,
Parallel rays traversing each meridian would, if practicable, be
brought to a focus at a “distance beyond the I‘t‘tlIl"l but the focal
distances beyond the retina would be different.

5. Mized Ast.; Myopia Predominant (Amh.)—Both principal
meridians are ametropic, but the anomalies of refraction are opposite
in kind. M.in one meridian is mixed with H. in the contrary
meridian, but the M, predominates.

6. Mived Ast.; Hypermetropia Predominant (Ahm.)—This
variety is similar to No. 5, with the exception that H., instead of
M., predominates.
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The amount of Ast. in each of the foregoing six varieties will
vary according to the difference between the maximum and the
minimum of refraction in the two principal meridians. Such varia-
tions are very numerous. Of the three kinds of Ast. to which
the six varieties belong, i.e. the simple, compound, and mixed
kinds of Ast., the compound is most frequently met with in practice,

Examples of Regular Astigmatism.—The following will serve as
examples of the six varieties of Ast. Their correction will be ex-
plained afterwards.

1. (Am.)—Vertical meridian Me. M. = +2D. Horizontal
meridian Eme.  Amount of Ast., or the difference in refraction of
the two principal menidians, or Am., = 2 D,

(Ah.)—Vertical meridian Eme. Horizontal meridian He.,
H. being —2 D. Amount of Ast. or Ah. =2 D.

(M. + Am.)—Vertical meridian ?'nlf:. = +4 D, horizontal
meridian Me. = +2 D).  Difference in refraction between the two

meridians, or the amount of Ast. or Am. = +4D —-2D =
2

4. (H. + Ah.)—Vertical meridian He. H. = —2-50 D; hori-
zontal meridian He. = —7 D). Difference in J'Lf'mctiﬂn between
the two meridians, or the amount of Ast.,or Ah. = — (71 —2-50
D) = 4:50 D.

5. (Amh.)—Vertical meridian Me. = 4 1:50 D, horizontal
meridian hypermetropic, H. being = —1:0 D. The amount of
Ast., or difference in refractive ]mwer of the two meridians, or
Amh. =1:50 D wdded to 1-0 D, = 2-:50 D.

6. (Ahm.)—Vertical mmltlmn Me. =4-1:0 D: horizontal
meridian He. = —1:50 D. The difference in refractive power of
the two meridians, or the amount of Ast., or Ahm., is, therefore,
the same as in example No. 5, viz. 1'50 D +1:0 D = 2:50 D,

In the foregoing examples, the vertical and horizontal meridians
have been named as the two principal meridians of refractive
defect, because it is in these directions, or nearly in them, that
the refractive anomalies in Ast. are most frequently found. But
the anomalies of refraction may be found in any other of the ocular
meridians, and it is essential to determine the precise inclination
of the astigmatic meridians in every instance under notice before
the correction of the Ast. becomes possible.

To Determine the Direction of the Principal Ametropic Meri-
dians in Ast. and their Degrees of Ametropia.-— Various descriptions
of test objects have been arranged for determining the direction of
the principal ametropic meridians in cases of Ast. Of these
probably the most convenient are, firstly, circles; or semicircles
such as the one represented in fig. 51 having radii of lines dis-
posed at certain intervals, and marked by figures at the circumfor-
ence which indicate the number of degrees into which the
circumference is divided by them; or, secondly, series of letters
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formed by lines placed at various angles of ineclination, such as
those known as * Pray’s types.’

If a semicircle be employed, a line forming the base line of the
semicircular arc is usually marked 90° at each extremity, while
the line perpendicular to this base line is marked 0. The inter-
vening radial lines are marked according to the number of degrees
of the circumference included between them and the vertical line
(see fig. 54). Trial frames usually have the vertical line marked
90°; the horizontal lines marked 0 on one side, and 180° on the
other.

The letters of Pray’s tvpes are formed of thick dark lines, with
white interspaces of the same dimensions. There are letters with
the lines disposed in a vertical direction, others have the lines
horizontal, and others with the lines inclined at varions angles
between these two directions.

In using these astigmatic test objects, the person under obser-
vation is placed at a distance of 15 or 20 feet from them, the
objects being placed on a level with the face, and so that the light
may fall on them. Note is then taken of the particular line, or
particular letter, which appears most distinct to the astigmatic eye.
It one of the lines or letters is seen without any h[m;mg Or Ccon-
{fusion, it 1s apparent that the case isone of the ‘-":.Ill‘lpli.‘ form of Ast.,
and that the principal amefropic meridian is in the direction of the
line or letter which is seen clearly. Let the line seen clearly be a
vertical line, or the letter of l‘rfn s types which is {,mnlmqred of
vertical lines, the vertical meridian of the eye is ametropic, the
horizontal emmetmplc. If now a + and — cylindrical lens of one
dioptric be successively passed before the eye with the axis of the
lens held at right ann']e-% to the ametropic meridian, it will settle
the question as to the nature of the Ast., whether it be Me. or He.
In the instance supposed, the axis must be horizontal. If the Ast.
be Me., a —, if He., a +, cylindrical lens will rendef all the other
lines ::tf the ch'ﬂ or letters of Pray’s types, more dark and distinet.
A succession of lenses of the kind thus indicated may then be passed
before the eye until the lens which entirely neatralises the ame-
tropia, shown by all the lines and letters hemn‘ clearly seen, is met
with. The power of this lens being known, the rature and degree
of the Ast. will be equally known,

If, on regarding the dial or types, none of the lines or letters
appear free from blurring, although some have more definition
than others, the case is one either of compound, or mixed Ast.
The direction of the line or letters seen least hazily is noted, and
the inclination of the meridian of chief refractive defect is then
known. Proceeding as before, a weak Sph. + or — lens will
indicate the nature of the ametropia in the contrary meridian.
The Sph. lens which completely elears the line of indistinetness in
the chief ametropic meridian shows the amount of ametropia in

H
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the opposite meridian, and at the same time reduces the case to
one of simple Ast. A weak + or — Cyl. lens, with the axis per-
pendicular to the inclination of the chief ametropic meridian, will
show the nature of the ametropia in this meridian, and a suecession
of trials with such lenses will show its amount, by noting the lens
which completely clears V. in the opposite direction.  If the Cyl.
lens correspond in refractive quality with the spherical lens which
corrected the ametropia in the chief meridian, the case is one of
compound Ast.; if the cylindrical lens be of opposite guality to
the spherical lens, the case is one of mixed Ast. Thus supposing,
for example, the person under observation sees the horizontal line
of the dial or letter formed of horizontal lines least indistinetly,
the principal meridian of greatest ametropic defect is shown to
be in that horizontal direction, the principal meridian with least
ametropia is shown to be vertical. On trying with + and — Sph.
lenses of low power, a + lens increases the definition of the hori-
zontal line. The ametropia of the vertical meridian, or meridian
of least ametropia is shown to be H. A + 1-25 D Sph. lens com-
pletes the definition of the horizontal line. The ametropia of the
vertical meridian is shown to be H.=1'25 D. The case is now
reduced to one of simple Ast. A low power + Cyl. lens, axis
vertical, lessens the indistinetness of the vertical line. The ame-
tropia is therefore shown to be of the same nature in both prineipal
meridians ; and the case is shown to be one of compound He. Ast.
On trial, a Cyl. 4+ 2-50 lens, axis vertical, clears the vertical, and
now 1.111:11 it and the + 125D ":~ph lens tnfTPt]_’LE‘l the lines in all
dirvections are cleared. The case is shown to be a case of compound
He. Ast., Ah. vertical = —1:25 D, Ah. horizontal = —35:75 D.
Or, as another example, the lines in a vertical direction being
seen with least indistinctness, and the chief ametropic meridian
being shown to be vertical, a + 1 D spherical lens renders the
vertical lines quite distinct. The horizontal ametropia is shown to
be H.=—1 D. It is presumed that steps have been taken to pre-
vent, by the use of atropine, the exercise of Ace. on the part of the
lm,heuf or otherwise the H. in the horizontal meridian might be
neutralised by its exercise. On trial, a —1 D Cyl. lens, axis hori-
zontal, is found to lessen the blurring of the horizontal lines. The
qmetmpn in the vertical meridian is ]m*«mw in quality, opposite to
that of the horizontal meridian, and the case is shown to be one
of mixed Ast. A — 3 D Cyl. lens, axis horizontal, the spherical
4+ 1 D lens I]Fing retained, renders horizontal and all the other
lines clear. The case is thus proved to be one of mixed Ast.,, -
with vertical meridian myopic = +2 D, and horizontal meridian
hypermetropic= —1 D,

Correction of Regular Astigmatism.— The correction of the first
two varieties of regular astigmatism—(1) simple Me. Ast., and (2)
simple He, Ast.—when the nature and degree of the ametropia in
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the ametropic meridian have been determined, is at once effected
by a suitable cylindrical lens. The axis of the lens must Ln:‘p! aced
in the direction of the visual defect, or, in other words, of the
emmetropic me seidian,  The {*11111}1!1-% hefore oiven of tlu}w two
varieties will therefore be corrected as follows :—

Fz. 1.—(Am. = 2 D.) Vertical meridian Me., 4+ 2 I); horizon-
tal, Bme. A Cyl. — 2 D lens, with the axis horizontal, corrects
the Am., and renders the whole eye emmetropic.

Er. 2—(Ah. =2D.) Vertical meridian Eme.; horizontal,
He. — 2D. A Cyl. + 2D lens, with the axis vertical, corrects
the Ah., and renders the whole eve emmetropic.

The correction of the compound and mixed forms of Ast. may
be effected in either of two ways. The Ast., or the difference
between the two ]'_-u]u:l]r:l meridians, may be ﬁl'-t rectified, and the
remaining ametropia corrected by a suitable Sph. lens; or the case
may be in the first instance reduced to the siuqﬂe form of Ast.,
myopic or hypermetropic, as the state may be, by an appropriate
Sph. lens, and the Ast. then corrected by a proper Cyl. lens. The
latter is pmbﬂblj the shortest method. The degrees of ametropia
in the two principal meridians being known, whether in one of the
varieties of the compound or of the mixed form of Ast., the correc-
tion of either meridian by a proper Sph. lens will leave that
meridian emmetropic and the other meridian alone ametropie. The
case will then be one of simple Me., or simple He., Ast. If the
meridian possessing the relative maximnm of refractive power be
g0 corrected, the remaining meridian will be rendered He.; if the
meridian having the relative minimum of refractive power be
corrécted, the remaining principal one will be left Me.  The appli-
cation of a suitable (s 1. lens will then complete the correction as
shown in Exs. 1 and 2.

To illustrate this in the correction of the examples of compound
and mixed Ast. already given :—

Er. 3—(M. = + 2 D+ Am. = 2D.) Vertical meridian Me.
+ 4 D ; horizontal meridian Me. + 2 D. A spherical — 2 D lens
will renﬂer the horizontal meridian emmetropic, and reduce the
refraction of the vertical meridian to a M. of + 2 D. The case will
then be similar to Ex. 1, and a Cyl. — 2D lens, with the axis
horizontal, will complete the correction.

Fz. 4—(H. = — 2:50D 4 Ah. = 4-50D.) Vertical meridian
He. — 2:50 D ; horizontal — 7 D. A spherical lens 4+ 2-50 D will
render the vertical meridian emmetropie, and leave the horizontal
meridian He. 4:50D. The case will then be similar to Ex. 2,
simple He. Ast., and a Cyl. + 4-50 D lens, with the axis vertical,
will eomplete the correction.

Fz. 5—(Amh. = 2:50 D.) Vertical meridian Me. + 1-50 D;
horizontal meridian He, — 1-0 D,

A spherical — 1-50 D lens will render the vertical meridian

H 2
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Eme., and leave the horizontal meridian He. — 2-50 D. A Cyl.
+ 2:50 D lens, with the axis vertical, will complete the eorrection.
Or a spherical 4 1:0 D lens will render the horizontal meridian
Eme., and leave the vertical meridian Me. 4+ 2:50D. A CFL -
2:50 D lens, with the axis horizontal, will complete the correction.
Fe. 6.—(Abm. = 2-50 1).) Vertical meridian Me. 4+ 10 D;
horizontal meridian He. — 1-50 D.

A spherical 4+ 1:50 D lens will render the horizontal meridian
Eme., and leave the vertical meridian Me. + 2:50 D. A C:,'l =
2:50 D lens, with the axis horizontal, will complete the correction.

Or a spherical — 1:0 D lens will render the vertical meridian
Eme., and leave the horizontal meridian He. — 2:50 D. A Cyl
+ 2:50 D lens, with the axis vertical, will complete the correcti-:m.

The mhmmng table shows dlagmmnni ically the six varieties of
regular Ast., which have just been described, and will serve to ex-
phm farther the modes of correction in the several examples of
them given in the text.

It is obvious from the foregoing illustrations that two methods
can be practised for reducing each variety of compound, as well as
of mixed, Ast., to a condition of simple Ast. Either the meridian
in which there is the relative maximum, or the one in which there
is the relative minimum, of ametropia, may be corrected by a suit-
able spherical lens in order to effect the reduction. If the minimum
be selected, as in the examples given of compound Ast., the re-
maining ametropic meridian retains its original kind of ametropia,
but in a lessened degree. If the maximuom of ametropia be cor-
rected, the nature of the ametropia in the remaining principal
meridian will be changed, and spherical and eylindrical lenses of
opposite refractive conditions will have to be employed in the total
correction. In mixed Ast.,, the remaining amefropic meridian,
after the reduction to the simple form, may be either Me. or He.,
according as one or other of the principal meridians has been cor-
rected to reduce it to the simple form. Generally the mode of
correction in which the conditions of refraction are simplest in
kind, and least in degree, best answer the object in view. The
creation of a new and opposite kind of defect in the remaining
meridian should be avoided in all cases when practicable; while
the plan which corrects one meridian and at the same time lessens
the defect in the other, should be aimed at in all instances in which
the reduction of a complicated to a simple form of Ast. is under
consideration,

There is a third mode of correcting compound and mixed forms
of Ast., by neutralising the mm‘frn]ml, in each of the two principal
meridians by suitable C: yl. lenses. The axes of the lenses will have to
be placed at right angles to each other. Such bi-cylindrical lenses
present practical difficulties in their manufacture and adjustment,
and are consequently rarely employed in astigmatic correction,
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Ex.5.Mixed Ast., M. predominant.

Ez.6.Mixed Ast., H. predominant,
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Fro, 56.—DrscrunnTic View oF THE Six VARIETIES oF REGULAR ASTIGMATISM,
WiTH THE CORRECTION OF AN EXAMPLE OF EacH VARIETY.
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bi-eylindrical,

Cuar. 11

and

The construction of plano-cylindrical,
spherico-cylindrical, lenses, has been illustrated in a previous
SEEN IN FACE

a Eph. — 1D
bCyl. = 1D
Axis horizontal

HORIZOMNTAL SECTION.

VERT IC AL
SECTION

Fic. 57.—Comrouxp Mce. Ast. coRRECTED BY A SrHERICO-Cyr. LEXS.

chapter (see figs. 26 to 31). Figs.

57 and 58 will serve to illus-

trate the appllmtmn of spherico-cylindrical lenses in the correction

of the compound and mixed forms of Ast.

A
SEEN IN FACE
F_»—-‘ED
H=— 1D |I
1
\
@ SPH: + 1D \
P CYL: — 3D |

HORIZAONTAL SECTIOHN

C
VERTICAL
SECTION.

Fia. 5B.—Mixep Ast., M. PREFPONDEBRATING, CORRECTED BY A SPHEEIC0-Crr. LENS,

Diagnosis and Correction of Irregular Astigmatism.—Irregular
Ast. being usnally due to superficial alterations of form, I‘ESIJ]tlng
from inflammatory affections or other lesions of the cornea, some
indications of the disease to which the eve has been ::-ubgected are

the gener al accﬂm]rmlm{-n’rs of this form of Ast.,

such, for example,

as cicatrices of corneal ulcers, faults of curvatur E-. corneal opacities,
and other abnormal cnndit-iuna, which may be readily observed by
lateral illumination of the cornea, or by direet ophthalmoscopic ex-
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amination. Not only is the visual acuteness found to be impaired
owing to the 1mpe1‘f'er:t transmission of light due to these changes,
but {}ljje-cts looked at by the p*m{*nL are seen deformed. Str a,1u*1|I
lines appear wavy, and differ in depth of colour in some of their
parts. K v:-tratmcopv exposes the irregularity of the corneal curva-
ture, by the manner in which the lights and shadows follow each
olller In sunecession, when the l'l"ﬂl."l:‘flltg mirror is gently rotated on
the axis of the handle which supports it. No forms of lenses,
whether Sph. or Cyl., correct the deformity of objects or restore
normal acuteness of vision, although the deformity is less, and
acuteness of vision ﬁ*equenth' 1111pmn,d when the access of rays of
light is limited by the application to the eye of a stenopeeic opening.
Influence of Ast. on Military Service. i may be readily under-
stood from considering the nature and effects of Ast., that it is an
optical condition which must seriously interfere w ith the accurate
performance of some of the most important duties of soldiers. The
condition of M. does not prevent the eye from seeing clearly at
particular distances; H. interferes with good sight less at some
distances than it duus: at. others; but Ast. renders vision more or
less indistinet at all distances. Objects not only appear indistinet,
but they are to some extent altered in form; the extent and
direction of their disfigurement varying accordnw to the kind and
amount of Ast. in the eve which looks at them. The power of
forming correct estimates of the distances of objects is much im-
paired. In using a rifle, neither the object aimed at, nor the sights
of the rifle itself, can be seen accurately—their ontlines are blurred.
more in one direction than another. Moreover, this faulty state of
vision is accompanied by an amount of ocular effort and persistent
feeling of uncertainty mﬂ'}mlmw the true characters of objects that
add materially to the difficnlties of any astigmatic person whose
dut y it may be to observe ijl‘.‘l.i’i- before him with promptness and
precision. A soldier who is astigmatic cannot, therefore, be relied
upon for the proper discharge of his trust if he be placed on guard
as a sentry—particularly on active service in the field, where alert-
ness as well as a wide scope of view, and a well-defined recognition
of all objects are often of essential importance. Kven in armies in
which the use of correcting glasses is permitted, Ast. will always
be a ﬁ]lblflllﬂ ifying defect, f'm' it iz almost impracticable to malke
provision for supplying the kinds of lenses, already described, which
are necessary for correcting this form of ametropia.
The rule‘; under which astigmatic defects of vision disqualify a
recruit from acceptance for 11‘1111{“ wy service, and the regulated

manner of determining the f]lsrimhhcatmn will be found 111lept er
IX,
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CHAPTER III.

BSubjective and Objective Modes of Visnal Examination—Objective Assessment of
Refraction—DirgcT MopeE or OpHTHALMOSCOPLC DiscNosis—Conditions
which Concern the Observer—Those which Concern the Ohserved Eye—Rays
Emitted by an Emmetropic Eye —By a M_wpiu Eye—By a Hypermetropic Eye
—Eifects of Foregoing on the Observer's Eye—Application of Observations to
DIJ"-‘-“IH]HI::—-—LrLﬂt and Inverted Images—Objective Diagnosis of Em.—Of M.
i -Astigmatism—MEASURE OF AMETROPIA BY REFRACTION OPU-
THALMOSCOPES —Manner of Employing them—Diagnosis of Degreesof M.—
Of H.—On the Use of Refraction Opht h.llIIlT.‘l‘-LUpl’.‘a-—hEiL&Tﬂbﬁﬂ[’f—nlﬂl'
culties in Military Pra{.tlcpe—ippcarrlm.eq in Keratoscopy— Keratoscopy with

Concave Mirror—Application in Practice—Diagnosis of Degree of M. or H.—

Measore and Correction of Ast.—Keratoscopy with Plane Mirror.

Subjective and Objective Modes of Visual Examination.—The
methods of determining the visual acuteness and ocular refractive
conditions hitherto described have depended in a great degree on
the desecription by the person under observation of his own visunal
impressions. The subject under examination has told the surgeon
what he could see, or could not see, under given circumstances.
Reliance has necessarily had to be placed by the examiner on the
honesty and correct description by the person under examination of
the kll!_l_]i:'{,fl‘l.'{_. phenomena that have occurred to him. If the person
wlio has been tested has only been actuated by a desire to assist the
examiner in his investigations, and has answered the tests put to
him intelligently, the conclusions arrived at will be correct and sure ;
but if, intentionally or otherwise, the replies given to the examiner
and the statements made by the person examined have not been in
accordance with the person’s real impressions, then the eonclusions
arrived at may be false. The accuracy of the conclusions may be
tested by inecreasing the number of tests and varying their nature ;
but these proceedings occupy more time than fw{llwnth' can be
gpared for the purpose. If, therefore, modes of examination can be
practised in which there is no need for the participation of the
person under examination, in which the surgeon’s own observations
of the eye and its appearances under certain conditions will suffice
to reveal to him its refractive quality, and, if ametropie, its amount
of ametropia, it is evident that such sources of fallacy as have just
been referred to will be altogether removed. If, moreover, satis-
factory results can be attained ml}iﬂlr by an objective examination
of the kind alluded to, then obviously the gain will be very great,
both to surgeons and patients, and especially to surgeons who have
to deal with children who cannot readily deseribe their sensations,
or who have to attend to large numbers of patients within limited
periods of time, as often happens in eivil ]mapuhl practice. It is
not to be wondered at, then, that during the last few years a great
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amount of attention has been given to objective methods of ex-
ploring and determining ocular states of refraction, not only gener-
ally in civil life, but also in military practice in countries where
the system of conseription is in force, and in which the numbers
of men to be examined, and the amount of false assumption or
exaggeration of visual defects are far greater than British military
surgeons ever have to deal with. As a general rule, a large pro-
portion of conseripts for Continental armies would avoid military
service if they could, and hence naturally have a tendency to ex-
aggerate defects when they exist, or to make it believed that they
exist when they do not exist, while, as a general rule, in a system
of voluntary enlistment, just the reverse holds good, and the recruits
do their best to show their fitness for service. It is obviously com-
paratively easy for a surgeon to determine whether a recruit’s power
of sight is up 4& a given standard when the man is doing the
utmost he can to slpw his sight at the best ; while it 1s a very diffi-
cult matter to prove that the quality of vision of a conscript is up
to the required standard, when the man is trying to counteract the
surgeon’s efforts, unless the surgeon is sufficiently expert to deter-
mine the question by objective observation.

Objective Assessment of Ocular Refraction.—Ophthalmoscopic
observation of the fundus affords very useful assistance to surgeons
in enabling them to establish a diagnosis of the refractive condition
of an eye in doubtful cases. If the subject’s vision be really defec-
tive owing to ametropia, the presence and kind of ametropia, after
a little practice, and approximately the degree of the defect, can
be ascertained by its means. The determination of the degree of
V. by methods previously deseribed will indicate the amount of the
disability stated to exist, and as, if any attempt at simulation be
practised, a high degree of defect is likely to be assumed, the oph-
thalmoscopic examination will resolve all doubt on the subject,
without the person under observation having any power to interfere
with the conclusion at which the surgeon may arrive.

Both the direct and indirect methods of ophthalmoscopic obser-
vation can be used for ascertaining objectively the refractive state
of an eye, but the former method is more reliable and useful. The
direct mode of examination in which the mirror alone is employed
can be applied in two ways, viz. by using it for observation of an
illuminated part of the fundus, or particular object in this illumi-
nated portion ; or by using it for observation of the shadow by
which the illuminated part is bounded. This latter application of
direct examination is known as ¢ Kerafoscopy,” or sometimes ¢ Retino-
scopif.

In order to judge not merely the quality of refraction, but to
determine the degree of ametropia when ametropia exists, other
expedients, in addition to the simple use of the concave mirror, are
necessary. The expedients in ordinary use are mechanical arrange-
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ments for applying any mquirﬂd correcting lens to the aperture of
the mirror by means of ¢ refraction i‘}‘pr.ﬁI’f!r;fuiuh.rullu.rw or the applica-
tion, as in keratoscopy, of a series of trial lenses in front of the eye
under examination. An explanation of each method follows,

ASSESSMENT OF AMETROPIA BY DIRECT OPHTHALMOSCOPIC
(OBSERVATION OF THE FuUNDUS.

Ophthalmoscopic Diagnosis—Direct Method.—In this proceeding
the ordinary concave mirror alone is i‘*mllln‘l,‘r::ﬂ It is understood
that the examining surgeon is himself emmetropic, or renders his
eye emmetropic I.w correction throngh a suitable lens placed in the
clip at the back of the mirror. The surgeon arranges himself so
that the mirror, throngh the sight-hole of which he makes his ob-
servations, is at a dnamncc of 18 inches or more from the eye under
obgervation, the light having its usual relative lmﬁntmn to the patient
and observer. For precise nbsen‘;ttmn especially in cases where
there is reason for suspecting an attempt at simulation, it is well
to place the patient under the influence of atropine. If this should
not be convenient, or not considered desirable, then the eye of the
patient should be directed to some distant point so that its accom-
modation may be relaxed as far as possible during the examination.

Rays Emitted by an Eme. Eye—In ﬂp]]lj‘ll‘lﬂ* this method it is
to be remembered that the rays reflected from the illuminated

R

e —————

Fia. 590.—Ravs EMITTED BY AN EaneErroric Eve, AccoMMODATION BEING AT REST.

retina of an emmetropic eye whose Acc. 1s at rest have such direc-
tions given to them in traversing the successive refractive media
that they pass ontwards from the eye as parallel rays—that is, all
the reflected rays emitted from each point of the retina after leav-

ing the eye travel in a direction parallel with the axial ray belong-
ing to that point (see fig. 59).

Rays Emitted by a Me. Eye.—The rays reflected from the retina
of the myopic eye, when its Ace. is at rest, in issning from the eye
follow the same paths as the diverging rays which enter it from its
distant point of distinet V., and therefore pass away from the
globe as convergent rays, that is, all the rays from any one given
illuminated point of the retina, instead of being pnr.lllfcl with the
axial ray belonging to that point, as happens with the Eme. eve,
converge towards it and meet upon it at some point. This meet-
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ing point is the remote point of distinet vision of the eye under
observation, and its distance from the eve will depend upon the
degree of M. (see fig. 60). The higher the degree of M. the more the
rays converge, and, as a result, the nearer to the eye their meeting-
point. The point on the retina from which the reflected rays start,
and the point at which they meet in front of the eye are cnnjugate
foci and in the case of a retinal object being regarded, a real
and inverted image of that object will be formed in the position of
the conjugate focus situated in front of the eye. This arial image
will be larger than the object from which it is projected.

Fia. 60.—Ravs exrrtep By A Myoric Eve, AccodMopaTIoN BEING AT REsT.

Rays Emitted by a He. Eye.—The rays reflected from the
retina of the He. eye pass out of the globe as divergent rays, that
1s, instead of approaching toward the axial ray as described in the
Me. eye, they diverge from it. The greater the deficiency of refrac-
tive power in the eye under obsery ation, or, in other words, the
higher the degree of H., the greater will be the angle of divergency
from the axis of the cone of rays (see fig. 61). If these emitted
rays were prolonged backwards with the angle of divergency un-
changed, they would meet at a point behind the retina, and, at the
distance of this point, an erect, enlarged, virtual image of an
illuminated retinal object would be formed.

F1. 61.—Rays EMITTED BY A HyreruEtnoPIc EYE, ACCOMMODATION BEING
aT REsT.

So far then as an eye looking through the sighthole of the mir-
ror is concerned, the rays falling on it “will be parallel if the eye
under observation from which thr-} proceed be Eme., convergent if
they come from a Me. eye, and have not yet reached their meeting
pamt and divergent if tllL}' come from a Me. eye after they have
met and crossed, or if they come from a He. eye.

Effect of Rays from an Eme. Eye on the Observer.—The observer
being understood to be Emec., the effect produced on his vision by
rays having the several directions named, will vary according as he
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exerts Ace. or does not exert it. Being emmetropie, if no Ace. be
exerted, his eye is adapted for focussing parallel rays and he will
be able to see objects on the retina of the Eme. eye “under observa-
tion ; but if Ace. be exerted and his V. ad: Lptf-d to the distance of
the 1'etim11 object, he will not be able to see it with definition, be-
cause his eye will then be adapted for focussing divergent rays,
while the rays emitted by the Eme. eye and falling on his own are
parallel rays (see fig. 6G2).

Fig. 62,—Bavs meacHING THE Opserver's Eve rrom ax Eve wrHIicE 13 Eumc.

Effect of Rays from a Me. Eye on the Observer.—If the eyve
under observation be Me., the clearness of view of the fundus will
not only depend on the fact of Acc. being exerted or otherwise,
but will also be influenced by the relative position of the examin-
ing surgeon and the position of the punctum remotum of the eye
under examination. If the observer be placed s0 as to be within
the remotum of the Me. eye under examination, and the emitted
conver glug rays have not met and crossed before reaching the
observer’s eye, a clear image of a retinal object cannot be formed
on the observer's retina. His eye is adapted for focussing parallel
rays if no Ace. be exerted, and will be adapted for di?ergent TAYs,
if Ace. be exerted, while the rays reaching it under the conditions
named are convergent rays. If the observer be placed so as to be
outside and beyond the remotum of the observed eye, so that the
emitted converging 1-51_1,5 will have met and erossed before arriving
at the observer's eye, then, under such circumstances, by accommo-

Fi16. 63.—Biys neacHiNe THE OnseERvERr's EvE From ax Eve whiceE 18 Me.,
THE RAYS HAVING CROSSED.

dating for the distance of the meetmg point of the rays from the
observed Me. eye, he will see the image formed at this point as
distinetly as if it were the object: itself instead of its image. The
emitted rays having crossed, fall on the observer’s eye as diverging
rays, and by the assistance of a suitable amount of Ace. they are
brought to an exact focus upon his retina. The higher the degree
of M. the sooner will the emitted rays meet, and the nearer to the
eye will be the atrial image of the fundus (see fig. 63).
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Effect of Rays from a He. Eye on the Observer.—If the observed
eve be He., as already mentioned, the emitted rays have a divergent
direction, and fall upon the cbserver’s eye as divergent rays. If
the observer accommodates for the apparent origin of these diver-
gent rays, that is for the virtual remote pmnr of the eye under
observation, he will be able to bring the divergent rays to a focus
on his retina and thus obtain a clear view of the objects on the
fundus of the observed eye. The divergence is neutralised by the
observer bringing his Ace. into action. If the observer cannot
exercise sufficient Acc. for the purpose, or, in other words, if the
virtual remotum of the observed eye be w ithin the near pomt of
distinet vision of the observer, clear vision of retinal objects on the
fundus of the He. eye will not be obtained (see fig, G4).

Fia. 64.—Riss nEacumse ThHE OpseErvEr's EYeE rroy ax Evye wricH 15 He.

Application of Observations to Diagnosis.—The application of
the observations Jus,t described suffice to show whether the eye
under examination is emmetropic or ametropic. The fact that no
object on the fundus is defined, if any Acc. be exerted, proves that
the eye is emmetropic ; the fact that objects are defined when Ace.
is exerted proves that it is ametropic, and further, if' the eye be
Me., that the remotum of the Me. eye is within the range between
it and the distance of the observer. But more precise knowledge
of the nature of the image seen by the observer is neceszary in
order to define the exact nature of the ametropia. This information
is obtained in the following manner.

Although the observer takes a position at a distance of a foot
and a half to two feet from the patient at starting, be may find that
he has to vary the distance considerably before nhtmmnw a clear
view of the fundus. He will then move himself backwards and
forwards, so as to increase or lessen the distance, according to need,
until a elear view of a part of the fundus is obtained. If the eye
under observation be Eme., and the observer finds a difficulty in
relaxing his Acc., he will have to bring the mirror close to the eve
of the patient before he can obtain a view of the fundus. When
the observer's eve is brought thus close, all Acc. relaxes spontane-
ougly, and the p'u"i,llel rays emitted from the Eme. eye can then be
focussed on the retina of the observer as easily as if 1;11!&:3r proceeded
from an object at infinite distance.

Erect and Inverted Images.—The observer, as soon as he has
obtained a clear view of the portion of the fundus before him, fixes
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upon a retinal vessel as a mark of observation. A vessel proceeding
from the optic papilla forms a convenient mark, as it is conspicuous
by contrast with the background over which it passes. Moving
his head to one side, the observer watches the apparent movement
of the retinal vessel he has selected as a mark. If the objeet
regarded follow in its apparent movement the same direction as the
head of the observer—if the observer on moving his head to the
right sees the vessel move to his right also, he knows that he is
1uu|:..|ncr at an upright image ; if, on “the. other hand, the object in
its apparent movement follows a direction opposite to that of the
observer’s head—if the observer on moving his head to the right
sees the vessel move to the left—he knows that he is looking at an
inverted image of the object he has taken as a mark.

Objective Diagnosis of Em.—Applying the observations just
described, if the ovserver, accommodating for the distance of the
eye under examination, fail to obtain a dhrnu,t image of a retinal
vessel, the eye may be regarded as neither Me. nor Hc but Eme.
The conclusion will be rendered complete if' the Dbﬁerver carrying
the mirror close to the eye he is examining, and no longer Exer’tmn-
Acc., is then able to see a clear enlarged image of a portion of the
fundus, and if this image proves itself to be an erect image by
moving in the same direction as the observer moves his head,

Objective Diagnosis of M.—If the observer, with the mirror at
18 inches or farther, sees a distinet image of a portion of the fundus,
and, marking a particular vessel, finds it move in the opposite
direction to that in which he moves his head. it is evident that he
has a Me. eye before him. The image that he is seeing is an in-
verted image formed at the remotum of the eye under examination.
If the observer's near point of distinet vision is beyond the range
of distance between his eye and the image, the image will not: be so
distinet as it will become when he moves himself farther away from
it. If the remotum of the Me. eye be farther off than the distance
at which the observer can usefully employ the mirror for illumining
yve—a distance of 3 feet or more —no distinet image will be
seen, and if a vessel can be distingnished it will move in the same
direction as the observer’s head, for the reflected rays emitted from
this feebly Me. eye will not have crossed before the 'y have reached
the eye of the observer.

Objective Diagnosis of H.—If the observer with the mirror at
18 inches or farther sees an image of a portion of the fundus while
accommodating for its apparent distance, and, marking a particnlar
vessel, finds it move in the same direetion as that in which he moves
his head, the coneclusion is that he has a He. eve before him, The
image is seen more distinetly as the observer .1|1]wmchm the eve
under examination until he has arrived at 5 or 6 inches from it.
The objects seen do not appear so enlarged as they do in the Eme.
eve when the observer’s eye is brought close to the observed eyve
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but the chief distincetion between the condition of Em. and H.
is to be found in the fact that no image can be seen in the Kme.
eye at a distance of 6 or 3 inches, or further off, unless all accommo-
dation is suspended, while in the He. eye the image is seen when
Ace. is exerted in proportion to its distance and the degree of
the defect.

Objective Diagnosis of Ast.—lhe same indications may be
turned to account in determining the existence of Ast. The indi-
cations will vary in the two principal meridians in kind and degree
according to the nature and amount of Ast. presented. In mixed
Ast. the indications will be contrary in one meridian to what they
are in the opposite meridian ; t'llt'*? will correspond with those

which characterise the Me. condition in one meridian, while they
will agree with those distinguishing the He. condi tion in the
opposite meridian.  If no Ast. be 1'!]1'5{’11': in the observed eye the
retinal vessels radiating over the fundus are seen in all directions
with equal distinctness.

ASSESSMENT oF AMETROPIA BY REFRACTION OPHTHALMOSCOPES.

Description of Refraction Ophthalmoscopes.—These ophthalmo-
scopes are used for determining objectively the state of refraction
of an eye on the same 131‘111(,111]4:3 as those on which the direct
method of observation just described by the concave mirror alone
is based; but the mirror is furnished with a series of small convex
and concave lenses with a view to determine not only the nature of
any ametropia which may exist, but also to estimate its amount by
ascertaining the power of the lens necessary for its correction.
There are many forms of refraction ophthalmoscopes, differing in
mechanical details, but in all the varieties the small correcting
lenses are so arranged that they can be moved in rotation behind
the mirror in such a way as successively to cover the sighthole
throngh which the observer looks at the eve under examination.
There are usually two superimposed dises behind the mirror, each
carrying a certain number of lenses, arranged circularly near its
outer bor der, and each capable of being rotated 111{]911911:191“ into
any position at the discretion of the operator. 1T have found the
refraction ophthalmoscope arranged by Dr. G. L. Johnson, of the
Royal Westminster Ophthalmic Hospital, easy Dfm-mlpulatmn It
is sold as ¢ Johnszon’s improved ophthalmoscope’ and can be em-
ployed satisfactorily either for the direct and indirect modes of
ophthalmoscopic examination or for keratoscopy. The lenses are so
arranged that in applving them only one refracting medinm inter-
venes l'li"f'i‘i een the eve of the observer and the patient in all the
lenses between —1 D and —10 D inclusive. and between +1D
and 4+ 8 D inclusive, while by the intervention of a second lens
all the intermediate half-dioptrics and higher powers up to —29 D
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on the one hand, and + 23 D) on the other hand, can be obtained.
By this means, although twenty-one lenses are inserted in the two
discs, a range of seventy lenses is obtained. Means are adopted
for mnthmhnu* at the back of the instrument the power of each
lens bmuwht before the aperture of the mirror. This ophthalmo-
scope, like others of the same class, is also supplied with two con-
cave mirrors, one small and of short focus, the other large and of
long focus. The small mirror has a diameter of seven-eighths of
an inch and a focal length of 3 inches, the larger mirror a diameter
of 1'4 inch and afocal length of 18 inches. They are so connected
and pivoted that either can be instantly brought into position as
required. One forms a convenient mirror for direct examination
close to the patient’s eye; the other is suitable for concentrating
light on the fundus when used at a distance from the patient, as
in the indirect method of examination or in keratoscopy. The
reflecting surface of the smaller mirror is not level, having its
plane pamllﬂl with the plane of the revolving discs, like the larger
mirror, but is set at an angle of 35° and hmntr made to rotate
round its own axis can be turned to reflect the llght from and in
any direction reqmred The examining suorgeon, instead of in-
clining the mirror, in order to obtain th{* fullest amount of light
for reflection upon the eye of the patient, can effect the same
purpose by rotating the mirror in its pﬂ%ntmn while he avoids the
inclination which would otherwise be given to the correcting
lens relatively to his own line of sight. Whatever the position of
the inclined mirror, the principal axis of the lens used for correc-
tion, and the visual axis of the observer, remain in one and the
same line. The illustrations on page 113 show the arrangements
of the parts which have just been described.

Manner of using Refractive Ophthalmoscopes for Direct Obser-
vation.—The small mirror is brought uppermost. As it is incon-.
venient for the observer to use one of the disc lenses attached to
the mirror for correction of his own ametropia in case he is
ametropic, he must either wear suitable spectacles or take his own
error of refraction into account when he finds the lens which ap-
pears to correct the ametropia of the observed eye. 1f the observer
be Me. he must subtract the power of the lens equivalent to his
degree of M. from the lens which corrects an observed Me. eye
or must add it to the power of the lens which corrects an observed
He. eye. If the observer be He., he will have to deduet the power
of the lens r(‘pu-wmlmg; his degree of H. from the power of the
correcting lens of a He. patient; he will have to add it to the
power of “the correcting lens of a Me. patient. It is necessary
also that the Ace. of the observer as well as of the eye under
observation should Dbe in abeyance. Holding the instrument
upricht, he then places the mirror as near to the eye to be ex-
amined as can be managed, and rotates the mirror until he has
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=0 qri]u%{“{ﬂd it as to concentrate the light on the fundus of the eve
nnder examination. At this close distance to the examined eve
there will be little, if any, difficulty as regards the exercise of Ace.

Irg. Ga.—Jonxsox’s maprRovED (OPHTHALMOSCOPE.

A, bank of instrnment, showing portions of the dises earrving the lenses ; &, front, with the
twa mirrorz ; C and D, dizes, with lenzes ; E, handd &

by the examiner, and his eye will be adapted for focussing paral el

rays. The ]Iﬂ"ht should be placed to the outer side of the eve to be
|
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examined, and about 6 inches behind it. For this observation it is
less embarrassing for the examiner to place himself on the same
side of the patient as the eye to be examine ]—:}11 the right side for
the right eye, on the left side for the left e yve. The patient should
be caused to turn his eye upwar ds and inwards in such a direction
as will bring the optic entrance in line with the observer’s line
of sight, and to look as far away as practieable in order to keep
his Ace. relaxed, The handle of the instrument should be held in
the hand of the observer, but his forefincer should rest on the
margin of the wheel by the action of which the principal disec is
turned, when, if it be the left hand, by pressing the disc from
above downwards, or from left to right, the correcting lenses will
be brought into position in an aacendmg series, and by pressing it
in a reverse direction in a descending series. The value of each
lens as it comes into place is shown on the back of the instru-
ment ; the figures being coloured red for the convex, white for the
concave lenses (see fig. 65). The indications will then be as
follows :(—

Diagnosis of Em.—An enlarged and upright image of the optic
entrance and retinal vessels is seen. The details of the image are
clear, and are not rendered more clear by the intervention of any
+ or — lens. It is necessary to be sure that the eye is not
He., for in the He. eye the image may also be clearly seen by the
{)h‘:t‘l“FEl‘ if he use his Acc. and so focuses the emitted div Erweut
rays. If, however, the eye is Emec. the intervention of a + lens
of low power will change the direction of the parallel rays as they
fall on the eye of the observer into converging rays, and the Eme.
observer will then fail to get an image as clear as he did when
the rays fell on his eye as parallel rays.

Diagnosis of Degree of M.—The observer sees only a blurred
and indistinet image of the fundus, for the rays hlimu- on his eye
have a converging direction. On rotating the disc and bri inging
the concave lt?.llht'.'s in succession over the sight-hole, the image
becomes gradually clearer, and is at last rendered distinet. The
refractive excess of the Me. eye is then neutralised, and the rays
emitted from it after passing 1'111‘011gh the correcting lens fall on
the observer’s eve as parallel rays. They are 1]1-m-rr:-ti into the
same direction as if they were received llllLLﬂ". from an Eme. eye.
The power of the iukt or least dispersing, lens which prmluce%
this result expresses inversely the degree of the M. The image
may remain distinet, although a dispersing lens of higher power
is placed behind the aperture of the mirror, but in this case part
of the action of the higher concave lens is neutralised by the
observer exercising a proportionate amount of his Ace.

Diagnosis of Degree of H.—'The image of the fundus is seen
clearly with the mirror alone, if the observer can exercise Ace, so
as to adapt his sight to the apparent distance from which the
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divergent rays emitted by the eye under observation take their
start. The observer tries the intervention of a + lens of low
power. If the image remains clear the eye is He. ; the divergency
of the rays emitted by it is lessened, but the observer still accom-
modates for the apparent distance of the virtnal remotum of the
eve under observation, and so obtains a clear image of the fundus.
The lenses are successively increased in strength until the image
of the fundus is rendered more or less indistinct. The rays ﬂﬂhncr
on the eye of the observer are now not divergent nor parallel, but
have been rendered convergent. The refractive deficiency of the
eve under observation has “been more than supplied, and the eye
vendered slightly Mec. The lens expressive of the degree of H.
will therefore be either the last used, the strongest converging
lens under which the fundus was seen clearly, or will be between
it and the lens which has rendered the image of the fundus more or
less confused.

Remarks on the Use of these Instruments.—Much practice is
necessary before an estimate of the degree of ametropia can be
f'm med even with approximate exactness in some instances.  Errors

e apt to arise from the observer not relaxing his Ace. completely
or f'n::rm failing to determine the precise limits of the maximum of
distinctness of the images seen by him—at what point the dis-
tinctness is greatest, or at what other peint the distinctness begins
to be lessened. Other sources of error occur in this method of
examination. Theoretically the correcting lens ought fo be situated
at the anterior focus of the eye under observation, about half an
inch in front of the cornea, but from the form of the instrument
and the position in which it must be held for reflecting the light
upon the pupil, the lens behind the mirror is prftctlmlh‘ an inch or
so beyond this distance. The greater the distance of the lens from
the anterior focus of the eye, and the higher the degree of ametropia
of the patient, the less precise will be the estimate furnished by
the power of the correcting lens.

The allowance to be made on account of the various sources of
error just referred to can only be arrived at after long practice with
the instrument. The difficulties are increased when the refracting
ophthalmoscope is employed for determining the relative differences
of refraction in a case of Ast.

ASSESSMENT OF AMETROPIA BY KERATOSCOPY,

Keratoscopy.— Keratoscopy is a name given to a mode of deter-
I'I:'ll'.rlll.'l‘-'r the refractive condition of an eye, which 18 now much
vesorted to, as 1t can be t‘mplml‘*d llltlf'p( ndently of active assist-
ance on the part of the patient, can be accomplished rapidly, and
the end attained in most cases with adequate precision, notwith-
standing the presence of amblyopia. Keratoscopy does not depend
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upon observation of the cornea itself, as the term would seem to
imply, but npon variations in the aspects and relative movements
of certain lights and shadows seen within the pupillary disc under
special ophthalmoscopic arrangements. The term Retinoscopy is
sometimes applied to the same method of observation, but this
term fails to distinguish it from other modes of ophthalmoseopie
observatior: of the retina, and the meaning of Leratoscopy, though
faulty as an explanatory expression, is universally understood.
Keratoscopy in Military Practice.—The practice of keratoscopy
requires not only a mirror, either concave or plain, but also a com-
plete case of trial lenses. As such trial cases do not form part of
the regular equipment of military hospitals, military surgeons will
rarely be able to avail themselves of this method of obzervation for
deciding the qualities of vision in the cases submitted to their

v

Fre. BH.—ARRANGEMENTS NECESSAEY ForR KERATOSCOPY.

The simple lines show the incident, and the dotted the reflected rays, These are, of course,

not zeen in nature,
judgment, but must resort to other proceedings described elsewhere
in this mannal. Whenever trial cases of lenses are available, how-
ever, by private means or otherwise, keratoscopv, when the art has
once been acquired, will be found to possess many advantages, espe-
cially in cases complicated with amblyopia or astigmatism. To be
expert in the application of keratoscopy the surgeon must be pre-
pared, as in other modes of estimating amounts of error of refraction
objectively, to devote considerable time and attention to its practical
acquirement.

Arrangements necessary for Keratoscopy.—The pupil of the eve
to be examined having been dilated, and the Ace. paralysed, by
the use of atropine, when its employment is not for any s[mcilﬂ
reasons objectionable, the patient, seated in a dark room with the
lamp placed well behind him, is directed to look at a distant object;
just ahove the surgeon’s head. The surgeon, having previnhsl}r
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corrected any error of refraction peculiar to himself by a suitable lens
at the s1ght-l1uh, of the mirror, seats himself at a distance of about
3 or 4 feet from the patient, and lights up the eye to be observed
by means of the mirror held x‘u*tlcallr The most convenient
mirror for the purpose is a concave mirror whose principal focus 1s
at a distance of from 1 foot to 18 inches. The illustration hardly’
indicates distance enough between the surgeon and the eye under
observation.

Appearances in Keratoscopy.—Observing steadily the illumined
intra-pupillary dise, the surgeon rotates slowly the mirror on the
axis of its handle, and on doing this the appearance of a dark
shadow may be noticed at one of the lateral borders of the red dise,
and, if the rotation be continued, the shadow will advance until it
obscures the whole space of the dise. At a certain interval half
the disc will appear illamined and half appear shaded (see fig. 67
If it be the half of the disc to the left of the observer which is
obscured, while the half to his right is illumined, the shadow is

Fic. 67, —APPEARANCE IN KEHATOSCOPY. ADVANCE OF THE SHADOW,

advancing from left to right, as seen by the observer; if the
shadowed and illumined portions be reversed in position, the
shadow travels from the observer’s right towards his left hand, so
that the shaded part always marks the side from which the shadow
travels. and the illumined part that towards which it is travelling.
The exposed border of the shadow will sometimes be straight, some-
times more or less crescentic in outline ; its intensity also, and rate
of movement with reference to the movement of the mirror, will
vary in different cases,

It will be seen from the arrangement of the light and from the
distance at which the observer holds the concave mirror, that the
converging rays reflected from the mirror will meet and intersect in
the air, and that, having crossed, they will then fall on the eye as
dwergmn‘ rays proc 1=er:'lmn* from the pomt of intersection, and will
ultimately be brought to a focus, or will approximate to a focus,
and will form a more or less defined image on the retina accercling
to the refractive quality of the media of the eye under examination
by which they have been acted upon in their passage. The part
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of the retina outside the illuminated image will be in shadow. It
is this shadow, dark by contrast with the illominated part of the
fundus, the movements of which, after the image and its surround-
ing slmdﬂw have been acted upon in returning through the re-
fractive media of the eye towards the eye of the observer, the
observer examines in keratoscopy (see fiz. 68). The more true
and defined the image on the retina, the brighter will be its edge
and the darker and more distinct the border of the shadow : on the
other hand, the more the image is confused by circles of dlfﬁlhlﬂn,
the more weak will be its illumination though more extended in
area, and the less defined and the more crescentic in outline will
be the border of the shadow. It follows, therefore, that it is in

Fig. 68, —Niture oF THE LIGHT AND SHADE OBSERVED IN KERATOSCOPY.
Ininian SHADOWS.

A, plane mirror ; B, concave mirror beyond foeal distance. Imcident rays diverging in both
instances, but only croszed in the latter.

the lower degrees of ametropia, where there is least diffusion, that
the most defined shadows are prre-ae-nted to view, and, vice versd,
that in the higher degrees of ametropia the shadows are less nmrL.ed
in character and outline.

Nature of Keratoscopy.—It will be observed from- what has
been stated that the dirvection in which the light and shade alter-
nate, or, in other words, the direction from which the shadow
comes and to which it goes, does not depend solely upon the direc-
tion of movement of the mirror, but, with the same movement of
the mirror, will vary according to the refractive quality of the eyve
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under observation (see fig. 69, ¢, 1, and ¢, 2). In keratoscopic
observation, therefore, the surgeon first LLLLR into account the
direction in which he moves his mirror, and secondly, the ﬂu'e-::tmu
in which the shadow follows the reflected light within the pupillary
disc ; whether the path of the shadow is direct, or follows 1he-
light in accordance with the movement impressed on the mirror, or
whether its path is inverted, the shadow following the pupillary

= - e s
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Fig. (9.—ExpPLANATION OF APPEARANCES IN KERATOSCOPY AND APPLICATION TO

PrACTICE.

A, lateral movement of the shadow of the iris with pupillary aperture, in opposite direction
to that of the mirror ; B, course of the shadow in the pupillary disc { P), contrary to the
movement of the light; ¢, effect of differcnee in the refracting media of the eye: (1)
movement direet, image on reting inverted, M. bigher than 1 Tr; (2) movement contrary,
Em. or H. ; image on retina direct, H., Em. or M. of low degree. The feathered arrows
show the movemcent of the light, the plain arrows tlhe course of the shadow ; L, left;
R, right; P, pupillary dizc ; 1, retinal image,

light in the opposite direction to that of the movement given to the
mirror.

Estimating Ametropia by Keratoscopy.—These constitute the
principal points to be noted so far as concerns the determination
of the refractive quality of the eye under observation; but, if the
eye be ametropic, certain other points already alluded to have to be
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noted in forming an estimate of the amount of the ametropia. The
form of the edge of the shadow, whether linear or crescentic; the
kind of movement, whether slow or relatively guick; the dem‘ee
of brightness of the illaminated portion of the dise, and the defini-
tion DI the edge of the shadow ; all assist in :-llinrﬂmg means of
estimating the amount of ametropia. There is, however, only one
method of determining the degree of ametropia with precision, viz.
by the use of trial lenses placed In succession before the eve under
obszervation until the keratoscopie signs of the ametropia are caused
to disappear or changed in character.

Application of Keratoscopy in Practice—"The surgeon, patient,
and light being in the relative positions and at the distances before
described, and the patient’s gaze being fixed on a distant object,
E-;pe-_mllv if atropine should not have been employed to prevent
exercise of accommodation, the surgeon proceeds to light up the eye
to be observed. The L‘\&Dfi’llepclflﬁllt should be so turned that the
hght neither falls on the macula lutea nor on the optic 1)*11]11]:1 but to
the inner side of both or on the retina below. The mirror is now
rotated, and the order of movement of the light and shadow in the
pupillary disc watched. The following will be the indications accord-
ing to the nature of the movements observed :—

1. If the light and shadow follow the direction of the mirror,
or in other words if their movement be direct, the eve is myopic,
and the degree of M. indicated is higher than 1 D. The mirror,
held at a distance of 3 or 4 feet, is outside and beyond the distant
point of distinet vision of the examined eye.

2. If, under the same circumstances, the light and shadow
move 1n a direction opposite to that of the movement of the
mirror-—in other words, if their movement, 1s an inverse one—the
eve is probably He., but either Em., H., or M. of a low degree may
be present. Ifit be a case of weak M. the shadow is light, not
strongly marked ; the mirror 1s within the distance of the distant
point of distinet V. of the eye under observation ; the degree of M.
18 lower than 1 D (see fig. G9).

To Ascertain Amount of M. or H—A trial spectacle frame is
placed on the patient, and, aceording to the nature of the ametropia
diagnosed, either + or — lenses are placed in succession before
the patient’s eyes, until the shadow is caused to reverse its direction
under the keratoscopic observation or becomes hardly noticeable,
If the shadow has its direction reversed, the ametropia is more than
neutralised, and weaker lenses must be applied until this reverse
movement ceases, and the shadow is simply deprived of definition.
The lens which produces this result gives approximately the
measure of the ametropia.  If the result is not similar in opposite
meridians of the eve, astigmatism exists, and each meridian will
have to be dealt with separately in the manner just deseribed.

Estimating Degree of M.— It will be observed that in diagnos-




Cuav, 111 DIAGNOSIS BY KERATCSCOPY 121

ing and estimﬂting M., the distance of the observer relatively to
the distant point of distinet vision of the eye under nbw:mtmn or
the degree of M., has an important be*u*mg in the Lvmtmmpm
appearances. If the observer holds the mirror farther off than the
remote point of V. of the eye under observation, the movement of
the shadow is direct, as already mentioned ; but if the observer
were to place himself within the distance of the remotum of the
eve under observation, the movement of the bhmlmx would be re-
verxed while if he were to place himself at the precise distance
of the mlrmtum no defined shadow would be observable.

If, ther s:f'm'e the observer place himself at 1 metre distance or
bey ::-ml and the shadow move directly with the mirror, the eye
under observation has M. higher than 1 D, while if the shadow
move inversely as the mirror moves and the eye is Me., the degree
of M. must be less than 1 D. In the hlu‘her dE‘”]E‘E"E of M. the
refractive condition is easily recognised ; in the lunu degrees of
M. such as M. of 1 D or lower , the M. is not readily dtﬁtilltrllihhtil
from Em. or a low degree of H for the movements of the shadow
Lounding the image formed at such a distance from the eve under
observation are u-udl_\, recognizable. But if on phncmg before the
observed eve a + lens of low power, such as one of half a dioptric,
the direction of movement of the shadow is seen to be changed—
from moving inversely to moving directly—there is no doubt the
case 18 one Uf' low M. and that rlw small addition of the + 05 lens
has given it the usual character of M. of a higher derrwe If it
were a case of H., so small an addition would not 11:1,\;{- sufhwd to
neuntralise the HE‘ deficieney of refraction.

Estimate and Correction of Ast. by Keratoscopy.— The correction
of Ast. by keratoscopy is eflected on the same ]nmuples in each of
the meridians, but the process is one which requires considerable
practice in order to accomplish the desired results with accuraey.
If a shadow in a vertical direction differ in definition or mfuulh
or show a different rate of movement from the shadow in the
horizontal direction, or if the shadows assume an Uhliflue direction,
it may at once be :-1-‘=:.umed that Ast. exists which requires correc-
tion. Each meridian is corrected separately, and the eye after-
wards tested with the combined spherical and rrhmlu-:::nl lenses
before 1t, and when the ametropia appears to be neutralised in all
dmclluub it may be assumed that the glasses are correct. If the
shadows are not vertical and horizontal, but have an oblique direc-
tion when the mirror is moved in the ordinar v way, the obliquity
of the astigmatic meridians will be in a n:-mwa[mmhuu direction.

Keratoscopy with the Plane Mirror.—If under similar circum-
stances to those just described the surgeon uses a plane mirvor at a
distance of 3 feet or beyond, on observation of the eve under exami-
nation the effects will be found to be the reverse of those met with
when the concave mirror was used. The shadow will follow the
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same path as if the observer were watching the retina itself, or
vessels on the retina, and observing the manner in which these
objects move relatively to the movements of his own head in direct
illumination of the observed eye. If the eye under examination
be Me. and the M exceed 1 D, the shadow will move inversely as
the mirror is moved; if the shadow move directly in aceordance
with the movements of the mirror, the eye is either [¥me., He., or is
Me. in inferior degree to 1 D. In the I9me, condition the shadow
has only moderate saturation, thongh it may be well defined; in
H. the saturation and (Ibflllltli_}ll of the shadow are 111{:1911%&[1 1n
proportion to the increase in degree of H.; in M. the definition
and dt-‘pﬂ] of the shadow also vary according to its degree, With
M. higher than 1 D, the image of the illumined portion of the
fundus and the shadow, which is a real image formed between the
mirror and the observed eye, is well marked ; with M. lower than
1 D, the image is erect z-mﬂ virtual, not fmrnerl in front of the
mirror, and Hlb shadow 1s wanting in ﬂhtumlnfsks and sawuration.

CHAPTER IV.

AccoMMODATORY FUNCTION oF THE EYE—Act of Accommodation—Demand
for Acc.—Mechanism of Acc.—Power of Ace.—Expression of Amount of
Ace.—Measure of Amount of Aec.—Region of Ace.—Association of Conver-
gence and Acec.—CRESBYOPIA—Definition—Optical Conditions—Caunses—
Diminution of Ace with Age —Abnormal Pr.
— Determination of Degree of Pr.— Examples—Correction of Pr.— Range of
Acc. in Presbyopic Vision—Pr. with M.—Pr. with H.

Accommopatory Funcriox oF THE EvYE.

THE conditions previonsly described, viz. those of Em., M., H.,
and Ast., depend upon persistent qualities of eyes. It may be
supposed that the quality of an eye, so far as concerns either one
of the conditions just named, would remain the same whether the
eye, if physically unch: l'Il"‘l:‘d be a living eve, or whether it be
disconnected from the lmman body. It is ~'-:nuph. a quality which
is defermined by the forms and refractive powers of the several
dioptric media of the eye acting in concert, or of the whole of them
together regarded as a single lens, relatively to the position of the
retina,

The eye has the power, however, under certain circumstances
of changing its refractive adjustment. Ifit were not so, the eye
would be adapted for clear vision at one distance only, viz. that of
its distant point. The Emec. eye would only see objects clearly at
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infinite distance ; the Mec. eve at itslimited distant point; the He.
eve would not see objects cle*n*lr at any distance. The function,
by means of which the eye is able to see objects clearly at different
flle:ELIl(:L‘;, 1s called the :qu,-r.rmzm-'.iri'r.n’my Sfunction, or bllell} ACConio=
datfion. The discharge of the function constit ates what is known as
the act of accommodation.

