The optical manual, or Handbook of instructions for the guidance of
surgeons in testing the range and quality of vision of recruits and others
seeking employment in the military services of Great Britain, and in
distinguishing and dealing with optical defects among the officers and
men already engaged in them / by T. Longmore.

Contributors
Longmore, T. Sir, 1816-1895.

Publication/Creation
London : H.M.S.0., 1885.

Persistent URL
https://wellcomecollection.org/works/féufrmkm

License and attribution

This work has been identified as being free of known restrictions under
copyright law, including all related and neighbouring rights and is being made
available under the Creative Commons, Public Domain Mark.

You can copy, modify, distribute and perform the work, even for commercial
purposes, without asking permission.

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org



http://creativecommons.org/publicdomain/mark/1.0/







Digitized by the Internet Archive
in 2016

https://archive.org/details/b28710277





















“ANOWN ANonaA er
*INOUITL] Bl || ugesdo

aromny snoanb
A o e

SO A OFgEE]D JOfag

<1adoxd wanzos

MO0 J0 MUIE| 0]38]0 10p1agsod
SNOanD Jo ouIguIs

*JILOTILT I

"L

SURNLION D13 U3 OI0I0]08 a3 JO ool

4

OO0 JO Ta.Su]

Ano puw fpog Lo an) qigs Sumpuogg auo
O] ST puae wauaos oy ool og no dupssed
uongaod 10quo oy *01901a]08 J0 UOTIMIIUIN[LD

I

‘a
i
i
il
‘rE
Lk
L
o d
0o

o
“Rie wek

HOEDI0E JO [0 pojpee-0F pu
fajosnur Lavpjo jo sunpuay § sy ogy jo sxeqd Yy
"UDYHR0E U] “BAY JO sl Je[noljo Sy
"G BUpuipuL dupaone ey Gy y
waRsno0Id LIujo
*aoEnn LIUI[D Y
*EINLAC] L [ O2010 i i
() gnoj oy jo opnsdes 40
HEAT JO vUED o
[ xopieqsod oy Supueioy ‘emui e propeiy “\m
‘138 Jo [uuuD e
H(22) @A 3O [WHND SUF JO (¥ JojIojne 81
JUIIAG). pus 29 oLy AUppusgxa ongs)] pewiE pp
"o WO EpITAI0] ATppudxD s[[e0 juannlsuag 9o
“Uupgax any Jo uoprod Jopzague S g
"R A propeiy ‘oo

"adaidE] jueo



f

|\ THE ILLUSTRATED

OPTICAL, MANUAL

OR

HANDBOOK OF INSTRUCTIONS
FOR THE GUIDANCE OF SURGEONS IN
TESTING QUALITY AND RANGE OF VISION, AND
IN DISTINGUISHING AND DEALING WITH :

OPTICAL DEFECTS IN GENERAL.

BY

SURGEON-GENERAL SIR T. LONGMORE, C.B., F.R.C.S.

HONORARY BURGEON TO THE QUEEX
IROFESSOR OF MILITARY BURGERY AT THE ARMY MEDICAL SCHOOL §
OFFICER OF THE LEGION OF HONOUR ;
ASSOCIATE OF THE SOCIETY OF SURGERY OF PARIS
CORRESMONDING MEMBER OF THE ACADEMY OF MEDICINE OF FRAXNCE |
ETC,

FourTH EDITION,

ENLARGED, AND ILLUSTRATED BY 74 FIGURES FROM DRAWINGS AND DIAGRAMS

BY INSPECTOR-GENERAL DR. MACDONALD, R.N. F.R.5. &c.

LONDON :
LONGMANS, GREEN, AND CO.
AND NEW YORK: 15 EAST 16% STREET.
1588,






PREFACE

TO

THE FOURTH EDITION.

I BavE 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 ophthalmie 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

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,
ab 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 hayve to travel in order to
reach them. A great deal of attention has been given of late
years 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 insure 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 instruc-
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 visual
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 precautions 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, so far as his usefulness during the period he is engaged
on active service is concerned. Military efficiency, the personal
safety of troops, and economy of expenditure of ammunition are
all involved in the capacity of soldiers for making an accurate use
of the firearms placed in their hands. Tt 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 qualifications 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 qualitics 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 optics
on certain parts of the teaching. The objects painted on targets,
and employed in ‘educating’ men in the use 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 usually 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 such objects 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 guestion
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 visual 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
visnally qualified for service in the Commissariat and Transport, or
for any other corps or department of the army ? After a sufficient
number of records on these subjects has been accumulated, 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 milifary 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 shounld be re-
stricted to spectacles of certain descriptions, and, if so, of what
deseriptions ?