Act of Accommodation.—This act is performed on all oceasions
when vision is transferred from a relatively distant to a nearer
object. If two pages of print are placed a few inches apart before
the eye, with an opening in the nearer page, the eye w hile
reading thmu:rh this opening the print on the more remote page
is unable to recognise any of the words on the near page. To read
the words on the near page, although they are closer, the eye, in
common language, must ‘look at them ’ ; and on wmhnw them
the eye ceases to be able to recognise the words on the more remote
page, athough they are within :'uudmn' distance and may be directly
opposite to the eve. The same effects may be noticed in 1GUL11|::-
at a landscape through a pane of g‘lawa and then at some small
object on the glass itself. The term *looking at the object ™ here
signifies performing the act of accommodation. If carefully observed,

Fic. 70.—Demaxp ror Acc. (see explanation in text),

the act of accommodation will be noticed to be accompanied with a
sense of muscular effort. If the parts concerned in the proceeding
happen to be inflamed, as occurs in iritis and other morbid states,
the act of accommodation is accompanied with considerable, often
acute, pain; and one among the other advantages of the use of
atropine in the treatment of iritis is that it stops the act of
accommodation by temporarily paralysing the structures on which
the function depends, and so averts the pain that would be caused
by its exercise.

Demand for Acc.—The need for the exercise of Acc. increases
in proportion to the proximity of objects, or, in other words, to the
increased divergency of the rays proceeding from objects as they
are placed nearer to the eye, so that these more divergent rays
may still be bronght to a focus on the retina. If the anguldr
difference between a given remote and given near point be equal
to the angular difference between some other two relatively remote
and near points, the amount of Ace. exerted in the two cases will
be alike, irrespective of the length of range over which the Ace,
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may be exercised. Thus in fig. 70, as there is no angular dif-
ference between pAB and BAC, an eve in transferring vision from
an object B to another object th(*ﬂ] at ¢ will nnp]m' the same
amount of Ace. as in transferring vision from an object at infinite
distance from which the paralle el rays PP are derived, to another
object at B, although the range is very different in the two in-
stances indicated.

Mechanism of Acc.—The act of Ace., which in ordinary
optical instruments is effected by altering the mechanical adjust-
ments subordinate to the lenses, in the eve is effected by changes
in the form of the crystalline lens itself. The distance of the sur-
face on which the images are received, the retina, from the front
of the refractive ]Ill’*{llﬂ the cornea, remaining the same, it can only
be by increasing the refeachive power of the eve that the more
divergent rays from nearer objects can still be brought to an exact
focus at the distance of the plane of the retina. Various experi-
mental observations have p]mvd that the agent in affording this
inerease of refractive power is the clxﬂl.ﬂllm‘ lens ; and, ml:if'ed
that this lens does become more convex, and so more refractive in
exact proportion to the increased nearness of objects looked at by
the eye. has been demonstrated by various investigators, and
eapeudlh’ by Professor Helmholtz by means of his o} shthalmometer.
The anterior pole of the fn':hl]me lens 11:1\'anr:es while the
diameter of its equatorial circumference is lessened, the whole
anterior surface being thus rendered more convex and coming
nearer to the cornea in proportion to the nearness of the objects
to be observed. This dynamic increase of refraction gives way
when objects farther off are to be observed ; and when ubjects at
a distance of 20 feet or beyond, from which rays proceed in nearly
parallel lines, are looked at, the lens resumes the form which belongs
to its state of repose. When no Ace. whatever is exerted, rays of
light entering the eve, so far as regards the direction which they
E;uhm-{[uenrh' assume, are influenced by the stationary refractive
quality of the eye alone; and d,llhnnwh this permanent quality
may be added to by the exercise of the function of Ace. as just de-
scribed, there are no means provided within the eye by which it
can be lessened.

The production of the changes in the form of the lens de-
pends principally on the action of the ciliary muscle. The iris
has ceased to have any power of action or has even been totally
absent ; the external ophthalmic muscles have all been paralysed ;
and yet the accommodatory faculty has remained tllllmlmu'ed
This Lmulh. cannof, therefore, be de pendent on the influence of any
of these structures as it was formerly supposed to be.

A further proof that the eciliary muscle is the agent, and the
crystalline lens the anatomical structure acted upon by it, in the
production of Ace., is the fact that whatever paralyses the ciliary
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muscle, by paralysing the motive power, stops the faculty of Ace.,

while the displacement or absence of the crystalline lens on “]lll"li
the ciliary muscle acts, equally arrests the faculty of Acc. The
use of atropine, and conditions of disease interfering with the
nervous supply to the ciliary muscle by the third pair of nerves,
stop the faculty of Ace. It is equally arrested by removal of the crys-
talline lens in the operation for cataract, or bx its dislocation from
accidental injury.

It is supposed by some that the circular fibres of the ciliary
muscle, contracting in the manner of a sphineter, exert throngh
the medium of the ciliary processes and the unyielding fluid m the
canal of Petit a pressure on the equatorial circumference of the
lens, and thus cause it to change its form for accommodation.
Just as in the case of the iris, the circular fibres here referred to
are antagonised by others disposed radially and forming the great
bulk of 1‘!1{-' '[‘II]EH".' musele. Indeed, but for the contractile reticn-
lated structure filling up the space between the eiliary musele and
sclerotic (canal of Schlemm), the radiating fibres would be pre-
dominant. This will be at onee apparent on referring to the
vertical section of the forepart of the eve shown on the ﬁnvhnpwcv
The meshes of the network ave gener .1]]& rhomboidal in form, with
the long axis in the vertical direction, so that when their connec-
tions with the scierotic are severed, they present the appearance
of a circular muscle, and, indeed, have been deseribed as such by
my late colleague Inspector-General Dr. Macdonald, R.N. By the
action of this structure, while the =sclerotic is drawn jnwards.
a centripetal pressure is exerted upon the ciliary circle and muscle,
which latter it would therefore antagonise, and so tend to increase
the refractive power of the lens in the manner above explained.
Thongh scarcely perceptible to us, the strain involved in the func-
tion of Ace. is very considerable. and amply accounts for the
gradually increasing thickness of the hyaloid as it passes behind
the capsule of the lens.

Power of Ace.—The ftofal power of Ace. corresponds with the
degree in which the function of Ace. can be exercised, or, in other
words, with the amount of dynamiec refraction available. The com-
plete amount of power of Ace. is represented by the Ace employed
when the near point of distinet vision is obtained. As the position
of the near point of distinet vision depends on the accommodatory
power being exerted to its fullest amount, this near point also
furnishes an index to the limit of the power of Ace.

Expression of Power of Ace.—The power of Ace. exerted in
order to obtain distinet vision at the nearest point at which an eye
is capable of seeing objects clearly may be measured and e expressed
by the power of a converging lens, which, on being placed before
the eye, will give clear vision at the same distance withont the eve
vwlflnﬁ any accommaodatory power at all.  If an eve be Eme. the
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stationary refractive power of its dioptric system is such that
parallel rays of light proceeding from objects at infinite distance
are bronght to a focus on the retina, and while no Ace. is
employed, it can only bring such rays to a focus at the plane of
the retina as have a parallel direction with each other when they
fall on the eye. It is evident, then, that a lens added to it which
will represent the additional Tefrachive power that the eye can
obtain by bringing into play the whole of its Ace. must be such a
lens as will cause the rays of light proceeding from objects at the
distance of the nearest point of distinet vision of the eye, after
passing through the lens, to impinge on the eye as parallel rays.
The eye otherwise would not be able to bring the rays to a fucus
on the retina. The principal focus of this lens must therefore be
at the same distance as that of the nearest point at which clear
vision can be obtained. The rays starting from this near point, or,
in other words, from the pzm::lp.li focus of the lens emploved, will
then be 1‘&:1[1&1‘1}(1 parallel as they fall on the eyve (see fig. 71).

10 D
4

= -.-_a- T P

Fic. T1.—PowEE oOF ACCOMMODATION.

k, Eme. eye in repose and adapted for focussing parallel rays. The 10 Id lens, 1, reprezents
the amount of Ace. which must be exerted to enable E to 2¢¢ an object at o distanee of

four inches,

1f, for example, an Eme. eye can obtain, by the full exertion of its
accommodatory power, clear vision of objects at a distance of 4
inches, or one-tenth of a metre from itself, then, without any Aee.
being exerted a + 10 D lens, whose principal focus is at the same
distance, will etfect the same result. 'This lens, therefore, will re-
present and give the measure of the full amount of Ace. possessed
by the eye under consideration. If the duodecimal or inch system
(:F]mmrmn be employed, the power of the lers reprosenting the
measure of the Acc. exerte d will be }; it the metrical system be
employed, the power of the lens representing the measure of the
Ace. will be +10 D,

Measure of Power of Acc.—It is constantly a matter of impor-
tance in ophthalmic examinations to determine and define the
amount of power I'Equil'f‘-d for nd:lptillg V. from an ui.jpm-. at Bome
known distance to another object at some known nearness, and
Professor Donders gave the following formula by which it ean be

readily found and m]mmw{] s
| | 1

—
—

A I* I
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In this formula R is the measure of distance of the remote point
for which the eye is primarily adjusted, whether expressed in inches
or centimetres ; P is the measure of the nearest or proximate pmnt
for which the eye becomes adjusted when Ace. is exerted; A is a
convex lens, Whlﬂh by its action on the divergent rays coming from
the proximate pmnt P, so lessens their divergency that they follow
the same path, after passing through the lenb, as was followed
by thﬁ rays coming from the remote point R, without the lens;
and Lis the power of this lens. It is obvious that the eye, in
transferring vision from any remote point, R, to any near point, P,
must so alter its focal adjustment as to act on the more divergent
rays from P exactly in the manner attributed to the supposed lens
A, “and must exert a power of accommodation equivalent to I;
L therefore represents and expresses the difference in the Acc. re-
quired for vision at P as compared with that required for vision at
R (see fig. 72).

Thus, to apply the formula to the example above given of an
emmetropic eye adjusted for infinite distance in a state of rest, and

capable of altering its focal adjustment by the exercise of .rlec , SO
- as to see clearly small objects as near as 4 mahes - =3—31=1
or the power of Acc. will be equal to }. In other w unin the
eve, in altering its adjustment {rom clear vision at infinite r]n-,mnce,
when no a{:{'(}l].'ll'l'lﬂd-.ltﬂl’"i' exertion was required, to vision at a
distance of 4 inches, has exercised its accommodation, and has
increased its refractive power to an extent equivalent toa 10 D
lens, or a lens whose principal focal distance is at a distance of 4
inches from its centre. Thus when the position of the near point
of distinet vision in an Emec. eye is found, the total amount of Ace.
is also found. In the same eye, if vision be transferred from an
ohject placed at 20 inches’ distance to another objeet only 10 inches
off, the formula shows that the amount of Ace. employed in the
pmceedmw or L =% —ds=vnor2D.

In a Me. eye, whose farthest point of distinet vision in a state
of rest is 12", and ﬂ'hDSE nearest point of distinet vision by the
exercise of Ace. is 37, ;=1 -4 =1, or the total power of Acc. is
equ&l to 10 D. In other W mda fh!'-":. eve, in altering its adjustment
for vision at a distance of 12 111(:119% to vision at the nearer distance
of 3 inches, has increased ifs refractive power to an extent exactly
equal to that of the Eme. eye quoted in the previous paragraph,
which transferred its vision from an object at infinite distance to
another at 4 inches’ distance, viz. to an extent equivalent to that of
a 10 I lens, or of a lens whose prinecipal focal distance is 4 inches.
In each case the pewer of accommodation exerted is=10 D.

To determine the amount of Acc. for a He. eve, the total
amount of H., or refractive deficiency, must be first found, and sub-
sequently the position of the near point of distinct vision when H.
is corrected. The lens which correets H., added to the lens whose
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principal focus is at the same distance as that of the near point,
gives the total amount of Ace. Thus if H.= — 2 D, the correcting
lens will be a+2D lens, and if the near point when this lens
is in use be at 20 inches distance, an equivalent 4+2 D or + 31"
lens must be added, and L=+ =74 or 4 D. A +4 D convex
lens or a lens of 10" focus represents the Acc. necessary for ob-
taining a near point of distinet vision at 20 inches’ distance for an
eve that is hypermetropic 2 D.

Under the metrical system, instead of the formula 1=1—:, the
formula Ace. =pD—+D will furnish the refractive power Df the
equivalent lens (see fig. 72). Thus in the examples above given, as
regards the emmetropic eye, in the first instance Ace.=10 D— o
=10 D, in the second instance, Ace.=4 D—2 D=2 D; asregards
the myopic eye, Ace.=15-53 D—333 D=10 D; as regards the
hypermetropic eve, Ace.=2 D+2 D=4 D.

Ace .

e A

S
.'__::,f—-’___:_i

-

Fia. 72.—Measvre oF PowER oF AcooMaoDATION.

Ace,=pD —rD); ¥, the principal focus of the lens, 1.

Influence of Varieties of Refraction on Ace.—The power of Ace.
is similar in all eves that are healthy in condition, whatever mav
be their refractive qnuhrwa at cor wnpf}mhng ]wrmth of life. '

Region of Ace.—Thy mﬁm or latitude, or region of Ace. sig-
nifies the particnlar tre n.(f over’ which an eye can see ¢ clearly, extend-
ing from the most distant to the most near point of distinet VISION :
or, in other words, cﬁmpl'vhendﬂ the space between the distant
point of distinet vision and the near point of distinet vision through-
out. which an eye can adjust itself so as to obtain clear imacreq of
objects. As shown in the preceding paragraph, an equal power of
Ace. may be exerted over regions w hich vary very greatly in regard
to position and extent of space. 1In the first -f-xunple a power of
Ace. equal toa 10 D lens is associated with a region of Ace. which
extends from infinite distance to a near point at 4 inches’ dis-
tance from the eye. Inthe second example the same power of Ace.
exists with a much more limited region of Ace., viz. one whose
limits arve between a distant point of 127 from the eve and a near
point of distinet vision at 4" from the eye—that is, a n*gmn of 9
inches.

Althomgh, as already stated. the power of Ace. is alike in all
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eyes of healthy condition at corresponding ages, the region of Ace.
differs at corresponding ages in different eyes according as they are
Eme., Me., or He.

Association of the Internal Recti and Ciliary Muscles in Accom-
modation.—When an object situated in a plane midway between
the twoe eyes, and at a short distance in front of them, is looked at,
the two internal recti muscles, in giving the necessary direction to
the two eyes for the visual lines to meet in the object, act concur-
rently with the ciliary muscles in their action for obtaining the
amount of Acc. which is required to secure accurate vision of the
object at the distance at which it is placed. Clear and disembar-
l‘ﬂb‘:(’d vision of a near object can only naturally be obtained when

the functions of Convergence and Ace. are in due harmony. There
1= no reason for hLllenng that the internal straight muscles have
any specific influence on the produetion of Aec., nor any influence
beyond what results from their action in bringing the eyves into a
favourable position for receiving the diverging rays l‘}mww]mw
from near objects, or, in other words, for effecting a 1*1u11t direction
of the visual lines.

When the internal straight muscles are put into a condition of
great tension for effecting a high degree of convergence, they may,
perhaps, act as a point d'a H}Uj:i!r,i as it were, on which to base wleafer
efforts on the part of the ciliary apparatus, and in this way the‘r may
lead to an increased amount of Acc. and to clearer images lu.*mg
obtained of the near objects under view. The fr:‘ﬂwr:ﬂncrion, how-
ever, of the internal recti museles, as regards Ace., is an associated
not a controlling one. The extent to w hich the two functions are
employved in their associated action is liable to variations. When
the two eves are directed to a small object at a fixed distance, and
the object is seen clearly, under normal conditions the Convergeuce
ani the Acc. may b assumed to be in precisely due proportion.
But when two prisms of small refracting angles are placed before
the eyes in the mannerdescribed at p. 52 (ﬂe- Pr isms ), the object may
still be seen with precision, sothat while the degree of Convergence
is altered the Acc. remains unchanged. On the other hand, whils
looking at the same object, if instead of the prisms weak + or—
glaqses within certain limits are placed before the eves, the object
may still be seen clearly, so that now, while the []E'fr‘('l.’-‘ of conver-
gence is unaltered, the amount of Ace. is changed. The Acec. re-
latively to the convergence is, therefore, not a “constant quantity,
and the relations between the two funetions are found to differ in
different persons. As, however, the convergence of the eyes in-
creases in proportion as the object required to be seen is brought
pearer tothem, and the demand upon the accommodatory muscle
must also inerease at the same time, the actions of the internal
recti and of the ciliary muscles are under normal conditions of
necessity intimately and, for the most part, are almost proportion-

K



130 THE 1ILLUSTRATED OPTICAL MANUAL Cnae. IV

ately associated. It is essential that the facts of the intimate
association of these two funections when theyv are Iree to aet in
concert, and of the difficulty of eonverging the eves without the
accommodatory foree associated with the degree of convergence
concerned being involuntarily called into 51:'IIn1|, should be fully
recognised, for llmr explain many phenomena in visual diagnosis
wlmh without this knowle dee w ould not be understood.

If, nunder any circumstances, the correlation between the action
of the ciliary muscles in Ace. and the action of the interni recti in
convergence, be very largely disturbed, a painful and almost intoler-
able sense of strain is experienced as the result. This has been
ilustrated experimentally by Mr. Brudenell Carter in a very simple
manner. Let a young person with Eme. eyes put on convex

spectacles of five dtoptrlu. and attempt to read with them. The
strain and tension of the eves will soon become unbearable. He
will be very nearly in the same condition as a person having M. of
five dioptrics who is reading at his distant point of distinet vision.
He will be converging to a point at 8 irches’” distance, while there
will be no demand for the exercise of Ace. In the myope, his
amount of M. takes the place of Ace. at the distance named ; the
convex glasses replace it in the case of the emmetrope. On this
Mr. Carter observes: ¢ It may be shown by a simple experiment that
this strain is not due to the convergence effort per se, but solely to
the fact that the convergence effort is made during repose of the Ace.
It we combine with the convex lenses prisms with their bases
inwards, of sufficient power to rest the convergence as well as the
Ace., u‘wuhn:r immediately becomes easy. 1w e then aoive the same
PErson coneave apectaclus, such that he is able to overcome them by
Ace., and bid him look at the horizon, the strain upon his eyes will
again become unbearable. He will be exercising a good "deal of
Iua Ace. to overcome the glasses, but he will be exercising no con-
vergence, because the distance of the object of vision requires that,
for the sake of fusion, he should keep his visnal lines parallel.
We may relieve the strain instantly by placing before the concave
lenses prisms with their bases outwards, which will eall for a con-
vergence effort in addition to the Ace. effort; so that we ecreate
strain by causing either function to be performed singly. and we
relieve strain {-lthl 'r by placing both at rest m' ln (_“l”ltlﬂ" both into
play.” (¢ On Delects of ‘-.mnn &e.,” Lond., 1877, p. 198)

PRESBYOPIA.

Definition.—Vision of old age, or a condition of sight which,
owing to contraction of the range of Ace. due to advance of years,
does not permit very small objects to be accurately defined and dis-
tinguished at the proximity necessary for their ]m:-}ul recognition.
The absolute *near point * of distinet vision is removed further
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than 8 inches from the eye, while rays from objects at relatively
remote distances are still brought to a focus upon the retina, in the
same way as they would be irrespective of the Pr,

Optical Conditions.—There is no change in simple Pr. as regards
the stationary refractive qu;llih,' of the eve, or, in other words, as to
the eve in its state of repose ; it may be Eme., and neither concave
nor convex lenses improve the sight for distant objects. But the
necessary change of form of the Lns.linllnw lens cannot be obtained,
or, in other wor da the dynamic re fractive power of the eye cannot
be sufficiently exeued for bringing the more divergent rays from
Very near {:-hln ts to a focns on thu lutmd,

Causes.—Natural changes from age. The near point of distinet
V. recedes in all eves ]H‘Utru'ﬁ:hn ely w ith i increasing age ; the change
18 a normal one, and advances with al;'lv*mcmrrw'u' The recession
of the near point commences early in life. ~The following table
shows the decrease which observation has shown to take p]ace n
the power of Acc. at various periods between 10 and 75 years of
age. The decrease of Ace. is expressed in dioptries, and the rece-
dence of the near point of distinet vision at the corresponding
periods of life is shown in English inches.

Table showing the diminution in poweer of Aec., and the covresponding changes in
the distanee of the near peint of distinet vigion, as years advance,

| T ears Dioptrics | Engz ish inches | Y ears |  Dioptrics Eng'ish inches
| co a il o Mal IR | e,
L0 | By 2-196 45 250 11-50)
15 = 12 333 50 2-5() 16
20 10 4 55 || 16 as -
25 850 470 i) 1 40
BEyl 7 ! 6 63 0-75 53
f 4o 540 7 a3 70 25 1)
| 410 450 9 73 0 = |

The change in Power of Ace., and the course of the proximate
limit ﬂfﬂlﬁtlnct vision p.p. in the Eme. eye at different ages of
life, is very plainly exhibited in the dmgmm on p. 132 cnlned from
Donders (Ch. v. § 17), while it also represents the -:lmnge in re-
fractive power, and, consequently, in the far point of distinct vision,
r.r., of the Eme. eye in advanced years. The diminution in the
range, or full amﬂuni of Acc. may be further recognised by

b‘-f..l"‘.’ll]g the different {]Hf:-un. es at which P.r. and r.r. are sepa-
rated from each other at different periods of life,

The recession of the near point of V. shown in the Table above
is solely attributable to diminution in accommodatory power. As
already explained. exertion of this faculty is called for in proportion
to pmxnmiv of objects or divergence of rays. The gradual decrease
of this faculty seems to be due to the crystalline lens becoming
more and more firm with increasing years, so that the same

LAY
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amonnt of alteration in its form cannot be effected. It 1s doubtful
whether changes in the structure and curvature of the cornea may
not also assist in causing the difficulty of adapting the eye for near
vision.

From the explanation just given of the nature and causes of Pr,
it is evident that not only when an eye is Eme., or He., but also if
it be Mec.. it may equally become '-ulll.ljf'l::f to Pr. from age. When-
ever the actual near point of distinet vision becomes removed
further than 8" from the eye, Pr. has arrived.

Talle caxlkiliving the clanges in aceommedation in an emmetropic eye at diffevent

periods of life.
Pariz inches Years of Life Dioptrics
10 15 20 25 il 35 41 45 al 3 G0 G Fil 75 B
E;,-1 . 165
23 15
25 135
Y i
@
3 q 12
a7 \ 105
i \'-\ 1]
6 "‘x\ i
g \“x 15
12 \\ = 3
H‘ P
e ‘___\H_‘ 1]
¥ -::"‘-..
—1:23 - =15

The side fignres shew the amount of Ace. expressed in French inchez and in :Ilin]-tﬂ,,,h
rr shows the conrse of the proximate, = = of the remote, | oot of distinet vizion, The
distance between the two lines ¢ and rr indicates the range of Ace.

Abnormal or False Pr.—Diseased conditions, such as interference
with the elasticity of the lens capsule by posterior synechiw after irvitis,
morbid changes in the structure of the (‘.tinuh‘ of the ery hi.l"lllb
lens or lens itself, paralysis, complete or partial, of the mh.n} muscle,
and any diseases inducing great constitutional debility, may inerease
the presbyopic condition temporarily or induce symptoms similar
to those of Pr. Presbyopie vision resulting from these causes should
be regarded as abnormal and distinguished from True Preshyopia,
the result or normal changes from advancing yvears or old age.
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Symptﬂms —Normal Pr. 18 not usually complained of by persons
with Eme. vision till after 40 years of age, generally not till 45
vears. The degree of complaint will vary '113{'01(1111;3' to the size of
the objects the subject of Pr. habitually deals with. The preshvope
says that, though he can see as well as formerly at a distance, he
finds i trc:ubleﬁmne. or even painful, to try and recognise small
objects near him. In reading he has to remove the print farther
and farther from his eve. Although he can for a short time, by
much exertion, read at a distance of 8 or 10 inches from the eye, the
[Etfers soon hecome misty, his eyes ache, and he is ::'r:rmpﬁllr.d to
remove the print farther away. Then, on account of the distance
he has to hold the print, he cannot see the words accurately.

The difficulty is greater in the evening with artificial light than
during the day time with h sunlight, and he sees best when he holds
a candle or lamp close to the page of the book he is looking at.

"The deterioration that takes place as age advances in the
transparency of the principal dioptric media which is perfect in
healthy eyes in the earlier period of life, and the haziness with
more or less tinge of colour in them when age is far advanced,
prevent ordinary sources of light from giving the full amount of
contrast between the white md black parts of a printed page or
between the lights and shadows of other objects, and thus prevent
the images of the objects themselves from bemg‘ impressed on the
retina with the same vividness as in former earlier vears of life.
This condition, together with the greater distances at which small
objects have to be held, and consequently the lessened amount of
licht reflected from them at such distances, combine to explain the
difficulty old persons meet with in reading or doing fire work
without the assistance of a strong light upon the objects in view.
One advantage in the correction ‘of Pr. is that the need for such a
strong light is considerably lessened, because, after correction, the
print or other small 0|JJECfb can be broufrht near to the eyes and
vet sufliciently recognised.

The nearest pomf of distinet vision can only be attained by
extreme exertion of the ciliary apparatus, and, when this state of
tension is produced, it qumLh’ causes fatigue. It is to obviate this
annoyance that objects are removed further off than the actual
near point, but then, if the objects are verv small, their retinal
images become too mmute and the light emitted by them too
diffuse and too diminished for easy reu::n'mtmn The objects are
again brought neaver to the eve, the ciliary v strain is again induced,
and this course, on being persevered in, gives rise to ocular ;u:lnun'
super-ciliary pain, head%he and vertigo, until at last a stop is
put to the power of doing the fine deseription of work in which the
patient may have been occupied.

Diagnosis,—The age of the patient, with the usual evidences
of the adjustment of the eyes for parallel rays if the patient be
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Eme., as explained under Km., and the distanee of the near point,
sufficiently distinguish Pr, from any other affection, When either
M. or H. co-exists with Pr., there will be the evidences already
described of these conditions in addition to the fact of the near
point of distinet vision being distant beyond 8" from the eve

To Determine the Degree of Pr.—As Pr. is generally hw]ﬂ in
accordance with the limit laid down by Professor ]Jnmh*rﬁ,. to exist
when the near point under binocular vision has receded beyond 8"
from the eye, the degree of Pr. is determined by finding . the focal
power of the convex iens which will bring back the near pomt to 8”.

The amount of Pr. is the amount of the accommodatory power
which has been lost from that which previously enabled the person
to work continuously at fine work at 8” disiance from the eve with-
out strain or h}.‘f]!rll{:, relatively to the remainder which now on'y
admits of clear vision at some distance bevond 8”. The ecnvex
lens which will so add to the refractive power of the eye as to bring
back the near point to 8" substitutes itselt for the accommodatory
power which has disappeared from the eye itself, and therefore
serves as an expression for the missing power, or, in other words,
for the degree of presbyopia.

The refracting value of the required lens is found by using the
formula which has been already explained as serving for an  expres-
sion of power or latitude of au-unnnmlatiﬂn viz., 1 = 5 — g, or the
formula, Ace. = pD—+D. As {, or Acc. thus determmed repre-
sents the missing ]-.lt-l'l‘lld{." of Au*., I‘ may be substituted for E‘-‘li’hE"I‘ ;
so that Pr. = i, & or pD — #D.  The proximate point P, or ;aD
is here 8” or 5 D, because that is the distance of the visnal near
point for which a substitute for the lost Ace. is required, and to
which the refractive power of the eye is to be adjusted.

The remote point, R, is the distance to which the natural near
pr:-mt has receded owing to Pr., or the distance up to which Ace.
15 missing.,

Examples. —Suppose the near point has receded to 12 dis-
tance from the eye; then Pr.=% — 5=, or 5 D=3 34 D=
166 D (24:09” Eng.). If it has receded to 24" distance, then
Pro=f—3 =+, 0r 5 D=16G6 D=334 D (11-97” Eng.).

To Determine the Correcting Lens.—The same formula that
determines the amount of accommodatory power w hich is ml:-smg‘
determines the focal power of the lens which must be added to
the eve to act as a substitute for it. Thus in the example first
given, in which the Pr.=4', or 1:66 D a 4 24" lens, or a lens of
1:66 D. will neutralise the Pr.: in the second, a + 127 or 3:34 D
lens. With the aid of these lenses, viz. convex 166 I}.md SRS E N
the presbyvopic patients will be able to do fine work at 8" distance
from the eye as if the near point of distinet vision of the eye itself
were at that distance.

Power and Range of Accommodation in Presbyopia.—-The power
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and range of Ace of the presbyopic eye diminish in proportion as
the Pr. increases, or, in other words, in proportion as the Ace. for
near objeets is lost. Thus in the Eme. person whose remote point
of distinet vision is at infinite distance, at about 10 years of age

the power of Ace. is &—;:;\;: or 14 D; at 20 yearsis i —i=1,
or 10 D; at 30 yea —fj-—'_=-‘}-, or 7 TJ at 40 years 1 —'§=«:'h
m- 4:50 D; at 50 years L —1, or {4, or 2:50 D; at 60 is Jr—! or

s

i, or 1 l}, and at 75 is 0. llm |'Jm'. er of Acc. is ths shown to
be considerably lessened as age advances. While the boy of 10
years of age can increase the refractive power of his eye to the
amount of 14 dioptries, the man of 30 can only increase it to about
7, of 40 to 4-5 dioptrics, while at 75 the power of adding to the
refractive power of the eye, or the accommodatory power, has
disappeared altogether.

Presbyopia with M.—As the power of Ace. is alike in all eyes

at corresponding ages, and as the distant point of distinet vision is
nearer to the Mc. eye than it is to the Eme. eye, it follows that
the near point of distinet vision will be nearer to the Me. eye than
it is to the Eme. eye at mrmnpouqu ages of life. The near
point will not recede beyvond 8" so soon in the Me, person as in
the Eme. person, or, in other words, Pr. will appear later in life
in the Me. person than in the person with Eme. vision. Moreover,
the Pr.can only occur in Me. persons whose M. is moderate in
degree. Ifthe M. amount to Lth, or 5 dioptries, Pr. can never occur ;
for the distant point of distinct vision being at 8” distance from
the eye, so long as any power of Acc. remains, the near point
annot be removed so far as a distance of 8" from the eye; and
even when all accommodatory power disappears or is lost, whether
naturally or by atropia paralysis, the near and distant point of
distinct vision will merely coincide at a distance of 8 inches from
the eye. Still less can a person whose Me. is higher than ‘th, or
5 D, become presbyopie.

If the M. be moderate in amount, then, as age advances, the near
point may recede beyond 8" ; and in snch a case the M. will require
to be corrected by concave lenses to enable the person to see
distant objects clearly, while at the sam= time the Pr. will have to
be corrected by convex lenses tomake up for the deficiency of Ace.
for seeing small objects at near distances.

PI‘EEh]"D].‘I]H. with H.— As in the He. eye the distant point of dis-
tinet vision is negative, and infinite rays require a certain amount
of convergence to be ]lll'['.l'l'l'f‘l.‘:d to them, in order that they may be
brought to a focus on the retina the Acc. is trenched npon for
uﬂ’m‘dmg this required convergence. The H. is thus not imme-
diately apparent ; it is covered by the Acc. which it borrows, as 1t
were, from the reserve for near objects, to use it for obtaining clear
vision of distant objects. The H. thus becomes concealed or is
latent. If the H.is very moderate in amount, and the subject 1s
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voung so that Acec. is in abundance, the existence of H. may readily
be overlooked. The amount of Ace. which is borrowed for the ser-
vice of the H. in supplying the refractive deficiency has, under such
circumstances, very little effect on the position of the near point
in respect to r_-lmngv of its working distance, and this change may
readily therefore escape notice. If a young person who is Ewme. can
exert Ace. equivalent to a convex lens of 12 D the near point of
distinet vision wili be5kinches from the eye ; if the Ace. be lessened
by 1 D the near point wﬂl only recede to about 52 inches; and if
lessened by 2 D, to 4 inches- _differences which would be tn-:r ﬂlght
tobe noticed. If the Acc. were com pletely removed, as by atropia
paralysis of the ciliary muscle, the H. would be readily deteeted, for
a suitable convex lens would improve distant vision. But without
this being done the H. may be unnoticed until a more advanced
period of Tife.

If, however, the H. be considerable in amount, the early rece-
dence of the near point of distinet vision, or what is tantamount to
an early occurrence of Pr., will Eﬁmch‘t,u-mfl:, prove its existence. As

the distant point of distinet vision in the hypermetrope is, as it were,
further from the eye than it is in the Eme. eye, while the power {‘.If'
Acc. is the same at the same ages in both, it follows that, under
all ordinary conditions, the near point of distinct vision will be
further removed from the He. eye than it is from the Eme. eye at
corresponding ages of life. If the H.be excessive, the near point
will be hemnﬂ 8" very much sooner in the He. person ﬂla:a in the
Eme. person, and Pr. will occur proportionally earlier in life in
such a-hypermetrope than it does in the emmetrope. This early
occurrence of Pr. at once proves its association with H. When Pr. is
fully established in an adult hypermetrope, his H. will require to be
corrected by a suitable convex lens to secure clear vision of distant
objects, while his Pr. will have to be corrected by a lens of still
greater converging power—one that will not only correet the
general deficieney of refractive power of the eve, or the H., but
that will also male up for the loss of ‘]me]tl!:_m.lhu} power s-n as
to enable the eye to deal without inconvenience with small objeets
at a near distance from the eye.
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CHAPTER V.

On Tmpaired Vision connected with Strabismuns—=8Strabismus—-Definition—Forms
of Strabizsmus— Directions of Deviation-- Apparent Strabismus—Images in
Convergent and Divergent Strabismus--Concomitant Strabismus— Diplopia
— Diagnosis of Concomitant and Paralytic Strabismus—Measurement of
Deviation in Strabismus—Treatment—Influence of Strabismus as regards
Military Service,

STRABISMUS,

Definition.— Squint. . Abnormal obliquity of the optic axis in
one or both eyes. Malposition of the two eyes relatively to each
other of such a Lmd that the directions of their optic axes are not
in mutual accord. The visnal lines do not meet together at the
distance at which a given object is looked at, and true binocular
vision 18 comequenily unattainable by persons affected with stra-
bismus.

Various Forms of Strabismus.—'I'wo distinet forms of strabismus,
due to different causes, are met with ; one functional, depending
directly upon irregular muscular action, originating in, or accom-
panying, anomalous states of refraction, or impaired vision of one
or both eyes, and generally distin cuished by the name of ¢ concomi-
tant ‘:tldl}l‘:lllll‘: from the squinting eye accompanying the normal
eve in all its movements ; ; the other pathologieal, pm:luu‘d by
partial or complete p-uﬂl}'s]s of one or more external muscles of the
eyeball, or due to pressure from causes existing within the orbit.
In the first of these two kinds of strabismus all the muscles aet,
but the normal concert of action i1s not maintained n the binocular
movements ; in the second, the movements of one or more of the
muscles are impaired or entirely arrested. The term ¢ strabismus’
i1s employed by many surgeons to designate only the former kind,
or truoe concomitant strabismus; absence of concordance in the
visnal axes from defective innervation or complete paralysis being
classed under other special headings, such as paralysis of the
ocular musele or muscles affected, or under diplopia.

Directions of Deviation in Strabismus.—Strabismus is commonly
either convergent, the squinting eye being turned toward the median
line ; or divergent, being turned outwards. The deviation may,
however, be upwards or downwards, thongh it is rarely so. Incon-
vergent and divergent strabismus the retinal 1mages of an object
are separated 1ﬂtﬂ‘1]h but remain in the same horizontal plane ; in
the other directions of deviation, they vary in altitude and inclina-
tion according as the superior and inferior recti or oblique muscles
are involved.

When the subject of convergent strabismus looks at an olject
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one eye only is visually directed upon it, the other eve has its visual
line directed inwar dw; in the same way, when the f-thwcf of diver-
gent strabismus looks at an object, one eve only is directed toward
it, but the other eye has its visual line directed outwards. In
either case, while the sight is thus fixed upon the object the
deviation is limited to the eye which is turned inwards or out-
wards.

The deviation may only oceur at intervals, or after occasions of
long-continued L*m]ﬂm ment of the eves at near objects, and under
conditions of unusual ocular strain and fatigue, or (r['n{:'l“'ll weak-
ness; but although the oceurrence of the dev lation, or of the
strabismus, may I}ma vary, the direction in which the deviation
takes 1][3.(3!?1 when it does occur, will alw ays be alike in the same
aye.

Apparent Strabismus.— A condition which simulates strabismus
iz gometimes noticeable, and i1s usnally referred to under the name
of apparent strabismus. It depends upon the angle formed by the
meeting of the visnal line with the line of the optic axis at their
point of intersection within the eye. (See fig. 5, p. 9.) The
relative positions of the two eves, as elsewhere mentioned, are
judged of by observing the relative positions of the centres of the two
corneze with respect to each other and to the middle points of the
palpebral openings. When two Eme. eyes are regarding a distant
object, the visual lines of the eyes are prﬂcticall parallel, and as
these lines pass a little internal to the centres of the cornew, it
follows that the centres of the cornese must be turned alittle ontwards
in respect to the middle points of the palpebral apertures.  In Eme.
eyes this divergence, or apparent strabismus, is so slicht as to be
hardly obser vable even on close ingpection. The divergence is, how-
ever, increased in He. eyes, as the angle formed by the meeting of
the optic axis and v isual line is greater, and the nm}.n'ﬂl’r ctmlnq-
wus becomes all the more matked. In myopic eyves this angle i
lessened, and the visual ]1119 may even change position and pnss
outside of the optic axis, when the appearance of strabismus
may be presented, but T‘-‘Itll a convergent instead of a divergent
direction. _

Images of Objeets in Convergent and Divergent Strabismus.—In
convergent strabismus the two images of an object are formed on
the corresponding retinae; that which appears on the right side
belongs to the right retina, that on the left side belongs to the
left retina. In divergent strabismus the images are crossed and
formed on the opposite retinwe ; that which appears on the right
gide belongs to the left retina, that on the left side to the rtn‘]ll‘
retina. The relative positions of the images of an object in some
instances of diplopia depending on slight degrees of museunlar in-
efficiency, in which the deviation is so limited as to be hardly
noticeable by ordinary observation, are almost the only means by
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which a surgeon is enabled to decide what particular muscle or
muscles are affected. Their I'Eﬂl][?-l."fi‘ﬁ‘ sitnations in relation to the
two eyes will be rendered obvious to the patient at once if the two
linages are seen by him under different colours, as may be effected
by causing the ]Ja,twnt to look with ene eve tlu:)mrh stained olass
(see figs. 3 and 4). If the deviation be horizontal, and the i images

are ]mnmm-m(:m there is convergent displacement, and the ex-
ternal rectus muscle is affected ; if crossed, there is divergent
displacement, and the internal rectus muscle is affected.

The frequent associations of convergent strabismus with hyper-
metropia, and of divergent strabismus with myopia, have been
already remarked on in the sections on these refractive conditions.

Concomitant Strabismus.—(Concomitant strabismus may be only
vceasional or it may be persistent. The deviation may alternate
between the two eyes, each in turn being capable of directing its
visnal line on the object while the other deviates; or one, or both
eves, may be permanently displaced. When the deviation alter-
nates between the two eves, the amount of deviation in the right
eve when the visual line of the left eve is directed upon the ube ct
looked at will be equal to that of the deviation in the left eye, when
the macula lutea of the right eyve is in line with the object. .

In the strabismus of muscular paralysis the loss of Imwerﬂf the
eve to move in the line of impaired, or lost, action of the paralysed
muscles and the deviation in the opposite direction are constant.

When the strabismus exists only to a moderate amount, and the
deviation is limited to one eye, it is sometimes not easy of detection
z0 long as the two eves are ohserved together. "‘But it ‘may
usuall*r be readily demonstrated, if the retinal fanctions of the two
eyes are preserv E[]. in the ﬁ;l]owm:r way. The person under obser-
vation is directed to regard an nlgvct at the distance of a few feet
in front of him. Each eye is then alternately covered by the hand
of the observer. When the eve whose vizual line ig directed to the
object is covered, the squinting eye may be noticed at once to
change 1ts position. It will assume a direction which will bring
it vlsuallv in line with the object ; and equally, on again uncover-
ing the other eve, it will recede from the new to its former place.

Dlplupla — W Iwnm er the phv“mlﬂmml harmony of the visual
lines is interfered with in binocular vision, as lnp]mns with strabis-
mus, the discord necessarily causes the formation of double retinal
images, but does not necesmulv canse diplopia, or double vision.

szh}pla does not exist in the large majority of cases of
concomitant strabismus, but is conshnﬂr found in strabismus due
to paralysis, or partial inefficiency of one or more of the ocular
muscles.

There are several reasons why the subject of concomitant
strabismus can avoid taking note of the image in the displaced eve,
while the subject of paralytic strabismus is unable to doso. Inthe
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former, the eye whose visual line is properly directed on the object
has 1h image formed on the macula lutea, and it 1s of course re-
htuah sharp and distinet ; while the image in the displaced eye
is pictured on a part of the retina aw ay from the macula lutea, and
ig, therefore, more or less dull and indistinct. The relai‘n‘
displacement of the two eyes, or the strabismal angle, remains
constant, for in concomitant strabismus there 1s no interference
with the range of the muscnlar movements ot the globe of the eye,
as in paraly tic str abismus, but only with the position of the range
over which the movements take place. In consequence, the indis-
tinet image on the retina of the displaced eye is always formed at
a fixed 1}-uf of the retina; just as much so as the 3]1‘11[1 Image 18
formed on the macula lutea of the normally directed eve. The
retinal sensitiveness of the part where the re L:tnrlr dull or spectral
image oceurs becomes lessened at first from exhaustion and sub-
sequently from disuse, and the suppression of mental attention to
the image by the subject of concomitant strabismus in the efforts
which hL instinetively makes to rid himself of the troubles of double
vision, becomes easily established. On the other hand, in strabismus
due to 11;11':111,'s=is of one or more muscles, the relative positions of
the two retinwe are constantly changing as objects in different posi-
tions are looked at. and cor 1'&J-=pumhng chan ges constantly oceur in
the situations of the retinal images. If, for example, the external
rectus of one eye be paralysed, causing a certain amount of inward
deviation of this eve, as the sound eye turns inwards, or in a diree-
tion toward the paralysed muscle of the deviated eve, the strabis-
mwus is rendered more and more obvious—the strabismal angle
becomes greater, and the distance of separation of the double
images in the two eyes is increased. If the sound eye turn out-
wu‘ds or in a direction away from the paralysed musele of the
deviated eye, the two eyes in the case supposed will assume a direc-
tion more m concert. *mﬂ at a certain 1J::|nt the visual lines may
even both centre in the object, and the diplopia disappear. The
strabismus is thus seen not to be constant, as it is in concomitant
strabismus, but varies according to the position of the object looked
at, and consequently the position of the image in the displaced eye
is equally shifting and inconstant. There is little to interfere with
the retina retaining its sensitiveness over its whole area, and under
these circumstances the strabismal subject finds himselt unable to
suppress perception of the second image when it ever occurs.

When concomitant strabismus happens in very early life, the
suppression of the images in the squinting eve seems to take place
with the utmost facility, amblyopia is established, and if the
strabismus be not rectified, the retinal sensitiveness becomes lost
beyvond recovery.

Diplopia, due to slight muscular paralysis, may be noticed by a
paticnt before strabismus is visible to an observer. 1t may amount
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to little more than mere haziness from overlapping of the two
images at varying distances, but may still be accompanied by a
dxﬂ’cultv of co- 01'(11111’{111# the touch with the sight of objects, as
well as by the vertigo and other snnjecm'ﬁ snnptmns to which
diplopia usnally leads. 1f two separate images are noticed, the
sharper image [jl‘ﬂ[hl(‘.t‘ﬂ on the macula lutea Uf' the sound eye, and
the weaker image on the retina of the deviated eye, may be {ha-
tinguished by thb aid of the colour test elsewhere nwntmn&d
thf-.:.' are not otherwise recognizable ; and the recognition as soon
as establishéd will indicate not only which eye is disordered, but
also the affected musele or museles. 1f'two images of a bright object,
as of a lighted candle, plncvd at a distance, are seen, and one image
is coloured by the intervention of colour o glass before one of the
patient’s eyes, the patient will readily point out to the observer the
situation of the image belonging to the eye before which the
coloured screen 18 plz-u?ul and that iJeancrmn‘ to the other eve. The
observer will at once see, from the 1‘ehtwe I}D&Hml’l‘- of the two
images, in which of the []’!.t-lt*llt eyes the true image is formed.
The affected eye is thus made known, and the situation of the dis-
plur_cd image, lelz-ltluh to that of the true image, whether it be to
its right or left hand, or above or below, indicates the muscle or
muscles which are at ﬁml’[ in this eye. The l:ll*-]‘ml iced image always
appears on the side opposite to the ocular deviation, so that if the
images are homonymous, convergent strabismus iz =:hm~. n to exist,
11h1|e it they are crossed, :lwm'genr strabismus is indicated. If,
for example, it be the musele concerned in convergence which is
affected, say of the right eye, leading to divergent :]np]m‘ement
the sp&chal image will be crossed to the left handof the true image
as seen by the patient; if it be the muscle of divergence which is
affected, leading to convergent displacement, the false i image will
be to the right &1:19 of 1he true image as seen by the pﬂtlmlt an
indicated b‘r him to the observer. (‘:nee fics. 3 and 4, p. 4.)
Dlagnuqs of Concomitant and Paralytic Strabismus. —-The con-
ditions already mentioned form sufficient means of distinguishing
between these two forms of strabismus, but one other difference
between them, which is useful for ﬂﬂgnmﬁ may be presently
mentioned. The characteristics of concomitant stnlmmua, which
have been already referred to, are: 1. The affected eve retains its
full natural range of movement, but this range is dlﬂphwd Its
movements do not take place in the normal are, the eye turning
more in one direction, and less in the opposite direction, than
the normal eye; 2. The deviation of the affected eye, and the
amount of disagreement in direction of the visual lines of the two
eyes, at whatever distance the object may be placed which is looked
at by them, are constant ; and 3. The E]l‘-i)l!l{‘tﬂ or spectral image,
formed in the affected (-u* is mentally ignored, so that diplopia
does not occur, On the other b and, in par th tic strabismus, 1. The
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range of movement of the affected eye is always lessened in the
direction of the paralysed muscle; 2. The amount of deviation of
the affected eye, and of dissociation of the visual lines of the two
eyes, are not constant, but var v with the different directions of the
oluw:*fs toward which the patient turns his eyes; and 3. Dl]]ln‘!]lﬂ:
always exists in the range proper to the paralysed muscle, in all
cases in which the retine retain their sensibility.

The other symptom by which paralytic may be distingunished
frorn concomitant strabismus is the following. If, while the
head remains fixed in position, the healthy eve be covered by a
diaphragm of frosted glass, at a time when the patient is h:-c:l-:ing
toward an object, the affected eye will make a slight move, in order
to try and adjust its visual line apon the object. This movement
of the affected eve may be seen to be accompanied by a movement
of the healthy covered eye, so that if the other is directed on the
object, the covered eye ‘becomes the squinting eye. In ]mmhtlc
‘-Ilﬂhlhlllll:-t., this movement of the covered -'-ﬂund eye exceeds in
extent the movement of the affected eye, becanse the slight move-
ment of the affected eve, owing to its defective innerv "itl-Dl]._, requires
a greater effort of the will to effect it, than it would if the innerva-
tion were perfect. This increased effort affects the associated
muscle of the sound eye, and so leads to a greater amount of move-
ment through its agency. The deviation of the affected eve is
usually deseribed as the primary deviation ; the movement of the
sound eye under the circumstances named, 48 the ssconiiz iy devia-
tion. On the other hand, in concomitant strabismus, under similar
circumstances, there is no difference in the extent of movement
of the two eves. When the healthy eve is covered, whatever may
be the distance to which the affected eve moves in order to direct
its visnal line upon the object, the extent of the associated move-
ment of the covered eye will be preciselv the same. "The rule is
thus deduced that in all cases of paralytic strabismus the secondary
deviation exceeds the pwimary deviation, while In concomitant
strabismus the two deviations are exactly equal.

Measure of Deviation in Strabismus.—The linear measurement
of the deviation of a squinting eye may be made in either of the
following ways. Let the patient be divected to look at a distant
st llmzmn' 1::5}]01:1' with both eyes free, and while he is doing so,
mark with a dot of ink on the margin of the lower eyelid of the
-e.rfm.-mnr;r eye, the spot which would fall within a vertical line pro-
longed from the centre of the deviated cornea. Then close the
normal eye, and let the affected eye be directed to the object, and,
as before, mark a spot on the lower lid corresponding with a
vertical line drawn through the centre of the cornea in its new
position. The distance measured between the first and second
spot gives the linear measure of the deviation.  Or, while the two
eyes are open, & spot is marked on the margin of the lower lid of
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the sound eye inline with the centre of the cornea. A spot iz then
marked on the border of the lower lid of the affected eve, which
exactly corresponds in position with that (:[ the spot p]tluwl npp:mm
to Hu:: centre of the cornea of the sound eye. A second gpot is then
made to mark the situation of the centre Gf' the cornea as it exists
in the squinting eye. The distance which separates these two
spots indicates the amount of displacement of the optic axis. The
distance between the two spots can be measure | by an ordinary
tape measure, oraduated with sufficient fineness, but still more con-
veniently by means of a strabismometer. (See p. 49.)

Treatment of Strabismus.—. Although in comparatively mild cases
of paralytic strabismus, such as sometimes result from constitu-
tional states—trom syphilitic. rheumatic, or diphtheritic disease,
for r-uunple-—reh:f may often be effected by sunitable 1LI'!H‘I.11IT"-'
and also in the milder forms of concomitant, or funetional, ~t1¢l|;1~_.-
mus, by the aid of prisms, in exercising and gradually -{‘|ennﬂten-
ing ﬂw weaker muscles, and so enabling t them to overcome the
stronger action of their opponents, together with correction of any
abnormalities of refraction that may co-exist by appropriate lenses ;
still, in the majority of cases, especially when the deviation is fully
es:.l'dhllhh{wL it only admits of cure, or palliation, by the operation of
tenotomy. The proper treatment of strabismus usually requires
very cloze and accurate observation of each particular case concerned,
and a consideration of the subject does not fall within the scope of
this manual ; a description of the various proceedings involve A in
it will be f'unnrl in all systematic works on diseases of the eye .md
their treatment.

Influence of Strabismus as regards Military Service.—The dis-
ficurement caused by well-marked strabismus, and the uncertainty
it gives rise to, as to the precise direction in which a man is look-
ing, are suflicient reasons for rejecting a recruit seeking enlistment,
but the most important objections are the monocular vision on the
one hand, and the amblvopia on the other, with which concomitant
squint is usnally accompanied. Operative interference may re-
move the {11ahn-uu ment, but will not repair the amblyopia if it Dbe
of long ai:-mdm:r I have known a candidate for an army com-
mission get the concomitant strabismus with which he had been
affected from childhood, rectified by surgical eperation, but a year
afterwards, the :ll]li}h'ﬂl]la- of the eye which had been (IF]:-].:{*P{]
remained without any apparent improvement. Pr actically the
influence of concomitant strabismus on aptitude for military service
is settled by the ordinary tests for acuteness of vision. If the
soldier can count the test-dots by each eye in succession at the re-
quired distance, although a slight amount of functional strabismus
may be apparent, there is no sufficient canse for rejection: if the
test-dots cannot be counted at the regulated distance, whether the
impediment may be owing to the refractive condition of the eye, or
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to amblyopia the result of disnse, the resunlts as regards the unfit-
ness of the candidate for military service in the ranks will be the
same.  As regards a candidate for an officer's commission, there
will be this difference ; if the dilliculty in the way of reading par-
ticular test-types be due to ametropia only, he may overcome it by
wearing suitable glasses ; if amblyopia from disuse exist in addition,
no glasses will rectify it so as to enable him to pass the required
tests.

Paralytic strabismus is a sufficient cause for rejection of a re-
cruit. Itis therefore only likely tobe met with after asoldierhas been
serving in the army, and, when once it has occurred, it is usually
a cause of the man being ‘dischar ged from further service, owing to
its liability to recur, even thoutrh it may appear to be only tun}m-
rary in its nature, Tn occasional cases, where it has been traceable
to the effects of a slight attack of insolation in a tropical climate,
it may disappear altogether on removal to a temperate station ;
but under many other conditions, when induced by morbid states
as syphilis and others, though it may be removed for a time b}
appropriate '['I'L'd.tll'll‘:l'!'l': ﬂwnf 1s no security against the risk of
its retnrn. When paralytic strabismus is fully established, the
attendant [li]‘lli}].}i:b, and loss of ocular movement in the direction of
the paralysed musele, and with it frequently loss of part of the field
of vision, as a matter of course, incapacitate a soldier for further
military service.

CHAPTER VI.

On Impaired Vision dne to Defects of Colour-sense —Colour-hlindness —Definition
— Sympioms —Varieties —Canses of Colour-blindness — Aeateness of Colour-
sense — Diagnosis—Holmgren's Test— Proofs of Kind and Extent of Colour-
blindness —Thomson's Application of Holmgren's Test—Maréchal’s Lanlern-
test—~Colour-sight in the Royal Navy—In the Indian Government Services—
Influence of Colour-blindness in the Dritish Military Service—Amblyopic
Colour-blindness,

CoLOUR-BLINDNESS,

Definition.—Imperfection, or total deficiency, of visual percep-
tion of one or more colours. The term dyschromotopsia is employed
to express dulness of the colour-sense, or adifficulty in distingunishing
colonrs and their various shades and t*m'nhnmhmr-; r!r*frummfupmr
to express cum]ih te absence of perce lﬂfl(}ll ol one or more colours,
or, in other words, total inability to distinguoish truly one kind of
colour from another. As a rule, both eyes are 1qn1nlh‘ affected,
but eases have been recorded in which monocular -mhrnmnln]:hm
existed while the other eve was entively free from the defeet.
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Colour-blindness is of two kinds, viz. (u) congenital colowr-blindness,
a defective state of vision, often hereditary, under which the subject,
though possessing distinct perceptions of form, and of contrasts of
Iltrht and shadow, and, indeed, normal sight in all other respects,
is unable properly to recognise diversity of colour, or to perceive
certain colours ; and (h) amblyopic colour- Mmu";wse deficiency,
perversion, or loss of colour-sense associated with morbid states of
the retina which are mostly manifest to observation.

Symptoms,—Colour-blindness may exist without the subject of it
being aware of his defect, until his attention is directed to it by
experimental trials, or untd the oceurrence of some observation or
of some special difficulties consequent on his disability reveals its
presence. In the case of one coleur-blind person known to me,
the existence of the defect was only discovered by his expressing
surprise to his daughter that certain posts, which were partly
designed for attracting attention, had not been painted of
different colour from the neighbouring shrubs. The fact was the
posts had been painted red to distinguish them from the green
objects near them. He was then of mature age, yet the existence
of his colour-blindness had not been previously known to himself
or others. On looking at the colours of the spectrum, some of them
may be seen ED]'I‘H(HT while others that are really very unlike, 1’1:::—
duce on the colour-blind subject a similar optical e ffect, and are on! y
distinguished by appearing to vary in intensity of ]1cr1|f and shade.
The eyes may be normal as 1‘1‘”‘11"(]‘:- their refractive qualities and
power of accommodation, v isual : acuteness, and appreciation of form,
in short, perfect in all respects excepting in the colour-sense. 'J.!u,
subjects of colour-blindness make great mistakes in sorting colours,
Inability to distinguish red from green is the most common form
of colour-blindness. One colour is regarded as similar to the

other, only varying perhaps in shade or saturation. The red and
green colours are confounded with grey as well as with each other,
and, in consequence, are Wmnglv 11}]]]1&{1 or distinguished. To
persons who are ¢ blind for red,” objects coloured red appear to b
of a darker hue than they do to those who are not colour-blind,
apparently dark grey, at the same time that some reds are not dis-
tinguished from green; and similarly, the ‘blind for green’ see
green objects darker than they re: a,lh' are, while some greens are
confused with purple, blue, or grey. Such differences in objects
as depend upon varieties of colour for their recognition are, there-
fore, of no avail to the colour-blind.

Varieties.—Instances have been recorded in which no distine-
tions of eolour have been recognised ; in which all ﬂhJFH:’-_- have
seemed to be uniform in mlmuu and f~1111]ﬂ-: varying in degrees of
light and shadow, or depth of tint, as in the 1:-hf}‘rnwt aph of a
lcuulncnpah Such instances have been very rarely met with. In
ordinary achromotopsia, there is usually absence of perception of

I
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one, or at the most two, of the three colours, red, green, or violet,
4k Iw subject may be blind for red, or for green, or for both red and
green, or he may find a dlﬁwn]h merely in (h-»rmmrl.nnhmg between
red and green. Or he may be ‘blind for blue’ or violet, while
he recognises red and green. This last variety appears to exist
the least frequently of all the kinds of colour-blindness; indeed, to
be very rare.

Colour-blindness should not be confounded with inability te
name colours, nor even with dyschromotopsia— that is, inability to
appreciate with facility or nicety the more complex colours or to
see the colours of objects under the same conditions of extent, dis-
tance, or saturation, under which other personscan see them, or to
distinguiﬁh readily different shades or tints of one and the same
colour. These 1mp&1‘ﬂ~t'tmm may, or may not, be due to a limited
defect of orgamisation in the ne:vc—vlumwts usually they are
simply attributable to want of sufficient e ducation of the colour-
sense, to enable the distinetions named to be recognised or appre-
ciated. Just as the senses of hearing and taste may be developed
by cultivation, so may the colour-sense when it exists. Bat in
true colour-blindness, achromotopsia, the sense for certain eolours
does not appear to exist, and all attempts at improvement by
education have consequently hitherto been of no avail. It is only
this form of optical defect that, as a general rule, is of practical
importance as regards ucrupatmn% in civil life or in the military or
naval services.

Causes of Colour-blindness.—The abnormal anatomieal conditions
on which colonr-blindness depends have not yet been demonstrated,
and even the true nature of colour-sensation is as vet undeter-
mined. The theory most generally accepted for explaining per-
ception of colour is that known as the Young-Helmholtz theory.
According to this theory there are three {hatmct elements in the
retina which ave concerned in recelving visual impressions, one of
which is chiefly excited by red rays, the second by green, and
the third by blue or violet rays. If the ele mentary fibres which
are concerned in the pm-cc-ptmn of these three fundamental colours
are equally excited together in normal eyes, the resulting impression
is that of white ; while the impression of compound or intermediary
colours depends on the fact of either two, or of all three, of the
retinal colour elements being severally excited in greater or less
proportion among themselves. The cause of defective or of com-
pletely deficient perception of colour depends upon a faulty or
undeveloped condition, or upon a total absence of one or more
of these retinal colour elements. Although the hypothesis just
named is the one which is very generally accepted instead of the
Newtonian view of the three primary colours being red, yellow
and blue, and green and violet being mixed or compound colours,
gome philosophers are opposed to it, and there are certain un-
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doubted difficulties in the Young-Helmholtz explanation which
still require solution.

No morbid condition of the media or fundus of the eye can be
detected by the ophthalmoscope in colour-blindness, a fact which
distinguishes congenital achromotopsia from most cases of amblyopie
achromotopsia.

Acuteness of Colour-sense,—The sense of colour, like the per-
ception of shape and size, of objects, is most acute in the region
of the macula lutea. It decreases in proportion as the images of
coloured ohjects fall on the retina more and more remotely from
this point, but the decrease is modified by the clearness of colour
and degrees of illumination of these Ol'le?l:Lt*:- The field of colour-
vision is not alike for all colours, as may be readily observed by
using test-objects of different colours with the perimeter. The
perception of green 1s the most limited, that of red is next, while
the visual field of blue is usually the most extensive. A white test-
object can be seen beyond the limits at which one of a blue colour
can be distinguished. The field of vision for each colour becomes
restricted in the progress of certain morbid states of the retina.

Diagnosis.—Snellen’s coloured types and other similar objects
were formerly supposed to afford H;ltl"-id{“'t't}l\.‘ means of testing
achromotopsia. Five colours were supplied in Suellen’s book of
test-types as distinguishing tests for colour-sense, viz. red, yellow,
green, blue, and grey. The orange, indigo, and v iolet colours of tlw
spectrum were not included. In like manner small flags and
lights of different colours were used for testing perception of dif-
ferent colours in medical examinations for the Royal Navy. But
special attention has been given to this subject during the last few
:F_.'P"LI"::, and the tests _]u-t ‘mentioned are no longer regarded as

reliable. They may still be employed for measuring the acuteness
Uf central vision for coloured objects relatively to the visual acute-
ness for uncoloured objects, but not for determining whether the dis-
tinctions between the colours themselves are nﬂrnnl]‘r perceived.
Professor Holmgren has proved that eolour-blind persons have
acquired in some instances a power to distinguish signals and lights
of different colours, and even of calling “them by their proper
names, from the retinal impressions of ¢ lifferent chgruu:. of light
and shade made by them— that is, so long as the signals and
lights under observation are put before them under L[‘.ﬂldltlunh
of equal clearness. The colour-blind person has trained himself
to observe these qualities as substitutes for his want of colous-
sense; just as the totally blind educate and refine their senses
of touch and he: wing to make up for their loss of visual power.
There have been lle"th‘ﬂ proofs that eolour-blind persons can
learn to distingunish between differently colonred lights, not by
the true differences of their respective colours, but by differences

in their apparent illominating power. The man colour-blind for
1 2



148 THE ILLUSTRATED OPTICAL. MANUAL Cuar. VI

red does not know the green from the red light because one is
green and the other red, but because the retinal i nnpreqsmn pro-
duced by the green is more vivid than that which is produced on
him by the red. There may also be an acquaintance with some
special effects or differences in quality acquired by repeated obser-
vation which may help the colonr-blind, that persons who possess
a naturally normal sense of colour are unable to appreciate. In
this way colour-blind persons may pursue their callings for a
certain time with impunity, 11crtw1th=hndmw their defects, which,
however, may lead to dangerous results at any moment, T‘v’hen
only a f-:mg]e coloured t}h.]ert a flag or lamp, is exposed to view, no
opportunity of contrast as mmrda illumination is afforded, ‘such
as a colour-blind person may turn to account when several nbl]ects
of different colours are prewutt?d to him. Many atmospherie con-
ditions and other circumstances may caunse the clearness and inten-
sity of light of particular coloured signals or lights to differ, or
may make them appear to differ, in these respects, and as these
variations in luminous intensity take the place of differences of
colour with the colour-blind persons just referred to, it is obvious
that no safe reliance can be placed on such substitutes for the true
colour-sense. The importance of not placing reliance on any sub-
stitutes of the kind is forced on the attention all the more from
reflecting on the very serious nature of the issues which must
depend under a variety of circumstances upon the observers con-
cerned in them possessing a full and correct appreciation of the
colours exposed to view. ;
Holmgren's Test.—The test now generally adopted, or some
modification of’it, is the one introduced by Professor Holmgren, of
Sweden. Holmgren’s test is simple and easily applied. A number
of skeins of w ﬂ(ﬂ of different colours are collected together. They
consist of the colours corresponding with those of “the spectrum,
viz. red, orange, yellow, green, blue, indigo, and violet, together
with TE'“:JW!‘«]]-“‘I‘E‘E’H or eonish- hlus* ]]111*]119 rose, brown, ﬂnd grey.
There are sev (-1'11 qlmflm of m(‘h colour, and at leqﬂt five gra{'ld.tmns
of tint, or degrees of saturation, of each shade of colour, from the
ﬂnnprat to the lightest. The skeins of wool are mixed ’rogether n
a heap on a t: lblf;-.,e.xpmrcﬂ fully to daylight, not artificial light, and
the examiner takes from it one of the skeins. and places it at some
little distance from the general heap. The person under ex-
amination is then requested to pick out the other skeins which
most resemble the test-skein in colour, and to place them side by
side with it on the table. A person E]f!l‘ﬁ with normal power of
distinguishing colours will respond to the test easily and (]111{:1.11' .
while .nm’rh{*r person whose perception of colour is faulty, or im-
perfect, will exhibit hesitation and will make nush}.es in the
colours, or shades of colour, of the skeins which he seleets. A sue-
cession of similar tests may be applied in the same manner.  Either
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very light or very deep shades of colour are recommended for the
test-objects. The person under examination is not required to
name the colours. His chromatic perception is judged by the
manner in which he responds to the test. If faunlty colonr-sense
be exhibited in the performance of the task, the tests must be con-
tinued in order to determine the kind and extent of colour-blind-
ness, whether it be simply defective perception, or total absence of
perception, of either red, green, or violet, or of any two of these
colours.

To ascertain the Kind and Extent of Colour-blindness.—The
following is the order of proceeding to establish the diagnosis as
prescribed by Holmgren :—

Ist Proof. A skein of pure light-green wool is given as the
test. The specimen should neither be ¢ blue-green * nor ¢ yellow-
green.’ On examining the skeins which have been selected as
similar in colour and shade, if they have been Ht'lﬁ'btl?{l readily 'md
found to be all of green tlnta chromatic perception is ¢ not faulty ;
if after hesitation and difficulty in selection t].lE'l’L is an ﬁppm‘lch
to confusion of colour, the ¢ colour-sense is weak ; ” if complete con-
fusion of cclour, if the green is matched with grev, brown, purple,
cr even with 1'@(] the conclusion is that there is ¢ colour-blindness.’

2nd Proof. J:L skein of purple colour, that is, a mixture cf red
and blue, is now given as the test. If all or the greater part of
the skeins selected as hemg of the same tint are found to be =o, the
colour perception is ‘mnot fanlty;’ if only blue and violet wools
have been selected and joined to the purp]e test-skein, in ofher
words, if the person tested sees the purple only as blue, there is
colowr-blindness for red; if green or grey, or both, liave been
selected as specimens of the same colour and shade as the purple,
the person under examination is ‘completely blind for green;’
if he join red and orange skeins to the purple wool, he is * blind
for blue and violet.” If wool of all colours, of the same shade or
degree of saturation, should be taken as being alike in colour, there
is evidence of comp lete and ¢ total colour-blindness.’

The proofs above given Holmgren regarded as sufficient for all
ordinary cases, but for special individuals, as for official persons on
whose rlght perceptions of colours important issues depend, he
considered it advantageous to take further proof in confirmation of
the conclusion arrived at from the foregoing tests, and then nsed a
skein of pure red wool as the test-object. The colour-blind show
by their selection that they confound green and red together, the

‘red blind’ persons particularly ‘i{'lE‘Ctl‘ﬂD‘ in addition to red,
shades darker than the test-skein, such as shades of deep green,
olive, and dark brown; ‘green blind ’ persons shades hghter than
the red.

Thomson's Application of Holmgren's Test.—Dr. Thomson, of
Philadelphia, has devised an instrument based on Holmgren’s plan
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of testing colour-blindness which ecan be used by any intelligent
observer for noting and recording whether a person is colour-blind
or not; tlie ophthalmic surgeon being only referred to in cases
which appeawr doubtful, or for confirming the observations when
colour-blindness is stated to exist. This is reported to have been
largely used in testing the colour vision of railway employés, with
the result of discove .ring about 4 per cent. to be colour-blind. In
this instrnment 40 =~L{‘:I15:- of coloured wool are emploved, the tints
selected being those of the three test-colours, green, ]mrpi(- and
red, 1curu~tl1m- with the usual ‘colours of confusion.” The skeins
have (nu:*h a small metal plate attached bearing a pamcuhrnumln-r
which ean be f.jlllﬁ]:\l"'. read off and noted bv the examiner. One
half, or 20 skeins, are devoted to the green test, the 10 odd
number being ':11-.!(11.“:- of green, the 10 even l'.llllt'lbt‘l': confusion
colours,” as greys, light bumlls-.., and others ; ; the skeins from 21 to
30 have purple tints on the odd 1111111]16-1';'-:, and blue tints on the
even numbers ; the skeins from 51 to 40 have red tints on the odd
numbers, and brown. sage, or dark olive tints on the even numbers,
The numbers are concealed from view of the person under examin-
ation, who merely selects the tints which seem to lim to corre-
spond to the test-tint given to him, on the same principles as have
alrcady been explained ; while the examiner to whom the numbers
are accessible simply notes on a proper form the nnmbers of the
skeins, whether odd or even numbers, which have been selected.
Reports thus obtained, and subsequently subjected to professional
scrutiny in the cases of those who appeared to be colour-blind,
elicited the proportion of 4 per cent. above mentioned. Holmgren
concluded from his inquiries that the percentage of persons colour-
blind was a little under 3 per cent.

Maréchal's Lantern Test.—A convenient method of examining
for colour-blindness has been adopted in the naval scheols of France
on the suggestion of Dr, Mavéchal, Principal Fleet Surgeon. It is
a test by dItlﬁEld] light, and the manner of applying it is similar
to that followed in the trials by Holmgren's wools. A lantern 1s
arranged in snch a way that a variety of colours may be shown by
the same light on shifting the glasses. The examiner and the
person under examination each have a lantern. and on the former
showing a particular light the latter has to show a light of the
same kind. Holmgren's wools are also used as tests by daxlight,
and the same mode of examination is carried out with pilots and
signalmen employed in the Irench navy. Coloured signal lights,
in addition to tests by daylight, are used in various countries in Ilm
examination of officers and men of the State navies. The same
tests are applied in some instances to men belonging to the mercan-
tile marine.

Plan for Testing Colour-sight in the Royal Navy.—-All naval
officers (medical officers only excepted) and sailors now enter the
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Royal Navy as boys, and, I am informed, they are invariably tested
as to their perceptlon of colour, and that any notable ﬂehmencv in
respect to it is regarded as a sufficient ground for rejection. The
following is the “order given in the *(guwns Regulations and
Admiralty Instructions ® regarding the examination of candidates
for admission into the Naval Service or into the Royal Marines as
regards colour-sight. * Whenever test-tvpes are supplied, the
power of vision of each eve separately, as well as together, is to be
ascertained. If the persons under examination fail to distinguish
the colours’ (of the coloured test-types), ‘they should be tried
with brighter and decided colours; for this purpose red, blue,
green, and vellow ribbon flags may be used.’ Coloured wools
are in use at the Admiralty for doubtful cases among officers.
Influence of ﬂulﬂur-blmdness in the British I!Imtary' Services.—

This affection, which is very important as regards persons who
have to depead on coloured signs for gmdancu, such as signal
officers, look-out men at sea, and railway officials, or as chemists
and others concerned in 1:-1'-1ct1r:al ﬁ]’.‘l”l.ll‘f"-lbj in which the presence
of particular ingredients is determined by such tests as coloured
solutions, or bx‘ the effects produced so far as colour is concerned ;
as regar'[ phnicmm in the diagnosis of certain diseases character-
ised by colour, as scarlating; and even as regards officers in
general command who 1‘9(111116 to be able to recognise clearly and
quickly the colours of uniforms ;! was not uﬂ'if:m!h' defined to be a
disability in candidates for commissions as officers in the British
army until the regulations promulgated on September 1, 1887,
were issued. Tt is laid down in these rules that ° 111ahllltv to dis-
tinguish the principal colours’ will cause the rejection of a candi-
date. It is not ruled to be a disabil ity as regards soldiers in the
ranks, nor are there any orders for the colour sense of men brought
as recruits to be tested by examination. Neither has it been in-
cluded in the lists of disorders of the eyes Incapacitating men for mili-
tary service either in our own or, I believe, in any foreign armies.
It is important for medical officers not only to be m:qu“lmter.l
with the nature of colour-blindness, but also themselves to have

' T was once aware of an officer discharging the duties of a musketry in-
structor who could not distinguish the red fag or ‘ danger signal ' at target practice
by its colour, but only by its larger relative size ; and of a general officer who was
necessitated from the same defect to ask a member of his staff whether a body of
troops were dressed in red or blue. I have also known a surgeon in civil practice
who was temporarily affected with achromotopsia, during which period he could
not distingnish red colours. A patient affected with scarlaiina appeared to him to
be of a yellowish tinge, as if he were suffering from jaundice. The late Professor
de Chaumont informed me that difficulties kad arisen in some instances among
the surgeons on probation in the esecution of practical analysis in the Hygienic
Laboratory of the Army Medieal School from the fact of the surgeons concerned
being colour-blind ; and Professor Sir Wm. Aitken has met with similar casesin the
FPathological Department on occasions when the nature of specimens seen under
the microscope has had to be determined by the colour resulting from the applica-
tion of certain reagents,
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perfect colour-sense, and to be familiar with the methods of
diagnosing colour-blindness in its several varieties, for they are the
persons w Tose duty it will be to decide whether candidates for com-
missions are able to distinguish the principal colours accurately,
and whether defective colour-sense exists or not in any speeial
cases that may be submitted to their judgment.

The serious nature of the defect is acknowledged as regards
officers and sailors of the Royal Navy, who have to distinguish
accurately signals made by flags and pennants, for the power to
execute this duh aright dq‘mnd&. more upon correct appreciation of
the colours 11mu of the forms or even the markings of the objects
presented to view. The recognition of the colours has to take
place quickly and readily, too, under conditions in which their
brightness is more or less impaired by mist and other atmospherie
impediments. A colour-blind officer or sailor conld not reccgnise
the distinguishing pennants of ships, nor interpret orders conveyed
by the usnal combinations of signalling flags, for many of them have
the same shapes and dimensions and only differ in their colours.
This remark equally applies to most of the flags in use for signal-
ling, as well as to the coloured lights, red, green, or white, which
are shown by vessels at night to “indicate their p{:-sztmn and the
direction which other vessels are to take in steering past them.
The ill-consequences of colour-blindness in such cases may not be
confined to mere failure of recognition of the objects concerned,
but in many instances an erroneous interpretation of them induced
by the defect may lead to most grave and nremediable ealamities.
It is not to be fmfr{:l;l en, moreoyer, that congenital colour-blindness
is an incurable c'hsm'r:'ler, and that while the use of glasses and such
optical instruments as the telescope may make up fr::-l' some visual
defects, they cannot lessen or in any degree correct the defeet of
achromotopsia. Candidates, therefore, for service in the Royal
Navy, both officers and men, require to be carefully examined in
reapf-ct to their faculty of d1-tmgmﬁl ing colours. The colours
employed for the pennants and flags use d during daytime in the
Royal Navy of Great Britain are the three mlmnm red blue, and
yellow, together with white and black, while at night, red, green,
and w]nte lights are used, so that it is for these mlnma that candi-
dates chwﬂy require to be tested. At the same time it is not to be
forgotten that, in addition to the simple colours named, compound
colours are u=-e(1 in the flags of foreign navies,

Indian Government Services.— Candidates for admission into the
public services under the Government of India are disqualified for
service in various departments by the existence of achromotoj sia
or dyschromotopsia. The particular branches of the Indian service
in which the regulations describe colour-blindness to be a dis-
qualifying defect are named in Chapter 1X,
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Amblyopic Colour-blindness.—This is characterised in some cases
by imperfect perception, or loss of perception, of certain colours,
the results of morbid conditions of the retina and optic nerve.
Abnormal sensations of colour, such as the prevalence visnally of a
tint of some particular colour independent of whatever may be the
actual colours of the objects presented to view, should be distin-
guished as ‘coloured vision™ rather than as ¢ colour-blindness.’
Xanthopsy, or the yellow vision, produced by the administration
of santonin, is an ex.ample of the visual condition referred to. Red,
in 'u:r:lbimplc, as in congenital achromotopsia, is the colour which
is most frequently not discerned, while the power of distinguishing
vellow or blue remaimns the most persistent. ﬂmhhu]nt with
central scotoma seems to be particularly liable to be attended with
impairment of perception of colour. Optic neuritis, neuro-retinitis,
and any diseases inducing atrophic changes in the optic nerve have
the same tendency, and an alteration in the right perception of
colours sometimes appears very early in their course. The disabling
influence of this form of colour-blindness as regards l‘ﬂlllfdl\
service depends on the amblyopia and morbid states with which it
is associated rather than on the colour-blindness or colour-perver- -
sion itself,

CHAPTER VIIL

ACUTEXESS OF VisioN—Normal Acuteness of V.—Alertness of V.—Relative
Acnteness of V.—Measnrement—Optometrie Test-objects—Hair-wire Opto-
meter—Jiger's Test-types—Spellen's Test-types—Burchardi’s Sight-tests—
Snellen’s Test-types in Military Practice—AMBLYOPIA—Definiiion, Causes,
Symptoms, and Diagrosis of Amblyopia — Hemeralopia — Nyectalopia —
Hemiopia—BScotoma—ASTHENOPIA—Delinition, Causes, Symptoms, and
Diagnosis of " EPHELOPIA, or DIMSIGHTEDNESS from Interfer-
ence with the Passage of Light through the Eye.

ACUTENESS OF VISION,

THE term ¢ Acuteness of Vision’ or V. has reference to quality of
retinal sensibility, and might strictly be limited to the functional
capacity appertaining to the impressible retinal elements; but as
this capacity can only be practically tried or indicated by a measure
of that on which the retinal function is exercised, the term as
usually employed is applied to the size of the retinal image which
can be visually recognised, or, what amounts to the same thing,
the size of the ﬂbject w].uch under favourable conditions, can be
seen and distingnished b}' the eye at a certain determinate
distance.

Normal Acuteness of V.
1s generally understood to imply clear rvecognition, in broad day-
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light, of an object toward which the eye is directed under the
smallest visual angle for which the eye in a state of health is
organigsed. This can only be regarded as an ﬂppruumﬂfﬂ definition
of ’rhr- term, for the lllumumtlun of objects varies as the intensity
of the dayli ght to which they are exposed, and this differs greatly
in different countries and under different states of weather. As
an optical expression, normal or full acuteness of vision refers to
that degree of perfection of which we have experience in the
human eye; it seems beyond doubt that some animals, such as
certain birds, can see objects of their own size from distances bevond
those at which they themselves can be seen by man, and it is quite

conceivable that a higher degree of visual acuteness than any
hitherto observed might be attained in the human eve through
further development of its visuul organisation. The acuteness “of
vision referred to is central, or that which exists at the region
of the macula lutea. Complete acuteness of V. can only exist
when the organic textures and tr: ansparency of the media of the
eye are perfe (.t when its refractive power is accurately adapted to
the distance at whmh the object looked at is placed ; and when the
retinal sensitiveness, or the functional energy of the retinal ele-
ments, and the nerve eonduction are also periect An eye may be
em metm'nc vet its visual acuteness defective at all distances owing
to clcnuc]me-als of some of the media, to a defective or disordered
state of some of the retinal elements, or to other morbid con-
ditions ; on the other hand, an eye may be ametropie, and possess
perfect V. at some distances though not at others, or at all distances
when the ametropia is corrected.

From the foregoing it is evident that V. may vary in degree
from normal aculeness to mere recognition of '11urht of a certain
amount—auantitative vision, and, furt her, that the 13;111:1:'.11]&1' degree
of V. in any given case will admit of measurement it a definite
objective standard of normal V. be agreed upon.

Alertness of V.—The speed with which particular objects are
distinguished varies in different individuals whose degree of V.
may be found to be similar by ordinary observation. Such rela-
tively slow or quick sight may be best defined by the expression of
“alertness of vision.” Increased alertness of vision accompanies
increased intensity of visual impression, as in binocular compared
with monocular vision, but appears also to depend on irvdividual
habits and constitutional peculiarities, visual practice, and, perhaps,
also on relative perfection in regard to transparency of tlu, ocular
media, and, consequently, relative speed in the formation of the retinal
images of nlﬂ{ cts., As senile changes fake place in the refractive
media and ocular tunies, alertness of V. diminishes, and to this
probably in some degree are due the cautious and relatively slow
movements of the old. Measure of alertness of colour wvision
becomes important under circumstances in which the time for
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coloured signals to be acted upon is very short, so that dyschromo-
topsia, though not a completely disabling defect like achromotopsia,
is still one of serious account under some circumstances. Under
certain conditions, as in narrow channels, the green and red lights
of ships appmn{']nnn‘ each other rapidly from opposite directions
may not be visible until the vessels are at a relatively short
distance from each other, and a single winute, or even less, may be

all the time available for the look-cut man in each *:.1111) to take
note of the lights and give the necessary steerage for passing so as
to prevent (:ﬂll1:-:1m1+

Relatively perfect alertness of V. is of the ntmost value when
rapidly moving objects, coming suddenly into view, have to be
recognised and aimed at on the instant. The vital importance of
visual alertness, of mpidlh', as well as of precision of aim, has
been forcibly demonstrdted in recent wars, fﬂ:}wcmllr in some of
those in which British troops have been engaged against agile and
unfettered foes such as the Zulus and other native tribes in South
Africa, and as the Arabs in the Soudan. Alertness of V. is a
quality which in emmetropic and otherwise normal eyes may be
largely developed by well-directed training and practice.

“Relative Acuteness of V.— Relative acuteness of V. is conveni-
ently determined by the relative sizes of the visual angles under
which objects of known magnitude can be perceived by different
eves, The power of ‘if'ljdl'ttuh diseriminating visual unln{,«s,mn-
varies with the measures of the visnal angles under which a series
of objects, and the intervals between them, can be clearly seen;
In other “Dld.':- the limits of distance at which objects, whether
complex or simple, can be seen separately and at the same time
sharply. one from another, vary according to differences in degrees
of acuteness of vision. When a standard of average normal V. is
fixed, it becomes easy to express the relative V. in any given
instance by comparing it with that of the standard.

Measurement of Acuteness of V.—Instrume 11I-e designed for
‘measuring acuteness of vision are called ¢ c:lprmmrere {}ptumefms
can also be employed as means of measuring the range of ac-
commodatory power. They consist of various 0bJECt3 (optometrie
test-objects) by which the “amount of visual power possessed by an
eye in its natural state may be tested, and of means associated
with them, of measuring the distances at which these objects, when
they can be clearly discerned, form defined images on the retina.

They can be readily turned to account not only for ascertaining
permanent states of visual acuteness, but also for IIJL“si'_‘l'Llllﬂ fhfmge:a
in degrees of visual acuteness at various intervals of time. The
measurements are either taken in inches and parts of inches, or in
metres and parts of metres,

Central Acuteness of V.— Although perception of the prevailing
light is diffused over the whole field of vision, V., or recognition of
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objects, is sharpest, in the normal state of the eye, at the posterior
pﬂle of the visual line in the region of the macula lutea, and lessens
in degree from this central part of the retina in proportion as its
per 1plu=1';r is approached. In using an optometric test the eye is
fixed upon it in the same way as it is naturally in observing any
other object. It ig, therefore, the central acufeness of vision which
is ordinarily measured by optometers. Although ex-cenfric loss
of V. rarely exists without a certain amount of loss of centric
visnal power, still, in some amblyopic states it is necessary to
ascertain par ticular] y the V. of ex-centric parts of the retina; the
observations have then to be taken by other means, viz. by the use
of perimeters for determining the form and limits of the field of
vision, and the degree of visual perception over its area.

Optometric Test-Objects.—The test-objects employed in the
measurement of V. are of various kinds. Among those in ordinary
use are fine hair-wires, and objects of generally kuown forms, such
as printed letters and numbers. Optometric objects are used for
testing the distinctness of both near and distant vision. In testing
the near point of distinct vision the objects employed for optometric
purposes should, as a general rule, be of very small dimensions.
The retinal image of a small object, from its extreme miunteness,
ceases to be recognisable if it be blurred by diffused rays, while a
larger image, notwithstanding a certain absence of definition from
eircles of diffusion, may be recﬂgmbed from its mere size. In test-
ing the far point of distinet vision it matters not what the size of
the object is provided its size has a definite relation to the distance
at which it is placed, and that the visual angle which it subtends
with the eye is known to the person conducting the test.

Hair-wire Optometer.—This instrument consists of a series of
very fine black wireg, fixed in a frame which can be moved along a
groove on a scale-board between 30 and 40 inches long. There
are two separate grooves on the board and two wire optometers for
the two eyes. At one end of the board are two openings through
which the eyes regard the wire frames ; they consist of grooved wire
receptacles into which lenses may be placed at pleasure. The
measurement scales on the board are in inches and parts of inches,
and in centimetres. The wires can be shifted in position within
the frames so that either a vertical, horizontal, or any intermediate
direction can be given to them. In testing for t the near pmnt of
distinet vision the limit of nearness is found at which the wires
can be separately seen with perfect definition, and the distance is
then read off on the scale-board. A like proceeding is adopted
for testing the far point of distinet vision. By changing the posi-
tion of the wire optometer it may be ascertained whether the
near or far points of distinet vision respectively are the same both
when the wires are placed vertically and ]1(_?]].:"0]1'."1“‘5" or have any
other two opposite directions given to them, If they are not alike,
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there is astigmatism, and the far and near points in the different
positions being noted, the degree of astigmatism may be approxi-
mately ascertained.

In practice it is found that the hair-wire optometer answers
well for intelligent and observant persons, but frequently gives
rise to difficulties when uneducated persons are subjected to trial
by it. It is by no means easy to get some persons to decide
when perfect definition of the wires is obtained and when the
definition first becomes imperfect. Letters that we know must
form defined images when they are easily read, and of which we
know the images are not defined when ”1{"\. cannot be read, or are
imperfectly defined when they can only be read with dlfﬁcult} con-
stitute more simple and reliable tests for such persons.

The printed test-types in common use are of two kinds, Jiger’s
test-types and Snellen’s test-types.

Jiger's Test-types.—These consist of paragraphs printed in
the differently sized types which are in ordinary use for printing in
different countries. The sentences selected are numbered accord-
ing to the sizes of their types, the sentence in smallest type being
distinguished as No. 1. The numbers increase as the sizes in-
crease. They were at first arranged with a view to overcome
the difficulty experienced by ophthalmic surgeons of different coun-
tries in understanding the nature of the letters referred to by one
another as objects which patients were able to read under special
circumstances, whether under different refractive states, or after
operative proceedings or other treatment, owing to letters being
only then distingnishable by technical names arbitrarily adopted
among printers and differing in different countries. To get rid of
this dlfhmlt\ Professor Jiger, of Vienna, arranged the ty pes used in
different Idll”‘lld“i"‘-s *14:13011!1110' to their cm're-:pm]duw sizes, and
-:'El%tmwm&hed them by numbers as above mentioned, Juger's
t::-st-t} pes in consequence e received the names of fypes of universal
reference.

The individual letters are not framed on any common principle.
Although there is a general correspondence of size in the type
"ILC'DIdIHC’ to the number assigned to if, particular ietters differ in
their dimensions from each other. Some letters differ from others
in width or height, and some strokes differ in thickness, whatever
the number of the type. Various other well-known differences
exist among the letters. The application of these types as accurate
tests of V. is in consequence necessarily imperfect and limited.
They are, however, occasionally useful from their forms being
familiar to readers, so that their recognition 1is not interfered with
as far as any pv::uhmn} of shape is concerned. But such letters
would manifestly be more generally serviceable if they were
fashioned on such a fixed basis that ever v one of them when placed
at a given distance presented the same visnal angle, and had
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definite relations in respeet to size with all the other types.
Snellen’s types were designed for the parpose of meeting these
requirements,

Snellen's Test-types.—As Snellen’s test-types form the standard
by which visnal acuteness is tested by medical officers of the
British and Indian public services, and as they are the tests
generally employed by ophthalmic surgeons in civil practice, their
nature and peculiarities ought to be w ell understood.

Unlike .Jiger's test-types, they consist of specially formed
letters, all fashioned on one and the same fixed basis. The sets of
types are of different sizes, and each set is accompanied by a speecial
number. These numbers bear definite proportions to each other,
and to the sizes of the letters with which they are connected.

When Dr. Snellen arranged these types he experimentally de-
termined the smallest visu: i angle under which letters eould be
read provided the vision of the reader were of normal acuteness,
or, in other words, the least magnitude of the retinal image of a
letter which enables that letter to be distinetly per ceived, for on
the size of the visual angle, as elsewhere e:«.plunm-:L ﬂepeuds the
size of the retinal 1mage.

Dr. Snellen has taken as his standard that an emmetropic eve
of normal visual acuteness can perceive a plain rectangular 0I)Jcc:
in fair daylicht when it subtends a visnal angle of the GOth of a
degree, or one minute. "This is the Hllld]le*-_nt object that can be
seen—the minimum visibile—according to Snellen’s standard. The
space such an object would occupy in a circle of 24 inches in
diameter, of which the eye may be supposed to be the centre,
would be about the 285th part of an inch of its ecireumference.
At a distance of 12 inches therefore, on this basis, the eye can
perceive the presence of a plain object about 285th of an inch in
size.

But though a uniform object can be seen by the eye when oe-
cupying mn]}' a space of the 60th of a degree, a complex object,
though visible, cannot be recognised lll'li].t_ r so small a visual angle.
The &llchH[‘Ht ummi angle permitting clear recogmition of such
broken and irrecularly formml objects as printed letters, according
to Dr. Snellen’s standard, one-twelfth of a degree, or five
minutes. Thus at a {]Ihiglllf_‘t‘ of 12 'IIIE']J.E';-:, he eye can 1‘;3[-.;){1-]11=;3
a letter about the H7th of an inch in size. or, mcnr{hnﬂ' to “m+-llen
a letter 0-209'", or 0-0174", .th of an inch, in dlmenswns, l’un.a-.
measure.!

! Dr Snellen has taken 0:209", French measuare, or 00174", for the dimensions
of each of his letters and of the spaces between them, which are to be recognised
at 2 distance of 12" by a normal eye. At the distance named, viz. 12" from the
cornea, or 12:28" from the nodal point of the eye, such an object subtends a visnal

anglz of about 5 minutes. The dimensions of the retinal image of an object of

this size would be 0-00089", or ' " ; but if for a letter hal\ll'l"' a visual angle

of 5 minutes a plain object, such as a test-dot, with a visual angle of only 1
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It 1s on these pl‘mc;plh that Dr. Snellen has arranged his
test-types. They consist of separate letters, quadratic in shape,
or oceupying a space the linear boundaries of which form a square
and are all formed of strokes, or limbs as they are called, the breadth
of each of which 1'e-,p[*Ll|1.'el!.' is one-fifth of the lmr:"u' dimensions
of the square within which the whole letter is contained. The
tvpes numbered on the duodecimal system bear numbers from I to
CC according to their sizes; No. I being the smallest, No. CC the
largest among them. These numbers alzo express the number of
feet at which the types can be read by an eye possessing normal
acateness of vision. When the letters are read at the fixed dis-
tances in feet, which are numbered above them, the eye, in seeing
a limb of the letter, is seeing an object which m‘cupwm an angle Uf'
one minute, while in seeing “the whole letter it is seeing an uhjt‘{,l:
which occupies an angle of “five minutes in the visual field.

Dr. Snellen has supplied sentences in various languages printed
on the same principles as the separate letters, and like them bear-
ing numbers in accordance with their sizes, but it must not be for-

tten that when printed sentences are used as tests, some words
may be read althongh the separate letters are not seen distinctly,
from the fact of the eyes having become familiar with their gem-r.xl
aspect, owing to their frequent occurrence in printed books.
Wrong inferences might be drawn from this fact. Separate letters
of definite size are not open to this objection ; all the parts or
limbs of each letter or figure must be imaged with a fair average
of distinetness, or the ﬂhp:n:f could not be recognised. Hormwr
the intervals between the wp*lr.liv letters, numbers, and test-
objects can be arranced to be equal in dimensions with those of
the objects Ul{'mk{,hf“i whereas no such systematic plan can be
carried out when the letters arve gl'nupwl in words and sentences,

Arithietical numbers of various sizes are included among the
test-types for persons who cannot read letters but can ducq:«lmr such
hu*uu*s, and for those who cannot distinguish either letters or
numbers, simple objects such as circles, Inu“- crosses, squares, and
others are added. They are drawn to scalo on the same principles
as the letters, and are intended to be used in the same w ay.

It will be observed from the for egoing description that Snellen’s
types have not been desiened for giving qualifative estimates of V.,
although they may be partly applied, as elsewhere explained, to
such a purpose, but have been principally arranged as means of
obtaining guantifative estimates of visnal power.

minute (0 0034‘-1”} ‘ha substituted, the dimensions of the retinal image would
be 0:000178", or L., and this would approach the size which physiologists have
assigned to one of the retinal elements, or cones, at the site of the macula lutea.
As many persons are able to see objects under smaller visual angles than that
adopted by Dr. Snellen, it is evident that the approximation m the size of one of
the retinal clements referred to, variously given from about 5" to 5", would

w-l
be more closcly attained.
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Snellen's Types on the Metrical Scale.—The test-types for the
determination of the acuteness of vision which have been, and still
are, in general use in the British service were officially distributed
to tha army medical officers in the year 1864, t-hu::rrrh after that
edition was published. In an edition published in ]83_-, Dr.
Snellen adopted the metre as the standard of unity, and since that
date all his test-types, or optotypes, as they are called by him, and
other optometric Dl’.ﬂ]ECf‘.‘: have been numbéred on the metrical SVE-
tem. They bear figures above them which indicate the numbers
of metres, or parts of metres, at which the test-types should be
read by an eye possessing average normal acuteness of vision, in
the same way as the former test types were marked in Paris feet
and inches. There is no change in the formula for expressing the
acuteness of vision : it is still V.= {. The distances for which the
types are arranged vary from the smallest, in which D is equal to
0-5 m., to the Lll‘-'fll‘k-l' in which D is c‘qu.:d to 60 m. The smallest
type should ther efore be read at a distance of half a metre or about
20 English inches, the largest at 60 metres or about 200 feet, by

“an eye endowed with normal acuteness of vision. In these later
editions some improvements have been made in the tables for de-
tecting astigmatism, and in the tests for acuteness of colonr-sight.
The edition of 1864, in which the types are numbered in feet and
inches, still remains the edition in general use in the British
service, but the edition of 1885 has been recently ordered to be
used for testing V., in the examination of commissioned officers of
the army.

Burchardt's International Sight-tests.—These test-objeets have
been formed on principles which differ in some respects from those
of the preceding optometric objects. They are intended to enable
surgeons to ascertain the near and distant points of distinet vision
in persons submitted to their observation, as well as the existence
of astigmatism if it be present, without the aid of lenses. They
were first published in 1870, but a larger edition (third) was 'puh-
lished in 1883.! The purpose of Dr. " Burchardt was to get rid
of the objections to the use of letters—viz. that they are only
:1p|3h:t:¢hlﬁ to men who know how to read, that some letters are
easier to be recognised than others, that this recognition involves
mental effort as well as the act of seeing, and rlmi‘ the upright
strokes of the taller letters are often not distinguishable at the
same distances as the cross strokes of the shorter letters, owing to
astigmatism. The test-objects for acuteness of vision employed by
Dr. Burchardt are black discs of different sizes on a white ground.
I had already called attention to the use of such dises for military

! Internationale Seliproben zwr Bestimmung der Sehsehirfe und Selweite,
Heransgeoeben von Dr, M, Burchardt, Oberstabsarzt 1. KL &e.  Dritte verbesserte
und vermelirte Anllage. Kassel, 1883, (International Sight-tests for determining
Acunteness and Range of Vision, DBy Oberstabsarzt 1 CL Dr, M, Burchardt, Third
edition, improved and enlarged. Cassel, 1883.)
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purposes in the Army Medical Reports for the year 18G0.! My
arrangement of the sets of discs was such that the 'y cmw-:.pr:mdvd
in their diameters with the series of Jiger's test- hpu, but they
were very badly printed, and were needlessly scattered hy the
printers. in a manner never intended, over the pages of the paper
which they were designed to illustrate.  Dr. Burchardt has
greatly improved on the discs just referred to, and has grouped
them together on principles of his own. Instead of measuring
the acuteness of sight by the visual angle under which the q#pahmm
objects are rec::ru'm-ed Dr. Burchardt measures it chiefly by the
visual angles of the intervals between the objects. Just as the
sensibility of the skin, or sense of touch, may be measured by the
limits of distance at which the two points of a pair of compasses
are separately felt, so, on Dr. Burchardt’s system, the sensibility
of the retina, or Vmual acuteness, is measured by measuring the
distance between two objects, or between their retinal images,
necessary for their separate perception. It is therefore the mini-
mum interval of separation of objects appreciable by the retina
that constitutes the test of acuteness of vision in Dr. Burchardt's
international sight-tests. Thus, for l"\"LlIlp]lf‘ Dr. Burchardt shows
that dises of 0-1 mm. diameter, placed in a row of intervals of -1
mm. from each other, and viewed from a distance of 60 em. (24'"),
are perceived as a continuous iine; at a distance of 20 em. (8")
appear as a rough line with occasional swellings; at 16 cm., or a
little more than 6, are recognised separately and can be counted.
That the power of the eve to count objects of simple forms depends
not alone on the visual angle which the objects severally subtend,
but partly on the lengths of the intervals between them -]m‘a been
shown in a very simple manner with the army test-dots 1’ " square
by Inspector-General Dr. Lawson. When the intervals between
them were each of the same size as a test-dot, viz. L' square, the
dots could be counted by himself at a distance of 3L1 feet ; when
there were two such squares, at 58 feet; when three ~aqum es, at
74 feet ; and the same dots with intervals of four such sqnares
could be counted at 82 feet distance. These experiments prove
that, within certain limits, the distances at which the test-dots can
be clearly distinguished will vary with the distances at which they
are placed apart.

All the sight-tests in Dr. Burchardt’'s tables have diameters
which are 1 GUU times less in length than the length of the distance
at which thfw are to be seen by an eve of normal 1-:L1tr:=nf=:.,-, of vision
according to his standard. T hus the dises in the 60 metre table
have each a diameter of 37-5 mm.; those in the 1,600 mm. table
have a diameter of 10 mm. ; w hile the discs of the 10 centimetre

1 Notes on the Examination of the Visual Fitness of Reernits for DMilitary
Service, with special reference to Imstruction in the Use of the Rile. * Army
Medical Reports,” vol. 2 for 1860,  London, 1862, p 462.

Al
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table have diameters each of J1.th of a millimetre. At the distances
named each of the dises, and each interspace between every two
ur]Jmnm:r dises, subtends a visual angle with the eye of 2:15
minutes. This is 1-15 minutes larger than the visual angle under
which the test-dots on Snellen’s standard are require d to be
(_'1:_.'rLl|It'{"'[-iI IH. an {'.'TE., TL"I)“tl_"{] 'I'U 'IH'F"':-"':E""E‘:;.' TLONTITLS I,] 'l{‘lltl'Ill"ﬂ‘% ﬂi \.‘l%lﬁn

Dr. Burchardt in the last edition of his sight-tests (18583) has
adopted the metric system of measurement. The ficure of distance
attached to his lﬂl'rref-.t dizes 1s G0 metres, and the hwures descend
to 10 em., the sizes of the discs decreasing in proportion. He has
also added two sheets of block-letters, graduated in size, for
distances from 20 metres to half a metre, au well as a sheet o! ].lr-r::-
discs designed for determining at a distance the directions of the
fanlty meridians in cases of astigmatism. Some of the tables are
reduced by photography from accurate drawings, and are clearly
engraved on card tablets of pocketbook size, so that they are very
Imrtahlo while the back of each card bears concise instructions on
the manner of using them in the detection of true as well as simu-
lated differences of visnal acuteness and refractive e power. ‘wpﬂcml
amall cards and tables for the diagnosis of astiomatism are added
They are thus conveniently ml.mgml for fulfilling their purpose ;-
but, on the whole, Srellen’s test-fypes, althongh in some respects
less scientifically accurate than Burchardt’s sight-tests, appear to
be more generally serviceable, and, as they have heen sanctioned for
employ ment by medical officers of the British and Indian services,
while a know ledwe of reading is yearly increasing among all classes
of men in Lnu‘hnﬂ there appears to be no sufficient reason for
introducing Dthur} mmto nse.

Snellen's Standard of Visual Acuteness.—In practice it will be
found that particular eyes, especially sound young eyes, have a
considerably higher degree of V. than the Ehnﬁud fixed upon by
Dr. Snellen.  An object which subtends an angle of only half a
minute, or even one-fiftth part of a minute or 12 seconds, when
directly illaminated by the sun, is visible to some eyes. Colour has
an influence : a white objeet with the licht of the sun shiniug upon
it nmay be seen under an angle of 12 seconds, but, under the same
eircnmstances, a similar objeet, if red in colour, would only be seen
under an angle about double that size. Sudden {:hf!.ngb in the
intensity of the light to which the eye is subjected, oenlar fatigue
from prolonged visual efforts, pressure on the frlﬂlw, and a v uwh'
of other causes, will temporarily interfere with the power of 1;-;1ﬂ|ufr
the types at their normal distances, and, unless taken into acc-nunt
miay lead to an erroneous conclusion in a eiven case that the umnl
;'njuhnu_u‘q 18 ]JMIIW ""ﬂ]n‘"l Il'-« Hi’-llll]d]'l] w ]ll'I'l Il' li‘ll"\ 15 not =o,
Some persons can read test-types at distances consider rably bevond
those indicated by their accompanying numbers —when, therefore,
the angle under which each type is recognised is less than an
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angle of five minutes. I have seen them read, under favourable
(,muhtmns at donble the indicated dist: lltcw'-;—uullf‘u therefore, the

visual E!.nﬂ‘lf‘ hm been reduced to about ; of a degree, or 2 _]3', and
V. has been = 2, or twice Dr. Snellen’s utz-lmlul'd lhur recogni-
tion at a distance of even thrice Snellen’s standard in a zood 111!’]”_.
has been recorded. Snellen's test-tvpes, as numbered, are conse-
quently to be regarded not as absolute standards of perfect V., but
rather of average normal acuteness of vision, as deduced from actual
observation of a large number of persons free from visnal defects ;
while those in whom V. is found to be twice or thrice Snellen’s
standard are to be regarded as exceptions to the general average of
normal visual acuteness.

Uses of Snellen's Test-types in Military praetice. —The great
value of these test-types is the ease and readiness with which they
can be used for practical purposes in ocular examinations. It is
not of so much moment that the standard on which they are
based shall be aceurate in its estimate of normal V. as that the
tyvpes can be nsed for determining whether the acuteness of V. in
any given case is equal to, below, or above that standard. At
the same time, Snellen’s standard may be accepted as a fair
standard of normal V. under the ordinary conditions of everyday
life in Europe.

As the letters are all formed on one and the same principle, they
are capable of being applied to various uses in examinations of
visual acuteness. Hmnu‘ all seen under the same visnal angle at the

distances indicated, they all at those distances have the same ap-
parent magnitude ; und as they are all formed in the same fashion,
and occupy proportionate areas, so also at the distances indicated
they not only have the same linear dimensions, but also the same
apparent quperhcml magnitudes. Letters of any one size may,

therefore, in practice be substituted for letters of any other size
within the limits of distance for which the eye is adjusted, or can
adjust itself by the exercise of accommodation, of course provided
illumination and other conditions be preserved alike.

Again, if two or more of the types be held at other than the
named distances, whether more remote from or nearer to an ob-
server, the visual angles under which they are severally seen will
still IJF alike so ]UI‘HP as the distances at which the different tyvpes
are placed are re ]Ell‘hf*l} in accordance.

Spellen’s test-types afford a simple and practically a suffi-
ciently accurate mﬂdﬂ of expressing the degree of V. in any given
instance. Snellen’s formula is the following. If V. (vision)
used to express the acuteness of vigion; D the distance at which
the type appears under an angle of five minutes, or the distance
named with the type unsed; d the utmost distance at which the
type can be read by the person under observation: then V.=7. In

this arrangement D is a fixed quantity, d a variable one.
M 2
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Examples : The 20-feet types are read at 20 feet, the 30-feet
types at 80 feet ; then V. = £} or 4§} = 1, or, in other words, 1s
normal. If the 20-feet type can only be read when the person
in approaching the types reaches a distance of 10 feet, the 30-fect
type one of 15 feet, then V. = 18 or 1%, or &, and is only ome-
half of the normal standard. Practically, in determining relative
degrees of V. by these means, it is better to use one common
test-type, the 20" type, for example, as tlm standard.

A convenient mode of using Snellen’s types is to have the scale
of types, one row above the other, placed on a suitable stand in a
good light at a fixed distance—a ﬂthhm{.t*, for example, of 15 feet
from the I’IE']“-'.I:II'I nnder examination. In the formula V. = 2, d
then becomes a fixed quantity, and D a variable one.  The pmmm
whose vision 1s under trial 1s desired to read the smallest row of
types which he can see clearly at that distance. If he ecan read the

15-feet type, but none smaller, then V. = 2 = 1. If he can
read the 12-feet type, then V. = 15 = 14 ,, or his visual acuteness
is one-quarter above Snellen’s standard. he can only at the
distance named read the 20-feet type, then 1 ++ = 2, and his

acuteness of vision is only three-guarters of c-}nel!en s standard. The
advantage of using a distance such as one of 15 feet is that there
is no need, under ordinary circumstances, for exercise of accommo-
datory exertion on the part of the person under examination, for
the rays of light from objects at this distance reach the eye prac-
1‘IF"1"'5.' as parallel rays, and it is only in the case of ]H‘I)t‘l‘lllt—"trﬂpi“;
that accommodatory exertion will be employed.

The use of Snellen’s types saves time in examining the quality
of evesight in any unknown case. 1If the person under examination
reads with each eve the 20-feet type at 20 feet with ease, there is
no ocular defect of sufficient importance +o require further investi-
gation. If it, and other types, can only be read short of their normal
distances, some defect exists, and the necessity is indicated for
further examination by trial lenses, or by the nphtlmlmmcnlm in
order fo ascertain the cause of the 11{-I1m.:-n(-w. of visual acuteness,

Either ametropia or lessened accnmmm]utur}- power is indicated
when some of the tyvpes are seen clearly at the distances marked
above them, while others are not seen clearly at their distances.
In such cases the refractive power of the eye does not maintain
correspondence with the relations which are preserved between
distance and size in the types. If an eye can read the 1-foot type
at the distance of 1 foot, the 14-foot type at a foot and a half, but
cannot read the XX-feet type at 20 feet, and other larger types at
their respective distances, myopia is indiecated ; while, if the XX-feet
type can be read at 20 feet, but the smaller hpn cannot be read
at their distances, either presbyopia or hypermetropia is probably
present,

If deception is attempted, whether of a positive or negative kind
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» manner in which the replies are given will generally point
Cll"llh enough to the fact when such an attempt is made—it may
often be exposed by subjecting the person under examination to
tests by different but adjacent types. If there be no attempt at
deception, but the alleged deficiency of V. be real, the relations
between D and d will be preserved when types of different sizes,
such as the 20, 30, or 40 feet type, are pwaentﬂd to be read. If
V. = 18, it uught m be equally 13 and 20 if other like conditions
be carefully preserved ; if different values be given to V., deception
of some kind may be m.mpect{-d The smaller-sized types, Nos. 1
to 3 or 4, should be excluded from the COMpPAarison,

The degree of acuteness, equally with the alertness of V., are
naturally lessened in the latter yvears of life, owing to decreased
transparency of the dioptric media, decreased zetuml sensitiveness,
and other senile changes. But, from a table published by Inspector-
General Dr. Lawson, comprising a series of observations on 974
persons, it would appear that V. gradually declines from a very
early age, even as early as fifteen years. The decrease in the
instances quoted was independent of diminished accommodation.
It follows that other causes beside senile changes must be sought
for to explain the lessening of V. with age, shonld Dr. Lawson’s
facts be substantiated by more extended observations.

According to a table quoted by Dr. Snellen, deduced from a
series of observations by T. v.de Haan, of Ltrecht on 281 persons
of ages varying from 7 to 83 years, the state of whose eyes had
been pt'mfu_uhh' ascertained to be E:,mmd and healthy, V. was above
Snellen’s standard up to the age of 40 years, but %|Il?‘]1th' declined
between 20 years and the age nanw:i ht-uum, ,',,t‘h hulun Snellen’s
standard at 50 years, and was 1£=f|nf'l:ll nearly to 1 at 80 years of
age. The actual figures resulting from the experiments, accord-
ing to the quotation, showed that the average of V. for ages up to
20 years, the figure 20 being used as a standard of comparizon, was
as 22:5: 20; at 30 years was as 22: 20; at 40 as 20-5: 20 ; at 50
as 18: 20; ut 60 ag 14:5:20; at 70 as 13 : 20; and at 80 as
11: 20,

Snellen’s test-types can be readily turned to account in the
application of any rule that may be laid down as to a required
standard of V. Thus, for E'-..nmplv a military friend gives me, as
a rule, from the result uf his experience, that a soldier, to be effec-
tive, must be able to distingnish clearly a man from any other
object at a distance of 500 yards under ordinary illumination, that
is, in a moderately clear daylight, and with no more HI’IELIII“‘ COT=
trast of huu]-.gmund than w lr'Lt- 1s met with in ordinary fields or
moorland, A sentry on an advanced post who could not distin-
onish an enemy at that distance in front of him would emlungﬂ‘
the safety of a force, With such a background as the skyline,
or any background forming a marked contrast with the thut: T
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man ought to be recognised at 1,000 yards. The amounnt of Lhght
refected from the nhiw,*t looked at, relatively to the amount of light
reflected . from the objects by x'.lm‘h it is surrounded, and the
character of the hm‘:l-.gt'mlnd, are always important f-lem{‘-'nh n
regard to visual perception, in addition to the size of the visual
d,ngk- subtended by the th:*c

The rule for recognition at 500 yards may be applied by means
of Snellen’s types thus :— _‘Lsaummg the hf-ight of a man to be that
at which the llmght for infantry is calculated in rifle practice, viz.
6 feet, the visnal angle under which he would be seen at a distance
of 500 vards is 13 -11” or nearly 2-7 times the visnal angle under
which Snellen’s types are seen. Recognition of 20/ %11L-lien on
toned paper in &n ordinarily lighted room at a distance of 7' 5"
may therefore be used as a test that one man is capable of dlS.-
tmgulhhmg another man at a distance of 500 yards under the
above-named conditions. A man 6 feet in height, to be seen under
the same visual angle as Snellen’s types, w :)uhl have to stand at a
distance of about 1,375 yards off. But practically at such a dis-
tance, owing to tllJ effect of the intervening atmosphere and other
clrcmmt'mces the man could not be distinguished, although an
object ]mnng the same visual angle might e seen plainly in a
nearer position under adequate illumination.

Measurement of Visual Acuteness when associated with Ame-
tropila.—\When a low degree of V. i1s due to simple uncomplicated
ametropia, whatever the nature of the latter, if it be corrected by
suitable lenses, normal V. will be restored ; if, however, mnblmpm
or other complications exist which ].‘.I.llt‘r.'ll'l ite In cansing the de-
gradation of V., the defective V. will be only partially improved
by the lenses. Whenever, therefore, V. is found to be below the
normal standard on first examination, and ametropia to be associated
with it, the nature and degree of the latter should be ascertained
with a view to its correction, and the eyes should be tested after
the correcting lenses which have given the best possible results
have been ﬂpplwd to them. Inthis way only can the true condition
of the eyes, as recards their visnal acuteness, be determined. The
visual acuteness in all such cases should be noted before and after
correction of the ametropie defect.

WEAK VIsion.

There are three kinds of weak or defective V. which it is neces-
sary for an observer to distinzuish from one another in ocular
examinations regarding visual acuteness. The first of these is
amblyopia, derived from apBAvs, blunt, obtuse, and dyres, sight ;
the second is asthenopia, from de@ers, wanting in force, and ares,
sight ; the third may be designated nephelopia, from redpéry. a cloud,
or mist, and oyres, sight — dimsightedness due to conditions by which
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the passage of light to the retina is obstructed or otherwise disturbed.
The first is syvmptematic of imperfection in the sensitive recipient
or conducting nerve elements ; the second refers either to weak-
ness in the internal structures which are engaged actively in adapt-
ing the dioptric apparatus to the varied requirements for clear
vision at different distances, or to a deranged balance of power
between them and ecertain e\tu'xml muscular motors of the organ ;
the third is usunally the result of morbid loss of transpareney of
some of the ocular structuves. It will be convenient to consider
separately these three conditions, which are very distinet in their
nature,

I. AMBLYOPIA.

Definition.—Fecbleness of vision from diminished nerve power.
Impaired vision thus defined was formerly included with many
other morlid conditions of different kinds under the general term
“amaurosis.”!  Amaurosis is now only used to express total loss
of V. from annihilation of the function of the visual apparatus,
generally due to intercranial disease, but due also to morbid
changes of the optic nerve and retina.  Ambl., therefore, represents
partial loss of visual sense, amaurosis complete loss of visnal sense,
as a result of morbid changes in the nervous apparatus concerned
with the sense of sight.

Causes.—These may be either intrinsie, that is, due to diseased
changes originating in the optic nerve itself, its cerebral connec-
110|1ﬂ or retinal (\|:*:11-1f}1: . or extrinsic, when the diseased con-
ditions are induced in sequence to disease of neigh bouring but
functionally independent structures, such as ce rebral tumours and
other cerebral dm ases iving rise to pressare on the optic tracts or
involving them in the morbid processes, sequels of insolation, intra-
orbital i.ummu.a, diseases of the choroid and other intra-ocular
affections, reflex irritation from branches of the fifth nerve, and
others, Amblyopia is also caused by a variety of constitutional
disorders which lead to ansemia, impairment UFIIIITIIII{)II prolonged
congestion, or to changes of the ocular nervous apparatus brought
on probably by morbid or toxic materials circulating in the blood-
vessels. These include constitutional states of general debility due
to repeated losses of blood from hmemorrhoidal or other sources, as
also to excessive debilitating discharges, whatever their nature,
to habitual and inordinate use of tobacco and alcohol, excessive

I Amblyopia is sometimes used to express the indistinetness of vision which is
directly dependent upon the third variety named above, viz. diminished trans-
parency in some of the anterior dioptric media. Tt is practically more useful to
limit its signification to diminished power of sight dependent on morbid conditions
of the retina, optic nerve, or brain, without, however, laying down any limitations
as to their nature or modes of origin, tlﬂn to exlund it to lowered acuteness of
vision due to causes which are obvious to external observat ion, with or without
the aid of the ophthalmoscope.
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cinchonism, lead poisoning, secondary syphilis, diabetes, albumi-
nuria, and a variety of cachectic conditions. Diminished refinal
power from struoctural changes is one of the concomitants of old
age. Other causes are mechanical injuries, such as blows about
the orbit, producing optic paralysis, heemorrhagic effusion, and
vetinal detachment. Sudden severe slmcL Oor excessive 11:1te:151’t*r.r
of light, as from a close flash of ]lg;‘lltnmgT may be a cause of
amblvopia or even complete amaurosis.

Lastly, just as retinal sensibility may apparently be increased
in energy in ahealthy subject by constant practice at natural ob-
jects, so it may be lessened by want of employment, amblyopia ex
anopsid, as sometimes happens by mental suppression of the retinal
image of one eye in strabismus, in some instances of anisometria,
and also, when a corneal opacity exists in one eye, by the patient
excluding this eye from binocular vision in order to prevent visual
confusion. The retina, from these causes, as from any other which
hinder an eye from taking its part in active visnal exercise, gradu-
ally loses its susceptibility to impression, and its loss of sensitiveness
becomes less capable of recovery in proportion to the duration of
its abstention from funectional employment. On the other hand,
Ambl. may be induced by continued overstraining of the retina in
prolonged work at minute ohjects, such as very small printed letters
and figures, especially if the types and accessories are bad and the
printing indistinet, as they are in some cheap modern reprints of
standard works. The ill effects upon the retina are all the more
marked, and occur the more speedily, when the person is placed
under the influence of eircnmstances tending to impair his general
health, and when at the same time his retina is overstimulated, and
irritated by strong artificial and unsteady light, or by the biight
glare of a tropical sun. Central vision under these conditions is at
first weakened, while the peripheral portions of the retina retain their
normal SEIISII]I].]!Z"F’ but, unless the necessary rest from the delete-
rious influences is hl-.{*n, and suitable precantionary and remedial
measures adopted, the peripheral, as well as the central, retinal sen-
sibility becomes 1111pa11'f-r] the visual field contracts, and, as occasional
instances prove, the impairment may advance until all visual power
disappears,

From 1Iu? variety of causes, above enumerated, which lead to
Ambl., it will be seen that it should be regarded rather as a
symptom than as in itself a distinct disease. It is as a rule the
nc‘gutn e to the positive expwmmn ‘ acuteness of vision.” In many
instances the diseases which give rise to Ambl. are unwmdahiy
obscure, as when they are intra-cranial, so that the effect which is
1 m1h-at, viz. the Ambl., can alone be distingnished and named.
Again, in numerous cases where the loss of retinal acuteness is func-
tional, as when it is due to anmmia, the excessive use of tobacco, and
other similar causes, it frequently happens that no objective lesion
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can be observed under the closest examination. But in numercus
other instances the cause of the Ambl. can be ophthalmoscopically
demonstrated, and the special affection of which the Ambl. is a re-
sult should then be properly designated.

Symptoms and Dlagnnsls.—ln its mildest forms the patient
simply loses the power of perceiving very small objects clearly at
any distance. But it may vary in degree from inability to see
some of the smallest types up to inability to distinguish the types
of largest size. The feebleness of vision may become ﬂggmmlvd
until it is so weak that the patient is hardly able to see his way
about, and in the end the sensitiveness to light may disappear and
amaurosis be established. With a mild degree of Ambl. print of
moderate size is held closer to the eye in reading than usual, i
order to obtain larger images, and thus an inexperienced observer
is liable to suppose erroneously that the patient is myopie,

Ambl. oceurs independently of any refractive fault or diminu-
tion in accommodatory power. Either of these conditions may or
may not be present concurrently with the Ambl. If a refractive
defect be associated with it, whatever may be its nature, the cer-
rection of it will not lessen the existing Ambl., though in occasional
cases the correction may tend, when am::cmtw.l 1.n’rl]u other means,
to arrest its further progress. The effects of Ambl. are felt at all
distances for which the eye is adapted, whether near or distant ob-
jects are regarded. There is not usually with Ambl, the sense of
effort or htlwu{* that accompanies asthenopia, nor the ¢ blurred
vision” of defective refractive power. 1f the eve be emmetropic
lmlmsl":,I or has been rendered so by sunitable lenses, the ambly-
opic eye will still only be able to see objects under l-ﬁ-cr{ e visual
angles than are consistent with visual recognition by another which
has normal acuteness of vision. There will often exist with it a
contraction of the field of vision, and in some instances a weakened
or deranged condition of the ﬂu:,uli:_-, of colour perception. Ambl.
will, of course, be found to be accompanied by the characteristic
sym ]]fﬂl’ll":- of the particular diseased condition which gives rise to it,
when the latter is of such a nature as to be definitely 1l>mgn|=~ed
As soon as the fact of the existence of Ambl. is established, a true
diagnosis of its cause should be sought for by a careful study of
the history of the case, and by D[Illtll&]l‘l]iﬁﬂﬂl}lb 1111.'st1,t_mtm1| ;
for, if the exciting cause be one that admits of mitigation or
removal, and the Ambl. be in an early stage, under appropriate
remedies such as the nux vomica, and when such visual exer-
cise only is permitted as can be mmlu} on without effort, the
restoration of normal retinal acuteness may in some cases be
accomplished.

The following also ave forms of Ambl. :(—

(a) Hemeralopia, night-blindness, or that condition of weak
vision in which the patient can see well in the full light of day-
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time, but cannot distinguish objects after sunset or in a dim light.
This is frequently found among soldiers who have passed from a
northern latitude to a tropical station. In these instances it is
evidently due to temporary exhaustion of nervous power from over-
stimulation by the bright light of the tropical day and the reflected
glare from the water of I;}n,, ocean, unrelieved by the variety of
shade and colour which are met with onland. Hence the inability
to perceive objects illuminated by the comparatively weak rays of
moonlight.  Snow-blindness appears to be of the same nature.
The tendency to the occurrence of Hemeralopia among men who
are exposed to its exciting causes, and the persistence of the im-
paired sensibility of the retina, will be greater in persons who have
acquired a scorbutic taint, or who have become constitutionally
debilitated from any canse. This description refers to simple fune-
tional hemeralopia ; care must be taken not to confuse it with the
diminished visual power which co-exists with retinitis pigmentosa,
atrophy, and other structural changes of a grave nature in the
retina. Perhaps, in addition to the glare, the exposure to the heat
of the solar rays by day, and the alternation of ehills from dews at
night, may assist in the production of hemeralopia, for it has been
observed to occur among many men together who have slept in
the open air, as on deck, without ov erhead cover. Men who have
suffered from hemeralopia appear to be specially susceptible to
relapses on exposuve to its exciting causes: hence the advantage
of protecting the eyes of such persons by the use of coloured spec-
tacles or goggles, to prevent its recurrence. Protection of the
eves from strong light is also a necessary part of the treatment of
this affection among those who are actually suffering from it.
Hemeralopia is sometimes simulated, and is reported to be
frequently assumed by soldiers in some foreign armies. Varions
stratagems have to be resorted to for the detection of the imposition
it the condition be feigned, for when it really exists as a funectional
disorder there is no visible sign by which its presence can be proved.
This fact should make medical officers very guarded in expressing
an opinion that the disorder is simulated, however strong may be
the suspicions which they are led to (‘Iltl‘l'fillll on the '%leJEﬂt
(b) Nyctalopia, which is sometimes used as synonymous with
mght-hhuﬂne-h really signifies the converse condition of hemeral-
opia, or that the patient can see better at night than he can
during the daytime. In this state the disorder of the retina
is shown by its being unable to bear the stimulus of bright light
owing to hyperiesthesia.  The normal acuteness of vision may not be
m&lmmllr lowered in subdued light; but strong light gives rise
to trouble and confusion, induces various kinds of subjective
luminous apparitions of which the patient finds it difficult to
rid himself, while attempts to read print of moderate size or to
examine ohjects in bright daylight produce all the symptoms of
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severe photophobia—ocular pain and dazzling, lachrymation,
spasms of the eyelids, supra-orbital pain, and general distress.
After sundown, or w llen the eves are shaded by finted glasses, the
patient moves about with comparative comfort, and sees objects
clearly that he could not distinguish in ordinary daylight. Thein-
tolerance to the bright light thrown on the retina by 1lwulallﬂmlnm-
scopic speculum s:ufhuenth indicates the presence of this abnormal
irritability ; and this may happen in an eye where there have been
previously no symptoms of inflammation, and in which the fundus
seems to be quite free from inflammatory eflects. Such cases are
occasionally met with among the soldiers who are invalided for
impaired vision from India. “In these instances the affection seems
to be due to the prolonged effects of tropical glare upon an over-
sensitively organised retina, generally associated, however, with a
lowered state of constitutional tone, and often with dehcwucv of
choroidal pigment.

In the year 1835 a soldier of the Scots Guards was invalided
from Egvpt for symptoms of nyetalopia. He had had iridectomy
performed in both eves, prior to enlistment. He was probably
passed as a recruit in consideration of his being in other respects
a physically sound and finely proportioned man, and because at
that time, in a subdued light in a closed room, he could count the
test-dots ﬂt the wquued dmt mce. He was useless in the open air
in the daytime in Egypt. The irritating effects of the glare,
owing to the loss in both eyes of the natural power of excl llL]I]IL'f
excess of light by the action of the irides, caunsed a good deal of
suffering at- the time, and not only induced extreme difficulty of
vision when the d-ﬁ‘hght was ﬂtl'i:mcr which still existed on his
arrival in England, but also led to a cumldemhle amount of Ambl.
On arrival at Netley, V. of the right eve was = 1, of the left eve
only = 5'; of Snellen’s standard. The acuteness of vision was
greatly improved in each eve in full daylight by the use of a
diaphragm with a stenopceic aperture, but no means could bring it
back to the normal standard.

(¢) Hemiopia, Half-vision.—Impairment or loss of retinal per-
ception, limited to the outer half of one eye and the inner half of
the other eye (see fig. 73). The manner in which the fibres of the
optic nerves decussate at the optic commissure suffices to explain
how any cause which impairs the conductibility of either optic tract
before it reaches the commissure, such as pressure from cerebral
heemorrhage, a tumour, or from any other source, may destroy
visual power in the 1'1rrht or left halves of the two eyes, while the
remaining portions of both reting retain their m‘dlnarj.‘ power of
perception. Central vision sometimes remains unimpaired. The
diagnosis can only be made out by noting care fully the fie Id of vision
of each eye. The restricted limits of the patient’s view sufficiently
show the existence of the hemiopia. If the left half of the field of
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vision of each eye is wanting, a lesion affecting the right optic
tract and loss of visual power of the right half of each retina will
be indicated, and vice versdi. Hemiopia, when confirmed, entirely
unfits a soldier for duty in the ranks.

() Seotoma.—Partial deficiency or total loss of vision in an
isolated portion or portions of the retina. Scotomes are oceasion-
ally central, or are situated near the retinal centre, when serious
amblyopia usually results ; or they may occur in ex-centrie portions
of the field, and vision be less interfered with. The lesion may

P

b @
Fia. T3.—HEeaop1A.

i, right optic tract, supplying af, the right temporal, and a", the left nasal halyes of the
roting, Extent of lesion shown by the tranzverse lines, b, left optic tract, supplying &,
the left tempora’, and &', the right nasal halves of the retina, remaining nnaffected, so
thnt the field of wview iz here limited to the left half of cach reting, a3 indicated by the
objects o, and their images at Ja' o',

occur in one eye singly, or both eyes may be affected simultane-
ously. The defect may be a sequela of some local lesion, of
retinitis, optic neuritis, or of some form of choroiditis. A dark
spot or spots, often surrounded by a margin of haziness, appear in
ordinary vision, and correspond with the portions of the retina that
have lost sensibility to light. The spots move in concert with the
movements of the eyes. Besides the amblyopia, central scotoma
is usually accompanied with localised disturbance of the power of
distinguishing colours, the retina around retaining colour percep-
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tion in integrity. In some cases a part of the retina may be
atrophied, wp.n"lfrd from the choroid, or may be seen on ophthalmo-
scopic examination to be infiltrated with choroidal 1:1rr111en1' or
there may be localised exudative deposits, or some clot remaining
from blood effusion. In many cases no visible evidence of lamnn
can be detected, when the affection is pmhdhh of cerebral origin.
(Careful ex: umlmf]ml of the field of vision i1s the best ,g'ulﬂt* to
diagnosis in these latter instances. There will be a certain con-
stant space or spaces in the field where impairment or complete
loss of vision is noticed, and, in proportion to the nearness of the
scotoma to the region of the macula lutea, by so much the more
marked and obtrusive the defect will be, and, as a matter of course,
the more unfit the patient for military service. If the nnp-umwnt’
or loss of vision is confined to the scotoma, and the rest of the visual
field remains normal after some months have elapsed, there is zood
reason for hoping the disease may not extend ; but when it is ac-
companied by more or less general loss of retinal power there is
reason for fearing it will prove to be progressive until blindness
results.

1I. ASTHENOPIA.

Definition.—Deficiency of ocular strength, or feebleness of vision
due to strained, uudulr balanced, or irrecular muscular action,
altogether irrespective of amblyopia, which may or may not be
present.

Causes. —lxcessive strain, over-fatigue, or atony of the ciliary
muscle. Weakness of the internal recti muscles re latively to the
demands made on them for converging the eyes to near objects, as
in reading. Want of perfect concurrence in the respective actions
of the muscles concerned in accommodation and convergence.
These causes of asthenopia are often, but not invariably, asso-
ciated with ametropic states of ocular refraction, viz. hypermetropia,
myopia, and astigmatism.

The syvmptoms which result from the two sources just named
are in many respects similar, but, the canses bi:*lng so different in
their nature, tlw diagnosis hptw *en the different forms of asthen-
opia to which they TE‘-}".IE‘{‘TI‘-'L‘]V give rise should be clearly made
out, for the |:r'm('|plfes on which their treatment is to be conducted
must be equally different. Two forms of asthenopia are, therefore,
distinguished, viz. () ** motor asthenopia,” and (%) * accommodatory
asthenopia.”

Symptoms.— The following syinptoms are common to both forms
of asthenopia. Reading and observalion of near objects in general
quickly induces fatigue. The effect of continued application of
this kind canses a sense of fulness and tightness in the eyes, con-
gestion, uneasiness about the brow, headache, and varions forms of
nervous disorder. On trying to read, the letters at first appear
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clear and distinct, but afterwards become blurred, and more or less
cross each other (incomplete diplopia). Conjunctival vascular in-
jection and epiphora follow if the exertion be continuned. The symp-
toms are relieved by rest, and generally, according to the length of
the interval of rest, so is the degree of relief.

Diagnosis between Motor Asthenopia and Accommodatory
Asthenopia.— The power of mobility of the eyes must be examined,
more especially the power of convergence of the opfic axes. In
aceommodatory asthenopio mobility is nnimpaired and the conver-
gence of the optic axes perfect; in mofor asthenopin the opposite
condition exists. The following is a simple way of examining the
amount of convergent power ]]ﬂhhi'“f‘(t by the nttllmmpl{. eyes.
An object, sach as aruler, is held np before the face in a line mid-
way between the eves, about the distance of a foot off. This is
slowly moved towards the face, and when only half a foot off
attention is paid to ascertain if one of the eyes becomes unsteady
and turns ovtwards. Should this happen after repeated observa-
tions, it shows that the internal rectus of the deviated eye is too
weak to keep the eye in an inward direction. If the eyes be free
from motor asthenopia, they will converge together symmetrically
to the last limit of convergence. Another plan is to shade one
eve, and to direct the other at some object ; if motor asthenopia be
present, the covered eye will be moved h'r the sfronger external
rectus mu‘s:,h*, and turned more or less outwards. The relative
strength of the converging and diverging muscles may he deter-
mined by testing their power of counteracting the deflection of
rays which is caused by applying prismatic glasses of known
degrees of strength before the eyes. (See ‘ Prisms,” p. 32.)

The *:.w.mplmm of motor '1-=thn3uc=]}n were attributed by Von
Graefe to ‘insufficiency of the recti interni muscles,” and he gave
the following as a test of the precise amount of insufficiency. A
prism with a refracting angle of about 12%is to be placed before
one eye with its base Imrmnnhlh downwards or upwards. The
image of an object looked at by the two eves will then be displaced
upw -ards or downwards so far as the eve that has the prism before
it is concerned. There will be vertical diplopia. If under these
conditions a line with a dot marked upon it near its middle be
looked at by both eves at a distance of about a foot from the face,
and a single line is still seen, though elongated, with two dots upnn
it, one 1I;uw the other, no insufliciency is tcr be qup]mwd to exist, as
the internal straight muscles are obviously still acting in concord ;
but if two lines are seen, each with a dot upon it Hmuu‘h at t]lt-
ferent elevations, the separation is regarded as a proof of insuffi-
ciency. ‘wuppnmnw the horizontal diplopia results from relative
divergence of the optic axes, so that the two images are crossed,
the distance at which the two lines are separated apart is taken
as the indication of the amount of the insufliciency of the internal
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recti. The strength of the prism which with its base inwards
would then produce fusion of the two lines gives the exact measure
of the insufficiency. The aceuracy of t]lE_‘hﬂ views regarding * mus-
cular insufficiency * has, however, been frequently questioned, and
other explanations, which certainly appear to be far more satisfac-
tory, have been advanced to account for the facts observed in the
experiments mentioned. It is not, however, necessary to enter
more fully into the subject here.!

(a) Motor Asthenopin usnally co-exists with myopia.  From
the closeness with which the myope regards objects, the internal
recti m. are kept on a constant strain, and in certain cases this
strain speedily induces exhaustion of muscular energy. There is
not a corresponding amount of exertion of the accommodatory
function. so the normal balance of action between the two func-
tions of :-wmtunmﬂuticn and convergerce is broken. In high
degrees of myopia, in young persons, tln re may be no de 1|1uml at

li for accommodation, while the strain of convergence ig very con-
siderable.  When the distant point of distinet vision is (mh i
few inches off, the myope will read and work at that distance, in
which case no accommodation will have to be exerted, but for the
sake of single wvision there must be the necessary convergence.
dxhaustion follows this excess of strain on the muscles of conver-
gence, and the loss of the support that they should normally
obtain from the harmonious co-operation of the function of ac-
commodation favours its occurrence. If the patient, to counter-
act the effects of this exhaustion, increases his efforis to maintain
the convergence of the eyes 1|1ﬂ~tm{1 of giving them the necessary
amount of rest, the pum and other Hnnprmns of motor a&thenopia
follow. If nt*glechﬂl, this state of things may lead to permanent
strabismus. The patient, in order to prevent the annoyance of the
partial u’i.',m'fwi'iﬂ- 1}1m]urpr;'l h:,- the two eyes, owing to their unsteadi-
ness, not seeing near objects preecisely in the same direction, will
use one eye nnh‘ the other will move ontwards, and, if Imin'rmllv
unemployed, not unh will squint be pmmmeutlv l:‘”-i:ll}]l‘-}]l'l.i but
the eye will be rendered amblyopiec, This has been more fullu
Mplmmﬂ under Myvopia, at p. 64,

(b) Accommodatory Asthenopia.—The cause of this form of
asthenopia, namely, want of sufficient power in the muscle of
accommodation to meet the demands made upon it, at once shows
that whatever condition of the eye induces an excessive strain on
this muscle, relatively to its general tone and development, must
aggravate, even if it has not originated, the defect. Hence its

! Fall explanations of the facts which were relied on by Von Graefe as proofs
of insufficiency of the internal recti museles, now generally acknowledeed to have
been erroneonsly relied on, may be found in the last of the admirable lectures
which were delivered by Mr. irudenell Carter at the Ro vil College of Surgeons,

on * Certain Defects of Vision,! These lectures were puhlr-..hi d by Macmillan & Co. ,
London, 1877,
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constant co-existence with hypermetropia, taxing so unceasingly, as
this form of ametropia does, at all distances, the acecommodatory
function unless artificially relieved ; its frequent oceurrence also with
unaided preshyopie, when work on small objects at near distances
is persisted in ; and its aggravation in degree if astigmatism, with
the varying htrumrh" of accommodation which it leads tc- be
superadded. T here is also in accommodatory asthenopia a []erancre,
ment of the normal co-operation of the functions of aceccmmodation
and convergence by which the asthenopia may be aggravated, but
the disturbance arises from a different cause to that which origin-
ates it in motor asthenopia. In the latter form, as already mentioned,
the action of convergence surpasses that of accommodation; bnt
in accommodatory asthenopia, especially when it co-exists with
H., the accommodation lms to be exerted in excess of the con-
vergence. Here also the loss of the support which springs
from the concurrent and even working of the muscles concerned
in acc{}mnmd't'rlml and convergence no doubt angments the asthen-
opia and the difficulties of the patient. After “he has been read-
ing or writing for a time, or working intently at any close work,
the Dl}Jz*r:t-?. looked at become indistinct t, and if only Etl'DT'lD'H‘ exer-
tion is made to get clear images, instead of safficiently resting the
eyes, the symptoms elsowhere described are produced. These
symptoms are aggravated by anything that deranges the general
health and nervous system, or lowers 111&3: strength “of the a-;-then-
opic patient. DBut there is not the tendency to eversion of the
E}-'eba-ll that there is in motor asthenopia. Moreover acecommo-
datory asthenopia is relieved by convex glasses, in most cases is
removed by them when they are of suitable strength, and these
would only add to' the difficulties of the motor asthenopia of
myopes.

Loss of adequate power in the ciliary muscle and subjectiveness
to asthenopia may be brought about by other conditions than those
of h}penm‘r.mpm. pmﬂ’r)}'npn, and a%hwm itism.  Irritation from
constant occupation at mnear objects, spasm, general debility,
hysterical states, all become inducing causes of .w-:-f-mm::-dnh;-rv
asthenopia when the ciliary apparatus is subjected to efforts out of
proportion to its strength.

Treatment of Asthenopia. Asthenopia admits of treatment and
often of cure. The ocular conditions which lead to its produne-
tion point sufficiently to the means which should be adopted for
its relief. If the eyes of the patient are found on examination to
be ametropic, the kind of ametropia must be ascertained, and the
defective refraction corrected in the manner already described in
the chapters on myopia, hypermetropia, and astigmatism, If the
patient has become presbyopic, relief must be afforded as explained
under presbyopia. At the same time the relations between the
convergence of the eyes and the accommodation must be considered,
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and as far as practicable a normal balance established between
them. The employment of the eyes must be regulated, so Hmt
while, on the one hand, irritation and fatigue are “obviated by the
pr{;'.'eut-mn of an excessive demand on the Inu&ﬂ‘lm of accommoda-
tion and convergence, especially under nnsanitary conditions, such,
for example, as sometimes are met with when printers are employed
in setting up small types in close ill-ventilated rooms by gaslight, and
by avoiding excessive straining of the eyes, as occurs when persons
work at small objects, writing, drawing, &e., in tropical countries,
with ill-judged exposure of the eyes to the direct solar glare; on
the other hand, the seakening effeets of abstaining from all proper
employment of them are avoided. If there be weakness from con-
stitutional disorder of any kind, its influence on the asthenopia of
the patient should not be forgotten, but steps should be taken
according to its nature to try and remove it, and to restore the
natural standard of health.

1TI. NErHELOPIA.

Impaired Vision, or Dimsightedness, from Causes which obstruct
the Passage of Light through the Eye to the Retina.—Nephelopia,
clondy or foggy vision, the result of lesions which have led to
physical changes in the condition of some of the ocular media,
especially to diminished transparency, is a frequent cause of rejec-
tion of recruits, and a source of unfitness for further military
service among soldiers in the ranks. Such morbid chaages, when
thu; exist to an extent sufficient to cause r'[)lrlplt te 1nc apac 11'1..' for
militar v service, are easily recognised, either by direct thn.]l ion,
lateral illamination, or ophthd[nmxmplc obzervation of the eye or
eyes concerned ; but in minor degrees, althongh impeding clear V.,
t-he.:,r are 11;1,!1]1_*, without special care, to escape detection, l!m
particular causes which lead to loss of transparency in one or more
of the dioptric media, or otherwise obstruct vision, are as numerous
as the disorders to which the various parts of the eye are subject.
The consecutive effects of inflammatory lesions affect vision in very
varions ways and degrees.  Slight interstitial haziness of the cornea
may interfere with acuteness of vision by causing diffusion of the
rays of light which traverse its substance, and o producing con-
fusion of images on the retina; or the opacity may exist to such
an extent, F“-:]"}E’tllﬂ,lh if it be central in ]]ﬂ-_ultlﬂl't., as to obstruct the
passage to the maculalutea of large proportion ofthe luminous rays,
and thus prevent all pl';]Lii(”],“\'ll“i*ﬁ]] powerof sigcht. Various morbid
as well as senile changes in the Lr».ﬁ'falluw lens and vitreous
humour lead to similar results. Again the central parts of the
dioptric media may be left moderately [']{tu' but the iris may be more
or less contracted and adherent, so that the pupil, owing to the

smallness of its aperture, will r:m]j; admit limited portions of tle
N
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beams of light proceeding from illumined objects before the eye,

and their hrwhtnevs becomes lessened to such an extent as to pre-
vent a proper view of them by the observer. This will especially
oceur when the subject of such a condition passes from a bright to
a relatively dull light. Morhid states of the eyelids and other
ocular appendages, and many other affections e xternal to the globe
of the eye as well as internal to it, which need not be mentioned
here, will also lead indire ctly to (,Imnrr[ s which interfere more or
less ‘with the visual function by ﬂhﬁhmlmtr the free passage of
rays of light to the retina. It is with the permanent effects of
these lesions and the influence they exert on sharpness of sight
that the military surgeon has |:tmumlh to deal, so far as optical
fitness for nnllt'n"r service is concerned ; in their earlier stages such
lesions are matters for surgical treatment.

CHAPTER VIII.

Regulations regar ding Visnal Examination of Recruits—Range of V. necessary in
l{caL.nut:,—Urdvr of December 1863 on this Subject —Principles on which the
Circular Test-dots were Formed—Counting Test-dots—Target Centres and
Bull's-eyes—Square Test-dots—Figure Targets for Range Practice—Visual
Angles under which the Target Figures are seen—Figure Targets Optically
mgan]cﬂ—-'l‘est -dots and Snellen’s Test- -types—Degree of Visual Acuteness
shown by Circular Dots at 10 and 5 feet —By Square Dots at 15 feet—DBy
Sqguare Dots at 10 feet—Test-dots only used for Proving the Minimum of -
Visual Power allowed —Directions for Mode of using Test-dot Cards.

Regulations on Visual Examination of Recruits.—The instrue-
tions, dated st July, 1870, for the medical examination of recruits
(clause D, para. 3), required that the recruit should be free from
defects of vision—that * he sees well.” It was further ordered in
para. 8 of the same clause D that ¢ the special tests for power and
range of vision are to be applied to each eye as directed on the
card of test-dots furnished for that pm]mﬂf-‘ The revised Army
Medical Regulations of November, 1878, qualified in a certain
{hwrw and exlmitum d the foregoing requirement of the recruit

¢ seeing well,” inasmuch as, while Lllwvi‘mn' by para. 559, p. 90, that
men prkutnur ¢defects of vision® will be nqwrvﬂ as recruits, it
defined in para. 557 that one of the ]:rlnvlpul points to be attended
to in the inspection of the recrnit is * that his vision is safficiently
good to enable him to see clearly with either eye at the required
distance.” Thisdirection, of course, implied that it was objects of a
certain fixed size, viz. the test-dots, which were to be seen clearly
at the distance required. The same directions are continued in

-

paras, 969 and 970 of the Army Medical Regulations of 1885,
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while, in addition, in para. 986, the mode of testing vision by the
test-dot card is fully described.

Under ¢ defects of vision ™ are obviously included all conditions
of the eves and their appendages which interfere with clearness of
view of the appointed test-objects at the preseribed distance.  The
necessity of a proper search for these defects is comprehended in
the direction in para. 952, p. 171, of the regulations last referred
to, viz. * The sargeon examines the eves and evelids,” and is again
alluded to in the succeeding para, 955,

Range of Vision necessary in Reeruits.—The recruit is thus
required to possess a certain range and degree of acuteness of vision ;
and that he does possess this required range and power of vision is
tested by means of the test-dots veferred to in the regulations
already :'qu}frl.i It is necessary to understand what range and
power “of vision are indicated by these test-dots, more smpmmllv as
they have occasionally been supposed {0 be supplied for indicating
1!”1—!‘- il i'lf{'l'l'lit- l]l’_!ﬁf"t"ﬁ.‘ﬂ‘ﬁ il {'['lll:]]_]'lt_"l{" |':!]=gi‘ E!llll l]l‘]'ﬁ.'ft acuteness or
power of vision.

At first, when the introduction of long-range rifles with gradu-
ated aims in place of smooth-bore muskets made it necesss ary to pay
particular attention to the range and acuteness of vision possessed
by recruits, efforts were made to obtain recruits with full range and
perfect acuteness of vision. But it was found impossible to obtain
recruits possessing such fine qualities c-l' vision in sufficient numbers,
and it therefore became necessary to relax the requirements in these
respects. It was then obviously necessary to have some standard
ange and power of sight fixed, such that the proved poszession of
them would render men acceptable as recruits so far as quality of
vision was concerned, while the absence of them would render mien
unacceptable as recruits.

Ultimately a particular limit was deterinined, and this limit,
which then became the regulation standard of visual fitness for
army recruits, was published in the following order, a copy of which
was issued to each army medical officer :—

Army Medical Department,
3rd December, 1863,

Sir,—His Royal Highness the Field Marshal Commanding in C!uLf having
been pleahenl to notity
“That wen should not be received into the service who do not see well,
to GO0 j’ﬂ.ldﬂ at least, a black centre 3 ieet in diameter on a wluiu
ground,’
I have the honour to request von will have the goodness to pay striet attention
to this command in the examination of recruoits,

(Signed) J. B. Gipsox,
Director-General.
The black centre 3 feet in diameter on a white ground, men-
tioned in the foregoing cireular, signified the bull’s-eye of the target
which was used at that time by trained soldiers in practising with
W
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the rifle at distances from 600 to 900 yards. The question then
arose how medical officers were to carry out this instruction in
examining recruits, there being many manifest difficulties in the
way of ascer ’rmmng that men cr::uld zee the actual bull's-eves at the
required distance under the conditions in which the examination of
recruits is ordinarily conducted.

Test-dots for Military Purposes.—I had already suggested in an
article in the Army Medical Reports for 1860 the use of black
dizes, formed on pri uf:lph's explained in the paper referred to, for
the purpose above mentioned. I now prepared some of these dises
on a card, so that when held at a given distance they formed retinal
images of the same sizes as the bull's-eyes, 3 feet in diameter at
600 yards, and, having submitted them for approval, they were
ndﬂpfe-d for eﬁachng the desired object. The size of each of these
discs or test-dots was one-fifth of an inch in diameter, and, though
they were distributed over the card at irregular l]l'ut;HlE:-E'E apart, no
two adjoining test-dots were placed with a less interval between
them than one equal to their own diameter. As optical tests, the
dots would have been capable of giving more accurate results if
they had been all placed at equal distances apart, as explained at
p. 161, but the purpose of disposing them irregularly was to atford
means of counteracting attempts at deception or guesswork. The
distance at which the test-dot card was arranged to be held was
10 feet. This was considered to be a convenient distance, and the
diameter of the small test-dot was then found by a slmpln calenla-
tion of proportion, viz. as 600 yards : 3 feet :: 10 feet : Lth of an
inch. The visual angle of the dot | fh 'Df an inch in diamater at
10 feet being the same as that of ‘the l-ucre bull’s-eve 3 feet in
diameter at 60O yards, or, in other words, the diameters of the two
discs being seen under equal angles, and the two dises therefore
Leing of the same apparent size, it followed, other conditions being
alike, that if the recruit conld distinguish clearly the small bull’s-
eyes "!.f' 10 feet distance, discerning, among others, the dots which
were only one diameter apart, he could equally see the S-foot
bull’s-eyes at 600 yards as required. It was mth for this purpose
that the test-dots were devised—to test the ability of the recruit
to see the 8-foot bull's-eye at the preseribed distance, not to test
the nature of any refractive or other visual defect which might in
particular instances prevent the miniature bull’s-eyes from being
counted.

Counting Test-dots.— It was found by practical trials that recruits
could not be relied on for connting correctly more than seven or

eight of the discs at a time, even ’rln'ruﬁ'h i}u'\ were all separately
visible to them, and the small bull’ s-eyes, or test-dots, were there-
fore at first limited to this number. But it was found that the
limit in number was made known to the re-ruits by the ¢ bringers,’
so that the recruits, probably judging by the amount of test-dot
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card exposed, occasionally guessed the number submitted to them,
although they did not see ‘.Ll_le dots distinctly.

To counteract this trick, a large number of dots was printed on
the test-dot card, and they were so disposed that, by means of a
covering card of a certain shape, which could be shifted into six
positions in front of the test-dot card, twenty-five variations in the
number and relative positions of the dots could be obtained without
exposing more than seven or eight at a time. The test-dot card
was ultmmh;l;, adopted in this shape, directions for using it being
printed on the back.

Change from Circular to Rer:tangular Bull's-eyes.—Subsequently
the circular bull’s-eyes and centres of the iron targets were changed
to rectangular bull’'s-eyes and centres. This was not done for any
purpose connected with eyesight in musketry practice, brt simply
in consequence of it being found more easy to paint the bull’s-eyes
and centres accurately upon the targets, either singly or in com-
bination, when t]u:,- were- cast with vertical and horizontal lines
marked upon them in small squares. In January, 1863, a corre-
sponding change was directed to be made in the test-dots. It was
ordered that the 2-foot square bull’s-eve should be seen by recruits
at a distance of 600 yards, the same distance as that at which, by
the instructions of I]L*ufmhl: 3, 1863, the circular 5-foot bull’s-eyes
had been ordered to be seen. In arranging the test-dots to comply
with this order, it was found eonvenient to have the dots made one-
fifth of an inch square in size. To apply them as tests for carrying
out the order respecting range of vision, they had to be placed at

a distance of 15 feet from llw recruit, As be fore, the distance af
nhmh the test-dots were to be held was d:,tmmued by a simple
caleulation of proportion, viz. 2 feet : 600 yards :: }th of an inch
: 15 feet. In other respects the square test-dot cards were similar
to the former round test-dot cards.

Return to Circular Bull's-eyes.—In March, 1876, the shapes of
the bulls™-eyes and lines enclosing the centres on the service targets
were again changed by general order. The rectangular outlines
were discontinued, and the circular outlines were reverted to. Not
long atterwards a cnrr{-apunduw- change in form of the test-dots
was adopted (W. O. Form I, 1220 s his card of circular test-dots
forms the suthorised test for service purposes In recruit examin-
ations at the present date (1888).

Test-dots of W. 0. Form 1233.—In 1875 a distingunishing War
Office number was given to the cards of square test-dots, so as to
include them in the list of Forms authorised for issue in the public
service. They were marked W. O. Form 1233, and under this
designation were referred to in the revised Army Medical Regula-
tions of 1878, ‘

From an optical point of view square bull’s-eyes and centres
are defective as means of measurement of the respective visual
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merits of marksmen. As the aim of the marksman is directed cn
a central point, and as that point becomes the anterior pole of the
visual line, the merit of a particular shot can only be fairly tested
by an estimate of the radial distance EL'[ which it has struck the
target from the central point aimed at. It is evident that with
square bull’s-eyes and centres the : h(rtw of two men striking at the
came distance from the central point may be differently estimated.
1t the shot of one has struck in the direction of the diagonal of the
2-ioot square bull's-eye at a distance of 15 or 16 inches from the
central point, it would count as a * bull’s-eve,” while another shot at
precisely the same distance from the central point, but in a diree-
tion perpendicular to one of the sides, would be ountside the bull’s-
eye and only count as a * centre.’

Target-centres and Ball's-eyes.— In rifle drill instruction a dis-
tinction 1s ma,c]e between a bull's-eye and a centre.  The technical
term * centre " might easily lead to misconstraction, as it does not
ceeupy the position of the real centre of a target. The bull’s-eve
in the range-targets hitherto in use has consisted of a black figure
on a nlnh* n‘luum] arying in size according to the thhhmm at
which the target has been placed, and according to the class of
marksman 111'111g at it. Outside the bull's-eye was a white space
bounded by biack lines. The space within these lires and be-
tween them and the bull s-eve was called the eenfre.  Outside these
lines was the remainder of the target, and in target practice the
stroke of a bullet which neither hits the bull’s-eve nor the centre,
but hits the target beyond their limits, is spoken of as an ¢ outer.’
When the i‘l"(_f"lllti"llhll bull'z-eves and Cvulnm were 1n use, the size
of the bull’s-eye aimed at by recruits and soldiers of the lﬁt (Class
was 2' x 3', used for distances varying from 450 to 800 yards; iur
the 2nd f_'.‘-]as-s, 2" x 2' for distances from 250 to GOO }axds,
the 3rd Class, 2' x 17, for distances frem 50 to 300 vands. The
size of the bull's-eve ordered to be adopted as the test for
vision was therefore that of the bull's-¢ ve used by marksmen of the
2nd Class.  When the circular bell's-eves and centres were re-in-
troduced, the diameter of the bull’s-eve for the 3rd Class was 1 foot,
and was fired at by reeruits from 100 to 200 vards, and by trained
soldiers from 200 up to 300 yards; of the ond C L1--. was 2 feet in
diameter, and was fired at by recruits from 300 to 400 vards, and
by trained soldiers from 500 up to 600 yards; of the 1st Class was
5 feet in diameter, and was fived at by recruits from 300 to 600
vards, and by trained soldiers from 700 to 800 vards (see Rifle
ixercise and Musketry Instruction, 1879, Part VI, p. 245, &e.).
The black circular test-dots used in trying visual power had refer-
ence, therefore, to the bull’s-eves nsed bﬁ. marksmen of the 1st Class.
still more mf:vuth further ch Anges have been made. By the latest
reculations (M uske try Instruction, Provisional, 1884 ; and G. O
33, March 1885), the bull's-eye on the Srd Class target, which is
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fired at by recruits from 100 to 200 yards, is 12 inches in diameter ;
the bull's-eye of the 2Znd Class target, fired at from 300 to 400
yards, is 2 feet in diarneter; that of the lst Class target, from 400
to 500 yards, is 3 fect in diameter. The Sed Class tar, vet is tired
at by trained soldiersin their annual course of practice at distances
varying from 150 to 300 yards ; the 2nd Class target, trom 500 to
GO0 \.}1'['1'.]"}, and the lst Class target from 700 to 500 :!.'ELI'EiH.
Visunal Angles subtended by the Target Bull's- -eyes at differant
Distances.—There 13 only exceptional uniformity in respect vo the
visual angles which the bull’ s=eves subtend at the different distances
they are tired at. The 12-inc L bull’s eye at 100 yvards has a visual
;murh- of nearly 12’ (11' 28"), and cc rlm-quentlv the same bull’ s-eye
at 200 vards, the 2" bull’s-eye at 400 yards, and the 3’ bull's-eve at
600 yards are all seen under equal mw]n of 5' 44’*. The 1’ bull’s-
eye at 300 yards, and the 2’ bull’s eye at 600 vards, are each seen
under visnal angles of 3" 50", The 3" bull’s- -eve at o00 vards’
distance has a kucml angle of 6’ 54", while at 800 vards it has a
visual angle of 4’ 18”. The largest visnal angle presented by
bull s-eye at any t]hhmu is the 1 foot ]m”wn{- at. 100 "'.:llll':
f].l?t"ll]:.(‘* viz. 11" 28", and, therefore, having the largest apl:mmm
slze, 8 Jmuh. other things ]1L11|U‘ llil-.t‘ be Hn, most dmmcth visible
to:a marksman, As by Snellen’s standard such plain black objects
on a white ground ought to be seen by an eye of average normal
acuteness Ol VIS100 lm{]e: a visual nntrlv of one minute, or, by
Burchardt’s sight-tests, under a visual angle of 2:15 minutes, it
tollows that in a good light in the open air, if the atmosphere be
clear, the tax on visual power in regarding the bull’s-eyes at target
practice as hitherto employved has been ln 1O INeans a severe one.
Flgura Targets for Range Practice.—A mnotable change was
made in March 1885 in the forms of the targets used for range
firing both by recruits and trained men at the annual courses
of |_um:t|(.sa. ‘ Figure Targets * and * Head and Shoulder Targets,’
which were l_m_.\.mnh]} restricted to so-called ¢ Field Practices,’
have now become ordinary targets for range practice. The bull’s-
eves, and circles defining the centres, are retained, but are so painted
as to be no longer visible to the men aiming at the targets,
with one exception, which is in the case of recruits firing at the
srd Class target, when the bull's-eye is ordered to be marked
white. In all other cases a black figure representing the shadow
of a man 1s to be painted on the target, and to be the object aimed
at, the bull’s-eyes being only 11|.|l‘l~.vll in outline. This figure in
each target is 6 feet in height, 2 feet across at the part represent-
ing the shoulders and upper part of the trunk, and 1 foot across in
the parts representing the face and lower extremities. The bull's-
eve and centre line are so marked that, although they are not dis-
tinguishable by the firer, thev are visible to nnuLt rs in the butts
near the targets.  The respective values of hits upon different parts
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of the targets remain equal to what they were when the bull’s-eyes
and centres were visible to the firers, a hit in the centre being
valued at three-fourths of a hit in the bull’s-eve, and a hit outside
the centre as half the value of one on the bull's-eye. In certain
practices hits on the ficure only have a value, and the value is equal,
whatever part of the figure may be struck. For range practice in
the 3rd Class target only one figure is shnwn; in the 2nd Class
target three ﬁumLa, placed side by side; in the Ist Class target
four figures ; while in the target for mllv:, and independent firing
either six or eight figures are placed side by side, according to
distance. It may be advantageous in some cases to be aware of
the degree of visual acuteness which is required for these figures
to be seen at the distances at which they have to be fired at, and
this knowledge can be best obtained by ascertaining the visual
angles under which they are presented to the sight of a firer.

" Visual Angles of Target Figures at different Distances.— The
target figures are placed for practice at distances which vary from
100 to 800 yards. The visnal angles under which the bull’s-eyes
in the several classes of tar gets are presented to the firers have been
already named. The visual angles which the 6 ft. figures subtend
at the respective distances they are fired at are as follows :—

Distance, Distanee.

100 yards = 1° &'16” 500 yards = 0°13' 45"
160", 0 45 50 600 " ,, 011 28
2000 0 34 26 Ty 5, 0 9 50
I00; 023 14 800, 0 8 36
400 , Al

The visual angles formed by the breadth of the figure, both the
broader and narrower parts, may be at once determined by the fore-
going table, for the visual angles subtended by the part 2 feet
across will lm one-third, and In the part 1 foot across one-sixth of
the dimensions of the visual ﬁn:r]eu under which the height of the
ficure is seen at the different distances specified in the table. In
like manner, on three figures being joined together in the 2nd Class
target, and four hgm‘&s in the 1st Class tnmr the visual angles
ander which the combined broad parts of the JU][IE‘E] figures are seen
will be simple multiples of the visual angle subtended by the cor-
responding part in the single figure. In the 2nd Class t: irget the
width at this part will be frebl ed, and will be the same as the height,
viz. 6 feet across; in the 1st Class target, in which four hgures are
placed side hy side, the width across the body will be 8 feet, and
the visual angle will be increased by an extent equal to one-third
of the visual angle under which the height of the 6-foot figure is
seen at equal distances,

An acguaintance with the sizes of the visual angles subtended
by the figures on the targets at the various distances at which they
are placed for range practice will enable a medical officer to deter-
mine how far any soldier, whose acuteness of vision for distant
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objects has been previously ascertained, is competent to distingnish
them for practice as a marksman, light -.111'[1 other conditions bi-_'lllu’
alike. The fact that the visual smt:]v is greatest in the vert (d]
direction in the 5rd Class target, while it is greatest in the
horizontal direction in the 1st Class target, will also call attention
to the influence that may be exerted on vision if the eye of the
firer happen to be astigmatic in formation.

Figure Targets optically regarded.—I1t is obvious that from an
optical point of view, and also as regards relative merits in respect
to accuracy of aim, the figure targets in those practices in which a
hit on any part of the f igure has an equal value, while a hit any-
where outside 1t 1s 1 'E‘g"c‘ﬂ‘{ll“ll.[ as a miss, are open to the same i.-}ll_l'_jl"t-
tions as the square bull's-eyes and centres. Optically regarded,
they are by no means of equal value. A shot at the bottom of the
ﬁwure, about 3 feet from the centre, cannot have the same optical
value as a hit which may be under a foot in certain directions
from the centre, and Tet 1s not admitted to be a hit at all in
musketry exercise. On the other hand, there are certain advan-
tages in ‘the use of the figures : whether single or in groups, they
more closely resemble the objects a soldier would have to fire at in
warfare than circular bull’s-eyes and centres; and the argument
that a hit anywhere will cause a wound which would disable an
enemy prub'tl}]*r explains the fact of their being estimated at eqnal
values in musketry practice, whatever their distance {rom the
centre may be, so Ir_mtr as the hit 1s within the outline of the figure,
The men under instruction are still taught to try and hit the
centre of the object aimed at, on account of the mar gin thisallows
for variations in direction mld elevation, and it is in accordance
with this principle that the circles representing bull’s-eyes and
centres are retained, though they are only visible to the markers
in the range l]l“'lLtlLE"-l They enable the superior guality of the
marksman to be shown, who, without seeing a distinet bull's-eve
to aim at, can place his shot nearest to the centre of the figure or
group of figures. Although certain advantages may attend the
plan of attaching equal values to hits irrespective of distance from
the centre of the object aimed at in some practices, it should not
be forgotten that the principle of making no distinction in the
value of the shots is not a right one, opnml regarded, for it puts
different degrees of accuracy of aim, and pmhabh‘ different qualities
of sight, ali on the same level. A man who only hits the target
at the distance of the head or foot of the figure may not be able to
fire more accurately owing to some visual defe',f: and, in conse-
quence, may be but little to be depended upon as a practical
marksman on other occasions of more importance, especially under
different circumstances of illumination and contrasts of colour,

Test-dots introduced among Snellen's Test-types.— About the
time that the circular test-dots were introduced, an edition of
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Snellen’s test-tvpes was I:-nntui for distribution among the medical
officers of the British army.! Dr. Snellen at my ]i_’t,]lli_"-»l' intro-
duced the test-dots among “his test-t vpes, and it may be observed
that he placed above them the number 51, to indicate the number
of Paris leet, equal to 57 English feet, at nhlt_h the test-dots onght
to be held inl* testing m:lln.ll acuteness of vision. At this rclhta.nce
the test-dots would form a visual angle of the 60th part of a degree,
which, as already explained, Dr. Snellen has taken as the smallest
visnal angle under which an object is visible by an eye possessing
average alm'nml acuteness of vision nnder ::ldumw conditions.

Hul‘,, as all Dr. Snellen’s types and figures are 11*cfa11r:ru!¢1r
objects, while the test-dots introduced among them are Ell‘-:'uhl' 1t
tol |uw* tll;Lt a difference of calculation was required for the test- dots.
The difference between the area of a cirele and the area of a square
should have been taken into account. The area of a square to that
of a circle is as 1 : 0-7854, and, taking 54 Paris feet as the dis-
tance at which a rectangular object one-fifth of an inch square
should be seen by norma'ly acute vision, a cireular object one-fifth cf
an inch in diameter would, in proportion, be only visible by an eye
of normally acute vision at a distance of a little under 43 Paris feet.

If all recruits could read, it would be far better to use types of
definite sizes, such as Snellen’s, for the examination of vision. The
visual acuteness could be definitely registered, or the possession of
any fixed standard of power of sight determined. But, as by the
latest returns (Army Medical Report, 1887) there were still 9 per
cent. of the recruits who sought enlistment unable to read, a simpler
test, such as that of merely counting a few spots of certain size at
a given distance, is rendered necessary.

Degree of Visual Acuteness shown by Counting the Circular
Test-dots at 10 feet.— It has been mentioned that the eircular
test-dots one-fitth of an inch in diameter, when first introduced,
were ordered to be held at 10 feet distance from the recruit, this
distance, so far as concerned the ‘pl‘:'uluc’finll of the imilgF on the
retina, bei ‘ing equivalent to that of the bull’s-eye 5 teet mn diameter
when seen, as ordered, at GUO yards. As aiready explained,
similar test-dots held at the same distance are again tluplt}} ed for
testing the vision of recruits, and form the authorised standard by
which their acceptance or rejection is at present regulated. But
it has been shown that under average mormal acuteness of vision
they should be seen at a distance of about 45 feet. Therefore,
since 10 2 43 ::1 ¢ 4-3, it follows that recrnits accepted under the
visual test just named are accepted with a fraction less than
one-fourth of average normal acuteness of vision. In other words,
it Snellen’s test-types were used instead of the test-dots as the
standard of visual sufliciency, a recruit would be ace epted who

V Test-Types for the Determination of the dcotencss of Vision. By H. Snellen,
MDD, Second edition, Utrecht, 1864,
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could only read the 20 feet type at a little under 5 feet distance
(4 feet 71 inches) instead of the full distance of 20 feet.

Visual Acuteness shown by Counting the Circular Test-dots at 5
feet.—1It is ordered in the Regulations for the Militia, 1883, p. 32,
that a medical officer, in the examination of a wmilitia recr uit, is to
ascertain ° that his vision is good, or at least safficiently {_rc}ml to
enable him with his right eve to discern objects clearly at not less
than 500 yards;’ and it is laid down in the directionson the back
of the test-dot card in present use that the test-dots are to be
counted by a militia recruit at a distance of 5 feet, in accordance
with the requirement just named. It follows, therefore, that a
militia recruit may be accepted who has only half the minimum
allowed for a recruit of the regular army, or between 1th and }th
of normal acuteness of vision. If Snellen’s types were used as the
test, then a recruit would be accepted for the militia by the
regulated standard who could only read the 20-foot type at a dis-
tance of 2 feet 4 inches, instead of the normal distance of 20 feet,
This equally applies to recruits for all departmental corps.

Visual Acuteness shown by Counting the Square Test-dots at 15
feet.—The rectangular test-dots one-fifth of an inch square had not
been introduced when the English edition of Snellen’s test-types
was published. Had they been, the ficure 54 would have been
rightly attached to them as showing the number of Paris feet at
which they ought to be placed from an eve in proof of normal
acuteness of vision. The order 1 'Uqunml the 2-foot square bull’s-
eve to be seen at 600 yards, which is the same as requiring the
’” square test-dot to be seen at 15 feet; for 2’ ; 600 vards : :
0-2 inch : 15 feet. But as for normal acuteness of vision by Snellen’s
standard they should be seen at 54 feet,! it follows that recruits
were accepted when these dots were held at 15 feet, with less
thun oue-third of normal V. (15 : 54::1 : 3-6).

Reduction of Distance for the Square Test-dots by Order of
August, 1870.—Iun Aungust, 1370, the following circular modifyving
the standard of vision to be determined by the test-dots was issued :—

' Calewlation of Distance with vespect to Visual Angle —The distance at which
an object, the measure of whose extreme limits is known, ought to be placed in
order to subtend an angle of one minute may be roug h]'l. ascertained without
difficulty, for the radius of the circle of which that measure forms part undar the
angle named will give very closely the distance required.

Thus, t-.lLi!]g‘ t!]L square test-dot under notice :—1f an object 0-2 of an inch in
measure occupies 1 minute of a circle, 1 degree of the circle will be equal to 12
inches, and the circumference will hv YL ffn't The diameter being equdl 1o the
circumference divided by 3-1416, the radius will be 57 English feet, omitiing frac-
tions. Therefore at 57 feet distance the visual angle of the 0-2 of an inch test-dot
will be one minu:e. All the distances in the English edition of Snellen’s test-types
(1864) were stated in French feet, and, as the mtiu of Englizh to French feet is
46 : 49, s0, omitting fractions, the 57 English feet would be equal to 54 French
feet, the number siated above the test-dots in Snellen’s 1ables,

A fact, easy to remember, is that a circular {.IIJ .ct, when removed to 2 distance
equal 1o 57 times the measure of its diameter, is seen under a visual angle of one
degree. -
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tecruiting. Horsze (Guards, 3rd August, 1870.
Cirewlar Memorandum.

With reference to the instruetions for the medical examination of reerui‘s,
dated July 1, 1870, it is notified that the medieal officer will adhere strietly to
the necessity ﬂmt 'lljlﬂ vision of the recruit be sufficiently good to enable him to
see clearly ; that paragraph 3 of clause 1) be carefully attended to, but that para-
graph 8 of the same clause, #s regards short sight, is so far muditied that each
te=t-dot on the card now rwiuir--d to be seen dis:incl]j at 15 feet may, till further
notice, be tested for a distance of 10 feet only.

CrLeM. A. EpwagrDs,
I. G. of Recruiting,

By this Order a further reduction in visual acuteness took place,
for myopic recruits were to be taken who could recognise the test-
dots :-LI' |0 f{:(,h only. The required standard of V. was thus lowered
from --_ = e = L of average normal acuteness of vision.

Reduction of required Visual Acuteness limited to that caused
by ]!I]mpia..—-It should be noticed that the cireular limited this
depression of the standard to cases of myopia, and it threw on the
medical officer the responsibility of distinguishing between defec-
tive vision due to short sight, and that re-:.uitmcr from other ocular
abnormal conditions or disorders. The medical officer was directed
to adhere strictly to the necessity of only accepting a recruit with
vision sufficiently good to enable him to see clearly : merelj' the range
of vision within which myopic recruits were required to see clearly
was curtailed. At the present time no special limitation isin force
as regards myopic relatively to other recruits. The existing regu-
lutions re equire that the circular test-dots shall be seen distinetly
enough to be counted correctly at a distance of 10 feet by all recruits
of the recular army alike, excepting those for departmental corps.

ﬂuahty of Vision tested by the Dots a Minimum Quality.— It
is not to be forgotten that the examination carried out by the card
of test-dots is for a minimum quality, and that an unknown number
of recruits, probably a large proportion who are passed fit for ser-
vice under its application, have a range of vision far beyond that
which is indicated by the trial. T he precise number of men ad-
mitted into the service who possess a farther range and higher
degree of acuteness of vision than those demanded by the authorised
test dot standard could only be ascertained by testing the full range
and acuteness of vision of each individual who is enlisted.

Rules for the use of the Test-dots.—\Vhen employing the test-
dots for trying the power and range of vision of 1'9{1'mt5 1t 18
important that the rules laid down for the manner of using them
should be duly attended to. The following are the instructions
printed on the back of the test-dot card of the present pattern (No.
27 | Gen. No. 4909. June, 1885) :—

Mem. Each dot corresponds, at a distance of 10 feet, with a
bull's-eye, 3 feet in diameter, at 600 yards. This is the range of
vision required for recruits for the regular army except those for
departmental corps.
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Dirvections for using the ¢ Test-dot Card.’

1. Place the recruit with his back to the light, and hold the
test-dot card perfectly upright in front of him, letting the light
fall fully on the card.

2. Measure off with precision 10 feet in the case of a recruit for
the rer;:'ll].ﬂl‘ army, and 5 feet in the case of a recruit for a depart-
mental corps or the militia, the range of vision required for such
corps being only 300 yards.

8. Examine each eye separately. The eye not under trial shonld
be shaded by the hand of an assistant, who will take care not to
press on the eyeball.

4. Expose some of the ‘dots. not more than 7 or 8 at a time,
and desire the recrnit to name their number and positions ; vary
the groups frequently to provide against deception.

The Test-dot Card must be kept perfectly clean.

CHAPTER IX.

Mode of Conducting Visual Examination—Appliances nsed in the Examination —
The Examination Room— Each Eye to be separately Tested — Defective V. of
either Eye causes Rejection of a Recruit—Pressure upon the Eye to be avoided
—Application of Test-dots—ERelative V. of Right and Left Eyve—Procedure
if Imposition be suspected—Secondary Inspection of Recruits—Field of V.—
Visual Examination of Soldiers—Application of Snellen’s Test-types—To
ascertain the Sources of Defective V.—Preliminary Inspection of the Front of
the Eye—Lateral Illumination—Detection of M., H., and Ast.—Ambl, how
to distinguish from M.—Ambl. complicated w lth M.—Disqualifying Dewrce
of M., H., Ast., and Ambl. — Weak V. from uther ‘.au*ﬂ}.ﬁ—CD'UI’E[’-’JI]D[]HE‘-*-—-
chrce of M. Whmh does not disqualify
for Soldiers—For different I‘art:-. of an Army -—I]r-rrwﬂ Df . ‘E".ht{',h dwrpmhhﬁ
for Service—Myopic V. of &, or 1'75 D.—M. = L or 125 D.—Ametropia in
Continental Armies—Spectacles not worn by Hllﬂh’.'t‘s in The Eanks—Spectacles
at Musketry Instroction—V. necessary for Commissioned Offcers—Declaration
concerning V. by Candidates for Commissions—Blindness of One Eye—
Quality of V. required for the Line—For the Indian Govt. Seivices—Attempts
at Decepfion—Quality of V. required for Army and Indian Medical Staff— For
the Royal Artillery and Engineers—For Special Ins‘ruction at School of
Musketry—For Koyal and Indian Navy—Impaited Vision of one Eye in a
Soldier not a Cause for Discharge—Aiming with the Left Eye—Detection of
Simulated Impairment of V.—Assumed Blindness of one Eye—Modes of De-
tection—Case in Illustration—Assumed Defective V. of both Eves—Modes of
Detection—Case in Illustration—Simulationof Defective V. seldom attempted
by British Soldiers.

1. Visual Examination of Recruits.—The visual examination of
a recruit by the test-dots need not occupy under ordinary circum-
stances more than a few seconds of time. When it is considered
necessary, for special reasons, to determine further the quality
of vision of a recrnit, as when the evidence afforded by the test-
dots leaves some grt:rum'] for doubting its accuracy, the additional
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examination mayv perhaps oceupy 10 or 15 minutes, and it is best,
therefore, to allow the recrnit to dress himselt before this further
examination is begun,

In the latest edition of the Medical Regnlations (1885, p. 169)
the recruit’s vision is ordered to be tried by the test- dots before
proceeding to the general examination w hile he is undressed. pro-
bably because further examination is held to be unnecessary if he
is uh\ iously unable to comply with the tests submitted to him.

2. Appliances for Visual Examination.—If a particular exami-
nation ot the quality of V. of a recruit is required, it must be made
in the same manner as the visual examination of a soldier who is
already in military service. The ordinary ophthalmoscopic and
(}|]t1C‘ﬂI case is sufficient, in conjunction with the test-types and
dots, for proving the quality of V. possessed by a soldier in all
ordinary instances. For special purposes a complete case of trial
lenses is necessery, and a good perimeter is desirable.  Full sets of
lenses afford facilities 1|1=|f cannot be obtained by any other means
for solving complicated optical defeets, and for sifting suspected cases
of simulation. They are, therefore, especially useful in general
and invaliding hospitals, to which such cases are commonly sent
for decision. They also afford the means of proving, by positive
correction of the defects, the correctness of est'mates of abnorm-
alities of refraction, and of amounts of loss of accommodatory power,
which have been previously diagnosed elsewhere,

3. Examination Room.— Rooms in which the examination of re-
eruits is conductcd shounld be well and equally lichted in all diree-
tions. This arrangement is especially important in testing vision.
The light falling on the test-objects to be looked at should resemble
the m‘ciumn‘ external diffused daylight as nearly as possible. It
should neither be dazzling nor obscure. If the examiner’s V. is of
normal standard, or its ih*ﬂ'nw,' 1s known to him, the sufficiency of
the available 1IL!'I'l'|' can u“u]ll\. be tested by 11--1~.nn al observation.
The eyes of the men to be examined should be habituated to the
deoree n[ light in the room for some minutes before the examina-
tion is made. The conclusions would not be accurate if the tests
were suddenly applied to a man who had just left a place that was
either much darker or more brilliantly lighted than the examina-
tion room,

It is a matter of convenience and also a means of saving time
to have some hnes, showing distances in feef, or in metres and parts
of metres, permanently marked in ink upon the floor of the room
in which Snellen’s types or the miniature bull’s-eves are unsed.
Whenever the space is available the distance should extend at
least to 20 feet or to 6 metres. The addition of a simple stand
for suspending a table of Snellen’s types at the end of the range
thus marked out is also nseful.  Theyv <hould be suspended on «
level with the eyes of the person to be examined.
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In conducting the ex: ymination, the soldier or recruif is placed
with his back towards the wis 1c'|n1.'- or source of light, so that while
his eyes are in relative shade there is a full illumination of the
types or dots by wl hich his sight is tested. This is important as
wmu*ds both the large and small types when test-types are used,
but particularly so as vregards the small types for trying near
vision.

A range of 6 metres, or 20 feet, is essential for applying 1];,
most recent rules for testing the vision of candidates for commis-
sions in the army. and, as described in the preceding paragraph,
this range should be snitably placed in relation to the source of
light.

4. Separate Examination of each Eye.—It is always necessary
to test each eye separvately. It will not often be found. even under
healthy cmlchtmn% that the absolute refractive qualities of the two
eyes of the same person, mulﬂn sndent of ammnmm]ahn‘ exertion,
are precisely alike ; but in defective conditions of vision the differ-
ence between the two eyes is usnally more marked, It has some-
times occurred that a man has been blind in one eve without
knowing it until attention has been directed to each eye separately
by Dphi"!ﬂ examination.

5. Defact of Vision in either Ey'e of a Recruit.— Under existing
rules the existence of defective vision In either eye 1s a canse of
medical rejection of a recr nit seeking enlistment. Though the

right eye may be up to the standard, if the vision of the left eye
hP <o defective as to prevent the recruit from being able to count
the test-dots with it, the orders are that he must h{* rejected. He
must see clearly with each eye separate 1y at the regulated distance.
In the former d’uw; of long service with the colours the chances of
the sight of the normal and efficient eve becoming independently
affected by disease originating in tlw exposure and cther causes
incidental to military service, and of the man thus becoming dis-
abled for duty and entitled to claim a pension, doubtless had an
influence in determining the rule that not only the right eye, but
the left also, of a recruit should be ascertained to be up to the
anthorised ﬂhndm{l of visnal acuteness before he is passed fit for
acceptance as a soldier.

. Pressure on the Eye.—In examining the eves separatelv, an
assistant should cover the eve not occupied in Jt*gémimg the object
'1:1[] not the man himself. If the man be allowed to close it he
will probably , from carelessness or nervousness, exert undoe pres-
sure on the O‘Iﬂ]}t‘ disturb its condition for clear vision, and cause
delay until this disturbanee is recovered from. The assistant who
covers the eyes should be tanght that if any pressure be made it
chould be limited to the margin of the orbit. The object is simply
to exclnde light by C]{}--]]IW the lids or shading the licht with
the hand ; the eve itself should not be pressed upon. If undue
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pressure have been made, the man’s vision will be rendered misty,
and it will be necessary to wait a minute or two until the eye has
recovered its normal state before applying the test for visnal power.
The assistant should be tanght to cover the eve by the palm of the
hand, formed into a hollow for the purpose. If the fingers are
cmp]m ed, they are apt to press upon the globz, and there may in-
:]rlvul't{-nﬂ'f be vacant spaces left between them; in which ease,
either ﬂcmde*nh'[lv or intentionally taking advantage of the oppor-
tunity, the eye nnt under examination may look thmutrh one or
other of these openings.

If a trial case of lenses be available, it is still bettar to use the
spectacle frame, and to place either a trlmmﬂ olass or opaque metal
dise, both of which are nsually qupphml with s,m,h cases, in front
of the eye not under trial. Not only is pressure on the globe thus
]]rm'f-nted, and all chance of the person seeing thmu"h chinks
obviated. but the freedom of movement of the eg,rehds is not inter-
fered with.

7. Application of Test-dots.—If the man under examination
be a recruit, as soon as he is placed in position, the test-dots are
held upright before him at the prescribed distance—10 feet in the
case of a recruit for the regular army, and 5 feet for militia and
depart ced to state the number
of dots exposed to his view, in the manner already explained at

page 189. He should be required to count two or three series of
dnfrs with each eye, and if he replies readily and satisfactorily, so
far as power of vision is concerned, he is fit for service.!

8. Rejection of a Recruit.—If the recruit should make repeated
mistakes in counting the number of dots presented to him at the
preseribed distance, and there is no reason for suspecting that he
i1s not doing his best to try to see them clearly, especially if he
should succeed in countine them correctly when they are held at
some point nearver to him than the preseribed dl-'-ut-mce.. he is then
re’ected as unfit for service on account of * defective vision.” The
reculations do not require that the nature or degree of the defect
should be particularly stated at the first inspection of reeruits.

9. Relative Visual Acuteness of the two Eyes.—As recrnits in
aiming and firing practices are tanght to use the right eye only,
the left being closed, it seemns worth consideration whether it is
necessary to insist on men seeking enlistment having the same
range and power of sight in the left as in the right eye, ]]artmuimh
under a system of vnwnwmm:-nh for short service. Iff'umpinnne with

' The following regulation on the application of test-dotsis given in paragraph
086G of the latest p"l_‘rliﬁhmk Army Medical Regulations of 1845, ¢In examining
a recruit’s vision he will be placed with his back to the light, and made to count
the dots and deseribe their pl’r:-‘-iﬂﬂ'ﬁ at the distaness S]'I{*[':iﬁt'l:i on the test-dot card,
first with both eyes and then with each separately: the medical officer will
manipulate the card, while the assistant covers each eye alternately with the fiat
of his hand.
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the authorised standard of visual pc:-wm' does not E'E.E‘ltldf..‘: a man
who has simple M. of about 1-5 D, or 4%;. And, supposing this to
~ be tha:-‘ degree of M. of his right eye, although the M. were as high
as 3 D, 4%, in his left eye, there hardly seems to be ¢ any valid reason
arainst accepting him as a recruit. Even if the visual acuteness
of the left eye were lowered by the M. being cmuplw-xted with
Ast., so lnun' as the visual defect is one of refraction only, not one
of any morbid origin involving a liability to recurrence of the
disorder, it would not prevent him from seeing pretty well for cer-
tain distances, and from doing ordinary duties in the ranks and in
marching ; and there hardly seems to be gfood eround, therefore,
under the present system of using the rifle, for 1e_]ect1nc-' him as a
recruit if he be 1“hw|ble in all ulln I respects,

The quality of vision of the left eye seems fo be regarded as of
minor importance in the case of recruits for the mllltn for it is
spacified, with regard to the medical examination, that one of the
principal points to be attended to is that the recrnit’s vision is good,
or at least sufficiently good to enable him with his #ight eye to dis-
cern GIJ_] ects clearly at not less than 300 vards, w hllr“ 1no quuhh’ ﬂf
vision is referred to as 1‘erfﬂ1'd~.. the left eye.
W.0. 1883, Part I. sec. 2, p. 32.)

10. Defective V. due to Nephelopia or opacity of some of the
Anterior Dioptric Media.—Diminished translucency of the central
portions of the cornea consequent on keratitis, diffused deposit of
]rmph on the capsule of the crystalline lens after iritis, and, indeed,

cloudiness of the anterior media of the eye from any cause, even
thungh they may not exist to such an extent as to be 1‘&1(111}'
obvions to external observation, cause indistinctness of vision from
the diffusion of the rays of licht by which the structures concerned
happen to be traversed. If the loss of transparency is not con-
siderable, the circular test-dots in present use may be counted at a
distance of 10 feet in a good light, but it may be found that a
recruit cannot count them bey ond that distance. It is questionable,
unless there is an urgent demand for recrnits, whether a man
should be regarded as fit for military service unﬂm guch conditions,
especially if the right eye is concerned, although he is able to count
the test-dots at the prescribed distance, It is not merely that a
maximum limit of 10 feet in connting the test-dots represents
rather less than one-fourth of Snellen’s standard of visual acute-
ness, but in a large proportion of such cases a liability to recurrence
of II'lﬂ&-tl]Il‘l"lfOlT action exists, and should this take 1]1"1!:38 an aggra-
vation of the existing defect is almost inevitahle.

11. Procedure when Imposition is suspected. —In the British
service, as recruifs are for the most part men voluntarily seeking
enlistment as soldiers, not like the majority of E’DI'L‘;LII}_)T"; in Con-
tinental armies tryving to escape enlistment, if any efforts at all are

made by them to pr-mt ise imposition, they will ln'n'hfnhly be directed
0
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to the concealment of any defects of V. they may labour under,
rather than to their exaggeration,

If, however, there is cause for suspecting that the man who has
volunteered for enlistment has changerd his desire on the subject,
and that he is trying to escape from the bargain he has so far
entered into by assuming a visual defect which does not really
exist, he must be subjected to further tests before he is pronounced
unfit for service on this account.

12. Visnal Examination at Secondary Inspection of Recrunits.—
Many instances have occurred in which a recruit at first examina-
tion has been passed fit in respect to visnal power and range, but,
on being subjected to secondary inspection, has been found unable
to count the test-dots accurately at the proper distance with one
or other eye, or even with both eyes. At the secondary inspection,
when the test-dots are placed before the man, he may perhaps oive
a succession of wrong replies as to the num ber of dots exposed to
his view. Great caution should be exercised in such a case as to
the rejection of a recrnit. The presumption is certainly that he
was properly tested at the first examination, and that for private

reasons he does not choose to count the test-dots correctly at the

secondary inspection. Unless there is some evident ocular defect
which 1115 been overlooked at the former inspection to substantiate
the man’s statement, a case of this kind is calenlated to excite
strong suspicion of the disability being feigned, and systematic
steps “should be taken to ascertain whether the man’s statements
are true or false. This can be done by ascertaining the man’s
alleged V. when the test-dots are placed before him, and then
comparing it with the results obtained from the application of
other test objects, Snellen’s types, for example, as elsewhere ex-
plained.

The following special direction on the point just referred to is
l')llhllh]l{"ﬂ in the Army Medical Regulations of 1885, para. 987 :—

¢ A recruit whose vision has been tested and pmummc'ed cood on
a primary examination will not, through his own declared ]llil.hlllt"f
to see the test-dots on secondary examination, be 1'011*{;*&‘1’] unless the
approving medical officer is satisfied that the man’s vision is really
defective and no deception is being practised by him.’

13. Field of Vision.—It is important that a reeruit should not
only possess sufficient central acuteness of vision, but that he should
also have his field of vision complete in both eyes. Loss of the
outer or temporal portion of the field of view of either eve from any
canse especially unfits a man for military duty, for it disables him
from noticing the objects by which he may he surrounded on the
defective side and, w:'u|1-m|nmllr from properly steering his way
among them. A considerable portion of the lateral field of view
belongs solely to the eye on the side concerned, as elsewhere
explaired, and a deficiency in it is not in any degree supplied or
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mmpcnsutcd for by the eye on the opposite side. The temporal
portion is not a part of the field of view which is common to both
eves, and when this portion is absent, objects on the side concerned
do not attract observation or attention so long as a soldier is
marching and looking directly forward. The manner in which
the existence of de hc:1r:=11c'r in part of the field of vision is to be
ascertained has been already described (see page 12).

14. Visual Examination of Trained Soldiers.—When it is neces-
sary to determine the V. of a soldier already in the service, the
general manner of conducting the examination is the same as
with the reeruit, only the test-types should be used instead of the
test-dots. The trial by the test-dots at a prescribed distance, as
before explained, has been specially ordered for men seeking ad-
mission into the army. In the cases of frained soldiers already
serving, a complete ‘examination is required, as more m‘-pm‘tmt‘
1ssnes clepend on the decision at which the surgeon may arrive.
The question usually submitted to the medical officer is whether
the inefliciency of a soldier who shows himself to be a specially bad
shot at pm'tlcuhr distances at the annual course of mu-lu.=~t1't' in-
struetion, or who shows himself incapable of judging distance with
an approach to correctness, is due to some visual defect or not.
The nature of the defect, if defect exist, and the extent to which it
disqualifies the man for duty, have therefore to be ascertained and
stated with accuracy,

15. Use of Snellen's Test- -types. — In such cases the degree of V.
must first be determined, and this is very easily done b‘i‘ Snellen’s
test-types or test-figures. The mode of ascertaining and express-
ing the acuteness of vision by these objects has been explained at
page 163,

16. Vision not defective.—If the tests are so answered as to
show that the man under examination possesses average normal V.,
or a near approach to the average, all morbid states of the eye, quch
as limitation of the field of vision, as well as disorders of its appen-
dages, being understood to be excluded, the subjects of complaint are
manifestly not due to visual defect.

17. Procedure if Vision be defective.—If V. is proved to be
considerably under the average, the cause of the deficiency must
be ascertained.

In the first instance, particular and special attention must be
paid to the examination of the anterior ocular structures. The
cornea, anterior chamber, iris, and erystalline lens of the affected
eve should be subjected to minute observation. In the case of a
recruit at secondary inspection, defects may 11(;+~:<=ihh' be found to
exist in these structures suflicient partially to obscure V. which were
not perceived in the observation of the eyes made at the primary
inspection, although this could hardly occur if the tests for evesight
had been properly applied. They may equally exist in the case of

o 2
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a soldier serving in the ranks, withont being visible by ordinary ob-
servation, as the result of some inflammator 'y action to which the
eyes have been subjected. This preliminary inspection is important
and should invari: ibly be made. Considerable time is often wasted
afterwards when it has been neglected.

18. Lateral Illumination.—The superficial examination is very
rapidly made by laferal illwmination, and indeed can only be
thoronghly accomplished by its means. Lateral illumination sig-
nifies llwhtmrr up the parts 1'9(11111'01:1 to be observed by cuucpntratmﬂ
upon them a penml of rays cast in an oblique direction. The man
is brought near the window of the room, one of the bi-convex object
lenses in the optical case is l}Lmul verticall v near the outer angle
of the eye under observation in such a way that the light passing
through it 1s made to converge upon the cornea, or thmugh the

____________

e et

Fia, T4.—LatTeEnan ILnoMINaTION,

cornea on the iris or lens, and the condition of all these struc-
tures is then examined by the spectator standing in front. This
lateral illumination is of course more brilliantly seen when the
flame in the ophthalmoscopie room is nsed as the sonrce of light, but
iz gufficiently marked by solar licht on any ordinarily clear day. By
these means the slightest roughness of the surface of the cornea,
interstitial haziness, minute ulcers, or the remains of them, fine
exndations at the margin of the pupil, posterior synechiwe, com-
mencing cataract, are mada most obvious to observation, while the
pencil of rays at or near its focus is made to play upon each structure
at pleasure. Nothingcan bemore beautiful than the perfect precision
with which opacities of the cornea and lens, adhesions of lymph to
the capsule, and other morbid changes, some of which may not be
perceptible under ordinary observation, become defined by light
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thrown laterally upon them in the manner just described. If
minuter observation be required, the objects while thus illuminated
by a lens held in one hand may be magnified by a gecond lens held
within its focal distance by the other Land in front of the eye, with-
out impairing their brilliancy or distinctness of outline (he-ﬂ I'Jrr 74).
A little practice will enable the operator at one and the same time
to direct the apex of the laminous cone proceeding from the lens
held between the thumb and forefinger of one hand upon any
point of the anterior segment of the eyve at pleasure, while he so
adjusts the lens held hetﬁeen the thumb and forefinger of the
other hand in front of the eve as to obtain the enl.urg_ml view of
the parts thus illuminated which he wishes to examine more par-
ticularly.

A sufficient explanation of the impairment of sight will some-
times be found in this preliminary examination of the eve; but if
nothing abnormal can be thus detected, the examiner must proceed
f'lnl:her with a view to discovering the source of the defective vision
under which the recruit or soldier appears to labour. It may be
due to ametropia, astigmatism, amblyopia, or disease of some of the
structures constituting the fundus of the eye.

19. Detection of Myopia.—The recruit who has not been able

to count the test-dots at the distance of 10 feet is found able cn
examination to count them at some distance short of it. Equally
the soldier who has not been able to read the 20-ft. or 6-m. types
at the proper distances is able to read them at some fixed distance
nearer to the eyve. In both instances V. is much improved, and
the dots and types distingunished farther away by the application
of a steuﬂpmlc hole. The Me. soldier is found able to read the small
No. 1 or 0-5 types at or near the distance of 12 or 20 inches respec-
tively from the eve. The external signs deseribed in the general
remarks on M. will probably at once cause the surgeon to judge that
no simulation is being practised, and indicate the true nature of the
affection he has to deal with. The position of the near point of V.,
1n relation to age, will help in the diagnosis, and, further, the use of
the convex spectacles, as explained in the section on ’hh(:pm will
tend to remove any doubts that may remain. But the refractive
condition of the eye should always be objectively determined by
the nphfhalnws,mpu in suspiclous cases, in the manner de seribed
in the third chapter of this work. This applies to every case of
suspected exaggeration or simulation of Me. defect, for it enables
the surgeon to arrive at a conclusion on the state of refraction,
which it is out of the power of the man himself to control.

20. Detection of Hypermetropia.—The hesitation and difficulty
which the He. recruit or soldier exhibits in recognising the types
and dots at any distance, and the form of the eye, will prcﬂnblv
lead the surgeon to suspvﬂt the affection nnder whlcll the man is
labouring. If':, in addition to the largest types being only read
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with effort, the smallest (No. 1) type cannot be recognised, or only
with much difficalty, while the No. 2 or the 0-5 types appear more
distinet at a distance than when brought close to the eye, not only
H. but a deficiency of Ace. for near V. are indicated. Here,
again, the position of the near point of V., relatively to its normal
position according to age, should be noted. But the diagnosis
gshould be established ﬂby ctively by the ophthalmoscope as well
as by the convex spectacles, as :1114:3{1} explained in the section
on H.

21. Detection of Astigmatism.—If the man under examination
has exhibited hesitation or particular difficulty in recognising the
letters or counting the dots at any distance, and the tests for
simple H. and M. are not readily I'F'f;pﬂudvd to, the existence of
Ast. may be suspected. The man ‘should be then tried by Snellen’s
20-ft. vertical and horizontal lines or dots, or the 1si:|nfmat1[: Fan.
He should also be subjected to ophthalmoscopic examination in
order that the diagnosis may be established in the manner explained
in a previous part of this work. The method of proceeding for
determining the kind and degree of Ast., supposing its presence
to be established, has been explained in the special section on
Astigmatism.

22. To distinguish Amblyopia from M.—If, although the trans-
parency of the ocular media be unimpaired, it be found that the
smallest-sized types and dots cannot be distinetly seen at any
distance, and that larger-sized type is held nearer than normal to
the eye, the recrnit is probably labouring under amblyopia ; he
cannot be affected with simple myopia. To ascertain if this be the
cause of his defective vision, weak concave lenses, when these are -
at hand, are placed before his eves., If he now sees distant objects
worse than he did before, his defect is almost bevond doubt some
form of Ambl. ; for the concave glasses which would i improve vision,
if he were nwnlnc, render vision worse in Ambl. by diminishing the
retinal images. When the convex 4 D w]'.ue-cnu]es are placed
before his eyes, if the man under examination be emmetmplc but
at the same time amblyopie, he will be able to see the 1'5 D type,
or type of larger size, at a distance of 10" from the lenses, although
he is unable to see the smaller-sized types at that distance.

The stenopeeic hole may also be used for settling the questlcm.
If a man be Mc. and look through the sfmmpmlc aperture in a
metal diaphragm, or through a pmlmh* in a card at distant objects,
he will perceive them far more clearly; while if he be amblyopie,
there will not only be no improvement, but the objects will ap'pem'
more obscure, ,:‘L person affected with a high degree of M.,
M.=4 D or 6 D, will pmbnhh ]Jt" able to recognise cmnt*l]t*n s
moderately s:uu] types (D=2 or 2:25) at double the distance when
T -rntdmg them through a stenopeeie hole that he will be able to do
with his naked eye, while a person affected with Ambl, will not be
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able to see them any farther, and probably not so far off, by this
proceeding.

25. Amblyopia complicated with M.—M. may be complicated
with Ambl., and it is important to distinguish -'-umph: short-sighted-
ness from short- sightedness with this cmnpllcutmn In the latter
case, when the 4 4 D spectacles are worn, the subject will see types
up to some distance within 10 inches—say, for example, 5 inches.
The patient’s true far point of distinet V. is then at 10 inches, and
if the M. be uncomplicated with Ambl., he will be able to read the
0-5 D type at the distance of 10 inches without the aid of lenses.
If it be complicated with Ambl. he will require the 0-5 D type to
be held nearer to the eye than 10 inches; he will be only able to
read some of the larger types at that distance. Again, simple M.
iz completely {:mlen,ts*tl by suitable lenses, and hence a ready mode
of establishing an exact dl"lu‘Imhlh between simple M. and M. with
Ambl. is afforded. I:[T.'mg' proved the existence of M. according
to the methods already explained, the degree of M. is next deter-
mined. The proper concave lenses to correct this degree are then
applied, and with them the simply myopic person will be able to
see plainly the types of various sizes at their proper distances; but
if he be also amblyopic he will only be able to see tvpes of larger
&xixeg at them, according to the degree of Ambl. By referring to

the description of the causes of Ambl. it will be seen that the
occurrence of Ambl., if extensive, with M. is a grave complication :
for it indicates the existence of disease, and not merely peculiar
conformation of the eye, The nature of this disease must be solved
by ophthalmoscopic examination.

24. Regulated Conditions under which M. disqualiies for
Military Service.—If the test-dots cannot be counted 10 feet off,
owing to M., the man under trial is to be rejected as a l*ecruit
Myopia, therefore, when *ief,*umlﬂtm d with V. inferior to ;'; Sn.,
disqualifies for 1m||m!3, service, No "-»1‘:1'{1 al degree of M. has hwu
fixed on as disqualifying for military service, but the disqualifying
degree may be ﬂppmmnm‘m]}' estimated from the extent to which
its interference with acuteness of vision is held to unfit a man for
military service. This is considered farther on.

25. Condition under which H. disqualifies.—The recrnit who
cannot count the test-dots at 10-ft. distance, and whose inability
to do so is proved to be due to H., by existing rules is disqualified
for service. Hypermetropia, accompanied with V. inferior to J;,
therefore excludes from enlistment as a recruit. It must not be
forgotten that the disabling effects of H. are more or less felt in
both far and near vision, that they increase with age and with
diminished power of exertuw Ace. from any cause, and that they are
sure to be aggravated by an‘rthmcr that weakens the soldier.

96. Conditions under which Ast. disqualifies.—The same rule
applies when the eyve is found to be astigmatic. Ast., therefore,
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of any form, when it is accompanied with V. inferior to J;, excludes
from enlistment as a recruit.

27. Disqualifying Degree of Amblyopia.—The general rale that
the test-dots mugt be counted readily at 10-ft. Lllh'illlﬂ{." by each
eve determines the disqualifving degree of amblyopia.  Whatever
may be the cause of the Ambl., “if it exist to an extent which pre-
vents a recruit from counting the test-dots at a distance of 10 fect
from the eye, it disqualifies the man for military service. It i1s not
ordered that the canse of the Ambl. is to be determined in the case
ofarecruit. The reduction of V. to about one-fourth of the normal
standard from Ambl. is more disabling than a corresponding re-
duction owing to M. or H., for the defect in the case of Ambl.
does not admit of correction or amelioration by lenses.

28. Disqualifying Degree of Nephelopia.— Loss of transparency
in some parts of the dioptric media from previons inflammatory
action will be found in most of the instances (:{}Inpr'ised under this
heading ; but whatever the visual defect may be in a given case, or
W lnteﬁ,r may have been the pathological conditions or lesions w hlcll
have led to the dim- sightedness, the fitness or unfitness for military
service of the subject of it, according to existing rules, is tested in
the same manner as the df.m'me of V.in other instances If the
affection do not hinder a recruit from counting the test-dots at the
fixed distance of 10 feet, it does not exclude him from military
service ; but if V.is so reduced as to prevent him from counting the
test-dots at that distance he is ineligible.

If the nature of the affection should be such as to indicate a
liability to recurrence of the morbid action whnich originated it, in
which case an aggravation of the defect might be anticipated, even
though the man could pass the test-dot examination, it wonld
111'1111’["&%1]? under the circumstances, be impradent to declare the
subject fit for militar 'y service ; while the same condition in a trained
soldier wonld not ]usiliv his discharge from the service on the
mere assumption of a similar tvndmm‘

29. Dlsquahfjrmg Colour-blindness.—Colour-blindness is not
gpecially named in any military regulations as a ground for reject-
ing a recruit for the ranks, and recruits are not usunally tested in
respect to sense of colour. It might, however, if attention were
directed to the subject, be comprehended in the general term
“ defects of vision.’

All candidates for employment in the Royal Navy, officers and
men, are tested with regard to their mp.alnl:lv of -:]latlnfrm*:lnmr
E‘uimus, and if they are discovered to be colonr-blind, the defect is a
canse 0F1{1]{=['tmn Jlu“l.' come under the regulation, quoted on p. 151,
which is laid down in para. 1,074 of the Queen’s Regulations and
Admiralty Instructions. This rule includes medical as well as
other officers. It is obviously necessary that medical officers should
possess normal colour-perception, as they are the usnal examiners
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for colour-sense in others. The econditions which render normal
perception of colour in the officers and men of the Royal Navy so
important have been already described at p. 152, in Chapter VL.

30. Quality of Vision essential for Soldiers in the Ranks.—
Whatever visual disorder a non-commissioned officer or soldier
serving in the ranks may happen to contract, so long as he is left
with V. equal to that for which recruits are teste ﬂ he must be
regarded as visnally qualified for military duty. If he can read the
G-metre type of Sn. at a distance of 1 metre and a half, or count
the army test dots at 10 feet, he has still the power of sight which
would have sufficed for his admission into the military service.

The remarks regarding the need of a complete field of vision
for a recruit eqnallv It]!lﬂ"'.‘ to soldiers in the ranks. Hemiopia, and
especially loss of the temporal portion of the field of view, due to
causes oceurring suhﬂ-eqnent to enlistment, afford sufficient oround
for the subject be; ing brought forward for discharge from further
military service.

51. Quality of Vision essential for a Marksman at full Rifle Range.
—The capacity for becoming a perfectly reliable marksman at all
the distances for which a modern rifle can be adjusted implies the
possession of normal acuteness of vision in the right, or aiming eve,
from the natural near point of distinct vision up to the remotest
distance ; and this faculty can only exist when the eye is Eme.
or so nearly o as not to exceed 0-5 D of ametropia, and when the
Acc. is also normal. At the same time the left eve, or eve not
employed in taking aim, ought not to possess less than three-
fourths of the normal standard of visual acuteness,

52, Degree of M. permissible in Recruits by existing Orders.— As
M. is by no means an uncommon aflection, thongh far from being
as common as it is in some foreign countries, it becomes nmportant
to be aware of the degree which, according to existing regulations,
allows a recruit to be pdfweﬂ as flt for mlilt.u". service in the com-
batant ranks. Uncorrected M. in a soldier is a grave matter, not
only on account of its incapacitating him for the accurate use of
his rifle, but also because it may lead to the safety of an important
post, which he has been ]}Lu,{ d on sentrv to gu.uﬂ becoming
endangered owing to his limited range of distinet view, E":l]E*ElulH‘n
as dm‘hght diminishes. No set limit has been defined with respect
to the degree of M. which incapacitates for service in the English
army ; but it may approximately be arrived at by {*xlmmlenhnl
DlﬂEITﬂflml of the degree of uncomplicated M. w hich admits of the
test-dots being counted at the distance, 10 feet, which determines
recruits to be Ellu‘lhh} for service so far as vision is concerned.

Experimental trials show that persons of equal ages, and still
more persons of varying ages, differ considerably in their power of
ﬂlﬁl‘l]'lglll*:hlllg the presence of objects, notwithstanding that the
retinal images of the objects are obscured by an equal “amount of
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blurring from diffusion owing to similar myopic conformation of
the eyes. This circumstance results from the fact that absolutely
perfect definition of a retinal image is not necessary for recognition
of an object. There are few, if any, eyes which can see a “star as
the luminous orb which it is. All the other conditions, too, on
which acuteness of vision depends, besides perfect definition of
retinal images, are subject to variations in different individuals,
Differences exist in the power of preventing peripheral rays from
entering the eyes as well as of eliminating the confusing effects of
diffusion of retinal images, in habits of observation of objects,

guickness of perception, and other influences of the kind. But
taking the average of a number of trials, at about the ordinary ages
of mmuifs, I have found that persons affected with uncomplicated
M.= 175 D can manage, with each eye singly, to count the test-dots
at 10 feet under suitable exposure in good LLanht The test-dots
are seen mistily ; they may appear more or less altered in form, but
they can be suﬁ"uentlg distinguished to admit of being counted.

The present test-dot standard for vision of recrnits, therefore,
admits men with an amount of M. = 5 D, and with visual
acuteness less than { Sn. (3;). It will usually exclude degrees
of M. higher than 1-75 D.

335, The Qualities of V. which are needed in different Parts of an
Army.—The M. which would make a man unsuitable for the
duties of one arm of the service may not make him unsuitable for
another. The M. which would unfit a soldier for aiming at long
ranges, whether with a rifla or a field gun, or for the duties of a
cav u,ln vidette, would not unfit him for the working duties of a
sapper or pioneer, or for those of the commissariat and transport
corps, or medical staft corps. Just as there are different standards
of height, girth of chest, &ec., for the men of different parts of
the army, so equally necessary appear to be different standards of
V. to fit them for their special duties. Certainly rilemen, artil-
lerists, and cavalry soldiers, ¢ the eves of the army,” should especially
be as free as possible from hhmt-svrhtmlncm,In permetropia, and
other defects of vision,

What particular degrees of M. and H., however, should exclude
men from special parts of an army in which very acute vision,
and a long visnal range, are e-a-.e11ti=11|1.' important, can only be
determined after a definition by military '11‘sﬂmutv of the exact
]l’*:’]llil‘i,"!l‘lf}]li"’-& in those several parts of the service. It is the pro-
vince of the military anthorities to settle the degrees of V. which
are necessary for the military duties and I‘F‘-]‘Il:llhll.}llli ies demanded
from soldiers in each branch of the military service ; it is the
province of the medical officer to ascertain that the men possess the
precise degree of V., which is ordered. At present, in the enlist-
ment of recruits for the British army, the same orders in respect to
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the examination of vision hold good for all recruits alike, whatever
branch of the regular army ll1m may be destined for.

31, Degree of M. which unfits for Military Duties in the
Ranks.—The circumstances of military service are so different in
the British army from what they are in continental armies, the
cost as regards the individual soldier is so much greater, that in
the selectwn and acceptance of men for service—re Lmemhunnn’ too,
that only one rale exists for all parts of the regular army alike—a far
higher standard in respect to visual power may well be looked for
in the British as compared with continental armies. In a country
in which eonscription is in force, and very large armies are main-
tained, it is an object not to allow any men to escape conseription
who can be turned to useful ilitary " not fit
for one branch, then to utilise them for some other—so that only
an extreme ﬂegme of M. is allowed to exclude altogether from con-
seription. In a country in which voluntary enlistment and high
wages are the rule, it is the object, as far as practicable, not to aceept
any men who are not sufficientl v qualified for the performance of
the duties which will devolve on them in the army. It is not to
be forgotten that in many of the most important duties which
soldiers have to perform, as sentries, videttes, in reconnoitring, in
aiming at long ranges, clear vision of distant objects is essential
for a trustwort 111r [ll‘sﬂ]lilllf{: of them. And when only one standard
exists for all alike, it appears evident that the standard for those
parts of the army in which a high degree of V. is a necessity should
be chiefly taken into account in fmmuw rules on the ‘-ul:]r:‘-‘n: in
order that the required degree of 'Illl111':-l'l"‘|.' efficiency may be attained.
To admit recruits with M. of about 7 D, with which consecripts are
admitted in Italy and France, and other countries, or even with 3 1D,
and then to draft them for service as riflemen, would be a wasteful
pecuniary outlay in the English army. ].']xpwrimlce proves that
the hlgher degwea of M. —1[ of 7 arely exist with-
out the existence of posterior s’ra,ph‘i. loma fmd a tendenc"r for the
M. to increase. Considering, moreover, the amount of military
service which is passed by a Tar oe ﬂpﬂr’rmn of the British army
in India, and the ill effects 19511“:“1:* from the over-stimulation of
the retina of a myope by tropical lli‘-"llf' the expediency of 'ulnnt-r
ting men into the ranks of the army with such a degree of M.,
is compatible with the present test of counting the test-dots at a
distance of 10 feet, appears to be very doubtful. It seems to be
very questionable whether any man with M. = 1-75 D ought to be
acceptec'l as a recruit, and no doubt it would not be done if it could be
avoided ; such a man certainly cannot be a desirable recruit for the
ranks i 111 which the "‘-Iurhm-HEnrr rifle constitutes the firearm in
ordinary use, or in any part of the service where precision of visien
for distant objects is demanded unassisted by correcting spec-

tacles. For parts of the army in which accurate sight is not such a
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necessity, it would be difficult to lay down any rule as to the limits
of M., or other ametropic conditions, admissible ; for just as the re-
gulations regarding the height, girth ol chest, and other physical
conditions required in recruits are varied according as they are

urgently wanted or not, or according as the f-:.ulnpl_*, of them is
scarce or plentiful, so .1150 it may be expected that the regulations
regarding ametropia will be varied. In case there are more re-
criits tﬂ be had than are wanted, better qualities of V. may be
insisted upon; in case the need is greater than the supply, inferior
qualities of V. will have to be accepted. But obviously, when the
standard for V. has to be reduced, the reduction should be confined
as far as practicable to those parts of the army in which it will
least interfere with the performance of the duties appertaining to
them.

59. Character of V. possessed by a Myope of 175 D.—A man in
early life affected with M. of about 175 D, sees all objects
beyond two or three feet with more or less indistinetness. At the
distance of 20 feet, books on shelves, or other objects of like sizes,
appear mixed up together owing to want of definition and to redupli-
cation of outlines, while, though at this distance the figure of a
man may be seen well (‘1‘10[111’11 his features are not separately
dlstmguﬁhable An fu.*qudmt'mce even is not recognised at this
distance if the recognition depend upon peculiarity of feature, un-
less the light is very strong and happens to fall directly upon the
face, thmlgh striking contrasts in uniform, such as stripes on the

sleeve, medals, differences in colour, or lmc-uh-mlls.‘-‘% of carriage and
of movements of the body, are auih{wntlx obvious, even “under
moderate light. At a distance of 50 *-,:m:h. and upw*uds groups -
of five or six persons standing toge ther before a moderately dark
background cannot be readily separated from one another so as to
admit of being counted w ith accuracy. Dark objects on a white
ground, such as large black letters on a white notice-board, appear
l:*rhtm', and the white ground appears darker, than they really are,
while the letters are so spread out that they are a]tngether mdls-
tinguishable at a distance at which an eye with normal vision ean
recognise the painted words without dlfhmﬂh' More distant
objects, such as the general features of a landscape, houses and
persons among trees, are huddled together and converted into little
else than general shadows with intermediate outlines. The nature
of particular objects, even objects of large size, can only be made
out when the aceidental advantage of some sharply marked con-
trast is afforded, such as is presented by a ship floating on water,
by a building or a tree having the skyline as a b lLLgl'Dllllﬂ or
when a well-known object H'I,'l(_’ll as a horse is in movement on a
road. Even this last object ceases to be distinguishable at a dis-
tance of seven or eight hundred yards if it be p*msmrf by a dark
background such as a belt of trees. The want of clearness of view



Crar. I1X DISQUALIFYING EFFECTS OF MYOPIC VISION 205

increases, and the power of recognition diminishes, in proportion
as the intensity of light flllllllllbll{'ﬂ so that on a d:n’ when the sun
is obscured by cloud, and the light therefore comparatively dull,
but not so dull as to interfere with due perception if V. be normal,
the power of distinguishing objects by the myope of 1:75 D, and
of higher degrees, is materially curtailed. The opening of the
pupil to admit more rays of light obscures the view through greater
diffusion of the peripheral rays. Still more difficult does it become
for such myopes to distingnish particular objects after sundown,
even when there is sufficient light for men with Eme. vision to h(‘
able readily to perceive and recognise them,

It is true that such Me. persons have the compensating advan-
tage of seeing minute objects near to their eyes clearly, and that
the_}r vetain this power at periods of life when convex spectacles
have become a matter of necessity to persons with Eme. vision ;
but obviously this special power is of scarcely any advantage s0
far as military service in general is concerned, while the morbid
changes to which all Me. eves under certain conditions are liable,
especially in tropical countries, and the risk of the M. hecc}nnu{r
progressive, cannot be ignored.,

The visnal difficulties just now deseribed have to be encountered
by myopes when the atmosphere is of its ordinary clearness, and
when only the intensity of light is diminished. Such difficulties
are grea’rlr aggrav ated when Hte atmosphere from any cause is not
clear, as wheu there is fog, mist, or when rain or snow is falling.
Under these conditions, the view of nhivr!'a becomes more or less
obscured, according to the amount of rain or watery vapour in the
air, to all persons, however acute their power of ‘sicht may be;
but in the case of the myope the obscurity is much augmented
relatively to an emmetropic person from the effects of 1‘:1\'-(11ﬂuf~1m]
The increase of obscurity is in proportion to the increase in the
degree of M. If two persons, one Me., the other Eme., are look-
ing at a misty landscape, the former sees it as if he were looking
t]1muﬂrh a thicker veil than the latter. When the mist is only
moderate in amount, permitting all the principal objects in a land-
scape embracing several miles to be distinguished by the emme-
trope although the foreground, middle ﬂluhime and distant hills
may appear clouded and have a general grey hue, the myvope finds
a E'lFﬁLulh in recognising many of the nh]vfh before him. The
whole 1}1‘(}51}?ct appears Ilghtﬂ' in colour, and the principal objects
in it have their outlines less defined. This happens although the
degree of M. may not exceed one dioptric. The surface of the hull
of a ship at anchor, which appears dark to an emmetrope, is so
mixed up with the water on which it floats, and the surface of the
water with that of the ship, that both assume a nearver approach to
uniformity of tint, and blend together more intimately. If the
myope have a 11nf]1e1' degree of M.—a degree equivalent to 2 D, for
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example—the most distant objects of the landscape disappear from
his view altogether, while nearer objects are rendered more indis-
tinct. The outlines of such an object as the ship just now men-
tioned are still more diffused, while perhaps the mast and rigeing
fade from sight altogether. If the M. be still higher in degree,
such as 4 D even Lumﬂ objects in the fm':afrrmmd are quite con-
fused; while such objects as the ship and the water on which it
flmtﬂ, notwithstanding the strong difference in colour which really
exists between them, become indistinguishable, are not only not
separately recognised, but are not visible. They are mixed up with
the general haze. The retinal images of the mist and rain, like the
images of other objects, are diffased and mixed together, il'{)m the
scattering of the rays attendant on the Mec. formation of the eyes,
and increase the ﬂ-vueml obscurity of the landscape pr esented to
view. Even suitable lenses, that would correct the Me. vision under
most other circumstances, fail to rectify the faulty vision in such
weather, for the fog or mist clouds the glass or the rain wets it and
for the time [lea-.tm'rs its translucency.

The injurions influence on eyesight just described of such a
relatively moderate degree of M. as about 175D sufficiently
indicates the objection to putting Me. officers or men, especially in
the dusk of twilight or when the atmosphere is misty, on any
duties, the proper fulfilment of which depends either on an
extensive range of clear vision and observation, or on keeping a
sharp outlook with respect to objects which are neither very con-
spicuous from size or contrast of colour.

When the quantity of light is much lessened, ﬂs in twilight or
dusk, the pupil of the Me. eye, in common with the pupils of all
eves, dilates in order to admit more of the rays of llght proceeding
from objects, and in this way to make up for their diminished
illumination. The vision of the emmetrope is improved by these
means, notwithstanding the general obscurity, for the retinal impres-
sions are amplified owing to the increased quantity of light
admitted throngh the enla:'rml pupil. The vision of the myope, on
the other hand, is on the whole rendered worse by the ocenrrence.
A greater amount, of licht is equally admitted into the Me. eye,
but the dilatation of the pupil at the same time unavoidably gives
access to more peripheral rays. The retinal images in consequence
are obscured by a greater number of circles of diffusion, these
civcles are more widely spread, and increased indistinctness of view
is the result.

50. Degrees of Myopia admissible when the Test-dots are held
at 15 feet.—A myope with M. = 1-25 D still sees objects mistily,
but the difference between the amount of their haziness in such a
case, and in that of a myope with M. = 1:75 D, is considerable. If
the test-dots were ordered to be counted, e.g. at 15 feet, myopes
with M. = 1-25D would be just capable of ud:nﬁ-:lnn, and of
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course all lower degrees of M. could pass the test; but myopes
with M. =1-T5 D and upwards would be exeluded.

A myopic eye of 125 D can read 0-5 Sn. at a distance of 20
inches, but not D = 1 Sn. at the full distance of a metre ; can recog-
nise ) = 6 Sn. in good light at about 3 metres, s .lmwmfr V=1.
and has a distant pmnr ﬂ[ distinet vision for 0°5 Sn. at 71" mtll
the 10" convex lens hefore it.

57. Degrees of Ametropia which exclude from Serviece in Con-
tinental Armies.—In continental armies the degrees of ametropia
which render men unfit for milifary service are always very high
degrees. But it must be remembered that these armies are 1'11-«%1
by conseription, and the degrees of ametropia which have been fixed
for excluding from military service are those which are understood
to cause tntdl unfitness for military avocations, not merely such as
unfit men for becoming reliable and zood riflemen. The i important
point is not to be im*m:-f.‘en. too, H'!"H' in armies raised by cmhu]p-
tion, if a conseript is “affocted with a less degree of ametropia than
the ELb:.'DllltE disqualifying degree, but still one that unfits him for
bzcoming a good rifleman, mralr‘v vide tte, or artillerist, he is simply
drafted to some other part of the army in which his amount of
ametropia will not interfere with the right performance of the
duties belonging to it. In some of tlmm. too, correcting glasses
are I]’*I'].I'Iltt(:‘[l to be used. The system of the British ar my, as
already mentioned, does not arrange for distribution of men on the
same principles,

The limit to which V. of the Rt. eve mav be reduced withount
un:qmcltatmg men for military service varies in different continental
armies. In the Austrian army reduction of V. of Rt. eye to $, in
the Italian and Belgian armies to L, and in the French and German
armies to 4 of 11::-1'111111 V. unfits for service in the ranks. In the
Swiss arm:, no reduction of V. of Rt. ey {* is permitted in the artil-
lery, while the minimum im‘ infantry is 2, and for other troops 1 of
normal V. The extreme is, therefore, the limit {:-I"Jr in the French
and German armies. %uppr_‘mn o the average width of the body of
a soldier equipped for field service to be about 18 inches, he would
in this direction subtend a visual angleof 1" at 1,710 varnla distance;
and, eircumstances of ground, atnm::phere 11‘-*11’r &e., being favour-
abl# he should be dthE‘l‘l‘llblE by a soldier ]m‘rlnf:r normal ‘u at that
distance. If V. be reduced to tth, he would, under like circum-
stances, not be seen beyond a dlwl"'ltlco of ‘"Lh[)llt 427 yards, and it
is presumeﬂ that this distance has been regarded, in the armies
before named, as sufficient for the DI‘[]I[I"II‘F needs of military
service.

33. Shortsighted Men at Musketry Instruction—One of the
regulations regarding musketry instruction provides that, ¢ when a
medical officer certifies that a man cannot see beyvond a ecertain
distance, he must fire in both range and field practices according to
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his power of vision. Spectacles may be worn * (Par. 20, p. 14, Musk.
Regs, 1887). Shortsichted men being thus permitted to wear
spvemrla g, if no :l(:u]m‘ defect exr:captmtr shortsightedness exists
and the spectacles are accurately adjusted, they will be nearly in
the same condition as other persons who are not shortsighted.
Other conditions being normal, the power of sight of a myope,
when corrected, will be the same up to the farthest distance as
that of an emmetropic man of mrrmpmuhntr age,

39, Use of Spectacles by Soldiers in the Ranks not sanctioned.
—The use of spectacles by soldiers in the ranks, whether serving at
home or on foreign stations, for the correction of ametropic defects
of vision, is not sanctioned by any published regulation in the
British army.  Difficulties wouid be experienced if, without
special mmturﬂnmts olagses were allowed to be worn in the
English army as theﬂr are by parts of the troops of some eonti-
nental armies which are mmul by conseription. There would be
the want of means of replacing them when injured or broken in
many of the distant stations in which English troops are habitually
E-mpluved excepting after great delay; while, if the glasses were
damaged or broken when the men were on active service out
of qumpo, there would frequently be almost 1n~?,uper*|,lﬂe difficulties
in replacing them, and this would just be the occasion when they
would be most lll‘li"i_‘l‘ttl_‘j and speedily required. The want of edu-

ation in respect to the use of such appliances, and the habits of a
large number of the men mm]m:.inw the ranks of the English
army have, no doubt, also been taken info account in mthholdmg
official permission for the use of spectacles by soldiers. Moreover,
thongh the spectacles may be pertect in cor r:?r:tmn, when dust, rain,
condensed moisture, or other matters interfere with their trans-
parency, and, therefore, with their utility, accoutred infantry
soldiers car rying rifles, or mounted troopers, are too fettered to be
in a position to remove these impediments as they occur, and,
during the time they are thus obscured, the spectacles cease to be
of any advantage. These have probal )lv been the principal reasons
which have ]]ll-"‘.'f"l'lh'l] the use of spect: weles from being sanctioned
among men in the ranks of the British army.

If the use of spectacles by men in the ranks should hereafter
be sanctioned, arrangements will at the same time have to be made
for enal liil'lg the men who wear them to I'l‘}'ll!:lf‘i.“ them whenever 'EIIE_T,-'
may happen to be lost or broken. Machine-made spectacles for
correcting ordinary degrees of M. and H. are now manufactured so
cheaply, nnd in many instances answer their intended purposes so
fully, that, with proper examination and selection, the cost alone
would hardly be an impediment to their infroduetion among
soldiers. The great difficulty to be overcome in their introduction
would be the ar *anwt‘nu‘nh necessary for ensuring suitable glasses
being always av -||1-1lr||- on oceasions of need in some of the remote
]ﬂ.l{es where B nglish soldiers are liable to serve.
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There do not. appear to be any military disadvantages or ditli-
culties met with from the use of spectacles among troops on active
service in Europe, so long as suflicient supplies are carried with
the army to replace them in case of loss or accidental injury. No
mention of any ill results from spectacles being worn by German
soldiers is made in the official histories of the war of 1870-71 ;
and I have been informed by medical officers holding high l]D:-'lT]t’!Ilh
in the German army, that tIu?y are not aware of any trouble or in-
convenience having been caused to the service, or to the officers or
men themselves, by their use during the war. The employment
of spectacles by soldiers in the ranks of the French army, and
their nrmulmnc‘- issue under certain restrictions, have been sanc-
tioned since the war of 1870-71. (See Appendix.)

40. Range and Power of Vision necessary for Commissioned
Officers in the Army.—The necessity for distinet vision appears to
be even more imperative in officers than in private soldiers. They
must look down whole lines of men, and see them with distinetness.
They are reguired to observe distant objects and not unfrequently
to give important directions according to the judgments they form
of them. It is also of personal importance to combatant officers
themselves, on taking the field, that they should possess a normal
range and power of vision, or at least a range not far short of
normal range. An officer of the regiment in which 1 was serving
during the Crimean war declared to the commanding officer that
he was unable to take picket duty. because he conld not distinguish
an enemy from a friend at a short distance from him, partic uhlh
n twﬂlgh’r Eventually the matter was referred to a committee of
medical officers, who reported the officer unfit for service in the
field in consequence of his high degree of short-sightedness, and
he was sent back to England. During the same campaign it
certainly once happened, if not more often, that an officer was
taken prisoner by walking into the midst of a party of the enemy
whom he failed to (IthTll'lfJ"lJ.lEth from his own troops owing to the
same cause. 1 on one occasion made a voyage with an officer who

was taken prisoner under the circumstances mentioned, and sent
to Russia, and the high degree of lis M. was sufficiently obvious.
An unfortunate Lnn'lmh 1*9,(_1*1111911#&1 surgeon in the Crimea who
was affected with M. failed to recognise in twilicht a French
sentry from a distance in front of the lines at which the sentry saw
him but too plainly, and he lost his life in consequence,

Even if eve-glasses are used in the field, besides the objections
attendmp:fhﬂr brittleness of substance, their fir equent displacement,
the many things which from time to time are apt to interfere with
their transparency, and the difficulty of finding substitutes for
them when they are missing or lost on active service, have all to
be taken into account.

A short-sighted officer commanding a regiment at Souakim in

P



210 THE ILLUSTRATED OPTICAL MANUAL Cuar. 1X

1885 was temporarily dizabled for duty by accidentally breaking
the only eye-glass he had with him. He depended upon it for a
clear view of objects. There were no means of replacing it by
purchase nearer than Cairo ; but fortunately a medical officer, also
Me., though less so, was found who was able to spare one of his
duplicates, and thus materially to lessen the inconvenience to
which the commanding officer had become subjected,

The authority under which a few DBritish officers have worn
spectacles in the field appears to have been one of speecial permis-
sion. I am not aware that any regulation sanctioning their use by
officers on active service has ever been published. An officer of high
position, whose son bad failed to pass the regulated tests of sight,
remarked to me that the same regulations would have prev ented the
admission into the army of Genl. Sir Charles Napier. It certainly
would have done so, for T have had the opportunity of examining
the speectacles successively worn by that most distingnished
general officer, and 1 [ found that his M., which in his early days
was as high as 7 D, being progressive, became -:rmdualh* in-
creased to 11 D, But the difficulties Sir Charles 1 \11}191' had to
contend against in consequence of his extreme short-sichtedness
can harfih be estimated, while with the eminent a.brht-les and
strong will which E]I‘w'l'lt]'-rlll‘illi'{] him he would certainly have been
at least equally great as a ruler and commander had he been free
from visual defect. He himself has recorded that, at the battle of
Corunna, being without spectacles and finding himself f alone at
one part of the action, he felt great fear, for his short-sightedness
disabled him from seeing w hat was going on, and what was to
be met;’ and *allhwlnmlth;, referrine to this oceurrence, he re-
marked, ‘ when wearing spectacles, the nervous feeling is not =e
strong, But b diade antage of bad sight is tremendous when
nlmu*, and gives a feeling of helplessness.’ !

41. Loss of Sight of one Ej'e —Loss of sight of one eve from
any canse, however good the sight of the other eye, tnhlli'-:' dis-
qualifies for an army commission. It is obvious that if a candi-
date were passed fit for a commission, notwithstanding lossof sight
in one eye, he would not only be less efficient from loss of
binocular V., but any injury mh:*r[l*rmrr with or destroying sight in
the remaining eye after he had entered the service would anrﬂl_‘,
disable him from further duty. Other considerations arise when
the sicht of one eye of an officer already serving in the army is
lost, while the other remains effective ; and consequently officers
are occasionally to be met with, as well as men in the ranks, who
only have the sight of one eve left. But their efficiency in various

' Life of General Sir C. Napier, 1857, i. 101, 111. In a voluntary service, such
as the DBritish service is, it must be remembered that every short-sighted cadet
admitted takes the place of a eadet with normal sight ; while in regard to know-

ledee and abilities, g0 far as the evidence of the examinations for admission allow
comparison, both cadets may be on an equal footing,
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respects is nevertheless considerably lessened.  (See Binoealar and
Monocular Vision, p. 3.)

42, Declaration as to Sight by Candidates for Army Com-
missions.— It has hitherto been the custom for candidates for com-
missions in the army tosign a declaration concerning their general
state of health prior to u1uh=-1'n'{mw physical examination, especially
that “vision is good with either eve (with or without the aid of
glasses, as the case may be).” Remembering, however, that persons
have very different views as to what constitutes ¢ good vision,” many
knowing no other standard of quality than that of their own &Ig'lt,
it is obvious that an independent examination to ascertain the real
qua,llh' of V. in each instance, or, at any rate, to determine that it
is not below some definite authorised standard. is far more reliable
and useful than any such general statement can be. The declara-
tion had the advantage of hmng likely to prevent a candidate sub-
mitting himself to examination w ho had any serious defect of
1’1‘:[01‘1 1'!1 f:‘l"h'f‘l" ey e.

Visual Ezamination of Candidates for Commissions in the
Li:ﬂe.—'l’he rule lately in force for the visual examination of candi-
dates for commissions in the line was as follows: Simple M. or
H. was not held to Le a disgualifying condition. So long as these
defects could be corrected by suitable glasses they were not to ex-
clude from admission. The 111”1(:?1(:& was. if the candidates could count
the test-dots at the ordinary distances, with or without the aid of
glasses, they were accepted for service so far as vision was con-
cerned. The test-dots were used in the same manner as with men
seeking enlistment in the ranks.!  No rule was laid down regarding
the manner in which candidates for commissions were to employ
glasses in the correction of visual defects. The responsibility
regarding this point rested with the examining medical officer.
In some instances candidates were allowed to nse the glasses with

' Deception Practised at Viswal Eraminations—Attempts to impose npon ex-
nmiuing SUTFenns may ::c'tr'.l-aiuimlly meet with suceess. Some vears ago I was
asked by the friends of a youth who was anxious to obtain a military career, but
whose sight was defective in one eve, whether any likelihood existed of his being
able to pass the physical examination for a commission. T found on examination
that although V. was normal in the right eye, only quantitative V. existed in the
left eye. I therefore said there was not the leas: chance of his passing the exami-
nation, as each eye would be subjected to tests separately. The next time I met
him he was going through the course of study at Sandhurst. I inguired how le
had contrived to get through the examination as to power of sight, and he at once
showed me his plan of proceeding. When he was asked to count the test dots
with his right eve he did so easily, at the same time covering his left eye with his
left hand. He was then told to count them with the other eve. Tn answer to this
direction he covered the left eyve, the =ame be had covered before, bot thiz time
with his right hand, and of course, as befire, counted the dots without dificulty.
He had chamged hands but not eyes, and this he did so quickly and smarily, that
the examiner, who may at the moment have been observing the test-dots to ascer-
tain if 1he right number were stated, did not notice 1he feat of legerdemain which
was being practised on him, and passed him as optically fit for service. I am in-
formed that some candidates recently have purchased Snellen’s sets of metrical

test-types and learned the scries of letters and printed paragraphs off by heart.
F 2
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which they had provided themselves prior to the examination ; in
others they were required to select the glasses which suited them
from a number of pairs of spectacles placed on a table in the ex-
amination room.

In March, 1887, the instructions for the examination were
changed. Snellen’s metrical test-types were ordered to be substi-
f.ltml for the test-dotz. The eandidate was “to be able to read
ordinary type, distinguish the principal colours, and to perform
routine duties without glasses,” but for other purposes the use of
olasges was permitted. If, with the aid of glasses, ‘the range
and quality of V. were rendered normal, and if there were no evi-
dence of organic disease or of progressive deterioration of V., and
the candidate were in other respects eligible, he might be accepted.’
It will be noticed that theze regulations left the decision as to the
size of the type called ‘ordinary type’ to the judgment of the
examiner, and also the particular nature of the duties ealled * routine
duties " which the ecandidate had to perform without glasses. Prac-
titioners in civil life, when consulted by parents w ho were anxious
to ascertain the visual fitness of their sons for military service
before putting them to special courses of education to enable them
to compete for commissions, experienced difficulty in expressing a
decided opinion on the subject, and their re pw:(‘.ni‘ﬂhﬂnh led even-
tually to the further alterations which are described in the next
paragraph.

44. Power of Sight now required in Candidates for Commissions
in the Army.—The latest rules for the visnal examination of eandi-
dates for army commissions, as directed in an army circular dated
September 1887, are simple and precise. They may be sum-
marised as follows :

1. If the candidate can read the small Sn. type D = 0-6 at any
distance, and at the same time can read Sn. D = 6 at its normal
distance, without glasses, he is to be passed as visnally fit.

9. If the candidate cannot read with each eve, without glasses,
Sn. large type, such as D = 36, at one-sixth of its normal distance,
he is unfit.

3. If the candidate can just read with each eye, without glasses,
Sn. large type at one-sixth of its normal distance, but not hnnml
it owing to faulty refraction, he may be passed fit, provided the
distant ‘-. of one eye can be fully corrected by the md of glasses,
and the distant V. of the other ¢ 've can be corrected up to not less
than one-half of normal V., and provided also that the candidate
can accommodate for the type D = 08 at any near distance.

4, Strabismus, achromotopsia, and any morbid conditions
subject to the risk of aggravation or recurrence in either eye, will
cause the rejection of a candidate,

The regulations are given in ewvfenso in the Appendix (See
p. 220).
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45. Indian Governmert Service.—(Candidates for admission into
the several departments of H.M.’s Indian Government Service are
crdered to be tested us to V. by letters corresponding to those in
the last edition (1885) of Snellen’s test-types. These t test-types,
as in all the later editions, are numbered on the metrical system.
The person to be examined is to be placed with his back to the
licht at a distance of 6 metres from the types, which are to be
hunlr or held perfectly upright with a brlght light falling on them.
The ﬂlllltllllhnmf:nlw and retinoscopy are to “be emploved when
necessary. It is further directed that the existence and degree of
ametropia are to be carefully recorded in all cases of examination.

The visual regulations affecting special parts of the Indian
Government Service are oiven under their respective headings.
(See also Appendix, p. 226.)

46. Visual Qualification for the Indian Government Civil
Service.—A candidate for this branch of the public service is not
disqualified by unetmpia of one or both eyes, provided V. can be
brought up to { £ in one eye, and to § inthe other eye by correcting
lenses, and that there are no morbid changes in the fundus of
either eye. A posterior staphyloma, however, if stationary, will
not quuahﬁ' a candidate, provided the accompanying M. ‘do not
exceed 2:5 D in either eye, and no active morbid changes of the
choroid or retina be present.

Nebula of the cornea of either eye disqualifies if V. be reduced
to less than % ; and in any case where nebula exists, V. in the
better eye should equal & vith or without glasses.

Paralysis of one or more of the exterior muscles of the eyeball
(]mquﬂ,lihes a candidate, but a candidate who is said to have been
cured from squint by operation may be accepted, although bin-
ocular vision has not been restored, provided V. can be brought up
to & in one eve, and to £ in the nthvr eye, by correcting g]:t‘*"t'ﬁ
and the movements of each eve be good.

The foregoing rules also apply to the Chaplains’ and Educa-
tional Departments of the Indian Service.

47. Visual Qualification for the Public Works Department under
the Indian Government — Candidates for admission into this branch
of the Indian Service are subject to the following rules:

A candidate may be accepted if, being Me. in one or both eyes,
the M. do not exceed 25 D, and if, with correcting glasses, not
exceeding 2°5 D, V.in one eye 1s = &, and in the other is nut less
than &, while the range of Ace. is normal. The same rule applies
to Me. astigmatism. There must be no evidence of progressive
disease in the choroid or retina.

A candidate having H. not exceeding 4 D is not disqualified,
provided, when under the influence of atropine, V. inone eyeis = §
and not less than % in the other, with 4+ 4 D or correctin o lenses
of any lower power. The rule is similar as vegards He. astigmatism,
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Corneal nebula disqualifies it V. in one eye is less than 15. 1t
V. in one eye is not below % when corneal nebula exists, V. in the
other eyve nmst be normal, and the eve be Eme. for the ::anduhte to
be accepted. Defects of V. from pathological changes in the
deeper structures of either eye may exclude a candidate from
entry into the service,

Inability to distinguish the principal colours (Achromatopsia)

a disqualifying defect ; as is also paralysis of one or more of the
external muscles of the eyeball.

Admission into certain other departments of the Indian
Government Service, as the Telegraph, Forest, Survey, Railway,
Factories, and Police departments, is regulated by the same visual
limitations as those above given.

48, Visual Qualification for the Army Meadical Staff—In the
¢ Schedule of Qualifications necessary for Candidates desirous of
obtaining Commissions in the Almv Medical Staff]’ it is ordered
t.].lﬂt a Butud of Medical Officers must certify hP candidate’s

“vision 18 sufliciently good to enable him to perform any surgical
operation without the aid oF olasszs. A moderate dwrlee t}i M.
will not be considered a disqualification, provided it does not neces-
sitate the use of glasses during the performance of operations, and
that no organic disease of the eyes exists.’

The Uh]uctmn to dependence on the use of glasses for securing
clear vision in the performance of surgical operations is a well-
founded one. Irrespective of the inconvenience which may occa-
sionally arise from glasses falling off in the movements of the ope-
rutor at critical moments, they are constantly exposed to loss of

transparency from condensed vapour upon llu-m or from becoming
spotted by jets of blood.

Se far as concerns the refractive defeet of M. mentioned in the
schedule, it will not be difficult for a moderately Me. candidate to
comply mth the condition named, for the M, must be of very high
degree to necessitate the nse of gl;‘!.*-xt" in performing most --urn*1c'cll

operations.  With M. of 20 D, a candidate of twenty-five years of
age p::-~:-*=e*~*~uw normal power of accommodation, w ould have a range
of clear vision for small objects from a distance of 20 inches to a
point a little within 4 inches, without the aid of glasses, and,
indeed, within the range named would see more comfortably mfh-
out gl:n ses than ulth them, though his vision for more ‘distant
thlLta would be very lmpulud unless helped by suitable glasses.
Even with M. of 2:50 D he would have a range of clear vision
from a {li-ﬁmuw of 16 inches to a little over 31 inches. But with
H. of 2:50 D, when, at the age named, only about six dioptrics of
:wvm::nmc]a!mn would be available for work at near objeets, even
with the highest accommodatory effort a near point of distinet
vision could only be obtained at a little under 7 inches.  Short of
that distance vision I;:., the unaided eye must be more or less
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obscured ; and since it is not possible to continre to exercise Ace.
at its 111ghesat state of tension, and only about half of the 58-50 D of
the Acc. belonging to the age named could be continuously
employed, the nearest point of distinetness for prolonged vision
would be removed to 20 inches’ distance. Under such eireum-
stances attempts to distingnish minute structures of importance,
p!'nlhd}h confused by Lilnm] to separate a small artery from an
adjoining nerve, for {j.’\c‘illlll]t' without the aid of suitable olasses,
would be very embar rassing, and might lead to serious errors. It
is therefore the He. eve which would meet with the most difficulty
in operating without 1r|=-|--~a"~ and this difficulty wonld inerease with
increase of age. If the H. were complicated h\ Ast., the difficulties
of the upumrm' would be considerably increased.

49. Visual Qualification for the Indian Medieal Service.—('an-
didates for admission into this branch of H.M.'s Service may be
accepted if; being Me., the M. do not exceec d 5 D, and if, with cor-
recting lense s, V. is brought up to ¢ in cne eye, and to a standard
not below & in the other eye, It H'lL M. be attended with pos-
terior staphyloma, the M. must not exceed 2:5 D in eiiher eye ; and
V. must be capable of being brought by correcting HLNM up to
% in one eye and not below % in the other. There must be no
active morbid changes in the clml oid or retina.

If the M. be 1(-Lmnl:lmmd with Ast., a eandidate will not be
disqualified if’ the combined tlﬂivllc.ll ntld evlindrical glasses for
their correction do not exceed — 5 D, and if, when thus corrected,
V. in the two eyes is brought to the standards named above aml
Ace. is found to be normal. No progressive morbid changes of
the choroid or retina must be present.

If the candidate be He., he may be accepted provided his H. do
not exceed 5 D, and, when the eyes are under the influence of
&t!'mpinﬂ, V. in one eye is brought to § and in the other to at least
S with the aid of +5D or lvnm s of any lower power,

It the H. be (.Umpnﬂ:m o« with Ast. tlle candidate may be ac-
cepted provided the combined corre ::l:mn' lenses do not exceed 5 D,
and "-. - can be brought to the standard of & ¢ in one eye and not ]e::s
than % in the urhez eye.

A c‘mdld{urv must be able to distinguish the principal colours,
red, green, violet, blue, yellow, and thq-n' various shades.

A faint corneal nebula redueing V. in the nebulous eye to -
will not exclude a candidate, if thv eve be otherwise heal thy, and
it the other eye be Emec. and its V. is “normal.

A candidate will be disqualified if he suffers from paralysis of
one or more of the external muscles of the eyeball.

50. Visual Acuteness required in Candidates for Commissions in
the Royal Artillery and Royal Engineers.—The V. of candidates
for admission into the Royal Military Academy at Woolwich until
recently was tested under a "'\!_]tL“'ll i’l'gu]:ttluil They now fall
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under the same general rules as are applied to candidates for com-
missions in other parts of the army. These rules have been stated
in Par. 44.

51. Visual Acuteness required in Candidates for Commissions in
the Royal Navy.—Candidates for commissions in the Royal Navy
are not considered eligible who are subjects of any []f*gﬁ_*t's of M.
or H. They are re f|um-:l to have visual power sufficient to enable
them to see Snellen’s test-types at their full distances. The condi-
tions of service afloat prevent naval officers and seamen from wear-
ing spectacles, so that the correction of refractive defects among
them by these means, whenever and to whatever degree they may
exist, is impracticable. Exceptions are, however, made in some
b})El’.I"ll classes of officers, but the discretionary margin allowed is
very limited. It would manifestly be unnecessary to apply the
same visnal tests as rigidly to naval chaplains and clerks as to
navirating officers.

52, Visual Qualifications for the Marine Serviee of the Indian
Government,— A candidate, in order to quality for this service, must
not have any refractive defect of either eye which is not neutralised
by a + or — 1-0 D lens, or by a lens of some lower power; must
be capable of {IIStlI]l'PllIElll‘ﬂtf the prismatic colours; and must be
free from squint or any defective action of the exterior muscles of
the eyeball. For the Pilot service candidates must have both eyes
Eme., with normal V. and Ace., and must possess perlect colour
Sense.

53, @Quality of Sight for Special Course of Instruction in the
School of Musketry.—Officers and non-commissioned officers who
desire to attend the special rifle instruction given at the School of -
Musketry are not now prevented from attending in consequence
of any special degree of defective eyesight. Major Salmond,
Deputy-Assistant Adjutant-General at the Hythe School of
Musketry, has kindly informed me that the following is the regula-
tion now in force on the subject: ¢ Officers and non-commissioned
officers who are detailed to attend a course of training at the
School of Musketry must (except in the case of Adjutants of
Auxiliary Forceg) be examined by a medical officer as to the state
of their eyesight, which should be tested in the usual way with
test-dots, and re pmh-tl on accordingly in the column for the purpose

- . - - 5 A
in the printed War Office form of Return No. A l -, or, when

Parties

that form is not furnished, in a manuscript report. In testing
vision under this paragr: Jph the officer or sergeant may be allowed
to use an eye-glass or spectacles.” It is Il':|llttu1 that the condition
ol evesight ahnulﬂ be known, so that, should a physical defect of the
|~.IIII.1 cause the subject of it to fail in attaining a certain standard
in ‘range practice,” the case may be considered and dealt with by
the proper authorities.
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54. Disease of some of the posterior parts of the Eye. —When the
ncular examination of a vecruit or soldier leads to a suspicion that
he labours under impaired vision owing to deeply-seated disease of
the eye, there is only one way of dete rmining the correctness or
incorrectness of the suspicion, and that is h;r ophthalmoscopie
examination. A description of the method of employing tne
ophthalmoscope, as well as of the other steps to be taken, for estab-
lishing a correct diagnosis of the different morbid states of the
posterior parts of the eye, is to be found in all systematic works on
Diseases of the Eye.

55, Impaired Vision, or Blindness, of one Eye in a Trained
Soldier.—It has been mentioned with regard to a recruit that any
important visual defect in either eye renders the man unfit to
engage for service as a soldier. The rule is different with regard
to men who are already serving in the ranks. Impaired visual
power, or total loss of vision of one eye, if the other eye be efficient,
is not held to be a cause of unfitness ﬁn further mlhl"'nn' service,
This rule 1s laid down in War Oftice Circular, No. 874, of the 17th
August, 1864, in the following terms: ¢ No soldier shall be dis-
charged for the loss of one eye only, whether it be the right or
the left; but if a soldier shall have lost one eye by a wound in
action, or by the effects of service, and shall receive other wounds
or injuries in action, or be otherwise so disabled as to render his
discharge necessary, the loss of an eve shall be taken into considera-
tion in ihmng the pension at such a rate as his combined wounds or
disabilities may entitle him to receive.’

56. Aiming with the Left Eye.—If a soldier, after enlistment,
is found to have a defect of vision of the right eye, which has not
been previously detected, and it is found to incapacitate him for
using his rifle from his right shoulder, or if the right eye of a
soldier becomes disabled by disease or injury, he is pe rmitted,
under certain rules, to fire from the left shoulder—thus using Ill::-
left eye for sighting the objects aimed at.

This permission is never granted £"'~:(:E“I11'in=? under certificate
from a medical officer that the soldier is labouring under defective
vision of the right eye. Now that skirmishing and independent
firing are so much more employed than firing in close order, it is of
less consequence that a man’s mode of firing differs in the respect
named from that of the other men of his company. Moreover, the
permission to aim with the left eye is only torned to 11t'u*tltal
account at target practice, or when 1]1*11”:1 with ball car tridee.

57. Assumed Blindness of one Eye. —Blindness of the right e ye
- ~hemi- ai1(!1]‘:~1't—1‘3 not unfre -dluvll'r]r simulated in foreign armies fo
escape conscription, but English soldiers very rarely make pretence
of blindness of one eyve, because it is well linown among them that
uniocular loss of V. 1:10:}..'-, not incapacitate for further military
service. Should, however, blindness of one eye be alleged to exist,
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and no objective signs to warrant the assertion be obviouns, so that
a suspicion of simulation be excited, there are various tests which
may be resorted to for determining whether the suspicion is well
grounded or not.

In the first place, the observation of the surgeon may be
directed to the indications afforded by the action of the iris be]-:mg—
ing to the supposed blind eye. 1In crjmpl-::rﬂ blindness of one eye,
the pupil is partially dilated owing to the absence of all reflex
stimulus from the insensible retina. If, then, the sound eye is ex-
cluded from light, and the iris of the IIIFLrw:l hhml eve 1s found not
to contract w]u,n it has been shaded by Ihe hand of the surgeon and
then suddenly subjected to the admission of strong l|ght but is
found to contract when the retina of the othereye is t‘_\pn:l.wt.l to sud-
den access of light under similar conditions, it is evident that the
alleged existence of blindness is real ; the iris is not stimulated to
contract by the action of light on the retina with which it is directly
ccnnected, but contracts un{]m the inluence of light on the other
retina with which 1t 1s lmlllm,th' associated ; on thh other hand,
it the iris of the alleged blind eyve does contract when its retina
is exposed to sudden light, while the other eve is kept closed,
there may be a cun-:.idvr'able amount of amblyopia, but there can-
not be Lmu]ﬂvte AMAaurosis,

If the iris of the alleged b]ml] eve do not answer to the
stimulus of light, either wh{-u its own retina or that of the other
eve Is chm-d the alleged blindness may or may not exist; the
observation l}Il]‘f proves ; that there is par'ﬂ.ﬁla of the iris, and this
may be the result either of natural causes or may be artificially
induced by the nm}hcatmn of atropine, henbane, daturine, or other
mydriatics. For determining the real cause of the paralysis, other
investigations must be lllllltll‘tlx{‘li but these need not be deseribed
here.

The effect of covering the alleged blind eye, and then of sud-
denly exposing it to h:rhr on the other, or acknowledged seeing
eyve, may also be obsery ed. When the two o eves are in a normal con-
dition, the effect of shading one of them from light i1s to produce a
slight inerease in the size of the pupil of the other eye; on remov-
ing the shade and exposing the eye suddenly to ]|=rht a slight
decrease in the size of the ]]ll'['lll of the eye that has not “been shaded
may be noticed. If the retina of one eye be insensible to light,
neither shading nor uncovering this biind eve will ]nmluce any
change in the l.lll'llL'Il‘-IlII'l‘-i ol Ihv pupil of the other eye. The seeing
eye llulmtr the experiment should be directed to look at some
distant thth. so that neither Ace. nor convergence may be exerted,

But the most effective means for unmasking an attempt at
deception of this sort among comparatively 11111‘1111{.‘1“'1.] persons is
Giriiefe’s prism test. 1 a prismof 12° or more be held with its base
upwards or downwards before the eve in which visnal power is
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acknowledged to be retained, and the person who is subjected to the
test, on Immg asked what effect it has on his sight, states that the
g]dbs in front of his eve canses him to sece (]l_'lllilh‘ the simulation is
proved, for diplopia could only result by both eyes see lllg If the
person under examination is educated, and a page of print is placed
before him, while the 1}1‘1*-»111 is placed in front of “This seeing eve with
its base up\hu{]b\ and he 1s then unable to read 1utlmu‘r great
difficulty, it is another proof that he is seeing with both eyes, and
that his m’mlmg power is interfered with from the images of the
print overlapping ; if he really had only monccular vision, he
would see the print as well with the prism as he did without it,
though it would be a little altered in its apparent position.  Again,

if the base of the prism be turned horizontally mnwards, and the
eyes then E{]umr it is prmp:l that an effort 1s hemw made to pre-

vent double vision, and that, therelore, the assertion of blindness
of one eve is untrue. DBy getting tl e person to read some of
Snellen’s test-types, and to describe first one of the two images and
then the other, and by varying the sizes of the objects presented, the
surgeon may arrive at a r:mlf,lnumn as to whether any amblyopia
exists or not in the alleged blind eye, and, if it do exist, may even
a certain its degree.

Livample—The following ease, taken from the records at Netley, will serve
to illustrate the application of tl:]w test. Private T. I, 84th Regiment, was in-
valided in 18G6 mom Malta, and admitted at "\LIIHH under "Lm.um;ruls His
condition at Netley he stated to be: |1uhl; eyve quite hlu.u] no perception of
light ; left eye, reads No. 4 Snellen at 37, counts fingers at 3. No ocular ab-
unrlmhtv was visible by ordinary or under Uphtlmlnmwnlur L'-.umumtlum The
left eye was lept bandaged for a couple of days, on the plea of resiing the eye,
but. mulh to observe whether he eould ;:u]dL his movements by the 11g]11:
(alleged tUtlIIL\ blind) eye. While thus bandaged he was reported to have been
FerTl rt-ﬂding‘, or apparently reading, a book. I then tiied the prism test, and
the man deseribed two images of a single object, a lead pencil, held at a distance
of about 4" from him, togetber with the movement of one round the other as the
prism was made to revolve before his left (acknowledged seeing) exe.  The im-
posture being thus proved, the man was discharged to duty at his depot.

The stercoscope has been used for detecting simulated blindness
of one eye, and is still more puzzling to one who is not acquainted
with its effects. The particulars of a case were related to me
which imposture by a foreign leifer who Fit]tlllzlh'il blindness of
one eye as a result of field serviee in the war of 1870-71 was fully
detected by its means, and in this instance the use of a simple
prism, owing to the intelligence of the person examined by it, and
his knowledge of the effects of prisms, had failed to prove the decep-
tion. It is hardly possible for a person who sees with both eyes
to answer the stereoscopic tests in the same manuer as if one eye
were blind, provided the experiment is fairly performed. But the
surgeon must be on his gnard that the person under examination
does not close the eve which is alleged to he blind while the objects
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placed in the stereoscope are exposed to his view. The eyes mnst
be watched during the examination. The stereoscopic objects
should be specially prepared. Series of lines, different in colour—
red and blue, for vtdlul}lv so arranged that in the combined image
they cross each other in direction, m ty be used for the purpose.

When both eyes are sensible to light, the lines are seen constantly
changing, more or less -:mnph*trl'.. from one colour to the other ;
and it 1:: not possible to say by which eve either coloured lines are
seen, A person blind of one eye will see the lines of one colour
only. Two printed paragraphs, equal in size and similar in cha-
racter, but differing in parts of the text, may be placed on the
stereoscopic slide. A person regarding the slide with both eyes
through the stereoscope will not be able fo read the portions where

the texts differ, for the print of one side will be mixed up with the
print of the other and there will be a constant interchange of text,

and strnggle between the fields of vision of the two eyes. so as to
make I‘Ecl[llllﬂ' impracticable. A person who does not see with one of
his eyes will read e sily the print presented to the seeing eye. Figures
in endless varieties of shapes and colours may be Empl::yed n a
similar manner; so that no simnlator who is eapable of sﬁ-ing
with both his eyes the objects presented to him in guick succession
on the atﬂ'omcoplc slides, when describing what he sees, can help
including those parts vhich eould on] y be visible to him throngh
the agency of his pretended blind eye, unless he succeeds in tem-
pm'u*llf closin g it for the purpose of excluﬂmg its view.

Staff-Surgeon Dr. Burchardt, of Berlin, invented a portable
stereoscope, of very ingenious counstruction, for the practical
diagnosis of simulation ol blindness or amblyopia of one eve.! The-
test-objects supplied with the apparatus are very effective. The
stereoscope is of the lenticular form, and the lens sections are so
arranged that at the same time that the person under observation
is looking through them at the test-objects, the examiner can look
thl'ﬂugll them =1m,1 obtain a magnified view of the eves of the person
he i3 examining. He can thus ascertain that neither of the eves
of the supposed simulator is closed even for a second during the
application of the tests.

In exceptional instances, a person who is ametropie, and who
has at the same time a considerable amount of anisometropia, will
oceasionally elude the stereoscopic test, by regarding only the side
which, in respect to distance, is most in focus with one of his eyes,
andl *:.u|}p1'e~mn<r the less distinet image in the other eve. In such
a case the effects of complementary colours may be turned to useful
account. The same test may be ltt‘n-.llll'l“‘l.ﬂllhl‘» employed when a

V Praltizele Diaguogtik der Simulationen von Gefillslailimung von Schwer-
horvigheit wnd rvon Schwachzichtigheit, herausgegeben von Dr. Maz Burchardt,
Obers absaret 2, CLou, Privat-Docent,  Berlin, 1875, Verlag der Gutmann’schen
Buchlhiandlung, Otto Keslin,
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prism or stereoscope is not at hand. A few words written on a
black board with green or red chalk, or the red and green letters on
a black background, or the coloured types on H!{"ﬂ"lli v background,
in the 1885 edition of Snellen’s test-types, may be used for this
purpose. 1f the type to which the attention of the person under
examination is called be green in colour and on a black background,
a spectacle frame is applied with a red glass on the side of the
acknowledged sound eye, and ordinary colourless glass before the
supposed blind eye, and the person is asked to read the green
type. If the red type is shown, a green glass is substituted for
the red one in the frame. If he is able to read the type with
such a pair of glasses before his eyes it is obvious that he is read-
ing it with the alleged blind eve.  As the coloured glass causes the
‘t'.,}}e of the complementary colour to fade from view and to become
mmn*]pd with the g‘t"lli‘ldl black backeground, the acknowledged
sound eye, under the conditions descril jerl could not read them, If
the type be on a grey background, its E-].‘-IE-‘.{:qui colour will disappear,
and it will uevm to be dark by contrast with the surrounding grey.
In this trial, the colour of the type is asked, and if in the reply its
special mlnur is stated, it is again evident that it is with the
alleged blind eye that it is seen. The coloured letters should be
free from superficial lustre.

58. Suspected Simulation of M. of high degree.—The mode
of determining the degree of M. in a given case ﬂh]{-mluh anil
nulvl:f-luhnth “of the Huh]et‘t% control, has been explained in Ilm
chapter on Retinoscopy. The following example t-.]qu that.,

a suspected instance of feigning, the doubt may be solved t-.u];]pc—
tively without the aid of [ the n]}hi]mlmrmnpt‘ but with the help of
Snellen’s test- tvpes and a +4 D lens alone.

Ervample —l:_'fﬂr'pﬁl'a'l A, mt. 2] years, was invalided to Netley for very defec-
tive vision of the night eye, due to a bigh degree of M. He saw fairly well with
the left eye. C ircumstances excited a suspicion that he was feigning, or at least
exacgerating, the disability of the right eve, and he was subjected to the fol-
lowing tests. When Sn, types D = 6 were placed before him, the left eye
beng “excluded from vision, he could only read them at 4 metres, about 13
{eet, “and then with :lllhcult‘-' Sn. D=12 being placed before him, he only
re*u:l them at 8 metres, or about 26 feet. In each case, therefore, ‘tha trial
showed V=2. With the stenopeeie hole he saw both D -'("aud DD =12 much
clearer, and Turther off.

Sn. I =05 was now placed before him. He read it, but stated ke eould not
read it farther off than 8 inches.  Supposing this to be ‘the distant point of dis-
tinet V. for this type, his M. would seem to be =510, He was now tried for
his near point of distinet V. with the 0-5 type, and he fixed it at 2:6 inches,
This llngﬂl with his other statements, for Ace.=10 ) (the Ace. for his age)
+ M = 5 D would be =15 D, or 26 inches,

He was now asked to read the same tvpe, Sn. I} =05, throngh a +4 D
spectacle, and he read it at 44 inches, but not heyond, r[‘]:lu was 4|,rr.11n {_'n]l*—t-h"llf

with his other statements, for ]_4. T :‘..:ﬁ nearly,or 9D = 4D = 5 ),

confirming his alleged distant point uf' distinet V., viz. 8 inches without the
glass,
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The fact of the whole series of trials leading to eonsistent resu'ts left no doubt
that the R. eye was Me = 5 1), and the existence of the man’s allezed disability
waus thus verified.

59. Assumed extrems Defective V. of both Eyes.—Supposing a
soldier maintains that he cannot see objects clearly at any range,
or only within a very limited range—that no de R(n]lht‘m of lenq
improves his vision—while no cause for the allezed disability can
be discovered, ophthalmoscopically or otherwise, but, on the contrary,
both eves appear to be normal in condition, can it be proved that
he really does see clearly enough for duty? To a certain extent
the surgeon must be gmdpd in such a case by circumstantial
evidence and observation. A cross-examination. instituted with
ordinary judgment, will usnally expnse the attempt at fraud. But
even here the lenses can generally be turned to important use ;
with the convex spectacles before his eyes, a trickster will most
eertainly become confused, and will either see types or dots ai
distances which show that his vision is normal for distant ohjects,
or he will overstate his case by giving only negative replies, saving
that he cannot see at all at any dntﬂnce When this last-named
position is maintained by a .‘:slll'l'llhlfﬂl‘, the surgeon can only hope
to expose the deception by confriving in some nne'ﬂ:pected way to
obtain positive evidence shnwmw t!m,r the man’s statements are
untrue. Many ingenions traps, some of doubtful propriety, have
been devised with this object in view, and varions cases have been
recorded in which the simulator has been caught unawares, and
the deception exposed, by their means. A harmless trap of the
kind was lail successfully in the following case.

Cuse.—Private G, MeA , et. 19, was sent after enlistment to the depit at
Parkhurst. Subsequently to his arrival there he declared his sight to be ex-
tremely defective, and he was reported to be unable to learn his drill on this
acconnt. e was then examined by a medieal board at Port-mouth. The board,
not linding anything to explain the alleged condition, sent him back to DPark-
hurst. The surgeon in charg= again after some time re: ported Lis inability to
SOTVE S A qnluhu on account of defective sight, and he was ordered to “qulev
for obzervations, At Netley, aceording to w-':tull.‘mt*nl 100’ Snellen could not he
SRR I;u;-w,nnd ‘7”;" finrers Lnuhl not be counted farther off than 17, and hardly
at that distance. Nothinr abnormal eould be detected in either eve by ophthal-
moqﬂnpw or ordinary examination, When tried with lensez all n-phaa were
negative ; he persisted in saying that he could see nothing through them at any
distance. The extreme rlnpzwp of amblyopia cnmphnwrl of was inconsistent
with many of the man's observed actions, but it was diffi:ult to get a positive
proof suflicient to convinee others of the deception, and a trap was theml]nre« laid
for him. W lu[u wulkirg be was suddenly told by a sergeant in the presence of
A witness to pick up a pin w hich had been purposely placed a little way off on
the floor before him. The man, being taken unawares, at once ttnnppd and
picked it up. He was sent back to the de pit and made no further complaint of
weak sizht,

If the man admits that he can see objects of known dimensions,
the hands and fignres of a clock for example, up to some particular
distance, the surgeon can notice whether, after varied changes in
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position of the object, he always returns to the same distance as
his limit of clear vision.

If the man is able to read, the distance at which a given type
of Snellen’s standard is read may be noted, and observation made
whether he reads the larger types, illumination and other con-
ditions being alike, at pmpnrl]mnte distances. If he should state
he 1= not 'ﬂJie to do so, and he still maintains that neither concave
nor convex glasses make distant objects clearer, and there is no
evidence of the presence of astigmatism, it is obvious that he is
trying to deceive. Where there is a command of lenses of IMAany
varieties of focal range, the demonstration that he is simulating
his alleged defect of =~Hr|1f 18 (*(}m]nm!nu ly easy.,

I would not, hmwwt' wish it to be inferred from the above
remarks, that I believe attempts at frand, in respect to defective
vision, are frequently to be met with among soldiers in the ranks.
On the contrary, myv experience leads me to believe that in the
greater number of' instances which have been suspected to be in-
stances of deception, real disabilities have existed, thongh their
true natures have not been ascertained. The patients have been
supposed to be malingering becaunse sufficient time and attention
has not been devoted in T!li‘ elncidation of their cases, or becanse
the determination of the existence of the pmhtuhn' defective
conditions of sight 'lll'lf.].t r which they were labouring was not
included in the surgeon’s range of diagnosis.

CHAPTER X,

APEFENDIX OF EXTRACTS FROM MUSKETRY AXD OTHER REGULATIONS
CONCERNING EYESIGHT WHICH AFFECT MEDICAL OFFICERS ; WITH
NOTES ON CERTAIN OTHER MATTERES REFERRED TO IN THE BODY
OF THE WORK.

Quality of Eyesight for Musketry I'ractice—Spectacles—Firing from Left Shoulder
—Good Sight and Proficiency in Shooting—Aiming Drill —Judging Distance
Drill—Attendance of Medical Officers at Target Practice—Range of V. of
Candidates for the Royal Military Academy at Woolwich— For Commissioned
Officers of the Army—Militia Regulations regarding V.—Indian Government
fervices—Admiralty Instructions eoncerning Evesight—Rules in the German

erees of Visual Deficiency, M., &e., which exclude from Military

Service in Foreign Armies: Holland, France, Germany, Italy, Austria,

Belginm, Switzerland, Denmark, Spain, and Portugal.

Quality of Eyesight for Musketry Practice.—* No soldier is on
any account to be exempted from musketry training on the plea of
ﬂlhﬂ-mhd bad sight, or on any plea which, if valid, “would f{ nd to
prove him unfit for service. When the medical officer certifies
that a man cannot see bevond a certain distance, he must fire
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in both “range” and “field " practices according to his powers
of vision, and his pmu’rn must be included in the total from which
the merit of. the practice is calculated. Spectacles may be worn.
If the medical officer certifies that a man has defective vision of the
right eye, he may fire from the left shoulder.”— (Regs. for Musketry
Instruction, 1887, par. 20, p. 14.)

Good Sight and Proficiency in Shooting.—‘ It ecannot be too
%tmng!r impressed npon the recruit that any man who has no de-
fect in his gight can be made a fairly good ‘-hrjf, and that no.per-
fection he may have attained in other parts of his drill ean,
when on service, remedy any want of proficiency in shooting,’—
(Regs. cif., par. 24., Ch. B I

Almmg' Drill. — Aim, which must be an exactly true one, must
be taken along the bottom of the notch, or the top of the centre
white line of the backsight, and the tip of the foresight to the
centre of the mark aimed at.’

‘The eye must be fixed on the mark aimed at, and not on the
foresight. Recruits are apt to fix the eye on the foresight instead
of the mark, in which case the mark cannot be distinctly seen, and
the difficulty of aiming is greatly increased.’

“In taking aim the left e ve must be closed. If a recrnit is not
able to do th at ﬁl‘wf‘ he will soon succeed by tving a handker-
chief over his left eye.’

‘It cannot be too strongly impressed on every man, that to
shoot well at long ranges, he must frain and Rtrengthen his eve
by looking at small Ul‘-l]LE."t'i at long distances. Short-sighted men
should aim at distances according to the power of their eyesight ;
they may wear spectacles.’—(Regs. cit., pp. 70-78, paras. 54
and 57.) :

Judging Distance Drill.—‘ The object is to teach the soldier
to judge with tolerable accuracy the distance he is from the object,
g0 that he may be able to l‘l"i'—"Ll]'ltl‘ the elevation of his rifle. He
will be taught to judee distance by sight and by sound.’

‘ Instructors must bear in mind that the evesight of different
men varies considerably, and that cnnﬁﬁ-quont!j they must not
{wpwt the observations and answers of every man will be the
same.'—(Regs. cit., pp. 93-100, par. 101.)

‘ Between the flash or qmnlw of a rifle or gnn and the sound of
the report a certain tmw l.‘Ll['lRl"P. If this pm'mJ of time be care-
fully noted in seconds, the distance the sound has travelled can
then be calculated. J thhrm-r distance by sound ean only be looked
upon as auxiliary to ]mln'ln{r by sight. It is the only ‘method by
which distance ean be judged at mfrhr —(Regs. cit , paras, 100 and
198.)

Attendance of Medical Officers at Target Practice.—* The attend-
ance of medieal oflicers at target practice under ordinary eircum-
stances 1s unnecessary, but the name and address of a medical
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officer, to whom application could be made in case of accidents, is
to be communicated to all officers in charge of parties proceeding
to target practice : this officer is not to be absent from his quarters
or hospital during the period the target practice is being carried
on. Should exceptional circumstances arise which would appear
to render expedient the presence of a medical officer on a range,
the general or other officer commanding may, after consulting the
principal medical officer, direct the attendance of one when neces-
sary. The principal medical officer is to report all cases of this
nature for the information of the Director-General of the Army
Medieal U?laari ment, in order that timely provision may be made
for the perinrmance of the duties of the medical officer so em-
ployed.—(Regs. cit., par. 124, p. 107.)

Quality of V. neeessa.ry for Commissioned Officers in the British
Army —The following Regulations and Instructions for the visual
examination of candidates for commissions were promulgated to
the Army by direction of the Secretary of State for War on
September 1, 1887 :—

10135, Letters and numbers corresponding to Snellen’s metrical test-types
(P:]ltmn 1885) will be uszed for testing the standard of vision. If a candidate’s
vision, measured by Snellen’s test-types, be such that he ean read the types
numbered D =6 at 6 meties or 20 English feet, and the types numbered 1) =06
at any distance selected by himself, with each eye separately and without
glasses, he will be considered fit.

1013e. If a candidate cannot read with each eye separately, without glasses,
Snellen’s types marked D =36 at a distance of 6 metres or 20 English feet, i.e.
if he do not possess one-sixth of Snellen’s standard of normal acuteness of vision,
although he may be able to read the types D =06 at some distance with each
eye, he will be considered unfit,

1013d. If a candidate can read with each eye separately Snellen’s types
numbered D'=36 at a distance of 6 metres or 20 Englizh feet without E’Iﬂ."-‘-l:'..,
but cannot read them beyond that distance, i.e. if he just possesses one-sixth of
normal acuteness of vision, and his visual d+'h¢1t-'m:!- is due to faulty refraction,
lie may Le passed as fit, prov ided that, with the aid of cerrecting glasses, he can
1ead Snellen’s type 1) =6 at 6 metres or 20 English feet, with one eye, and at
least Spellen’s types D =12 at 6 metres or 20 Lu'flhh feet, with the other eye ;
and, at the same time, can read Snellen’s type marked D= 08 with one or both
eyes, without the aid of glasses, at any distance the candidate may select.

Squint, inability to d:ﬂhnguhh the pripcipal colours, or any morbid condi-
tion, subject to the risk of aggravation or recurrence in either eye, will cause
the re-_'ectmu of a candidare.

Quality of Sight of Right Eye necessary for Militia Recruits.—
It is laid down in the ‘Regulations for the Militia, War Office,
1883, as regards the Il]l*l]i{"ll] examination of recruits (Part 1, sect. 3,
page 32 ), that one of the principal points to be attended to is,
‘ that his (the recruit’s) vision is good, or at least sufficiently good
to enable him with his right eyve to discern objects clearly at nct
less than 300 yards.” No particular size of object is specified in
these Regu]atmus nor is any visual limit mentioned as regards the
left eve

Q
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Indian Government Services.—T'he rules affecting candidates for
the various branches of the Indian Government Serviee have been
already mentioned under their separate headings in Ch. IX. They
are exl}lmmﬁd in detail in a pamphlet t‘n‘rn]w] ‘ Regulations as to
Defects of Vision which Disqualify Candidates for Admission into the
Civil or Military Government Services. By Sir J. Fayrer, K.C.S.1.
LL.D., F.R.S., &c., President of the Medical Board, India Office.
9nd Edition. London: J. and A. Churchill, 1887.

Quality of Vision necessary for Officers and Men of the Royal
Navy and Royal Marines.—The following directions to medical
officers in regard to the examination of thv quality of vision pos-
sessed by men or boys seeking admission into the Naval Service or
into the Royal Marines are ]:ud down in the ¢ Queen’s Reguhtlun‘:
and Admiralty Instroctions (187 9).” The medical officer is ordered
to observe whether the person’s eyvesight is defective, and if it
should bhe so to such an extent as might, in the opinion of the
examining officer, disqualify him for the efficient discharge of the
duties that would devolve on him, he is to report him unfit for the
service, Heis further instructed. (par. 1074) that ‘ the eyes should
be clear, intelligent, expressive of health, and the eyesi icht good.’
In the suecceeding paragraph of the * Instructions’ {par. ]U;*J}. it is
laid down that  persons of whatever class or age, who are found to
be labouring under certain physical defects, are to be considered
unfit for Her Majesty’s “ﬂ?l"l.l{*f*," and among these defects i is men-
tioned ‘ blindness or defective vision in one or both eves’ The
following directions also oceur in the same code of H:Hruhltmns
“ Whenever tfest-types are supplied, the power of vision of l?ru:'h
eye separately, as well as together, is to be ascertained ; but before
finally 1{,11:1:#111-? a person who has failed to read the h'prf-s he is to
be tested with objects familiar to him, and at distances cm'leq]‘ondlng
to the sizes of the objects, as the inability occasionally arises from
other * causes than defective ” sight. W hen the Sttrht is found de-
fective, the particulars are to be recorded in the n-glafur of physical
examination when required to be kept, how far short of the normal
distances given in the test-types could the letters or figures be seen,
and, where one is more defective than the other, the limit of good
vision of each eye is to be noted.’

It is all the more important that naval officers and seamen should
possess normal acuteness of vision, inasmuch as the use of cor-
recting glasses is less admissible under the conditions of sea life
than it is among officers and men engaged in ordinary military
duties on land.

Rules for determining Visual Competency in the German
Navy.— The fitness of candidates in the Navy of Germany is deter-
minéd by the degree of visual acuteness, and the capability of its
correction by Hllltclhlf‘ spectacles in case it is below the normal
standard. The Tmperial Adwiralty Orders (June 26, 1872) are
to the following effect :—
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1. The acuteness of vision is to be tested by Snellen’s test-types. When the
types can be read at the denominated distances it is to be considered
normal, or=1, The certificate must state clearly the result of this ex-
amination.

2. If the acutenezs of vision be not normal, the surgeon must determine by
ophthalmoscopic examination whether there is any organic disease of the
inner parts of the eye. If there be, the candidate is to be considered
unfit.

3. In the ahsence of organic disease of the eve, the following limits are to ha
adhered to:

() b;mdldateq who recognise Snellen’s types at 1 of the denominated
distance, i.e. whose “visual acutenessis = 5 are to be considered fit
for the naval service.

(h) Candidates who recognise the types at distances between £ and 1 of
the normal distance, can be admitted, provided it is pr-:ned I_w
the application of spectacles, that their diminished visual power 13
perfeetly corrected by their help.

(¢) Candidates whose visual power is only 3 or less, are to be considered
unfit for the naval service.

Ji=t

Degree of M., Deficiency of Visual Acuteness, ete.,, which exclude
from Military Service in Foreign Armies.—The degrees of ametropia
and amblyopia which exclude men from military service, or which
exclude from service in particular parts of foreign armies, vary in
different countries. They have been considerably modified in most
of them of late years, and the rules shown in previous editions of this
Manual are now altered in many particulars. In some countries
the rules regarding the degrees of the disqualifying defects,
and also regarding the methods by which they are to be deter-
mined, are now laid down with much minuteness and precision.
A study of the various regulations regarding visual defects and the
modes of testing them will be found to be ‘.'5-1'1;'1115t1*ucm'e. I have
obtained copies of the most recent orders on these subjects in the
principal armies of Europe, and in collecting them Dr, [rml Lector
on Military Surgery and Hygiene in the University of 'Lmbtmdam,
has afforded me valuable assistance.

Holland.—In Holland, Dr. Gori informs me, the Royal Act of
November, 1883, decrees that M. =25 D and upwards of the
right eye in case the left eye is normal, and 7 D and upwards of
the left eye in case the right eye is normal, renders a conseript
unfit for service. The n]-wrve of M. is to be determined after
mydriasis by atropine !:|1ﬁ1n'1t1‘l':{}ll.‘ll hydrobrom. 2 per cent.), or by
a refraction ophthalmoscope.

H. (total hypermetropia) = 6-0 D of right eye, in case the left
eye is normal, and H. = 9:0 D, or higher of the left eye, in case the
'I‘lﬂ‘ht eye is normal, also unfit for military service.

Ast. to such an amount that V. {rmlal acuteness) is rednced to
less than Lth in the right eye, the left being normal. or to less than
s th in the left eye, the right eye being Ilﬂl‘ll'ld} entails unfitness
for service in the army.

The rules are different for the volunteers of the military service.

Q2
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By the Act already quoted, volunteers using portable firearms must
have V. (visual acuteness), without glasses, not less than {ths for
the right eye, or 4 for the left eye.

In case volunteers cannot fulfil the above requirement, owing
to M. or H., they are admissible for service, if under 20 years of
age, with M. =1 D, or if over that age with M. = 1-5D; and
with Hm. = 1-0 D if under 20 years of age, and with Hm, = 2-0 D
if beyond that age; provided that V. after correction by glasses
is rendered distinctly =

Medical cadets and candidates for army commissions who do
not require acute distant vision are admissible if V. of one eye is
not less than #ths, and of the other not less than 1; or with V. of
one eye Pqual to l1 and V. not below ird of the other. In case
of M. being the cause of the deficiency of V., medical cadets and
candidates are admissible with M. = 3:0 D, or, in case of H. being
the cause, with H. not exceeding 2:0 D, provided V. is rendered
— 1| by correction with glasses.

France.—In accordance with the insfructions of the French
Army Sanitary Council (Conseil de Sunté des Armées), of February
27, 1877, on the diseases or faults of conformation which unfit
for military service, whatever the nature of the lesion may be,
if it reduces V. to 1th in the two eyes, or in the right eye, or to
+sth in the left eye, or caunses a diminution of about a half of the
temporal angle of the field of vision, it renders the subject unfit
for military service in the French army, unless, being the result of
simply refractive defeet, it can be cor rected by ﬂ']ﬂSEf.S

M., however, higher than 6-0 D, or cnmpllmted with muscular
or qccmnmﬂdatﬂr} insufficiency, or with lesion of the ocalar fundus,
renders the subject of it unfit for service in the army. In the
auxiliary service, M. between 6:0D and 9:0 D is a cause of unfit-
ness. The degree of M. must be determined by the optometer or
by the ophthalmoscope.

H. renders unfit for service whenever it causes V. to be below
4th in the right, or 45th in the left eye. The determination of
H. suffices ; it is not necessary to specify the degree. The upright
image of the fundns must: be clearly visible, without dilatation of
the pupil, by the aid of an ophthalmose opic mirror at a distance of
from 4 to G inches from the eye. In the auxiliary service H. which
lowers V. below 1th is a cause of unfitness, even though capable
of correction by glasses.

Ast., like H., renders unfit for service whenever it causes V. to
be be luw 1th the right, and [:th in the left eye.

By decree of May 13, 1877, the use of ﬂ:}‘lﬁ{_t-&l{"lt"s by soldiers in
the ranks was |*e|mlt’rul and in 1879 a certain number of pairs
of spectacles were officially sent to ﬂlﬂ'vunt' corps of the army.

Germany.—In the German army a reduction of V. to ’th or
below, causes permanent unfitness for military service in l‘l?{'llli.{h,
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reduction of V. in both eyes to 1, or less, but not as low as 1th,
allows recruits to be condltmrm]h fit. M., when the distant pmnt
of the better eye is 0-15 m, (b in.), or 1{--,*\ even though V.
normal at and within this distance, renders recruits parmmentlﬁ,
unfit ; M., with a distant point of more than 0-15 m., when V.
after correction by glasses is more than half normal V., allows con-
ditional fitness. Blindness of either eve 18 a cause of unfitness,
Examination of V. in the recruiting service is, as a rule, to be by
sight-tests, and Snellen’s test-types are to be used till further
orders, The results are to be expressed as regards V. in non-
reduced fractions (1) or 3§, not & or 1).

- As regards drilled soldiers, and men entitled to penai:‘m,
reduction of V. in both eyes, if less than 1, but more than 1, of
normal V., causes unfitness for field service ; reduction of V. in | the
better of the two eyes to 1 or less causes T b for field
and garrison service. Blindness of one eye causes also unfitness
for field and garrison service.

No special rules are laid down as regards H. or Ast,

A War Ministry Order of July 15, 1881, makes known to
medical officers that garrison-hospitals can be supplied with bi-
concave or bi-convex spectacles for troops of the infantry, and
spectacles with thread-covered steel frames for mounted troops, in
a case at 2} marks (about 2s. 6d.), or, with postage, 2-9 marks
(nearly 3s.).

Itsl.ljr —The Royal Decree of September 26, 1881, by which
the previous list of infirmities exempting {mm rmllhw service
was modified, rules that reduction of V. ird of the normal
in the 11ght eye, or to [Ath in the Ief't ey e, althongh V. in
the right eve is up to the normal, if caused ln organic lenget-, or
incurable disorders of the globe of tllc eve, 111mpfmlt1te=; for military
service in the army of Italy. The existence and degrees of the
defects must be established in a military hospital, must be recog-
nised to be irremediable, and their nature must be specified I_J:_r a
medical officer skilled in their diagnosis. By normal vision is
understood the V. which per rmfs ﬂl}.]ects to be dlstmgmf-'»heﬂ under
a visual angle not larger than 5'.

M. = 6:0 D or higher in the right eye, when accommodation
is paralysed, incapacitates for military service.

Hm., such that with Acec. intact, and with the naked eve, there
is not the power, under binocular vision, and at a distance of
0-30 m. (12 inches), to read printed characters of one millimetre
in height, or to distinguish signs and objects of like dimensions ;
and that, with Ace. paralysed (total H.), amounts to 6-0 D in the
right eye, exempts from military service.

Ast., such that V.in the right eye is reduced below ird of
normal V. ., also renders unfit for mlllhn service.

The existence and degrees of the refractive defects above
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mentioned must be certified in a military hospital after employing
all the scientific means available, mcludmg ophthalmoscopic obser-
vation and., when needed, atmpnm ition.

As regards refractive defect, whatever may be its degree, if the
left eye only is involved, it does not cause exemption from military
gervice.

Austria.—The Austrian Recruiting Regulations of 1883 (* In-
struktion zur aerztlichen Untersuchung der Wehrpflichtigen,’
Wien, 1883) give more precise directions as regards visual limits
of fitness for military service than previous regulations on the
subject. The necessary visual power (V.), which was before af
the discretion of individual examiners, is fixed by them. It
iz mentioned in them that Snellen’s types and UhJEEtfa metrically
numbered, have been introduced as sight-tests.

Reduction of V., but leaving more than one-half of normal V.,
does not incapacitate men for military service who are fit in other
respects ; reduction of V., but leaving more than 1 normal V. in
the right eye, accmnpanu,d by reduction of V. to less than &, or
even to A Lth of normal V. in the left eye, incapacitates for gene1‘1l
]111]11511‘? service, but does not uma]:-'lmtate for the Purveyi mg and
Clothing Depaﬂnwnh and certain other portions of the army ; re-
duction of V. to less than % in the better of the two eves 111cap1c1-
tates for military service, but only after subsequent confirmation.

M. with a distant point of distinct V. at 12 inches from the

eye, or beyond, does not cause unfitness for military service. M.
with a distant point limited to 8 inches, if V. is good, though
rendering unfit for general military service, does not incapacitate
for service as medical officers, dispensers, in . the clothing and
administrative departments, or as one-year volunteers. M. with a
far point of 12 inches or less, if the man is able to read printed
letters, or recognise figures of 1 ird of a Vienna line in height and
breadth at any ‘distance from The eve when w ealmg concave 4-inch
spectacles, defermines unfitness for military service. If the man is
able to read the test-objects under these conditions, he gives a posi-
tive proof that he is myopic beyond the limit of ﬁtness, i.e. beyond
—]-',?th. If, although myopie, the man cannot read the print with the
—4'" spectacles, he is to be sent to a military hospital for further
scientfific examination.

H. of such a degree that the man is able to read printed
letters, or recognise other characters of 1 Vienna line in height, and
of corresponding breadth, at a distance of more than 12 incheg from
the eye when wearing +[}” spectacles, unfits for service. Ex-
perience has proved that hypermetropic persons can comply with
this test only when their H. is above !th. If the hypermetrope
cannot satisfy this test, further special examination is to be made
at a military hospital, 1If H. is not so high in degree as }th, it
does not cause unfitness for military service,

Strabismus affecting either eve, if its central visual power is less
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than } of normal V., determines unfitness ; strabismus affecting the
left eye, if its visnal power is more than 4 of normal V., does not
cause unfitness for 111i|itéa,1'_1;' service.

Belgium.—The latest Belgian Regulations determine that reduc-
tion of V. in the right eye to 1rd Gi normal V. causes E“uﬂlnl}tlﬂll
from military service. Reduction of V. even below this limit in the
left eye, by itself, does not cause exemption. Blindness of either
eye cmme:, unfitness for military service in the Belgian army.

M. of right eve, after F"t.l"'r.l"-'“lb of Ace., = 6°0 D or aboy e, canses
unfitness for military service. M. of even higher degree, in the
left eye, does not by itself warrant exemption from service.

H. of right eye, after p*u‘alj, sis of Acc., =060 D or above, causes
unfitness for military service. H. of even higher degree in the
left eye does not by itself warrant exemption from service.

Strabismus, with considerable contraction of the visual field,
exempts from m;htarv Service.

Switzerland.—The Swiss Ar my Regulations lay down the rules
that the minimum of V. for the 'utlllmr is 1; for the infantry is
#ths ; and for all other troops is 4 of normal V. All men in whom
deficiency of V. may be corrected by ordinary + or — spherical
glasses, and brought to a standard of 2 up to normal V., ave ruled
to be fit for 1]11111::11‘}' service. They are permitted to wear spectacles.
V. less than } incapacitates for service, excepting as regards medical
officers, in whom V., = I is tolerated. Whenever V. in one eyeis
normal, V. inthe other may be as low as Lth ; but, unless the eye with
normal V., is the right eye, snch men ¢ cannot be emplowd as riflemen,

Either M. or 1. of higher degree than 4-0 D excludes from
service in infantry or (:"u.z-nh-}'z even although it admits of correc-
tion by glasses,

Ast. is judged under the general rules for V.

Denmark.—The rules in the Danish army are the following :—

V. below 1th (%% Snellen) incapacitates for military service.

M. up to 92-95 \D for combatants, and from 250 D to 500 D
for other troops, dﬁﬂs net 111en;:-ac1tate for military service ; above
500 D unfits for service,

H. up to 4-50 D for combatants, above this degree for other
troops, lﬂﬂill‘:ﬂﬂl!.lh‘% for military service.

Ast. is judged by the standard of visual acuteness.

Spain and Portugal. —In the Portuguese army. M. of such a
degree that the man can read or d l‘:tll'li“‘ul':-}'l. small objects at a dis-
tance of 0-25 m. (10 in.) with glasses u[' — 80 D, or higher, and
can see distant objects through ﬂ‘l:lS&(“* of —7-0 D, unfits for military
service. In the Spanish army M., characterised by the pli_'l"'-":.lljlllh'
of reading small printed characters at a distance of 0-35 m. (14 in.)
with glaswq of —60 D, and being unable to n:harmgm'-h them
with —2:0 D, exempts from military service. No precise rules
appear to be laid down as regards H. or Ast. in the Regulations of
“either the Spanish or ]_}mtu{ruvw armies,
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ABR

ABBREVIATIONS of optical terms, 56
Aberration, chromatic, 27

— spherical, 27

Abnormal presbyopia, 132
Accommodation, 122

— and convergence, 129

— act of, 123

— demand for, 123

— funection of, 125

— loss of power of, 132

— measure of, 126

— mechanism of, 124

— power of, 125

— range of in preshyopia, 132
— region of, 128
Accommodatory exertion, 125
— power of the eye, 125
Achromotopsia, 144

Aequired hypermetvopia, 74
Acuteness of colonr-sense, 147
— of vision, 153

-— — measurement of, 155

— — normal, 153

— — relative, 155

Snellen’s standard of, 158
Aim, binceular, 53

— monocular, 53

Aiming, 52

— alignment in, 53

— drill, 52

Alertness of vision, 154
Alignment ip aiming, 53
Amaurosis, 167

Amblyopia, 167

— causes of, 167

— definition of, 167

— diagnosis of, 169

— disqualifying degree of, 200
— symptoms of, 169

— to distingnish from myopia, 198
Amblyopic colour-blindness, 153
Ametropia, 57

— in Continental armies, 207
Amount of astigmatism, 89
Angle, retinal, 11

— visual, 10

BLL

Anisometropia, 58

Antimetropia, 58

Apparent size of an object, 15

— strabismus, 138

Assessment of refraction, objective,
105

Asthenopia, 173

— accommodatory, 175

— canses of, 173

— definition of, 173

— diagnosis of, 174

— maotor, 175

— symptoms of, 173

— treatment of, 176

Astigmatic fan, 92

— — circular extension of, 93

— vision, 87

Astigmatism, 83

— amount of, 89

— and military service, 103

— caunses of, 83

— correction of, 98

— definition of, 83

— diagnosis of, 90

— diffusion of images in, 88

— disgualifying degree of, 199

— estimate of, 89

— examples of, 96

— irregular, 102

— normal, 83

— objective diagnosis of, 121

— regular, 33

— symptoms of, 86

— varieties of, 95

Axis, optie, &

— visual, 5

BI-CONCAVE lenses, 19
Bi-convex lenses, 19
Bi-cylindrical lenses, 30
Binocular aim, 53

— field of vision, 12

— vision, 3

Blindness of one eye, 210
— snow, 170
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Brightness of objects at different dis-
tances, 15

Bull's-eyes and centres of targets, 182

— — of targets, sizes of, 183

CavsEs of asthenopia, 173

— of hypermetropia, 74

— of presbyopia, 131

— optical, of emmetropia, 59
— — of myopia, 61

Central acuteness of vision, 155
Chromatic aberration, 27
Cireles of diffusion, 62

Circular test-dots, 180

— W.0. of September 1887, 225
Colour-blindness, 144

— — amblyopic, 153

— — causes of, 146

— — congenital, 145

— — diagnosis of, 147

— — disqualifying effect of, 151
— — Holmgren's test of, 148
— — lantern test of, 150

— — and military service, 151
— — and naval service, 152

— — symptoms of, 145

— —— varieties of, 145
Colour-sense, acuteness of, 147
— — defects of, 145

Coloured vision, 153
Composition of lenses, 37
Coneave lenses, 19

— lens, power of, 35
Conecomitant strabismus, 139
Continental armies, ametropia in, 207
Convergence and accommodation, 129
Convergent strabismus, 137
Convex lenses, 19

— lens, power of, 35
Correction of astigmatism, 98
— of myopia, 68

Counterfeit myopia, 69
Counting test-dots, 180
Cylinder, prineipal features of, 29
Cylindrical lenses, 28

— — bi-concave, 28

-— — hi-convex, 23

- — plano-concave, 29

— — plano-convex, 29

— — simple, 28

—_— ﬂphﬁm-mn{;m’n, a0

— — sphero-convex, 30

— — tests of, 31

— — varieties of, 28

— lens, action of, on light, 30
— — power of, 35

DeriNiTION of amblyopia, 16

— of achromotopsia, 144

— of accommodatory power of the
eye, 122

EMM

Definition of asthenopia, 173
— of astigmatism, 33

—- of *circles of diffusion,’ 62
— of colour-blindness, 144
— of emmetropia, 59
— of *field of vision,” 11
— of *finite rays,’ 18

— of hemeralopia, 169
— of hemiopia, 171

— of hypermetropia, 73
— of 'infinite rays,’ 17
—— of ‘infinity,” 1T

— of lenses, 19

— of myopia, 60

—- of nyctalopia, 170
— of oversichtedness, 7.
— of ¢ pencil of rays,” 6
— of perfect vision, 2
— of preshyopia, 130
— of prisms, 31

— of ‘radiation,” 6

— of * ray of light,’ 6
— of scotoma, 172

— of shortsightedness, 60

— of strabismus, 137

— of ¢ vizual angle,’ 10
Degree of hypermetropia, 80
— of myopia, 67

Diagnosis of asthenopia, 174
— of astigmatism, 90

— — ophthalmosecopie, 111
— of colour-blindness, 147
— of defects of vision, 190
— of emmetropia, 59

— of hypermetropia, 78

— — ophthalmoscopie, 110
— by keratoscopy, 120

— of myopia, 65

— — ophthalmoseopie, 110
— of oversightedness, 78

— of preshyopia, 133

— of shortsightedness, 65
Ditfusion, circles of, 62

— images in astigmatism, 88
Dimsighredness, 177
Diplopia, 5

— images homonymous, 4
— images crossed, 5

— and strabismus, 139

Dizqualifying visual effects, 199

Distance, art of judging, 50
Divergent strabismns, 137
Double coneave l2n-es, 14
— convex lenses, 19

— vision, 5

Truplex-focal syectacles, 45
Dyschromotopsia, 144

EMMETROPIA, 59
— definition 2f, 59



EMM

Emmetropia, diagnosis of, 59

— objective diagnosis of, 110

— optical conditions in, 59
Equiconcave spectacles, 19
Equiconvex spectacles, 19
Estimate of astigmatism, 89
Ezaggeration of myopia, 68
Exzamination, visual, of recruits, 159
— — of soldiers, 195

Eye, accommodatory power of, 125
— assumed blindness of, 217

— lateral illumination of, 196

— left, aiming with, 217

— loss of sight of one, 210

— movements of, 13

— optical examination of, 2

— protectors, 47

— range of motion of, 15
Eyeglasses, 42

— single, 42

Eyes, assumed visoal defects of, 217

FI1eELD of view, 14

— of vision, 11

— — binocular, 12

— — determination of, 13 -

— — limits of, 12

— — monocular, 11

— — objects in, 15

— — shape of, 13

Finite rays, 18

Focal adjustment, varieties of, 57

— — distances of lenses, 24

Formula for range of accommeodation,
126

Franklin glasses, 45

Fraud, detection of, in alleged defects
of vision, 217

Function of accommodation, 125

GLAsS, crown, for spectacles, 37
Glasses, duplex focal, 45

— eye, 42

— Franklin, 45

— pantoscopic, 42

— periscopic, 43

— prismatic, 48

— spherical, imperfeciions of, 43
— stenopceic, 49

Goggles, 47

— issued to troops in Egypt, 48

HAIR-WIRE optometer, 156
Hemeralopia, 169

— definition of, 170

— simulated, 170
Hemiopia, 171

— definition of, 171

INDEX 23

LEN

Hypermetropia, 73

— absolute, T8

— acquired, 74

— degree of, 80

— diagnosis of, 78

— facultative, 78

— latent, 77

— lens for eorrection of, 81
— manifest, 7T

— and military service, 82
— objective diagnosis of, 110
— optical causes of, T4

— relative, 78

— remote canses of, T4

— symptoms of, 75
Hypermetropic strabismus, 76
— vision, T5

Hypometropia, 57

ILLUMINATION, lateral, of eye, 196
— of ohjects, 15

Images, crossed, 4

— formed by lenses, 36
— homonymouns, 4

— in =sirabismus, 141

— on retina, 3

— retinal, inversion of, 9
— — sizes of, 11

Infinite rays, 17
Isometropia, 58

JAGER'S test-types, 157
Judging distance, 50
— — drill, 224

— — importance of, 50
— — practice of, 51

— — by sight, 50

— — by sound, 224

EERATORCOPY, 115

— arrangements necessary for, 116
— — appearances in, 117

— goncave mirror, 116

— correction of ametropia by, 211
— diagnosis by, 119

— estimate of ametropia by, 119
— in military practice, 116

— nature of, 118

— plane mirror, 121

-

LATENT hypermetropia, 77
Lateral illumination of eye, 196
Law of visible direction, 9
Lens, aperture of, 26

— concave, power of, 24

— convex, power of, 24

— cylindrical, power of, 35
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LEN

Lens, optical centre of, 21

— power of a, 24

Lenses, 19

astigmatic, 28

— bi-concave, 19

— bi-convex, 19

— bi-gylindrical, 30

— pentres of eorvature, 20

— composition of, 37

— goncave, 149

— converging, 19

— ponvex, 19

— cylindrical, 28

— deseription of, 21

— diverging, 19

— donble coneave, 20

— — convex, 20

— doodecimal system, 23

— daplex focal, 45

— focal distanees of, 24

— fur correcting myopia, 68

— for correction of hypermetropia,
81

— for spectacles, 40

— — adjustment of, 41

— images formed by, 37

— meniscus, for spectacles, 44

— metrical system, 23

— numeration of, 23

— qualities of, 21

— quartz, how to distinguish, 38

— — or pebbles, 37

— ready tests of, 34

— spherico-cylindrical, 30

-— tinted for spectacles, 46

— {rial case of, 33

Light, permeability to, T

— radiation of, 6

— reflection of, 8

— refraction of, 8

— transmission of, T

Loss of sight of one eye, 210

MANIFEST hypermetropia, 77

Marksmen, vision essential for, 201

Measure of accommodation, 126

— of deviation in strabismus, 142

Measurements, symbols for expressing,
i

Military service and shortsightedness,
73

Monoeular aim, 53

— — purpose of, 54

— field of vision, 11

— vision, 2

Movements of the eye, 13

Myopia, 60

— and military service, 73

— causes of, 61

— correction of, G8

PER
Myopia, counterfeit, 69
— definition of, 60
— degree admitting recruits, 186
— degree of, 66
— diarnosis of, 65
— disqualifying degree of, 199
— exagzgerated, 63
— Genl. Sir C. Napier's, 210
— objective diagnosis of, 110
— over-correction of, 69
— simulated, 63
- symptoms of, 61
— with presbyopia, 135
Myopes, acuteness of vision in, 202
— at rifle instruc ion, 207
— effects of twilight on, 2035
— visnal difficalties of, 205
Myopiec strabismus, 64
— vision, 60
— — special degrees of, 204

NEAR-SIGHTEDXESS, 60
Nephelopia, 177

— from keratitis or iritis, 177
Night-blindness, 169

KNormal vision, 2

Numeration of lenses, 23

— — duodecimal system, 23
— — equivalents, 26

—-- — metrical system, 23

— — two systems compared, 24
Nyctalopia, 170

— nature of, 171

OpJEcTS, brightness of at different
distances, 15

— illumination of, 15

-— in visunal field, 15

— motion of in visual field, 16

Ocular diagnosis, objective, 1035

subjective, 104

— movements, 14

Ophthalmoscopes, refraction, 111

— — use of, 112

Optical examination of eve, 2

Optic axis, b

Optometer, hair-wire, 156

Optometers, 155

Optometric test-objects, 156

Over-correction of myopia, 63

PAaxTOSCcOPIC spectacles, 42
Paralytic strabismus, 141
Pencil of rays, 6
Perimeters, 12

substitutes for, 13
Periscopic spectacles, 45
*ermeability to ligl
Permeability to light,




PRE

Presbyopia, 130
abuunual 132

— accommaodation in, 134

-— canses of, 151

— correction of, 134

— definition of, 130

— degree of, 134

—- d’agnosis of, 133

— - optical eonditions of, 151

— symptoms of, 133

— visunal changes in, 152

— with hypermetropia, 135

— with myopia, 135

Prismatic spectacles, 48

Prisms, ophthalmic, 31

— qualities of, 31

— refracting properties of, 32

QuaniTY of sight for Indian Civil
Service, 213

— — — Medieal service, 215

— — — Marine service, 216

— — for Line Officers, 211

— — for Medical Staff, 214

— — for Militia, 225

— — for other Indian Government
Departments, 214

— — for Royal Artillery, 215

— — for Royal Engineers, 215

— — for Royal Marines, 226

— — for Hoyal Navy, 216

—- — for School of Musketry, 223

— — required in reeruits, 159

— — — in soldiers, 195

Quartz for spectacles, 37

— to distinguish from glass, 38

RADIATION of light, 6

Range of accommodation, 128

— — and power of vision, 125

— — formmla for expressing, 126

Rays, converging pencil of, 6

— diverging pencil of, 6

— finile, 18

— infinite, 17

— parallel, 6

Ready tests of lenses, 34

Recruits, visual examination of, 189

— — standard for, 186

— test-dots, 180

Rectangular test-dots, 181

Reflection of light, 8

Refraction of light, 8

-— ophithalmoscopes, 111

— — uze of, 112

Region of accommodation, 128

Regulations, viswal, Austrian army,
230

— — Belgian army, 231

INDEX 237

SPE

LRegnlations, visual, Dutch army, 227
— — French army, 228

— — German army, 228

—- — [talian army, 229

— — Portuguese army, 231

~— — Npanish army, 231

— — Bwiss army, 231

Relative acuteness of vision, 155
Hetina, inversion of images on, 9
Retinal angle, 11

— images, 9

— — crossed, 4

— — homonymous, 4
Retinoscopy, 116

ScoToMA, 172

— central, 172

— excentrie, 173

Shooting at long ranges, 55

Bhortsightedness, €0

— Genl. Bir C. Napier's degree of,
210

Sight for long ranges, 55

— loss of, in one eye, 210

— normal, nature of, 2

— quality of. for Indian Government
Civil Services, 213

— — for Indian Mediecal Service, 215

— — for Indian Navy, 216

— — for Line Officers, 211

— — for Medical mtaff, 214

— — for Militia, 225

— — for Royal Artillery, 215

— — for Royal Engineers, 215

-—— — for Roval Marines, 216

— — for Royal Kavy, 216

— — for School of Musketry, 216

Sight-tests, Burchardt’s, 160

Simulated blindness of one eye, 217

— defective vision of both eyes. 222

— defects, mv des of detcctmn 218

— exaggeration of myopia, 221

— myopia, 63

=ize of an object, estimation of, 11

snellen’s test-types, 158

— types, metrical, 160

Snow-blindness, 170

Ruﬁlen power of sight essential for,

1

— visual examination of, 195

Spectacles, 40

— arrangement of, 40

— bualk and weight of, 40

— crown glass, 37

— distance of, from eyes, 42

— duplex-focal, 45

— equi-concave, 43

— equi-convex, 43

— frames of, 42

— necessary qualities of, 41
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Spectacles, pantoscopic, 42

— pebble, qualities of, 38

— periscopic, 43

— prismatiec, 48

— quartz, 38

— stenopeie, 49

— tinted lenses for, 46

— use of, at rifle practice, 208

— use of, by British soldiers not sane-
tioned, 208

— — by commissioned officers, 210

— — by French soldiers sanctioned,
228

— — by German soldiers in war of
1870-71, 209

Spherical aberration, 26

Spherico-cylindrical lenses, 30

Stenopeeic holder, 49

—- hole, 48

— slit, 49
spectacles, 49

stereoscope, 219

Strabismus, 137

— and unhtan service, 143

— apparent, 138

— goneomitant, 139

— convergent, 137

— definition of, 137

— deviation in, 137

— divergent, 137

— effect of prisms in, 33
- forms of, 137

— hy permel;rclpir:, 76

-— images in, 76

— impaired vision with, 140

-— measure of deviation in, 142

— myopic, 64

— paralytie, 141

~— primary deviation, 142

- secondary deviation, 142

— treatment of, 143

Strabometer, 49

“trengthening sight for sho ting, 55

Buspected exaggemtmn of myopia,
221

Svmbols for expression of messure-
ments, 5T

Symptoms of astigmatism, 86

— and diagnosis of amblyopia, 167

— of aatllcnupm, 173

-— of hypermetropia, 75

— of myopia, 61

— of presbyopia, 153

— of shortsightedness, 61

TARGET bull's-eyes, 1582
— — visual angles of, 183
— centres, 182

— ligures, 183

VIS

Target figures for range practice,
183

— — visunal angles of, 184
Test-dot card, 189
Test-dots, application of, 188
— — circular, 186
— — — at & feer, 187
— — — at 10 feet, 186
— — counting, 180
— — for military purposes, 180
— — for recruits, 188
— — rectangalar, 181
— — rules for use of, 188
— — visnal guality shown by, 186
Test objects, optometrie. 155
Tests for astigmatism, 90
Test-types, Jiger's, 1567
— — in military practice, 163
— — Snellen’s, 158
— — their uses, 163
Tinted lenses for spectacles, 46
Tourmaline forceps, 39
— — application of, 38
Trial lenses, 33

VARIETIES of astigmatism, 95
View, field of, 14

Visible direction, law of, 9
Vision, acuteness of, 153

— alertness of, 154

— astigmatic, 87

— binocunlar, 3

— colouved, 153

— dounble, 5

— field of, 11

— — binoe¢nlar, 12

— — measurement of, 12

— — monocular, 11

— for soldiers in the ranks, 201
— for Indian Civil Service, 213

— — Medical service, 215

— hypermetropic, 75

— monocular, 2

— myopic, 60

—— necessary for marksmen, 201

— — for officers, 209

— normal, 2

Visnal acuteness, central, 155
— measurement of, 165
— normal, 153

— — quantitative, 154

— — relative, 155

— angle, 10

— axis, b

— examination, 189

— — aprliances, 190

— — of soldiers, 195

-— — pressure on eye, 191

— — room for, 190
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Visual examination, spectacles at,
211

— — deception at, 193

— field, objects in, 13

— — — maotion of, 16

— range, commissioned officers, 209

— rerulations in foreign armies, 227

- - — in Austrian army, 230

— — in Belgian armny, 231

— — in Dutch army, 227

— — in French army, 228

239

WEA

Visunal regulations in German army,
228

— — in Italian army, 229

— — in Portuguese army, 231

— — in 8panish army, 231

— — in Swiss army, 231

War Office civeular of Beptember 1887,
225

Weak vision, 166
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Ecovomrc Srupies. 8vo. 105, 64,

LiTErARY Srupies. 2 vols. Svo. 28s.

TuE PosrUrLAaTeES oF Encrrsy Po-
LrricaL Econoary. Crown 8vo, 25, bd,

The BADMINTON LIBRARY,
edited by the DUKE oF BEAUFORT, K G.
assisted by ALFrED E. T. WaTson.

Hunting. By the Duke or Beau-
FORT, K.G. and Mowsray MoORRIS.
With Contributions by the Earl of Suffolk
and Berkshire, Rev. E. W. L. Davies,
Digby Collins, and Alfred E. T. Watson.
With Coloured Frontispiece and 53 Illus-
trations by J. Sturgess, J. Charlton, and
Agnes M. Biddulph. Crown 8vo. 10s. 64,

Fishing. By H. CHOLMONDELEY-
PExNELL. 'With Contributions by the
Marquis of Exeter, Henry R. Francis,
M.A., Major John P. Traheme, G.
Christopher Davies, R. B. Marston, &c.

Vol. I. Salmon, Trout, and Grayling.
With 150 Illustrations, Cr, 8vo. 105, 64,

Vol. II. Pike and other Coarse Fish.
With 58 Illustrations. Cr. 8vo. 10s. 64,

Racing and Steeplechasing. By
the EARL OF SUFFOLK AND BERKSHIRE,
W. G. CravEN, The Hon. F. LAWLEY, §
A. CoveERTRY, and A. E. T. WATS0N.
‘With Coloured Frontispiece and 56 Illus-
trations by J. Sturgess. Cr. 8vo. 10s. 64\

Shooting. By Lord WarsiNxgHAM
and Sir RanrH PavNE-GALLWEY, Bart.
with Contributions by Lord Lovat, Lord
Charles Lennox Kerr, The Hon. G.
Lascelles, and Archibald Stuart Wortley.
With 21 full-page Illustrations and 149
Woodcuts by A. J. Stuart-Wortley, C.
Whymper, J. G. Millais, &c.

Val. I. Field and Covert. Cr. 8vo. 105. 64.
Vol. II. Moor and Marsh. Cr, 8vo. 10:. 64,

Cycling. By Viscount Bury,
K.C.M.G. and G, Lacy HiLLrer. With
19 Plates and 61 Woodcuts by Viscount
Bury and Joseph Pennell. Cr. 8vo, 1os. 64.

Athletics and Football. By
MONTAGUE SHEARMAN. With Intro-
troduction by Sir Richard Webster, Q.C.
M.P. With 6 full-page Illustrations and
45 Woodcuts from Drawings by Stanley
Berkeley, and from Instantaneous Photo-
graphs by G. Mitchell. Cr. 8vo. 105 64\

*.* Other volumes in preparation.

Bagwell. — /RELAND UNDER THE
JTvpors, with a Succinct Account
the Earlier History, By RICHARD BAG=
WELL, M.A. Vols. L. and II. From the
first invasion of the Northmen to the ymf
1578. 2.wvols, 8vo. 32s
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Bain, — Worxs sy ArEXANDER
Bamyt LLD,

MenTar axp Morar ScrenNcE; a
Compendium of Psychology and Ethics,
Crown 8vo. 105, 64,

THE SENSES AND THE INTELLECT.
8vo. 155,

Tiwre Exorions 4xp 7HE WiLr.
8vo, 15s.

Pracricar Essays. Cr. 8vo. 45, 64,

Locic, DEpvcrivE AND INDUCTIVE.
BarT 1. Deduction, g45. Pawt II. -
drction, 05, 67,

JamEes Mirr; aBiography. Cr.8vo. 2s.

Jorxy Srvarr Mirr; a Criticism,
with Personal Recollections. Cr. 8vo. Ix.

Baker— lHorxs By Sik S4amUEL
W. Baker, M. 4.

Eicar YEars iv Cevronw.
8vo. Woodeuts. 55,

Tueg RiFre awp rtHE Hovwnd Iy
CerroN, Crown 8vo, Woodcuts. 35

Bale.—4 H.aiwprpookx ror Sredir
UsERs ; being Notes on Steam Engine
and DPBoiler Management and Steam
Boiler Explosions. By M. Powis BALE,
M.I.M.E. AM.I.C.E. Fcp. 8vo. 2s. 64,

Ball.—Twe Rerormrep CHURCH OF
JRELAND (1537-1886), Bythe Right Hon.
J. T. Bair, LL.D. D.C.L. &vo. 75. 6d.

Barker.—A Sworr Manvar orF
SUrRGIcAL OFERATIONS, having Special
Reference to many of the Newer Pro-
cedures. By A. E. J. BARkER, F.R.C.5,
Surgeon to University College Hospital.
With 61 Woodcuts. Crown 8vo. 125 64,

Barrett.—Excrisii  GLEES AND
Parr-Soncs. An Inquiry into their
Historical Development, By WiLLiam
ALEXANDER BARRETT, 3Svo. 75 64.

Beaconsfield.— Works »vy 7T#HE
EArL oF BeEaconsrrerp, K.G.

Novers anp Tares. The Hugh-
enden Edition. With 2 Portraits and 11

Crown

Vignettes. 1I vols, Crown 8vo. g2r,
Endymion.
Lothair. | Henrietta Temple,
Coningsby., Contarini Fleming, &c,
Sybil, - Alroy, Ixion, &c.
Tancred. The Young Duke, &c.
Venetia, Vivian Grey.

Novers axvp Tares, Cheap Edition,
‘complete in 11 vols, Crown Svo, Is
each, boards ; 1s. 64, each, cloth,
Tae Wir anxp Wisposr oF THE
EARL OF BEACONSFIELD, Crown 3vo.
Is. boards, 15 64, cloth.

Becker.— Worxs BY PrROFESSOR

BECKE Ry transiated from the German by
the Rev, F, METCALF,

Garrvs,; or, Roman Scenes in the
Time of Angustus. Post 8vo. ¥s. 64,

CraricriEs ; or, Illustrations of the
Private Life of the Ancient Greeks,
Post 8vo, 7s5. 64,

Bentley.—A Txr-Book or ORGANIC
MATERIA MEDICA. Comprising a De-
seription of the VEGETABLE and ANIMAL
DrUGs of the BRITISH PHARMACOREIA,
with some others in common use. Ar-
ranged Systematically and especially De-
signed for Students. By RopT. BENTLEY,
M.R.C.5.Eng. F.L.5. With 62 Illus-
trations, Crown Svo. 75 64,

BUUlth ee.—A CoMMENTARY ON THE
39 ArTicLES of the Church of England.
By the Rev. T. P. BourTeEE, LL.D.
Crown 8vo. 6.

Bourne. — [Horxs
BovrnNE, C.E.

CATECHISM OF THE STEAN ENGINE
in its various Applications in the Arts, to
which is now added a chapter on Airand
Gas Engines, and another devoted to
Useful Rules, Tables, and Memoranda,
Illu;tmted by 212 Woodcuts, Crown Svo.
75, O,

HanpBook oF THE STEAMN ENGINE;
a Key to the Author’s Catechism of the
Steam Engine. With 67 Woodcuts. Fep,
8vo, g5,

RecenrT [IMPROVEMENTS IN THE
STEAM ENnGINE. With 124 Woodcuts.
Fep. 8vo. 65,

BY  _JoHN

BOWEH. — Harrow SonNGs AND
oriiER VErses. By Ebpwarp E,

BoweN. Fep. 8vo. 25 64.; or printed
on hand-made paper, gs.

Brassey., — Wozxks sy Laby
BRASSEY.

A VoYAGE 1¥ THE * SUNBEAM, OUR
Houme oN THE OCEAN }OR ELEVEN
MonTHS.

Library Edition. With 8§ Maps and
Charts, and 118 Illustrations, 8vo, 21,
Cabinet Edition. With Map and 66
Illustrations, crown 8vo. 7. 64,
School Edition, With 37 Illustrations,
fcp. 25, cloth, or 35 white parchment
with gilt edges.
Popular Edition, With 60 Tllustrations,
gto, 64, sewed, Is. cloth.
[ Continned on next page.
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Brassey. — Works sy Lapy

BRASSEY—continued,

SUNSHINE AND STORM IN THE EAsT.
Library Edition. With z Maps and
114 Illustrations, 8vo, 21+,
Cabinet Edition. With 2 Maps and
114 Illustrations, erown 8vo, 7. 64,
Popular Edition, With 103 Illustra-
tions, 4to. 6. sewed, Is, cloth,

Inv rivE TrRaDES, THE TROPICS, AND
THE * RoarivG ForTIEs.
Cabinet Edition. With Map and 220
Illustrations, crown 8vo. 75 64,
Popular Edition, With 183 Illustra-
tions, gto, 6, sewed, 1s. cloth,

THREE VOVAGES 1N THE * SUNBEAM,
Popular Edition. 'With 346 Illustrations,
4to. 25 6.

Browne.—Ax ExrosiTioN OF THE

39 ArrrcrEs, Historical and Doctrinal.
By E. H, Browne, D.D., Bishop of
Winchester., 8wvo, 164,

Bryant.—ZEpvcarionar Exps; or,
the Ideal of Personal Development. By
SopHIE BryanT, D.Sc.Lond. Crown
8vo. 6.

Buckle.— Worxs sy Hevry Trosras
B UCKLE,
Hisrory oF CrvirnisATION IN FENG-

LAND AND FRANCE, SPAIN AND ScoT-
LAND. 3 vols. crown 8vo. 24s.

Miscerraneous anp Posrtrusrovs
Works. A New and Abridged Edition.
Edited by GRANT ALLEN. 2 vols. crown
Svo. 215

Buckton.— Horxs v Mrs. C. M.
BocxTon.

Foop anp Homre CookERY.
11 Woodeuts. Crown Svo, 25 64,

Hearrr v rrE Hovse, With 41
Woodcuts and Diagrams. Crown 8vo. 2s.

Our Dwerrives. With 39 Illustra-
tions. Crown Svo. 3s5. 64.

With

Bull.— Worxks By Taomas Buri,

M.D,

Hivrs o Moriers oN THE Max-
AGEMENT OF THEIR HEALTH during the
Period of Pregnancy and in the Lying-in
Room. Fep. 8vo. 11, 64,

Tne MaTervarL MANAGEMENT OF
CHILDREN IN HEALTH AND DISEASE,
Fep. 8vo. 15 04,

| Burrows.— 7wE Fasmiry oF BrocA

Bullinger.—A4 Criricar LEexico
AND CONCORDANCE TO THE ENGLI
AND GREEK New TEsTAMENT. To
gether with an Index of Greek Wo
and several Appendices, By the Rev
E. W. BuLLINGER, D.D. Royal 8vo. 155

OF BEAUREPAIRE AND KRocHE COURT, E
Hereditary Masters of the Royal Buck-
hounds. With some account of the Enghs
Rule in Adquitaine, By MoNTAG
Burrows, M.A, F.5.A. With
Illustrations of Monuments, Brasses,
Seals, &c. Royal 8vo. 425

Cabinet Lawyer, The; a Popul
Digest of the Laws of England, Civil,

Criminal,and Constitutional. Fcp.8vo.gs.

Canning.—Sose Orricrar CorRES
PONDENCE OF GERORGE CAnnivec. Edi-}
ted, with Notes, by Ebpwarp J.
STAPLETON. 2 vols. Svo. 28s,

Carlyle., — Zoaras
WEeLse CARLYLE.

Tromas CArrvik, a History of the
first Forty Years of his Life, 1705-1835.0
By J. A. Froupge, M.A. With z Por
traits and 4 Illustrations, 2 vols. 8vo, 3as

Tromas CArrvre, a History of his
Life in London : fmm 1834 to his death
in 1881. By J. A. FrouDE, M.A., 2 vols
8vo. 32s.

LETTERS AND MEMORIALS OF JANE
WEeLsH CARLYLE. Prepared for pub
lication by THoMAS CARLYLE, and edited
by J. A, FroUuDE, M.A. 3 vols, 8vo. 36s

AND  JANE

Cates. — A  DicrioNary
GENERAL Brocr4ApirY. Fourth Edition
with Supplement brought down to the
end of 1884. By W. L. R. CATEs. 8wa
285, cloth ; 355 half-bound russia,

Clerk.—7wE Gas ZEncive. Byl
Ducarp CLErk. With ro1 Illustrations
and Diagrams, Crown 8vo, 75 64,

Clodd.— 7= Srory oF CrEA TION :
a Plain Account of Evolution. '
Epwarp CrLopp, Author of ¢ The Child
hood of the Wmld *&c. With 77 Illus
trations, Crown Svo. 6s

Coats.—A MaxvaL oF PATHOLOGY
By Josern Coats, M.D. Pathologist!
to the Western Infirmary and the Si
Children’s Hospital, Glasgow. With 339
Illustrations engraved on Wood, 8vos
315, 64,
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Colenso.—7HE PENTATEUCH AND
Boox OF FosHUA CRITICALLY KEX-
AMiNED, By J. W, CorLenso, D.D.
late Bishop of Natal. Crown 8vo. 6s.

Comyn
Tale,

25, Gl

—ATHERSTONE [FRIORV:@ a
By L. N, Comyn., Crown 8vo,

Conder. — 4 HANDBoOK TO THE
BrsrE, or Guide to the Study of the Holy
Scriptures derived from Ancient Monu-
ments and Modern Exploration. By F.
E. CoONDER, and Lieut. C. K. CONDER,
R.E. Post 8vo. 75, 6.

Conington. — Works py Jouwn
Cownixzcron, M.A.

Tuwre AExeip oF Vircrc. Trans-
lated into English Verse, Crown 8vo. gs.

T Poems oF Vircic. Translated
into English Prose. Crown 8vo. gs.

Conybeare & Howson, — 7wE
Lire avp Episties or St. PAUL,
By the Rev. W, J. CONYBEARE, M.A.
and the Very Rev. J. 5. Howson, D.D,

Library Edition, with Maps, Plates, and
Woodcuts. 2 vols. square crown 8vo.
Z2L5.

Student’s Edition, revised and condensed,
with 46 Illustrations and Maps, 1 vol.
crown 8vo. 7s. 64,

Cooke. — TuBLETS OF ANaTOMY.
By THomas Cookg, F.R.C.5. Eng.
B.A. B.Sc. M.D, Paris. Fourth Edition,
being a selection of the Tablets believed
to be most useful to Students generally.
Post 4to. 7s. 64,

Cox. — Tur Firsr CENTURY OF
CurisTraviTy. By HoMmErsHaM COX,
M.A. Svo. 125

Cox.—A GeNeraL History OF
GREECE : from the Earliest Period to the
Death of Alexander the Great; with a
Sketch of the History to the Present
Time, By the Rev. Sir G, W. Cox,
Bart., M.A. With 11 Maps and Plans,
Crown 8vo. 7s. 6d.

# % For other Works by Sir G. Cox,
see ¢ Epochs of History,” p. 24.

Creighton. — Hisrory oF
Papdcy DURING THE KNEFORMATION,
By the Rev. M. CrEIGHTON, M.A.
8vo. Vols. 1. and I, 1378-1464, 325.3
Vols. III1. and IV. 1464-1518, 245

THE |

Crookes, — Sereer MEerHODS IN
CrEMICAL ANALysIs (chiefly Inorganic).
By WiLLiam Crookes, F.R.S. V.P.C.5.
With 37 Illustrations. 8vo. 24s.

Crozier.—Crvirizarion Anxp Fro-
GRESS. By JoHN BEATTIE CROZIER.
New and Cheaper Edition, 8vo. §s.

Crump.—A4 Sworr ENQUIRY INTO
THE FORMATION OF FOLITICAL OPINION,
from the Reign of the Great Families to
the Advent of Democracy. by ARTHUR
CRUMP. &vo. 75 6.

Culley.—H.uwvpsoox oF PRACTICAL
TELEGRAPKY, By R. 8. CULLEY,
M. Inst, C.E. Plates and Woodcuts.
&vo, 16s.

Dante.— 7wz Divive CosMEDY OF
Dante ALrciieri. Translated verse for
verse from the Original into Terza Rima,
E}' JaME5 INNES MINCHIN, Crown
Svo. 155,

Davidson.—Axy Iyrropucrion 10
THE STUDY OF THE NEW TESTAMENT,
Critical, Exegetical, and Theological.
By the Rev, 5. Davipson, D.D. LL.D.
Revised Edition. 2 vols. 8vo. 3o0s.

Davidson.— Works By WiLLidar
L. Davipson, M.A.

Twe Locic or Derivivioy Exs
PLAINED AND ApPeriepn. Crown 8vo. G5,

LEADING AND TMPORTANT ENCLISH
HWorps EXPLAINED AND EXEMPLIFIED,
Fep. 8vo. 35 64,

Decaisne & Le Maout. — 4
GENERAL SYSTEM OF Boraxy. Trans-
lated from the French of E. LE MaoUT,
M.D., and J. DEecaisNg, by Mis.
HookER ; with Additions by Sir J. D.
HooxEer, C.B. F.R.5. Imp. 8vo. with
5,500 Woodcuts, 315 64,

De Salis. — HWorxs sy Mrs. Dz

SALIS.

Savouvries A L4 Mope., Fcp. 8vo.
15. boards,

Enrrfes A ta Meps., Fcep. 8vo.

is. 64, boards,
Sovps AND Dressep Fisaw A LA
Mope.  Fep. 8vo. 15, 04, boards.

OvsTeERS 4 LA Mope. Fcep. 8vo.
15 64, boards.

SwEETS AND SuPPER I)ISHES A LA
Mope, Fep, 8vo. 15, 64, boards,
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De Tocqueville.— Dzyocracy v

AmERIc4. By ArLexis peE Tocque-

Translated by HENRY REEVE,
2 vols. crown 8vo. 16s.

VILLE,
C.B.

Dickinson. — Oy REewvar  4np
URINARY AFFECTIONS. By W. HOowsHip
Dickinson, M.D, Cantab, F.RE.C.P. &e.
With 12 Plates and 122 Woodecuts, 3
vols. 8vo. £3. 45. 6d.

Dixon.—Rurar Brrp Lirk ; Essays
on Ornithology, with Instructions for

Preserving  Objects relating to that

Science. By CHarLEs Dixon. With

45 Woodcuts, Crown 8vo. §s.
Dove.—DosEspay Srupiks .. being

the Papers read at the Meetings of the
Domesday Commemoration 1886, With
a Bibliography of Domesday Book and
Accounts of the M55, and Printed Books
exhibited at the Public Record Office and
at the British Museum. Edited by P.
Epwarp Dove, of Lincoln’s Inn, Bar-
rister-at-Law, Honorary Secretary of the
Domesday Commemoration Committee,
Vol. I. gto. 18s.; Vol. I, 4to. 18-

Dowell.—A4 fHisrory orF Taxarion
AND TAXES IN FENGLAND FROM THE
EARLIEST TiMES TO THE VEAR 1885,
By STErHEN DowELL, Assistant Solici-
tor of Inland Revenue. Second Edition,
Fevised and Altered. (4 wvols. 8vo.)
Vols. 1. and II. The History of Taxation,
215.  Vols, IIL and IV. The History of
Taxes, 215,

Doyle.—7wE OrFrFiciaL BARONAGE
OF ENGLAND. By JAMES E. DOYLE.
Showing the Succession, Dignities, and
Offices of every Peer from 1066 to 1885,
Vols. 1. to III. With 1,600 Portraits,
Shields of Arms, Autographs, &c. 3 vols,
4to. £5. 55,

Large-paper Edition, 3 vols. £15. 155

Doyle.— IWorks v J. A. Dovir,
Fellow of All Souls College, Oxford.

Thwe Ewxcrisa v Amerrca: Vig-
GINIA, MARVLAND, AND THE CAROLINAS,
8vo. 185,

ThE. Excrisy IN Americd: THE
PURITAN COLONIES. 2 vols, 8vo, 30s.

|
|

Dublin University Press Series
(The) : a Series of Works undertaken
by the Provost and Senior Fellows of
Trinity College, Dublin.

Abbott’s (T. K.) Codex Rescriptus Dublin-
ensis of St. Matthew. g4to. 21Is.
Evangeliorum Versio Ante-
hieronymiana ex CodiceUsseriano (Dublin-
ensi). 2 vols. crown 8vo. 215

Burnside (W. S.) and Panton’s (A. W.)
Theory of Equations. 8vo. 125, 64,

Casey’s (John) Sequel to Euclid’s Elements,
Crown 8vo, 35. 64l

Analytical Geometry of the
Conic Sections. Crown 8vo, 7s. 64.

Davies’s (J. F.) Eumenides of /Eschylus,
With Metrical English Translation. 8vo.

v i

Dublin Translations into Greek and Latin
Verse. Edited by R. Y. Tyrrell. S8vo.
12s. Od.

Graves's (R, P.) Life of Sir William
Hamilton. (3 wols.) Vols. I. and IL
8vo. each 1§

Griffin (R. W.) on Parabola, Ellipse, and
Hyperbola, treated Geometrically. Crown
8vo, 65

Haughton'’s (Dr. 8.) Lectures on Physical
Geography. 8vo. 155

Hobart's (W. K.) Medical Language of St.
Luke. 8vo. 16s.

Leslie’s {T. E. Cliffe) Essays in Political
and Moral Philosophy. 8vo. 104, 64.
Macalister’s (A.) Zoology and Morphology

of Vertebrata. 8vo. 10s. 6d.

MacCullagh’s (James) Mathematical and
other Tracts. 3wo, I5s.

Maguire’s (T.) Parmenides of Plato, Greek
Text with English Introduction, Analysis,
and Notes. 8vo. ¥s. 64.

Monck’s (W. H. S.) Introduction to Logic.
Crown Svo. 55

I‘lgbefs (J. M.) Manual of Histology. Fcp.
VO, §5.

Roberts’s (R, A.) Examples in the Analytic
Geometry of Plane Curves. Fep. 8vo. 5+

Southey’s (R.) Correspondence with Caroline
Bowles. Edited by E. Dowden. Svo. 14s.

Thorhill’s (W, J.) The /Eneid of Virgil,
freely translated into English Blank
Verse. Crown 8vo, Js. 64,

Tyrrell’s (R. Y.) Cicero's Correspondence,
“Vols, I. and II. 8vo. each 125

The Acharnians of Aristo-
p'Emm:s, translated into English Verse.
Crown 8vo, 2r. 6d.

Webb's (T. E.) Goethe's Faust, Tmnsla- j
tion and Notes, 8vo. 125 64,

The Veil of Isis: a Senc:
of Essays on Idealism, 8vo. 1os. 64.

Wilkins's (G.) The Growth of the Homeric
Poems. Svo. Os.
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Edersheim.— Worxs sy e REev.
ArrrEp EpERSHENN, D.D,

LuE LIFE axp Times oF [ESUS |

THE MESSiAH. 2 vols. 8vo, 24s.

ProPHECY AND HISTORY IN RELA-
TIoN 70 THE MEssiAxn: the Warburton
Lectures, delivered at Lincoln’s Inn
Chapel, 1880-1884. 8vo. 125

Ellicott. — Worxs sy C. F.

Erzicorr, D.D. Bishop of Gloucester
and Bristol.

A Criricar AND GRAMMATICAL
COMMENTARY ON ST, FAULE'S EPISTLES,
8vo.

I. CORINTHIANS. 165,

GALATIANS, 85 64,

ErHEsIANS. 85 64

PasTORAL EPISTLES. I0s, 64,

PHILIPPIANS, COLOSSIANS, and PHILEMON,
105, O,

THESSALONIANS, 75 6d.

Hisrorrcar LecrurEes o THE LiFE
OF Our LoRrp Fesus CHRIST. 8vo, 125

English Worthies. Edited by Ax-
DREW LaNG, M.A. Fcp. 8vo. 25 64
each.

Darwin. By GRANT ALLEN.

MarzporovcH. By G. SAINTSEURY.

SHAFTESBURY (The First Earl). By
H. D. TrAILL,

Abmirar Braxe By Davip
HANNAY,
fareicr. By Epmunp Gossk.

SreerLE. By AustIN Dogssox.
Bex Jonson. By J. A. SymoNDs.
Cawniyve. By Franxk H. HiLL.

CravErHoUSE, By MowBRrAY
MoORRIS,

Epochs of Ancient History.

10 vols. fep. 8vo. 25 64, each, See p. 24,

Epochs of Church History. 8 vols.
fcp..8vo, 25, 64, each, See p. 24.

Epochs of Modern History.
18 vols, fcp. 8vo. 25, 64. each. See p. 24.

Erichsen.— Works sy Joun Errc
Ericusen, F.R.S.

Twr ScreNcE anp ArRr or Sur-
GERY: Being a Treatise on Surgical In-
juries, Diseases, and Operations. With
984 Illustrations. 2 vols, 8vo. 42s.

O~ Concussion oF THE SPivE, VER-
vous SHocks, and other Obscure Injuries
of the Nervous System, Cr. Svo, 104, 64,

Ewald. — Works BV [PROFESSOR
Hemvricir Ewarp, of Gottingen.

Tue Axrvrourries oF ISRAEL.
Translated from the German by H. S.
SoLLy, M.A. 3vo. 125 64l

Tre Hisrory or Israrr, Trans.
lated from the German. 8 vols. Svo,
Vols, 1. and II. 24s. Vols, IIL. and
IV, 215. Vol. V. 18:.. Vol. VI. 16
Vol. VII, 215, Vol, VIII. with Index
to the Complete Work, 185

Fairbairn.— Worxs sy Sz W.
Farrparry, Barr, C.E.

A TrearisE ox Mirrs Anp Mirr-
woRrk, with 18 Plates and 333 Woodcuts.
I vol. 8vo. 255

Uservr IveormATioN ForR Encr-
NEERS, With many Plates and Wood-
cuts, 3 vols. crown 8vo, 315 64,

Farrar. — LANGUAGE AND LaN-
GUAGES. A Revised Edition of Chapeers
one Language and Familics of Speech. By
F. W. Farrar, LD, Crown Svo. 6.

Firbank,—7Twe Lire avb Work oF
FosEpx FIRBANK, F.P. D.L. Rail-
way Contractor. By FREDERICK
McDErMOTT, Barrister-at-Law. 8vo. §s.

Fitzwygram. — /Horses  awp
ST4BLES. By Major-General Sir F.
Frrzwycras, Bart, With 19 pages of
Illustrations, 8wvo. §s.

Forbes.— A Covrse oF LECTURES
ov Erecrriciry, delivered before the
Society of Arts. DBy GEORGE FOREES,
M.A, F.R.S5, (L. & E.) With 17 Illus-

trations. Crown 8vo. §s.

Ford.— 7w ThEORY AND PRACTICE
oF Arcaery. By the late HoRACE
Forp. New Edition, thoroughly Revised
and Re-written by W, BurT, M.A, With
a Preface by C. J. LoneMAN, M.A.
F.S. A, Bvo. 145

Fox.—Tuwe Earry HISTORY OF
CHARLES FAMES Fox. By the Right
Hen, Sir G, O. TREVELYAN, Bart.

Library Edition, S§vo. 18s.
Cabinet Edition, cr. 8vo. 6s.

Francis.—4 ZBoox ox ANGLING ;
or, Treatise onthe Art of Fishing in every
branch ; including full Illustrated Lists
of Salmon Flies. By Francis FrRANCIS,
Post 8vo, Portrait and Plates, 155,
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Freeman,—7we Hisroricar GEo-
GRAPHY OF EURoPE. By E. A. FREE-

MaN, D.C.L. With 65 Maps. 2 vols,
8vo. 31+ 64.

Froude.— Workxs By Jamses
Frovpe, M.A.

Tae Hisrorv orF Enxcranp, from

the Fall of Wolsey to the Defeat of the
Spanish Armada.

Cabinet Edition, 12 vols, er. Svo. £3. 125,
Popular Edition, 12 vols. cr. 8vo. £2. 25,

SHorRT STUDIES ON GREAT SUB-
JECTS. 4 vols, crown 8vo. 24,

C.zsAr : a Sketch. Crown 8vo. 6s.

Tue Encrisg iN IRELAND IN THE
EIGHTEENTH CENTURY. 3 vols. crown
Bvo. 185

OCEANA ; OR, ENGLAND AND HER
Coronres. With g Illustrations. Crown
8vo. 2s. boards, 25, 64. cloth.

ThE Evcrisw iN rHE WEST INDIES;
OR, THE Bow or Uryvsses. With 9
Illustrations. 8vo. 18s.

Tromas Carcvire, a History of the
first Forty Years of his Life, 1795 to
1835. 2 vols. 8vo. 325

Twomas Carcvir, a History of His
Life in London from 1834 to his death in
1881. With Portrait engraved on steel.
2 vols. 8vo. 32s.

Galloway. — ZwE FUNDAMENTAL
FPRINCIPLES OF CHEMISTRY PRACTICALLY
TAUGHT BY a NeEw MerHop. By
RoserT Garroway, M.R.LLA. F.C.5.
Crown 8vo. 6s. 64,

Ganot. — Workxs By PROFESSOR

GANor. Translated by E. ATKINSON,
Ph.D. F.C.5.

ELEMENTARY TREATISE on Puy-
oy
Woodcuts. Crown 8vo. 15+

Narvrar Purrosorrry FoR (GENE-
RAL READERS AND YouNG FPERSDNS.
With z Plates, 518 Woodcuts, and an
Appendix of Questions. Cr. 8vo. 7s5. 64,

Gardiner. — Worxs BY SAMUEL
Rawsony GArpiNER, LL.D.

Hisrory oF Enxcranp, from the
Accession of James I, to the Outbreak of
the Civil War, 1603-1642, Cabinet
Edition, thoroughly revised, 10 vols.
crown 8vo. price 6s. each.

A Hisrtory oF THE GREAT CIVIL
War, 1642-1649. (3vols.) Vel. I
1642-1644. With 24 Maps. 8vo. 215,

[Continued above.

A.

With § Coloured Plates and g23 |

' Gardiner.— Works v S. R. GAR-
UNER, LL.D.—continued.

Ourrive oF Excrisw HISTORY,
B.C. 55-A.D. 1886. With g6 Woodcuts,
fcp. 8vo. 25, 6d.

* * For other Works, see ¢ Epochs of
Modern History,’ p. 24.

Garrod.— Works sy Stk ALFRED
Barive Garrop, M.D. F.R.S.

A Trearise on Gour AND RHEU-
MATIC GoUT(RHEUMATOID ARTHRITIS).
With 6 Plates, comprising 21 Figures
{14 Coloured), and 27 Illustrations en-
graved on Wood, 8vo, 215,

Twe Essenxrrars oF IMMATERIA
MEDICA AND THERAPEUTICS. New
Edition, revised and adapted to the New
Edition of the Bntish Pharmacopceia,
by NEsToR TiRARD, M.D. Crown 8vo.
125, bd,

Gilkes.—Bovs anp MasTers: aStory
of School Life. By A. H. GILKES, M. A.
Head Master of Dulwich College, Crown
Svo. 3s. 64,

Goethe.—F1osr. ANew Translation,
chiefly in Blank Verse ; with Introdue-
tion and Notes, By JamEs ApEY BIRDS,
B.A, F.G.S. Crown 8vo. 125, 64d.

Favsr. The German Text, with an
English Introduction and Notes for Stu-
dents, DBy ALserT M, SELss, M.A.
Ph,D. Crown 8vo. §s.

Goodeve.— Works By T. M. Goob-
EvE, M. A.

PrincipLES oF MECHANICS,
253 Woodcuts, Crown 8vo. 6s.

Tuwe Erements orF MECHANISM.
With 342 Woodcuts. Crown 8vo. §s.

A Manvvar orF MEcHANICS @ an
Elementary Text-Book for Students of
Applied Mechanics. With 138 Illustra-
tions and Diagrams, and 141 Examples.
Fcp. 8vo. 2s5. 6d.

Grant.— 7w Errics oF ARISTOTLE.
The Greek Text illostrated by Essays
and Notes. By Sir ALEXANDER GRANT,

With

Bart. LL.D. D.C.L. &c. 2 vols
dvo. 325
Gray. — Awxaroay, DESCRIPTIVE

AxNp Suvrcicar., By HENRY GRAY,
F.R.5. late Lecturer on Anatomy atl
St. George's Hospital, With 569 Wood-
cut Illustrations, a large number of
which are coloured. Re-edited by T.
PickeriNG PICK, Surgeon to St. George's
Hospital, Royal 8vo, 365,
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Green.— 7wz Works or THOMAS
Hirr. GreeN, late Fellow of Balliol
College, and Whyte's Professor of Moral
Philosophy in the University of Oxford.
Edit&dli:y R. L. NerrLEsHIP, Fellow
of Balliol College, Oxford (3 vols.)
Vols. I. and II.—Philosophical Works.
8vo. 16s. each,

Greville.— 4 Jouvrvar oF THE

REIGNS OF KING GEORGE IV. Kinc |

WiLrram IV, 4xp QUEEN FVICTORIA.
By the late CHARLES C. F. GREVILLE,

Esq. Clerk of the Council to those Sove-

reigns, Edited by HENrRY REEVE, C.EB.

D.C.L. Corresponding Member of the

Institute of France. § vols. Crown Svo.
6s. each,

Monthly Volumes.)

Grove.— 7H#E CORRELATION
PHYSICAL FORCES.
W. E. Grove, F.R.5. &ec.

Gwilt.—4x Excyvcrorzpid
ARCHITECTURE., By JoserH GWILT,

8vo. 155

F.S.A. Illustrated with more than 1,100

Engravings on Wood., Revised, with
Alterations and Considerable Additions,
by WyarT PAPWORTH. S8vo. 525 64,

Haggard.— lWorxs sv H. RipEr
Haccarp.

SuE: A History oF AbDVENTURE.
Crown 8vo, 65,

Arraw Quarerararny. With 31 Illus-
trations by C. H. M. KErrR. Crown
Bvo. Gr.

Halliwell-Phillipps.— Ovriivesor
THE LIFE OF SHAKESPEARE. DBy J. 0,
HALLIWELL-PHILLIPPFS, F.R.S. 2 vols.
Royal 8vo, 105, 64,

Harte.—Novers v Brer HARTE.

Iv raE Carouivez Woops. Fep.
8vo, 1s, boards; Is, 64, cloth,

On rveE Fronrier. Three Stories.

16mo. Is,

By Swmore anxp Sepce. ‘Three
Stories, Ib6mo. Is,

Hartwig.— Worxs »v Dr G
Harrwre.

THE SEA AND 175 Livive WoNDERS.
With 12 Plates and 303 Woodcuts. 8vo,
10s. Od

Tie Troricar Worrp., With8 Plates,
and 172 Woodcuts, 8vo. 105 64,

Tar Porar Woren, With 3 Maps,
8 Plates, and 85 Woodeuts. 8vo. 105 64,

[Continmned above,

(fr course of Publication in

oF
By the Hon. Sir

OF

Havelock, — Menoirs

Hartwig, — Works sy Dr. G.

Har rwic.—continued,

TrE SUBTERRANEAN Worrp, With
3 Maps and 8o Woodcuts, 8vo, 105 64.

Tuwe Arrrar Worrp, With Map,
8 Plates, and 60 Woodcuts. 8vo, 105, 64,

The following books are extracted from the
foregoing works by Dr. HARTWIG :—

HEeroes oF rHE Arcric REGIONS.
With 19 Illustrations. Crown 8vo. 2s.
cloth extra, gilt edges.

WownpErsor rae TropPicar FORESTS.
With 40 Illustrations. Crown 8Svo. 2r
cloth extra, gilt edges.

Worxers UnpER THE GROUND;
or, Mines and Mining. With 29 Illus-
trations. Crown 8vo. 2s. cloth extra, gilt
edges,

MarvELs OvER Ovr Heaps. With
29 Illustrations. Crown 8vo. 2s cloth
extra, gilt edges.

Marvers Uvper Ovr Feer. With
22 Illustrations. Crown 8vo. 25 cloth
extra, gilt edges,

Dweriers iv THE ARCTiCc REGIONS.
With 29 Illustrations. Crown 8vo, 2s. 6d.
cloth extra, gilt edges.

Wivcep Lire 1x THE TrRoPICS.
With 55 Illustrations, Crown 8vo, 275, 64,
cloth extra, gilt edges.

Vorcanoes AND [EARTHOUAKES.
With 30 Illustrations. Crown 8vo. 2s. 64.
cloth extra, gilt edges.

Witp Axiwars orF tHE TRoPICS.
With 66 Illustrations, Crown 8vo. 3s. 6d.
cloth extra, gilt edges.

SE4 MonsrErs anxp Sea Birbps.
With 75 Illustrations. Crown 8vo. 25 64,
cloth extra, gilt edges.

Denizens or e Deep.  With
117 Illustrations. Crown 8vo. 25, 64, cloth
extra, gilt edges.

Hassall.—7wE Ivwararion TREAT-

MENT OF DISEASES OF THE ORGANS OF
KESPIRATION, including Consumption,
By ARTHUR HILL Hassarl, M.D.
With 19 Illustrations of Apparatus, Cr.
8vo, 125, 64,

oF Sz
HeENrRY Haverock, K.C.B, By Joux
CLARK MaArsHMAN. Crown 8vo, 3s. 64,

Hearn.—7wr GovERNMENT oF Ene-

LAND ; its Structure and its Development,
iy WiLLiam Epwarp HEearn, Q.C,
Svo. 169,
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Helmholtz. — Woris
FESSOR HELMHOLTE.

ON 7HE SENsaTiONS oF TONE AS 4
PHYSIOLOGICAL BASIS FOrR THE THEORY
or Music,, Royal 8vo. 28s,

Porvurar LEcTURES oN SCIENTIFIC
Susyecrs. With 68 Woodeuts, 2z vols.
Crown 8vo. 15, or separately, 75 64. each,

e ——

&Y Pro-

Herschel.—Ovrrives orF Astro-
Noary. By Sir J. F. W. HERSCHEL,
Bart. M.A. With Plates and Diagrams,
Square crown 8vo, 125,

Hester's Venture: a Novel. DBy
the Author of ¢The Atelier du Lys.’
Crown $vo. zs5. 6.

Hewitt. — 7xr DiacNosis AND
TREATMENT oF Dispases oF WOMEN,
INCLUDING THE [NAGNOSIS OF [PREG-
Nancy. By Graiy Hewrrr, M.D,
With 211 Engravings. Svo. 24s.

Historic Towns. Edited by E. A.

FrEemaw, D.C.L. and Rev. WILLIAM
Huxr, M.A. With Maps and Plans,
Crown 8vo. 3s. 64, each.

Lowponw. By W. E. LoFTIE.
Lxerer. By E. A. FREEMAN,
Brisror. By W. HuNT.
Oxrorp. By C. W. Boask.

*.F Other Volumes are in preparation,

Hobart.—Skercies Froy My LiFE.
By Admiral HorparT Pasua, With
Portrait. Crown 8vo. 7s. Ga.

Holmes.—A Svsrea oF SURGERY,
Theoretical and Practical, in Treatises by
various Authors, Edited by TimoTHY
Hormes, M.A. and J. W. HULKE,
F.R.5. 3 vols. royal 8vo. £4. 4-.

Homer.—Tw#e [liiap or HowEr,
Homometrically translated by C, B, Cay-
LEY. Bvo. 125, 04,

TuE Jriap or Hower. The Greek
Text, with a Verse Translation, by W. C.
GrEEN, M.A. Vol. I, Books I.-XII,
Crown 8vo. 6s.

Hopkins.—CwrisT 75 CONSOLER ;
a Book of Comfort for the Sick. By
ELLicE HorKiNs. Fep. 8vo. 25 64,

Howitt.— Visirs 70 REMARKABLE

Fraces, Old Halls, Battle-Fields, Scenes
illustrative of Striking Passages in English
History and Poetry. By WiLLiam
Howirr. With 8o Illustrations engraved
on Wood, Crown 8vo. §s,

Hudson & Gosse.— 7#E RoTirrra
OR * WHEEL-ANIMALCULES." By C, T.
Hupson, LL.D, and P. H. Gossk,
F.R.S. With 30 Coloured Plates. In 6
Parts. g4to. 105 64, each, Completein
2 vols. 4to. £3. 105,

Hullah.— Worxs By Jouny Hur-
Lar, LL.D.

Covrse or LecTorRES on THE His-
TORY OF MobErRN Music. 8vo, 8s5. 64,
Covrse oF LEcTURES ON THE TRAN-

Srrion FPERroD oF MUsicAL HISTORY,
Bvo, 105 642

Hume.— 7wz PrirosorricAL Works
oF Davip Hume. Edited by T, H.
GREEN, M.A. and the Rev. T. H,
Grose, M.A. 4 vols. 8vo. §6s Or
separately, Essays, 2 vols, 285, Treatise
of Human Nature, 2 vols, 285,

Huth.—7x#r MirriaGe oF NEAR
AN, considered with respect to the Law
of Nations, the Result of Experience,
and the Teachings of Biology. By
ArrFrep H, HutH, Royal 3vo, 215

In the Olden Time: a Tale of
the Peasant War in Germany. By the
Aunthor of ¢ Mademoiselle Mori.? Crown
8vo. 25 64

Ingelow.— IWorks By Jeaw INGE-
LOW.

Porericar Works.
Fep. 8vo. 125,
LyricAL Anp OTHER PoEms, Se-
lected from the Writings of JEAN
IncerLow. Fep. 8vo. 25 64. clothplain ;

3+ cloth gilt.

Jackson.—Aip 710 [ENGINEERING
SoLurion. By Lowis D'A. JACKSON,
C.E. With 111 Diagrams and § Wood-
cut Illustrations. Svo. 215,

James.— e Lone Wiire Mouvw-
T4IN; or, 2 Journey in Manchuria, with
an Account of the History, Administra-
tion, and Religion of that Province. By
H. E. JamEs, of Her Majesty’s Bombay
Civil Service. With Illustrations and a
Map. 1 vol. 8vo. 24s,

Jameson.— Works By MRS Jaue-
SO

LEGENDS OF THE SAINTS AND MAR-
TyRs. With 19 Etchings and 187 Wood-
cuts. 2 vols. 315 6d.

LecENDs oF THE MaADONNA, the
Virgin Mary as represented in Sacred
and Legendary Art.  With 27 Etchings
and 165 Woodcuts. 1 vol. 215,

[Continued on next page.

Vols. 1 and 2z
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Jameson.— Woris sv Mrs. jaie-
SON—continued.

LEGENDS oF THE MoNasTic ORDERS.

With 11 Etchings and 88 Woodeuts.
I vol. 21z,

Hrsrory oF rHE Sarrour, His Types
and Precursors. Completed by Lady
EasTLAKE. With 13 Etchings and 281
Woodcuts, 2 vols. 424,

Jeans.— Woris sv J. S. JEans.

Encranp's SvrrEesrAcy: its Sources,
Economics, and Dangers. 8vo, 85 64,

Rarcway Prosress: An Inquiry
into the Economic Conditions of Rail-
way Working in Different Countries,
Svo. 125 64,

Jenkin. — Parers, Liverarvy,
SCIENTIFIC, &, By the late FLEEMING
JExRKIN, F.R.5.5. L. & E. Professor of
Engineering in the University of Edin-
burgh. Edited by S1oNeEY CoLvix, M. A.
and J. A. Ewing, F.R.S. With Memoir
by RopeErT Louls STEVENsON, and
Facsimiles of Drawings by Fleeming
Jenkin, 2z vols, S8vo. 325

Johnson.— 7w Parenres’'s Man-
4L ; a Treatise on the Law and Practice
of Letters Patent. By J. Jounson and
J. H. Jounsox. 8vo. 105, 6.

Johnston.—A4 Geverar Dicrion-
ARY OF GEOGRAPHY, Descriptive, Physi-
eal, Statistical, and Historical ; a com-
plete Gazetteer of the World, By Keirn
JounsToN, Medium 8vo. 425

Johnstone.— A Sworr Inrropuc-
TION TO THE STupy oF Locic, By
LAURENCE JOHNSTONE. Crown 8vo.
25, 6d.

Jordan. — Woriks sy Wicrran
Lecrron Jorpan, FR.G.S.

Tur Ocean: a Treatise on Qcean
Currents and Tides and their Causes.
Svo, 215

Ture New PrRIvCIPLES OF VATURAL
Parcosorny. 'With 13 plates. 8vo. 214
TuE Winps : an Essay in Illustration

of the New Principles of Natwural Philo-
sophy. Crown 8vo. 2r,

THE Sravparp oF VALUE.
8vo. 55

Crown

|
I

" Killick.— Haxvprooxr 710

11

Jukes.— Works sy ANprREW JUKES.

Ture New Mav Axp THE ETERNAL
Lire, Crown Svo. 6.

Tue TvreEs oF (TENESIS.
Svo, 7s 6.

Ture SEconD DEATH AND TiHE RE-
STITUTION OF ALL jf.:lrffJ‘P_G\S- 'Cruwn avo,
35 Od.

Tuwre Myvsrery orF THE KiINeDOM,
Crown 8vo, 25, 64,

Crown

Justinian.— Zwe INSTITUTES oOF
Fustinran ; Latin Text, chiefly that of
Huschke, with English Introduction,
Translation, Notes, and Summary. By
THoMAs C. SANDARS, M.A. 8vo. 18s.

Kalisch. — Worxs &zy M. M.
Karrscr, M.A.
Bisre Stupies. Part 1. The Pro-

phecies of Balaam. 8vo. 105 64. Part
II. The Book of Jonah, 8vo. 105 64.

CoMMENTARY oN THE OrLp TESTA-
MENT :» witha New Translation. WVol. 1.
Genesis, 8vo. 18n or adapted for the
General Reader, 125. Vol. II. Exodus,
155 or adapted for the General Reader,
125, Vol. III, Leviticus, Part I. 15s. or
adapted for the General Reader, 8s.
Vol. IV. Leviticus, Part II. 155 or
adapted for the General Reader, 8.

Heprew Gramwar, With Exer-
cises. Part I. 8vo. 125, 64. Key, 55
Part II. 125 6d.

Kant.— Worxs BV EMMANUELKANT.

CrRITIOUE 0F PRACTICAL KREAasON.
Translated by Thomas Kingsmill Abbott,
B.D. &vo. 125 6d.

IxrropucrioNn 16 LoGIc, AND HiS
Essay oN THE MISTAKEN SUBTILTY
OF THE FourR FicURES. Translated by
Thomas Kingsmill Abbott, B.D. With
a few Notes by S. T. Coleridge. 8vo. 6.

Kendall. — Worxs sy May Kewv-
DALEL.

Froir 4 GARRET.

Dreasrs o SELL;
8va. Gs.

Crown 8vo. 6s.
Poems. Fcp.

Mirr's
By the Rev. A. H,
Crown 8vo. 35, 6d.

Kirkup.—Axy /voviry inre Sociac-
isar, By THomas KIRKUP, Author of
the Article on f Socialism * in the ¢ Ency-
clopadia Britannica.” Crown Svo. gs,

Knowledge Library. (Se¢e ProcTor's
Works, p. 17.)

SysTEM OF LoGrc.
KiiLick, M.A.
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Kolbe.—4 Sworr TEXT-BOOK OF
IvorGanic CHEMISTRY. By Dr. HER-
MANN KoLee, Translated from the
German by T. S. Humripce, Fh.D.
With a Coloured Table of Spectra and
66 Illustrations. Crown 8vo. 7s. 64,

Ladd. — Ecemenrs or Pavsioro-
GIcAL Fsyvcuorocy: a Treatise of the
Activities and Nature of the Mind from
the Physical and Experimental Point of
View. By GEorGE T. LADpD. With113
Illustrations and Diagrams, 8vo. 215,

Lang.— Works By ANDREW LANG.

Myry, Rrrvar, Anp RELIGION. 2
vols, crown 8vo. 215,

Cusroar avp Myrs ; Studies of Early

Usage and Belief. With 15 Illustrations.
Crown 8vo. 7s. 6.

Lerrers ro DEap Auraors. Ycp.
dvo. 6s, G4l

Bookxs 4anvp Booxmey, With 2
Coloured Plates and 17 Illustrations, Cr.
8vo. 6s, 64

logvyy NUr AND THE GOLDEN
GoosE. Done into English by ANDREW
LanGg, from the French of CHARLES
DevLIN. Illustrated by Am, Lynen.
Royal 8vo, 105 64, gilt edges,

Barraps or Boorxs. Edited by
ANDREW LANG. Fep. 8vo, 65,

Larden.— Erecrriciry ror PUsLIC
ScHooLs AnNp CoLcLeces. With nu-
merous Questions and Examples with
Answers, and 214 Illustrations and Dia-
grams, By W, LARDEN, M.A. Crown
Zvo. 6.

Laughton.—Srvpres v Navar
History ; Biographies. By J. K
Laveuron, M.A. Professor of Modern
History at King's College, London.
8vo. 105, 6.

Lecky.— Works sy W.E. H. Lzcky.
History oF ENGLAND IN

THE
ErcHTEENTH CENTURY. 8vo. Vols.
I. & II. r700-1760. 365 Vols. IIL

& IV. 1760-1784. 365,
1784-1793. 365

Trwe Histroryvor EvrorEany MorALs
FroM AuUcUsSTUS TO CHARLEMAGNE.
2 vols. erown 8vo. 16s,

HisTorRY oF THE RisE Axvp InrFLU-

ENCE OF THE SPIRIT OF RATIONALISM
N EUurRorE. 2 wols. crown 8vo. 165,

Lewes.—Tte Hisrory or PuiLo-
sopfry, from Thales to Comte. By
GrorceE HENRY LEWES, 2vols, Svo, 327,

Vols. V. & VI

Lindt.—Prcroresove New GUINEA.
By J. W. Lminor, F.R.G.5. With 50
Full-page Photographic Illustrations re-
produced by the Autotype Company.
Crown 4to. 42s.

Liveing.— Works sv Rosert Live-
we, M.A., and M.D. Cantab.

Hanvppoox onv DISEASES OF THE
Skiv.  With especial reference to Diag-
nosis and Treatment. Fecp 8vo. 5.

Nores onv 7HE TREATMENT OF SKIN
DISEAsES. 18mo. 3s.

Lloyd.—A Trearise ov MAGNET-
75M, General and Terrestrial. By H.
Lioyp, D.D. D.C.L. $vo. 10s. 6d.

Lloyd.—ZwE Science or AcricuL-
Turg. By F.]. LLoyp, 8vo. I12s

Longman.—&isrory or rrE LiFE
AND Tiwes oF Epwarp III, By
Wirriam LonegMaN, F.5.A. With

9 Maps, 8 Plates, and 16 Woodcuts. 2
vols. Svo. 28s.

Longman,— Works By FREDERICK
W. Loxcaran, Balliol College, Oxon.
Cxess Oreninves. Fcp. 8vo. 25 64.

FREDERICK THE (GREAT AND THE
SeEvEN YEArRS' IWar, With 2 Coloured
Maps. 8vo, 25 6d.

A New PockeEr DICTIONARY OF
THE GERMAN AND JENGLISH LAN-
GUAGES. Square 18mo, 25, 64,

Lungman’s Magazine, Published
Monthly. Price Sixpence,
Vols. 1-10, 8vo, price §s. each.

Longmore,— Guvsaor INFURIES }
Their History, Characteristic Features,
Complications, and General Treatment.
By Surgeon-General Sir T. LONGMORE,
C.B., F.E.C.5. With 58 Illustrations.
8vo. 315 64,

Lnlfpdfn.— Worxs sy J. C. LovDon,
p

ExcycrorEDIA OF (GARDENING ;
the Theory and Practice of Horticulture,
Floriculture, Arboriculture, and Land-
scape Gardening. 'With 1,000 Woodcuts,
8vo. 21s.

Excyvcror&Epia oF AGRICULTURE;
the Laying-out, Improvement, and
Management of Landed Property; the
Caultivation and Economy of the Produc-
tions of Agriculture, 'With 1,100 Wood-
cuts, 8vo. 215,

Excycrorzpra or Pranrs; the
Specific Character, Description, Culture,
History, &ec. of all Plants found in Great
Dritain, With 12,000 Woodcuts, 3vo, 425
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Lubbock.—Twe Oriciv or CrviLi-
ZATION AND THE PRIMITIVE CONDITION
oF Man. By Sir J. Luspock, Bart,
M.P. F.RE.5. With Illustrations, 8Svo.
I5s.

Lyall.—7ue Avrosiocraruy-or 4
Scanpeg. By Epma Lyavn, Author
of ‘Donovan,” *We Two,’ &c. Fep.
8vo. 1s. sewed.

Lyra Germanica ; Hymns Trans-
lated from the German by Miss C,
WiINKwORTH, Fcp. 8vo, 5.

Macaulay.— Worxs avp Lire oF
Lorp MAacavray,

History oF ENGLAND FROM THE
ACCESSION OF FAMES THE SECOND:
Student's Edition, 2 vols. crown Svo. 125,
People’s Edition, 4 vols. crown 8vo. 16s.

Cabinet Edition, 8 vols. post 8vo. 48s.
Library Edition, 5 vols. 8vo. £4.

CRITICAL AND Historicar EssAVs,
with Lays of AnciENT KoME, in 1
volume :

Authorised Edition, crown 8vo, 2s5 64, or
35 6d. gilt edges.

Popular Edition, crown 8vo. 2s5. 64,

CrirricAL AND HisToricArL Essays:
Student’s Edition, I vol. crown 8vo. 6.
People's Edition, 2 vols. crown 8vo. 8s.
Cabinet Edition, 4 vols. post 8vo. 245,
Library Edition, 3 vols. 3vo. 36s.

Essayvs which may be had separ-

ately price 64. each sewed, 15, each cloth:

Addison and Walpole.

Frederick the Great.

Croker’s Boswell’s Johnson,

Hallam’s Constitutional Hislory.

Warren Hastings, (34. sewed, 64, cloth.)

The Earl of Chatham (Two Essays).

Ranke and Gladstone.

Milton and Machiavelli,

Lord Bacon.

Lord Clive.

Lord Byron, and The Comic Dramatists of
the Restoration.

The Essay on Warren IHastings annotated
by S. HALES, 1s. 64,

The Essay on Lord Clive annotated by
H. CourTHOPE BoweN, M.A. 25 64,

SPEECHES :
People’s Edition, crown 8vo. 3s. 64,

MiscELLANEOUS WRITINGS ¢
Library Edition, 2 vols. 8vo. 215
People’s Edition, 1 vol. crown 8vo. 4. 64,

[Continued above,

Macaulay— Woriks awvp LiFe oF
LORD MACAULAY—coniinued,
Lavs or Axcrexr Rome, &
Illustrated by G. Scharf, fcp. 4to. 105 64,
Popular Edition,
fcp. 4to. 64, sewed, 15, cloth,

Illustrated by J. R, Weguelin, crown 8vo,
35, 6d. cloth extra, gilt edges.

Cabinet Edition, post 8vo. 35 64,

Annotated Edition, fcp. 8vo. 15, sewed 15,64,
cloth, or 25, 64. cloth extra, gilt edges.

Serecrions Froyr THE WRITINGS
oF LorRp MacAvL4y. Edited, with Oc-
casional Notes, by the Right Hon. Sir
G. O. TREVELYAN, Bart. Crown Svo. 6s.

Miscerranveovs WririNcs AND
SPEECHES !

Student’s Edition, in ONE VOLUME, crown
Svo. 6s.

Cabinet Edition, including Indian Penal
Code, Lays of Ancient Rome, and Mis-
cellaneous Poems, 4 vols. post 8vo, 24+

Twe Comprere Works or Lorb

| Macavray, Edited by his Sister, Lady
TREVELYAN,

Library Edition, with Portrait, 8 wvols.
demy 8vo. £5. §r.

Cabinet Edition, 16 vols, post 8vo. £4. 16s.

The Lire anxp Lerrers or LorbD
Macavr4y. By the Right Hon. Sir
G, 0. TREVELYAN, Bart.

Popular Edition, I vol. crown 8vo.

Cabinet Edition, 2 vols. post 8vo,

Library Edition, 2 vols. 8vo. 36:.

Macdonald.— W#orxs By GEORGE
Macpoonvarp, LL.D.

UnsrPoxEN SERMONS.
Crown 8vo. 37 6d.

UnspokEN SERMoNs. Second Series.
Crown 8vo. 3s. 0d,

TaE MIiRACLES
Crown 8vo. 3s5. 64,

A Book oF STRIFE, IN THE FORM
or e DidRYy oF AN OLp Souti:
Poems. I2mao,. 6Gs.

Macfarren.— Woris sv Sir
MicrarREN.

Lecrures ov Hararowny.

ADDRESSES AND LECTURES.
Bvo. 65, 6,

Macleod.— HWorxs sy Hexry D.
Macrzop, M.A.

T Erenents or Ecovomics. In
2 vols. Vol. L. crown 8vo. 75, 64 Vol
II. PART I, crown Svo. 7s. 64,

The ELEMENTS 'oF BANKING
Crown 8vo. 55,

Tar THEORY AND PrRAcCTICE OF
BaNkinGg, Vol, 1. 8vo, 125, Vol, II, 14+,

First Series.

oF Our Lorb.

G. A.

8vo. 125.
Crown
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McCulloch. — Twe  DicTioNARY
oF COMMERCE AND COMMERCIAL NAVI-
GATioN of the late J. R, McCULLOCH,
of H.M. Stationery Office. Latest Edi-
tion, containing the most recent Statistical
Information by A. J. WiLsox. 1 vol.
medium 8vo, with 11 Maps and 30 Charts,
price 63s. cloth, or 7o0s strongly half-
bound in russia.

Mademoiselle Mori: a Tale of
Modern Rome. By the Author of ¢ The
Atelier du Lys.” Crown 8vo. 25 64.

Mahaffy.—A4 Hisrory oF CLas-
SrcAL GREEK LITERATURE. By the Rev,
J. P. MAHAFFY, M.A. Crown 8vo.
Vol. I. Poets, 7s5. 64. Vol. II. Prose
Writers, 7s. b4,

Malmesbury. — Memoirs oF AN
Ex-MinisTER: an Autobiography. By
the Earl of MALMESEURY, G.C.B. Crown
Bvo. 71 64,

Manning.—7xz ZTreaurorar Mis-
SIoN OF THE HoLy GHOST ; or, Reason
and Revelation. By H. E. MANNING,
D.D. Cardinal-Archbishop. Crown 8vo.
8s. 6.

Martin.—NavicaTioN avp NAUTI-
cAL AsTronvoary, Compiled by Staff-
Commander W. E. MarTin, R.N. In-
structor in Surveying, Navigation, and
Compass Adjustment ; Lecturer on
Meteorology at the Royal Naval College,
Greenwich., Sanctioned for use in the
Royal Navy by the Lords Commissioners
of the Admiralty. Royal 8vo. 18s.

Martineau— Works sy Jamuks
Marriveav, D.D,

Hovrs or THoUGHT ON SACRED
TaivGs, Two Volumes of Sermons,
2 vols. erown 8vo. 7s. 64. each.

ENDEAVOURS AFTER THE CHRISTIAN
Lrre, Discourses. Crown 8vo. 7s5. 64,

Maunder’s Treasuries.

Brograrricar TreAsury. Recon-
structed, revised, and brought down to
the year 1882, by W. L. K. CaATEs.
Fep. 8vo. 6s.

TrREASURY OF NATURAL History;
or, Popular Dictionary of Zoology. Fep.
8vo. with goo Woodcuts, 6.

TrREASURY OF GEOGRAPHY, Physical,

Historical, Descriptive, and Political, |

With 7 Mapsand 16 Plates. Fep. 8vo. 6.

Hisroricar TrEAsvry : Outlines of
Universal History, Separate Histories of |
all Nations. Revised by the Rev, Sir G,
W. Cox, Bart. M.A. Fcp. 3vo. 6s.

[Continned above.

|
i

Maunder’s Treasuries—continued.

TREASURY OF KNOWLEDGE AND
LisrRARY OF REFERENCE. Comprising
an English Dictionary and Grammar,
Universal Gazetteer, Classical Dictionary,
Chronology, Law Dictionary, &c. Fcp.
Bvo. 6s.

Screxriric anp Lirerary TrREA-
sURY: a Popular Encyclopadia of Science,
Literature, and Art. Fep. 8vo. 65,

Twe TrEASURY OoF Brisre Kyow-
LEDGE ; being a Dictionary of the Books,
Persons, Places, Events, and other matters
of which mention is made in Holy Serip-
ture, By the Rev. J. AvRE, M.A. With
§ Maps, 15 Flates, and 300 Woodcuts,
Fep. 8vo. 6s.

THe TREASURY OF Boraxy, or
Popular Dictionary of the Vegetable
Kingdom. Edited by J. LiNnpLEY, F.R.S.
and T. Moore, F.L.S. With 274 Wood-
cuts and 20 Steel Plates. Two Parts,
fcp. 8vo. 125,

Max Miiller.— Works sv F. Max
Mirrer, M.A,

BroGRAPHICAL F554¥5.
w5, bd

SELECTED Essavs o LANGUAGE,
MyTHOLOGY AND RELIGION, 2 vols,
crown 8vo. 16,

LecrurEs ov rHE SciEncE oF Lan-
GUAGE, 2 vols. crown 8vo. 165,

Inpia, Wrar Caw rr Teace Us?
A Course of Lectures delivered before the
University of Cambridge. 8vo. 125, 64.

HippERT LECTURES ON THE ORIGIN
AND GROWTH OF RELIGION, as illus-
trated by the Religions of India. Crown
8vo, 75 6d.

INTRODUCTION TO THE SCIENCE OF
RELrcron : Four Lectures delivered at the
Royal Institution. Crown 8vo. 7s. 64,

Twe Scrence or THovgHT. 8V0. 215,

Brocrarwies or WORDS, AND THE
Home oF THE Aryas. Crown 8vo. 7s. 64,

A SANSERIT GRAMMAR FoR BE-
GINNERS. New and Abridged Edition,
accented and transliterated throughout,
with a chapter on Syntax and an Ap-
pendix on Classical Metres. By A. A.
MacDoneLL, M. A. Ph, D, Crown 8vo. 6s.

May.— Worxs sv rwe Ricur How.
Str Tronas Erskine Mayv, K.C.B.
TueE Consrirvriovar Hisrory oF
ENGLAND SINCE THE ACCESSION OF
GrorGe 111, 1760-1870. 3 vols. crown
8vo. 18s
Deyocracy v EvrorE ; a History.,
2 vols. 8vo, 325,

Crown 8vo.
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Meath.— Worxs sy vie Earr or | Miller. — Wozxs v .

MEears (Lord Brabazon).

Socrar Arrows : Reprinted Articles |

on various Social Subjects. Crown Svo,
Is. boards, 55 cloth.

ProspErRiTY 0k Pavperissr? Phy-
sical, Industrial, and Technical Training.

(Edited by the EArL oF MEATH). 8vo. 55,

Melville.—ANovers 8v G. J. Wayre
MeLviLLE. Crown &vo, 15, each, boards;
1s. b, each, cloth,

The Gladiators.

The Interpreter.
Good for Nothing. Digby Grand.
The Queen’s Maries, | General Bounce,

Mendelssohn.— 7%z Lerrers oF
Ferix Menperssony, Translated by
Lady WALLACE. 2 vols. crown Svo. 105,

Merivale.— I#orxs Bv THE VERY
KEVy, CHARLES MERIVALE, D.D,
Dean of Ely.

History oF THE RoMANS UNDER
THE EMFIRE. 8 vols. post 8vo, 48s.
THE Farr or THE Roman RerPUs-

Zic: aShort History of the Last Century
tury of the Commonwealth. 1z2mo, 75, 64,
GENERAL Hisrory oF KOME FROM
B.C. 753 7O A4.D. 476, Crown 8vo. 7s. 64,
TraE Roman TrivmvirATes. With
Maps. Fcp. 8vo. 25, 64,

Meyer.—Mopery  THEORIES
CrearsTRY. By Professor LOTHAR
MEYER. Translated, from the Fifth
Edition of the German, by P. PHILLIFS
Bepsox, D.Sc. (Lond.) B.Sc. (Vict.)
F.C.5. ; and W. CarLETON WILLIAMS,
B.5c. (Vict.) F.C.5. 3vo. 18:.

Mill.—Awvarvsis oF THE PHENO-
MENA OF THE HumaN AMinp, By
JaMes MirL. With Notes, Illustra-
tive and Critical. 2 vols. 8vo. 28s.

Mill.— Works By jousy Srvarr
Mirr,

. PRINCIPLES OF POLITICAL ECONOMY.
Library Edition, 2 vols. 8vo. jos.
People’s Edition, 1 vol. crown 8vo. 3s.

Holmby House.
Kate Coventry.

oF

A Svsrexm orF Locic, Ratiocinative |

and Inductive, Crown &vo. 5s,
Owx Lizerty. Crown 8vo. 15, 44.
O~ REPRESENTATIVE (GOVERNMENT,
Crown 8vo. 25
UTILITARIANISHM. 8VO. 58,
Examivarion orF Sik Wirprasr
Haxreron's Prrrosorry.  8vo, 165,
NarorE, THE UrIiLiTy oF RELIGION,
AND THErIsM., Three Essays. 8vo. 55,

Arren
Mricrer, M.D. LL.D.

| Tur ELEMENTS OF CHEMISTRY,
| Theoretical and Practical. Re-edited,
! with Additions, by H. MacLEoD, F.C.S.
l 3 vols. Svo.

| Fol. I. CHEMICAL PHYsSICS, 105,

| Vol. II. INORGANIC CHEMISTRY, 245.
Vol, ITI. Orgaxic CHEMISTRY, 31s. 64,
A INTRODUCTION TO THE STU.DF

oOF INORGANTC CHEMISTRY. With 71
Woodcuts. Fcp. 8vo. 34 64.
Mitchell, —4 Mawvvar or Prac-

TICAL AS5AYING. By JoHN MITCHELL,
F.C.5. Revised, with the Recent Dis-
coveries incorporated, By W, CROOKES,
F.R.S. 8&vo. Woodcuts, 31r. 64,

Molesworth. — M.irrvive AND
Grvine IN Marriace: a Novel. By
Mrs. MoLESWORTH. Fep. 8vo, 25 64

Monsell.— Wozrxs sy 7THE REV,
J- 8 B, Monvserr, LL.D,
SPIRITUAL SONGS FOR THE SUN-
DAYE AND HE'LI-’.D..{I’S THROUGHOUT THE
Year, Fcp. 8vo, 55, 18mo, 2.
THE Beariruvpes. Eight Sermons.
Crown 8vo. 35 64.
Hrs Presence yvor His MEesrory.
Verses. 16mo. Is.

Mulhall.—A7srory oF PRICES SINCE
THE VE4R 1850, By MICHAEL G.
MuraALL, Crown 8vo. 65

Munk.—Evrmanasra ; or, Medical
Treatment in Aid of an Easy Death.

ByWiLLiaM Muxnkg, M.D. F.5. A, Fellow
and late Senior Censor of the Royal
College of Physicians, &c. Crown 8vo.
4s. 6.

Murchison.— Horxks BY CHARLES
Muorcrison, M.D. LL.D. &

A TFTreEATISE ON THE CONTINUED
FEVERS OF GREAT FriTaiN. Revised
by W, Caviey, M.D. Physician to the
Middlesex Hospital, 8vo. with numerous
Illustrations, 25+,

Crivicar Lecrures ov DISEASES
OF THE LIVER, FAUNDICE, AND ABDOM-
INAL Dropsy. FRevised by T. LAUDER
BruxToN, M.D. and Sir JosePH FAYRER,
M.D. 8vo. with 43 Illustrations, 24s.

Napier.—7we Lire oF Sik JosErH
NAaPIER, BART. EX-LORD CHANCELLOR
oF /RELAND, From his Private Corre-
spondence. By ALEX. CHARLES EWALD,
F.5.A. 'With Portrait on Steel, engraved

by G. J. Stodart, from a.Fhotograph.
Svo. 155,
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Nelson.—Zerrers AND DESPATCHES
orF Horario, ViscounT NELsoN, Selected
and arranged by JoHN KNOX LAUGHTON,
M.A, 8vo. 16s.

Nesbit.—Zavs avp Lecenvps. By

E. NEspir. Crown 8vo. 55

Newman.— Works BV CARDINAL
NEWran.

Aporocra pro Vird Svd. Crown
Svo, 6s.

TiE IpEA oF A UNIVERSITY DEFINED
AND ILLUSTRATED. Crown 8vo. 7s.

HistoricAr SKETCHES. 3 vols.
crown 8vo, 65, each,

TwrE ArRiANSs oF THE FovrTte CEN-
TURY. Crown 8vo. bs.

Dirscussions AND ARGUMENTS oON
Fariovs Sveyecrs., Crown 8vo. 6s.
Ax Essay oy THE DEVELOPMENT OF

CHRISTIAN DocTrRiNE. Crown 8vo. 6s.

CErTAIN DIFFICULTIES FELT BY
ANGLICANS IN CATHOLIC TEACHING
ConsipErReED. Vaol. 1, crown 8vo. 7s. 6. ;
Vol. 2, crown 8vo. 55 64,

Prr Via MEpia oF THE ANGLICAN
CHURCH, ILLUSTRATED IN LECTURES
&*C. 2 vols. crown 8vo. 6s. each.

Essavs, CrivicArL AND HisTorIcAL.
2 wols. crown 8vo, I2s,

Essavs on BipricAr ANp ox Eccrk-
STASTICAL MiRacLES, Crown Svo. G

A Essav iv Aip oF 4 GRAMMAR
oF AsSSENT. 7Ti 64,

TuE DrEAM oF GERONTIUS.
6d. sewed.

Noble.—Hours wirH 4 THREE-INCH
TrLescore, By Captain W, NOELE,
F.R.A.5. &c. With a Map of the Moon.
Crown 3vo, 4+ 64,

Northcott.— Laz#es anp Torw-
ING, Simple, Mechanical, and Ornamen-

16mo.

tal. By W. H. NortHcorr, With 338
Illustrations, 8vo. 18s,
O'Hagan,— Serzcrep  SPEECHES

AND ARGUMENTS 0OF THE KRIGHT
HoNoURABLE THoMASEARoN O Hacan,

Edited by GEorGE TEELING, With a
Portrait, Bvo. 16s.
Oliphant.—MNovers ey Mrs., Ori-
PHANT,
Mapanr. Crown 8vo. 1s. boards ;

Is. 6. cloth.
In TrosT.—Crown 8vo. 1s. boards ;
Is, 6d., cloth,

Oliver. — AsrroNomy ‘For Ama-
TEURS : a Practical Manual of Telescopic
Research adapted to Moderate Instra-
ments, Edited by J. A. WEsTwooD
OLIVER, with the assistance of E. W,
Maunper, H. Grups, J. E. GoRE,
W. F. DExnIxG, W. S. Fraxks, T. G.
ELGER, S. W. BurNHAM, J. R. CAPRON,
T. W. BackHousg, and others, With
several Illustrations. Crown 8vo. 7s. 64,

Overton.—Z:re ¥ THE ENGLISH
CuurcH (1660-1714). By J. H. OvER-
ToN, M.A. Rector of Epworth. 8vo. 14s.

Owen. — THE COMPARATIVE ANA-
TOMY AND PHYSIOLOGY OF THE
VERTEBRATE  ANIMALS. B Sir
RicHARD OweN, K.C.B, &c. With 1,472
Woodecuts, 3 vols. 8vo. £3. 13+ 64,

Paget. — IWorks By Sik James
Pacer, Barr, FR.S. D.C.L. &

Crinvical LECTURES AND [Essavs.
Edited by F, HowarD MARSH, Assistant-
Surgeon to St. Bartholomew’'s Hospital,
8vo. 1§,

LecturEs on SURGICAL PaTHo-
LoGy. Re-edited by the AUTHOR and
W. Turxer, M.B. 8vo. with 131
Woodcuts, 217,

Pasteur.—ZLouvis PasTevr, his Life
and Labours. By his Sox-IN-Law,

Translated from the French by Lady
Cravp HamirToN. Crown 8vo. 7s5. 64,

Payen.—/vpuvsrriar. CHEMISTRY ;
a Manual for Manufacturers and for Col-
leges or Technical Schools ; a Translation
of PAYEN'S fPrécis de Chimie Indus-
trielle.” Edited by B. H. PavL. With
698 Woodcuts. Medium 8vo. 425,

Payn.—NoveLs By JaMES PAYN.

TuweLvckorTHE DARRELLS. Crown
8vo. 1s. boards; 1s. 64. cloth.

TraickER THAN Warer., Crown 8vo.
I+ boards ; 1s. 64, cloth.

Pears.—7T#r Farr oF CONSTANTI-
NOPLE: being the Story of the Fourth

Crusade. By Epwin Pears, LL.B.
Barrister-at-Law, late President of the
European Bar at Constantinople, and
Knight of the Greek Order of the
Saviour, S8vo, 167

Pennell.—Ovr SenTiMENTAL JOUR-
NEY THROUGH FRANCE AND JTALY.
By JosErH and ELIZABETH RORBINS
PENNELL. With a Map and 120 Illus-
trations by Joseph Pennell. Crown 8vo.
6s. cloth or vegetable vellum,

Perring.—/H.arp Kxors IN SHAKE-

SPEARE, By Sir PHILIP PERRING, Bart,
Svo. 7s. 64,
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Piesse.—7wEe Arr oF PERFUMERY,
and the Methods of Obtaining the Odours
of Plants; with Instructions for the
Manufacture of Perfumes, &c. By G.
W. S. Piessg, Ph,D. F.C.5, With
96 Woodcuts, square crown $vo. 215

Pole.—7wE Twreory or TaeE Mo-
DERN Sclexririe Gavme oF HWHIST.
By W. PoLg, F.R.S. Fecp. 8vo. 25 6d.

Prendergast.—/kzr4vp, from the
Eestoration to the Revolution, 1660-
1690. By Joux P. PRENDERGAST. Svo. §s,

Proctor.— WWorks sy R. A, Procroxr.

Tue Ores Arovwp Us; a Series of
Essays on the Moon and Planets, Meteors
and Comets, With Chart and Diagrams,
crown 3vo. 55,

Orver Worrps 7#an OQurs,; The
Plurality of Worlds Studied under the
Light of Recent Scientific Researches,
With 14 Illustrations, crown 8vo. 5s.

THE Moon ; her Motions, Aspects,
Scenery, and Physical Condition. With
Plates, Charts, Woodcuts, and Lunar
Photographs, crown 8vo. 6.

Universe or Srars; Presenting
Researches into and New Views respect-
ing the Constitution of the Heavens.
With 22 Charts and 22 Diagrams, 8vo,
105, 6d.

LAarcER Srar Arras for the Library,
in 12 Circular Maps, with Introduction
and 2 Index Pages. Folio, 155, or Maps
only, 12s5. 64.

WNEw Star Arras for the Library,
the School, and the Observatory, in 12
Circular Maps (with 2 Index Plates).
Crown 8Svo. 54

LicrHT ScIENCE For LEISURE HOURS;
Familiar Essays on Scientific Subjects,
Natural Phenomena, &ec. 3 vols. crown
3vo, 5. each.

Caanvce anvp Luck ; a Discussion of
the Laws of Luck, Coincidences, Wagers,
Lotteries, and the Fallacies of Gambling
&c. Crown 8vo. s,

STupIEs oF VEnvus-TrRANSITS; an
Investigation of the Circumstances of the
Transits of Venus in 1874 and 1882,
With 7 Diagrams and 10 Plates. 8vo. 5s.

OrLp avp New AsrronNomy.

#® * In course of publication, in twelve
monthly parts and a supplementary sec-
tion. In each there will be 64 pages,
imp. 8vo. many cuts, and 2 plates, or one
large folding plate. The price of each
part will be 25, 64, ; that of the supple-
mentary section, containing tables, index,
and preface, 15, The price of the com-
plete work, in cloth, 365

e —

The : ENOWLEDGE' LIERARY. Edi-
ted by RicHARD A, PROCTOR.
How ro0 Pray WwHisT: wirtH THE
Laws axp ETrQUETTE OF HHIET,
By R. A. ProcTorR. Crown 8vo. 5s.

Home Wraisr: an Easy Guide to
Correct Play. By R.A.PROCTOR. 16mo. 1.

TweE Poerry oF Astrovomy. A
Series of Familiar Essays. By R. A,
ProcTor. Crown 3vo. 6.

Narvre Srupies. By GRanT ALLEN,
A, WiLson, T. FosTER, E. CLODD, and
E. A, ProcTor, Crown Svo. 65

Lersvre Reapives, By E. CLopp,
A Wirsox, T. FosTER, A. C. RUNYARD,
and R. A. ProcTor. Crown 3vo. 65

TwE ST4aRs IN THEIR SEASONS.

An Easy Guide to a Knowledge of the
Star Groups, in 12 Large Maps., By R.
A, ProcToR. Imperial 8vo. §s.

Srar Prrver. Showing the Starry
Sky Week by Week, in 24 Hourly Maps.
By R. A, ProcToR, Crown 4to. 25 6d.

TrE SEASONS PicTURED IN 48 SUN-
Views oF THE EArTH, and 24 Zodiacal
Maps, &c. By R. A. ProcTOR, Demy
4to. 5s.

SrtrENGTH AND [Harriness. By
E. A. Procror. Crown 8vo. 5s,

Rover Wavs Mape Swoors, Fami-
liar Essays on Scientific Subjects. By
R. A, ProcToR. Crown 8vo. §s.

Ovr Prace Amonc InFiniTiEs. A
Series of Essays contrasting our Little
Abode in Space and Time with the Infi-
nities Around us, By R. A, PROCTOR,
Crown 8vo. 5s.

Thue Exravse or Heaven, Essays
on the Wonders of the Firmament. By
R. A. Procror. Crown 8vo. §5.

THE GREAT PvrAMID, OBSERVA-
ToRY JToare, axp Treumrpce. With
Ilustrations. Crown Svo. 65,

PrLEasaNT Wavs iv¥ Scienvce. By
R. A. ProcTor. Crown Svo. 6s.

Myris AND MarvELs oF ASTRO-
~Nonmy. By R. A, ProcToR. Cr. 8vo. 64,

' Prothero.— Twr ProNEERS AND

PROGRESS OF FENGLISH FARMING, By
Rowrann E. ProTHERO. Crown 8vo.

S;I

| Pryce.— ZuE AnciEnt BRITISH

Crurck : an Historical Essay. By JoHN
Pryce, M. A, Canon of Bangor. Crown
Svo, 6s,
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Quain’s Elements of Anatomy.
The Ninth Edition. Re-edited by ALLEN
THoMsoN, M.D.LL.D. F.R.5.5. L. & E.
EDWARD ALBERT SCHAFER, F.E.5. and
GEORGE DANCER THANE. With up-
wards of 1,000 Illustrations engraved on
Wood, of which many are Coloured.
2 vols. 8vo. 18r, each.

Quain.—A Dicriovary or MEDI-
CINE. By Various Writers. Edited by R.
Quain, M.D. F.R.5. &c. With 138
Woodcuts. Medium 8vo. 31Is. 64, cloth,
or 4os. half-russia; to be had also in
2 vols. 34s. cloth,

Reader.— HWorks By
READER.

THE GHosT oF Bravkinsgaw and
other Tales. With g Full-page Illustra-
tions, Fep. 8vo, 25, 64, cloth extra, gilt
edges.

Vorces From JFrower-Lawnp, In
Original Couplets. A Birthday-Book and
Language of Flowers. 16mo. 1s. 64, limp
cloth ; 2s5. 64, roan, gilt edges, or in vege-
table vellum, gilt top.

Fairy Prince Forrow-my-LEAD ;
or, the Macic BracereET. Illustrated
by Wum. ReapeEr, Crown 8vo. 25 6d.
gilt edges; or 35 64, vegetable vellum,
gilt edges,

Tue Turer GIANTS &
16mo, 15, cloth,

TuE Moper Boy &we. Royal 16mo.
15, cloth,

BEe Yr Hys wro Fyyps ¥Yr. Royal

16mo. Is. cloth.

Reeve. — Cooxery Avp House-
KEEPING. By Mrs, HENRY REEVE. With
8 Coloured Plates and 37 Woodcuts.
Crown 8vo. 5s.

Emiry £E.

Royal

Rich.—A4 Dicrionary oF Rowmaw
AND GREEK ANTIQUITIES. With 2,000
Woodcuts. By A. RicH, B.A, Cr. 8vo,
7s. bd.

Richardson.— Works sy BENyAmiy
Warp Ricirarpson, M.D.

Tre Hearre oF Narions : a Review
of the Works—Economical, Educational,
Sanitary, and Administrative—of Epwin
Cuapwick, C.B. With a Biographical
Dissertation by BENjaMIN WARD RICH-
ArDsoN, M.D. F.R.5. 2 vols. 8vo. 28+

TaeE CommoNHEALTH : a Series of
Essays on Health and Felicity for Every-
Day Readers. Crown Svo. b,

Richey.—A Sworr HisToRY OF THE
frisrd PeEorLe, down to the Date of the
FPlantation of Ulster. By the late A, G.
RicuHey, Q.C. LL.D. M.R.LLA. Edited,
with Notes, by RoeerT ROMNEY KANE,
LL.D. M.R.I.LA. 8vo. 14,

Riley.—Ar#zos; or, the Mountain of
the Monks, By ATHELSTAN RILEY,
M.A. F.R.G.S. With Map and 29

IMustrations, 8vo. 21Is.

Rivers, — Works By THOMAS
NIVERS.

TaE OrcHarp-Hovse. With 25

Woodcuts, Crown 8vo. §s.

Tue Mintarvre FrUit GARDEN;
or, the Culture of Pyramidal and Bush
Fruit Trees, with Instructions for Root
Pruning. With 3z Illustrations. Fep.
8vo. 45,

Roberts.— Greex mwE Lawvevice
oF CHRIST AnND His Aprosrres. By
ALEXANDER RoBerTs, D.D, 8vo. 18

Robinson. — Twe New ARrcapia,
and other Poems. By A. Mary F.
Roeixson. Crown 8vo. 6s.

Roget,— Twesavros oF ENGLISH
Worps AND PHRASES, Classified and
Arranged so as to facilitate the Expression
of Ideas and assist in Literary Com-
position. By PeEreEr M. Roger. Crown
Svo. 10s5. 64,

Ronalds. — Twe  Fryv-FISHER'S
EnToamorocy. By ALFRED RONALDS.
With zo Ccloured Plates. 8vo. 14s.

Saintsbury.—Ma~cwesrer » a Short
History. By GEORGE SAINTSEURY. With
2 Maps. Crown 8vo. 35 64,

Schifer. — Twe ESSENTIALS OF
HfSTﬂMGH DESCRIPTIVE AND PRACTI-
c4L. For the use of Students. By E.
A, ScHAFER, F.R.S. With 281 Illus-
trations, 8Svo. 6s. or Interleaved with
Drawing Paper, 8s. 6d.

Schellen. — Srecrrunr  AxaLvsis
IN ITS APPLICATION T0O TERRESTRIAL
SursTANCES, and the Physical Constitu-
tion of the Heavenly Bodies. By Dr.
H. ScHELLEN, Translated by JANE and
CAROLINE LaAsserLL. Edited by Capt.
W. DE W. AsxeEy. With 14 Plates
(including Angstrom's and Cornu’s Maps)
and 2901 Woodcuts. 8vo. 31+ 64,

Scott.— WEArHER CHARTS AND
STorM WarNiNcs. By RoRerT H.
ScorT, M.A, F.R.5. With numerous
Illustrations. Crown Svo. 6s.
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Seebohm,— Works By FrREDERIC
SEEBOHM.
TrE Oxrorp KEFORMERS — Jouw

COLET, ERASMUS, AND THOMAS MORE ;
a History of their Fellow-Work, 8vo. 14s.

TiE Encrisid VibLAGE CoMmunNiTy |

Examined in its Relations to the Manorial
and Tribal Systems, &e, 13 Maps and
Plates, 8vo. 167,

TaEERA 0F THE PROTESTANT REVO-
LuTion, With Map. Fcp. 8vo, 25. 64,

Sennett. — Twe MariNe Sreasr
ENGINE ; a Treatise for the use of Engi-
neering Students and Officers of the
Royal Navy, By RICHARD SENNETT,
Engineer-in-Chief of the Royal Navy.
With 244 Illustrations. 8vo. 21s.

Sewell. — Srories axp  Tarks.
By ELizageTi M. SEWELL. Crown 8vo,
1s. each, boards ; 1+, 64, each, cloth plain ;
25, 6d. each, cloth extra, gilt edges:—

Amy Herbert. | Margaret Percival.
The Earl's Daughter. Laneton Parsonage.
The Experience of Life. | Ursula.

A Glimpse of the World.| Gertrude,
Cleve Hall. an | Ivors.
Katharine Ashton. |

Shakespeare. — Bowprer's Fa-
MILY SHAKESPEARE. Genuine Edition,
in 1 vol, medium 8vo. large type, with
36 Woodcuts, I4s. or in 6 vols, fep. 8vo.
215

QUTLINES OF THE LIFE OF SHAKE-

sPEARE. By J. O. HALLIWELL-PHIL-
Lires, F.R.5. 2z wvols, Royal &vo.
105. 64,

Shilling Standard Novels.

By riEg EArRL oF BEACONSFIELD.
Vivian Grey. | The Young Duke, &c.

Venetia. Contarini Fleming, &e.
Tanered. Henrietta Temple.
Sybil. Lothair.

Coningsby. Endymion,

Alroy, Ixion, &c.
Price 1s. each, boards ; 1s. 64, each, cloth,

By G. J. Wayre-MELVILLE.
The Gladiators. | Holmby House.
The Interpreter. | Kate Coventry.
Good for Nothing. | Digby Grand.
Queen’s Maries. | General Bounce.
Price 1s5. each, boards; 1s, 64, each, cloth.

By Roprrr Lovis STEVENSON.
The Dynamiter.
Strange Case of Dr. Jekylland Mr. Hyde.
Price 15, each, sewed ; Is. 64. each, cloth,
[Continued above.

Shilling Standard Novels—cond.

By Errzasera M. SEWELL,
Amy Herbert, l AGlimpse oftheWorld.
Gertrude. Tvors.
Earl’s Daughter. | Katharine Ashton,
The Experience | Margaret Percival.
of Life. Laneton Parsonage.
Cleve Hall. Ursula.
Price 1s. each, boards ; 1s. 64, each, cloth,
plain; 2s. 64, each, cloth extra, gilt edges.

By Axriony TROLLOPE.
The Warden. | Barchester Towers,
Price 1s. each, boards; 1s. 64, each, cloth,

By Brer Harte,
In the Carquinez Woods.
15, 64, cloth,
Onthe Frontier (Three Stories). 1s. sewed.
By Shore and Sedge (Three Stories), 1

Is. boards:

sewed.
By Mrs. Oripaant.
In Trust. | Madam.

By Jaures Pavaw.
Thicker than Water.
The Luck of the Darrells.
Price 15 each, boards ; 1s. 64, each, cloth.

Short.—Sxercir orF v#E HisToRY
OF THE CHURCH OF ENGLAND TO THE
Revorurion orF 1688, By T. V. SHORT,
D.D, Crown 8vo. 7s. 6d.

Smith,—Z/8ERTYV AND LIBERALISM ;
a Protest against the Growing Tendency
toward Undue Interference by the State
with Individual Liberty, Private Enter-
prise, and the Rights of Property. By
Bruce SmiTH, of the Inner Temple,
Barrister-at-Law. Crown 3vo. 6.

Smith, H. F.—7wr Hanxpsoox For
Miowives, By Hexry FLY SMITH,
M.B. Oxon. M.R.C.S. late Assistants
Surgeon at the Hospital for Sick Women,
Soho Square. With 41 Woodcuts.
Crown 8vo. 54

Smith, R. Bosworth. — Caz-

THAGE AND THE CARTHAGINIANS. By
R. BosworTH SmiTH, M.A. DMaps,
Plans, &ec. Crown 8vo. 105 6d.

Smith, Rev. Sydney.— 7wz Wir
AND Wirspoym oF THE NKEV. SYDNEF
Syrre.  Crown 8vo. Is. boards; Is. 64,
cloth.

Smith, T.—A4 Mavvar or OPERA-
TIVE SURGERY ON THE [EAD FBoDV.
By THomaAs SMITH, Surgeon to St.
Bartholomew’s Hospital. A New Edi-
tion, re-edited by W. J. WALSHAM,
With 46 Illustrations. 8vo. 125
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Southey.—7Zwe Porricar Works
OF KoBERT SourHEY, wilh the Author’s
last Corrections and Additions. Medium
8vo. with Portrait, 14s,

Stanley. — 4 Fasiziar Hisrory
orF Fmrps. By E. Staniey, D.D.
Revised and enlarged, with 160 Wood-
cuts, Crown 8vo. 6.

Steel.— Worxs sy J. H. Srecr,
MECVS.

A TREATISE ON THE DISEASES OF
THE 206G ; being a Manual of Canine
Pathology. Especially "adapted for the
Use of Veteninary Practitioners and
Students. With 88 Illustrations. 8vo.
10s. 6d.

TREATISE ON THE DISEASES
OF THE Ox; being a Manual of Bovine
Pathology specially adapted for the use
of Veterinary Practitioners and Students.
With 2 Plates and 117 Woodeunts. 8vo.
155

otephen. — Essays v LccrLesias-
TIcAL Brocrarry, By the Right Hon.
Sir J. SteEpHEN, LL.D. Crown 3vo.
75. 6,

Stevenson.— Works 5BY ROBERT
Louvis STEVENSON.

A Cuird's GArRDEN oF VERSES.

Small fep, 8vo. 55

Tae Dyvanmirer. Fep. 8vo. 15 swd.
1s. 64, cloth.

STRANGE CASE OF DR, JEKVLL AND
MR. Hypg, Fcp. 8vo. 15 sewed ; 15, 64,

cloth,
‘Stonehenge.' — Twe Doc in
HEALTH AND DISEASE. By ¢STONE-

HENGE." With 84 Wood Engravings.
Square crown 8vo, 75, 64,

TuE GREYHOUND, By ‘STONEHENGE,
With 25 Portraits of Greyhounds, &c.
Square crown 8vo, 155,

Stoney. — 7wEe ZHEORY OF THE
STRESSES ON GIRDERS AND SIMILAR
Srrucrures. With Practical Observa-
tions on the Strength and other Properties
of Materials, By Dinpon B, STONEY,
LL.D. F.R.S. M.I.C.E. With 5 Plates,
and 143 Illustrations in the Text.
8vo, 305,

| Sully.— Works sy James SvLLy.

Royal |

Ourcives oF JPsycworocy, with
Special Reference to the Theory of Edu-
cation. 8vo. 125 64.

Tueg TeacHER'S Hanbppook oF
Psycrorocy, on the Basis of * Qutlines
of Psychology.” Crown 8vo, 6s. 6d.

Supernatural Religion ; an In-

quiry into the Reality of Divine Reve-
lation. Complete Edition, thoroughly
revised, 3 vols. 8vo. 365,

Swinburne. — Prcrore Locrc; an
Attempt to Popularise the Science of
Reasoning. By A. ]J. SWINBURNE, B.A.
Post 8vo. g

Taylor. — Sropenr's Mavvar oF
THE HISTORY OF INDIA, from the Earliest
Period to the Present Time. By Colonel
Meapows TAvLor, C.5.1. Crown 8vo.
75 6,

Taylor.—Ax~ Acricvrrvrar Nore-
Boox: to Assist Candidates in Pre-
paring for the Science and Art and other
Examinations in Agriculture. By W. C.
TavrLor. Crown 8vo. 25, 6d.

Thompson.— Worxs sv D. GREEN-
LEAF THOMPSON.

Ture Propreyw or Evir: an Intro-

duction to the Practical Sciences. 8vo.
105, G,
A Svsrex oF Psveworocy. 2 vols,

Svo. 36s.

Thomson's Conspectus.—Adapted
to the British Pharmacopceia of 1885,
Edited by NEsTor TirArD, M.D. Lond.
F.R.C.P. New Edition, with an Ap-
pendix containing notices of some of the
more Important non-official medicines
and preparations. 18mo. 6s.

Thomson.—Ax OUTLINE OF THE
NECESSARY Laws oF THOUGHT; a
Treatise on Pure and Applied Logic. By
W. Tuomson, D.D. Archbishop of
York. Crown 8vo. 6s.

Three in Norway. By Two of
Tuem., With a Map and 59 Illustra-
tions on Wood from Sketches by the
Authors. Crown 8vo. 25, boards; 2s 6d.
cloth,
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Todd. — Ox PuriiameNrvary Go- |
VERNMENT IN ENGrLanp: its Origin,
Development, and Practical Operation.
By AcrrHEus Toop, LL.D, C.M.G.
Librarian of Parliament for the Dominion
of Canada. Second Edition, by his Sox,
In Two Volumes—VoL, 1. 8vo, 24s.

Trevelyan.— Worxs 8y THE Richr
Hown, Sik G. Q. TREVELYAN, BART.
TFur Lire anp LErrers or Lorp
MACAULAY.
Ligrary EpITION, 2 vols. 8vo. 36s.
CABINET EDITION, 2 vols, crown 8vo.
125,
PoruLar EpiTioN, I vol. crown 3ve,
65,
THE Earry History oF CHARLES
Fames Fox. Library Edition, 8vo. 185,
Cabinet Edition, crown 8vo. 6z,

Trollope.—Novers v Axriovy |
TROLLOPE,

Tre Warpey. Crown 8vo.
boards ; 15 64. cloth.

BARCHESTER TOWERS.
Is. boards ; 15 62, cloth,

I5.

Crown 3vo,

Twiss.— Works By Sik TRAVERS

Lwiss.

ThE Ricurs Aanp Duries oF Na-
TI0NS, considered as Independent Com-
munities in Time of War. 8vo. 217,

Trwr Ricers Axp Duries
Nations iv TinMe oF PEACE.
155

Tyndall. — Worxs By jounw Tyn-
parr, FR.5 &

FRAGMENTS OF SCIENCE.
crown Svo. 16s,

Hear 4 Mope oF Morion. Crown
8vo. 125,

SounD. With
Crown 8vo. 105 64,

Essayvs ov 7HE Froarine-MarTER
oF THE Air in relation to Putrefaction
and Infection. With 24 Woodcuts,
Crown 8vo. 7s5. 6.

Lecrores ov Licuar, delivered in
America in 1872 and 1873. With 57
Diagrams. Crown 8vo. 55

LESSONS IN ELECTRICITY AT THE
RovAL Iwstirurion, 1875-76. With
58 Woodcuts. Crown Svo. 28 64,

Nores orF 4 CoURSE OF SEVEN
LecTURES ON ELECTRICAL [PHENO-
MENA aAnxD Tureorizs, delivered at the
Royal Institution. Crown Svo, Is. sewed,
15 04, cloth,

[ |
Svo.

2 vols.

204 Woodcuts.

[ Continued alove.

Tyndall.— orxs sy Joun Tvn-
DALL, FLR.S. & e.—continued,

NoTEes oF 4 CoUrseE or Nive LEc-
TURES oN LiguT, delivered at the Royal
Institution. Crown 8vo. 1:. sewed, 15, 64,
cloth.

Farapay 45 a Discoverer, Fcp,
8vo, 3s. 64,

Ville.—Ox ArriFiciar. ManOREs,
their Chemical Selection and Scientific
Application to Agriculture. By GEORGES
VILLE. Translated and edited by W,
Crookes, F.R.5. With 31 PFlates,
Sva. 215,

Virgil.—Porsr: Vercicr Maronis
Bucoric4, GEORGICA, ENEIS; the
Works of ViIrcin, Latin Text, with
English Commentary and Index. By
B. H. Kexxepy, D,D, Crown 8vo.
105, 6d.

THE AZNEID oF Vikcrr., Translated
into English Verse. By Joux CoNINg-
TON, M.A., Crown 8vo. gs. -

Ture Porms or Vircrr., Translated
into English Prose. By Joux CoNiNg-
TON, M.A. Crown 8vo. gs.

Vitzthum,—Sr. PerErRSBURG AND
Loxvpon IN THE VEARs 1852-1864:
Reminiscences of Count CHARLES FRED-
ERICK ViTzTHUM vON ECKSTOEDT, late
Saxon Minister at the Court of St. James’.
Edited, with a Preface, by HENRY REEVE,
C.B. D.C.L. 2z vols, Svo. 30s.

Walker. — Twe Correcr CARD;
or, How to Play at Whist; a Whist
Catechism. By Major A. CAMPBELL-
WaLKker, F.R.G.5. Fep. 8vo. 25, 64,

Walpole.—Hisrory or LENGLAND
FROM THE CONCLUSION OF THE GREAT
War inv 1815. By SPENCER WALPOLE,
§ vols. 8vo. Vols. I. and II. 1815-1832,
36s. ;3 Vol. II1. 18321841, 185, ; Vols. IV,
and V. 1841-1858, 365,

Waters. — Parrisi REGISTERS IV
Excranp: their History and Contents,
With Suggestions for Securing their better
Custody and Preservation. By RoRERT
E. CHESTER WATERS, B.A, 8vo. 55,

Watson.— A aramuwva : a Romance.
By H. B, MArRrIoTT WaTsoN, Crown
Svo. 6s,

Watts.—A Dicriovary or CHEMIS-
TRY AND THE ALLIED FBRANCHES OF
oTHER SclEncEs. [Edited by HENRY
Warrs, F.R.5. 9 vols, medium 8vo,
£ 15, 25, 64,
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Webb.—Crzesrrar Osyecrs For
CommoN TELEScOPES. By the Rev.
T. W. WeBs. Map, Plate, Woodcuts,
Crown 8vo. gs.

Wellington.—Zirr or i DUKE
OF WELLINGTON, Bj.-" the Rev. G. R.
grLEIG, M.A. Crown 8vo. Portrait,

West,.— IHorks sy Crarres WEsT,
M.D. &¢. Founder of, and formerly
Physician to, the Hospital for Sick
Children,

LECTORES oN THE DisEaAsEs oF In-
FANCY AND CHILDHOOD, 8vo. 18s.

Prar Morwer's Manvoar oF CHIL-
DREN'S DisEAsES. Crown 8vo. 25, 64,

Whately. — Ewxcrisir  Svvonvus.
By E. JANE WHATELY, Edited by her
Father, R. WHATELY, D.D. Fep. 8vo,
35

Whately.— Works sy R, WrATELY,
ﬂlﬂl

Eremexts orF Locre. Crown 8vo.
4s. 6d,

EL.EMEHTS aoF RHETDRIE‘-
8vo. 45 6.

LEssons on Reasonive. Fep. 8vo,
15, 6d.

Bacon's Essavs, with Annotations,
8vo. 104, 64,

Whiteand Riddle,—A4 Zariv-Enc-
Lisg Dicriovary. By J. T. WHITE,
D.D. Oxon, and J. J. E. RippLE, M. A,
Oxon, Founded on the larger Dictionary
of Freund. Royal 8vo. 21s.

White.—4 Cowcise ZLarin-ENG-
Lise DrcrioN4ary, for the Use of Ad-
vanced Scholars and University Students
By the Rev, J. T, WHITE, D.D. Royal
8vo. 125,

Whiteing.— 7%z /scanp: an Adven-
ture of a Person of Quality ; a Nowel,
By RicHArD WHITEING, Crown 8vo, 65,

Wilcocks.—7we Sea FISHERMAN.
Comprising the Chief Methods of Hook
and Line Fishing in the British and other
Seas, and Remarks on Nets, Boats, and
Boating. By J. C. WiLcocKs.  Pro-
fusely Illustrated. Crown Svo. 6z,

Wilkinson.— 7wt Frienpry So-
cieTy MoveMENT : Its Origin, Rise, and
Growth; its Social, Moral, and Educational
Influences,—7HE AFFILIATED ORDERS.
—By the Rev, Joiin FroME WILKINSON,
M.A. Crown Svo, 25 bd,

Crown

Williams.—Porsonary Consvmep-
770N ; its Etiology, Pathology, and
Treatment, With an Analysis of 1,000
Cases to Exemplify its Duration and
Modes of Arrest. By C. J. B, WiLL1AMs,
M.D. LL.D. F.R.5. F.R.C.P. and
CHARLES THEODORE WILLIAMS, M.A.
M.D.Oxon, F.R.C.P. With 4 Coloured
Plates and 10 Woodcuts, 8vo. 16s.

Williams. — Mavovar orF TELE-
GrR4PHY. By W. WIiLL1AMS, Superin-
tendent of Indian Government Telegraphs,

Iustrated by 93 Wood Engravings. 8vo.
10s5. 64,

Willich. — Pororar Tasres for
giving Information for ascertaining the
value of Lifehold, Leasehold, and Church
Froperty, the Public Funds, &c. By
CHARLES M. WiLLicH, Edited by
H. BENCE Jones, Crown 8vo. 10s, 64.

Wilson.—A4 Manvar orF HeaLrh-
SciENCE., Adapted for Use in Schools
and Colleges, and suited to the Require-
ments of Students preparing for the Ex-
aminations in Hygiene of the Science
and Art Department, &c. By ANDREW
WiLson, F.R.5.E, F.L.S. &c. With
74 Illustrations. Crown 8vo, 2s. 64,

Witt.— Works vy Pror. Wirr,

Translated from the German by FrANCES
YOUNGHUSBAND,

Twe TFroyan War. With a Preface
by the Rev. W. G. RUuTHERFORD, M.A.
Head-Master of Westminster © Schoal.
Crown 8vo. 2s.

Myrus oF Herras; of, Greek Tales.
Crown 8vo. 3s. 64,

Tueg WanperiNcs oF ULVSSES.
Crown 8vo, 35 64l

Wood.— Works »v Rev. J. G.
Hoob.

Homes Wirmovr Haxps; a De-
scription of the Habitations of Animals,
classed according to the Principle of Con-

struction, With 140 Illustrations, 8vo.
105, 6d.
Insecrs ar Home; a Popular

Account of British Insects, their Struc-
ture, Habits, and Transformations. With
700 Illustrations. 8vo. 10s. Od.

Ixsecrs Arro4p; a Popular Account

of Foreign Insects, their Structure,
Habits, and Transformations. With
600 Illustrations. 8§vo. 10s. 64,

[Contined on next page.
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Wood. — Worxs sy Rev. J. G.

Hoop—continued,

Brere Awrmars; a Description of
every Living Creature mentioned in the

Scriptures, With 112 Illustrations, 8vo.
105, Gd.

STrRANGE DwELLINGS ; a Description
of the Habitations of Animals, abridged
from °Homes without Hands.” With
60 Illustrations. Crown 8vo. 55. Popular
Edition, 4to. 64.

Horse anxp Max: their Mutual
Dependence and Duties, With 49 Illus-
trations. 8vo. I4s.

IrrosrraTED STABLE Maxins. To
be hung in Stables for the use of Grooms,
Stablemen, and others who are in charge
of Horses, On Sheet, 4s.

Ouvr or Doors; a Selection of
Original Articles on Practical Natural

History. With 11 Illustrations. Crown
Svo. §5.
Perranp Revisitep. With 33

Illustrations, Crown 8vo, 7s, 64,

The following books are extracted from the
foregoing works by the Rev. J. G, Woob :

Socrar HABITATIONS AND PARASITIC

NEesrs., With 158 IMlustrations. * Crown
Svo. 2s5. cloth extra, gilt edges.
Twe Bravch Buirpers. With 28

Illustrations. Crown 8vo. 25 64, cloth
extra, gilt edges.

Wit Axtymais or 1THE BIBLE.
With 29 Illustrations. Crown 8vo. 3. 6.
cloth extra, gilt edges.

Dosyesric ANIMALS OF THE BIBLE,
With 23 Illustrations. Crown Svo. 3s. 6d.
cloth extra, gilt edges.

Birp-Lire oF raE Brece, With 32
Illustrations; Crown 8vo. 3+ 64. cloth
extra, gilt edges.

WonperrFUL INESTS.
trations.

. gilt edges.,
= Hoxzs UnpEr THE Grounp. With
28 Illustrations. Crown 8vo. 35 64, cloth
91 extra, gilt edges.

Wood-Martin, — Zwe ZLaxe

DWELLINGS oF J[RELAND: or Ancient

# Lacustrine Habitations of Erin, comman-

ly called Crannogs. By W. G. Woob-

MarTi¥, M.R.ILA. Lieut.-Colonel &th

Brigade North Irish Division, R.A,
With 5o Plates.  Royal 8vo. 255

With 30 Illus-

Crown 8vo. 35 64. cloth extra,

Wright.—Hir Distase iy CHILD-
HooDn, with Special Reference toits Treat-
ment by Excision. By (. A, WRIGHT,
B.A. M.B.Oxon. F.R.C.5.Eng. With
48 Original Woodcuts. 8vo. 105 6d.

Wylie. — Hisrory oF ENGLAND
INDER HENRY THE FOURTH. ByJAMES
Hamirton WyLig, M.A. one of Her
Majesty’s Inspectors of Schools, (2 vols.)
Vol. 1, crown 8vo. 105 64, :

Wrylie. — LaBoor, LEISURE, AND

Luxury; a Contribution to Present
Practical  Political Economy. By
ALEXANDER WYLIE, of Glasgow. Crown
avo. 15

Youatt. — Works »y WiLriam
YouarT.

TrE Horse, Revised and enlarged
by W. Warson, M.R.C.V.S5. 8vo.
Woodcuts, 7s. 64,

TaE Doc.  Revised and enlarged.
8vo. Woodcuts, 65,

Younghusband.—Z#e Srorv oF
CQUR LORD, TOLD IN SIMPLE LANGUAGE
FOR CHILDREN. By Frances YoUNG-
HUSBEAND. 'With 25 Illustrations on Wood
from Pictures by the Old Masters, and
numerous Omamental Borders, Initial
Letters, &ec. from Longmans’ Illustrated
New Testament. Crown 8vo, 25, 64. cloth
plain; 3s. 64. cloth extra, gilt edges.

Zeller. — Works Dr, E.
ZELLER.

Hisrory oF EcLeEcrrcisy iN GREEK
LPrreosorry.  Translated by SArRAH
F. ALLEYNE. Crown Bvo. 105 62

Tue Sroics, EPICOREANS, AND
Sceprics. Translated by the Rev, O.
J. REICHEL, M.A. Crown 8vo. 155,

SOCRATES AND THE ,SOCRATIC
ScHooLs, Translated by the Rev. O. J.
REICHEL, M.A, Crown 8vo, 105, 64,

PrLaro axp roe OLDER ACADEMY.
Translated by SaraH F. ALLEYNE and
ﬁsr.I-‘R.Eu Goopwin, B.A. Crown 8vo.
185,

TuE PrE-Socraric Scroors » a His-
tory of Greel Philosophy from the Earliest
Period to the time of Socrates. Trans-
lated by SArRAH F. ALLE¥YNE. 2 vols.
crown 8vo. 304,

QuriiNes oF THE History oF
GREEK Prrrosorny. ‘Translated by
SARAH F, ALLEYNE and EVELYN
ABEOTT, Crown 8vo. 105, 64,

B¥
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EPOCHS OF ANCIENT HISTORY.

Edited by the Rev, Sir G, W, Cox, Bart. M.A. and by C, SANKEY, M. A,

10 volumes,

fep. 8vo. with Maps, price 25. 64, each.

THE GRACCHI, MARIVS, AND SuLLa. By
A. H. Bersiy, M.A. With 2 Maps,

Tug Earry Roman Empre. From the
Assazsination of Julius Caesar to the Assassination
of Domitian. By the Rev. W. WoLre Cares, MLA.
With = Maps.

THRE RoMAN EMPIRE OF THE SECOND CEN-

tury, or the Age of the Antonines. By the Rev,
w'{"-'m.#u Cares, M.A, With = Maps.

THE ATHENIAN EMPIRE FROM THE FLIGHT
af Xerxes to the Fall of Atkens. By the Rev.
Sir G. W. Cox, Bart. M.A. With 5 Maps.

THE RisE OF THE MACEDONTAN EMFPIRE.
By ArTaver M. CurTEls, M.A. With & Maps.

THE GREERS AND THE PERsrans. By the
Rev. Sir G. W, Cox, Bart. M.A. Wilth 4 Maps.

Rome 70 I1Ts CAPTURE BY THE GAULS.
By WivneLy Inve. With a Map.

The Roman TrRivmviraTeS. By the Very

Rev. Cuaries Merivare, D.D. Dean of Ely.
With a Map.

THE SPARTAN AND THEBAN SUPREMACIES.
By CuagrLEs SANkKEY, M.A. With 5 Maps,

ROME AND CARTHAGE, THE Puwnic WARS.

By R. Boswortn Ssuti, M.A.  With g Maps
and Plans.

EPOCHS OF
Edited by C. CoLBECK, M.A.

THE BEGINNING OF THE Mipbre AGES.

By the Very Rev. RicHarp WiLLiam CuurcH,
AL & n of St. Paul's. With3 Maps.

TuE NorMans 1IN Evrore. By Rev. A.
H. Jouwsox, M.A. With 3 Maps.

Tue CrRus4DEs. By the Rev, Sir G, W,
Cox, Bart. M.A. With a Map.

THE EARLY PLANTAGENETS. By the
Right Rev. W. Stuess, D.D. Bishop of Chester.

With = Maps.
Epwarp THE THiRD. By the Rev, W.
With 3 Maps and 3 Genea-

WarsvrTDN, M.A.
logical Tables.

Tur Hovuses oF FANCASTER AND VoORK:

with the Congrest and Loss of France. DBy
James Galkpner. With 5 Maps,

THE EARLY TUpDoRs. By the Rev. C. E.
MonerLy, M.A.

THE ER4 OF THE PROTESTANT REVOLU-

tion. By F. Seepoum. With 4 Maps and 1z
Diagrams.

MODERN HISTORY.

18 volumes, fcp. 8vo. with Maps, price 25, 64, each.

THE AGE oF ELizABETH, By the Rev. M.
CreicuTon, M.A. LL.D. With 5 Maps and
4 Genealogical Tables,
THE FirsT TWO STUARTS AND THE PURI-

far Revolufion, 1603-1660. By SaMuEL BAawson
GARDINER. With 4 Maps.

THE FALL OF THE STUARTS ; AND WESTERN

Enrope from 1678 fp 1607. By the Rev. Epwann
HavLg, M.A. With 1 Maps and Plans.

THE Ace oF AvNeE. By E. E. MoRrris,
M.A. With 7 Maps and Plans,

THE THIRTY VEARS' VAR, 1618-1648. By
SAMUEL Rawson Garpruer. Witha Map.

THE EARLY HANOVERIANS. E. E.
Morris, M.A. With o Maps and Plans.

FREDERICK THE GRESAT AND THE SEVEN
Vears' War., DBy F.W. Loxcgman. With 2 Maps.

THE WiR oF AMERICAN INDEPENDENCE,
1775-1783. By J. M. LupLow., With 4 Maps.

TuE FRENCH REVOLUTION, 1780-1795. DBy
Mrs. S. R. Garoixer. With 7 Maps.

Tue EpocH orF RerorM, 1830-1850.

By
Jusrin McCartuy, AP,

EPOCHS OF CHURCH HISTORY.

Edited by the Rev. MANDELL CREIGHTON.

Fug ENGLISH CHURCH IN OTHER LANDS,
By the Rev. Hi W, Tucker, M. A,

THe Hisrory oF THE REFORMATION 1IN
England., By the Rev. Georce G. PErry, M.A.

IT'nwe CHURCH oF THE EARLY FATHERS.
By Avrren PLrommer, DD,

Tuwe EVANGELICAL [REVIVAL IN THE

Eighteentle Century. DBy the Rev. J. H. Over-
T'ﬂh';. Ml ﬂ-l

8% Dther Folumes are in preparation,

Fcp. 8vo, price 25 64, each.

Tue History oF THE UNIVERSITY OF
Oxford. By the Hon. G. C. Brobrick, D.C.L.

THE CHURCH AND THE RoMAN EMPIRE.
Iy the Rev. A, CARR.

THE CHURCH AND THE PURITANS, 1570-
1o, By HExry OFrFLEY WAKEMAN, M.A.
THE CHURCH AND THE EASTERN EMPIRE.
By the Rev. H. F. Torer, M.A.
JHILDEBRAND AND [His TIMES.

By the
Fev. W. R. W. SterHExS, M. A.

Spottiswoode & Co. Printers, New-street Square, Lyndon.
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