I do not think it too much to assert that an acqunaintance 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 varions 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 usunal circumstances
of service, in consequence of the multitndinons 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 cases of defective vision to be sent to general
hospitals, and referred to medical officers who have acquired a
particular acquaintance with the visual 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 optical appliances
which cannot be expected to be found at more limited establish-
ments.

Althongh the metrical system of numeration of lenses and of
measurement in general is now ordinarily employed by ophthalmie
surgeons, and is no doubt destined to supersede the duodecimal
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 visual defects,
has proved to me the need of such information being given, and 1
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.






PAGE
PREFACE : ; . vii
EXTRACT FROM Pmar.mﬂ T0 Tmrm Emn:m*«r ix
CHAPTER 1.
OPTICAL MEMORANDA : SIGHT EXERCISES AT MUSKETRY INSTRUCTION :
DESCRIPTION OF LENSES, c.
PAGE FAGE
Preliminary remarks 1 | Conversion of one into the other
Normal vision 2 system of nnmeration 20
Monocular vision . 2 | Aberration, spherical . 26
Binocular vision . 3 Aherratjon, chromatie . 97
Double vision, or dlplnpm & | Metrical lenses and their Equun~
Optic axis . i lents in English inches 28
Visual axis , . 6 | Cylindrical lenses vs
Radiation of lzght 3 6 | Their varieties and action on hght 25
Permeability to light . 7 | Spherico-cylindrical lenses | 30
Reflection of light 7 | Piisms : 51
Refraction of light 8 | Trial case of lenses 33
Law of visible direction y 9 | Ready tests of convex, cﬂncaw,
Inversion of images on the retina . 0 end eylindrical lenses . 81
Visual angle 10 | Toascertain the ower of a convex,
Field of vision 11 eoncave, or cylindrical lens ., 85
Monocular field of vision 12 | Army optiecal and ophthalmo-
Binocular field of vision 12 seopic case . .
Measnrement ofmonoeularand bin- Imeages formed by lenses ., 86
ocular fields of vision 2 | Compesition of nptmul lenses , 87
Movements of the eye 13 | Spectacles . 87
Field of view 14 | Tourmalive forceps and its use 39
Ocu'ar movements mﬂuencnlg field | Thicknoess and weight of lenses for
of view . 156 | spectacles . 40
Range of visnal movement of the | Arrapgement of Epeaml:leq . . 40
eye . 15 | Distances of spectacles from the
Objects in the visual field . 15 eyes L y . 43
Brightness of objects at different | Eyeglasses . ' 42
distances . 15 | Spectacle frames . 43
Motion of ohjects in the visual fild 16 i‘antﬂsr:upu: spectacles . 432
Infinite rays 3 17 ui-convex and equl-mncﬁre
Finite rays . 18 enses for spectacles, . 43
ses : . : : 19 | Periscopic spectacles | 43
Convex and eoneave lenses . 19 | Duplex-focal spectacles 45
Numeration of lenses 23 | Tinted lenses for spectacles, 46
Duodecimal and metrical sy stems 24 Eye protectors ] 47
Comparison of the two systems 24 | Goggles 47

il



xvi THE 1LLUSTRATED OPTICAL MANUAL
PAGE | .

Prismatic spectacles . . 48 | Judging distance. . .
Stenopeeic hole . : . 48 | Aiming . : :
Stenopeeie slit 49 | Monocular aim .
Stenopeeie holder y 49 | Strengthening sight for lung- rauges
Stenopceic spectacles . . 49 | Abbreviations . 5
Strabometer 49 | Symbols

CHAPTER IL

ON THE VARIOUS CONDITIONS OF SIGHT WHICH RESULT FROM DIFFERENCES

IN REFRACTIVE POWER AND FOCAL ADJUSTMENT OF THE EYE,

Chief varieties of focal adjustment
of eyes : : 5

Lwmmetropia.

Definition
Optical conditions
Farthest point of distinet vision .
Nearest point of distinet vision
Diagncsis . 3 ;

(1) By types . . g

(2) By spectacles . ;

(3) By ophthalmoscope

Myaopia.

Definition
Optical conditions :
Farthest point of distinet vision .
Nearest point of distinct vision
Causes : - . : -
Symptoms . ' .
Circles of diffusion
Counterfeit myopia
Association of M. with strabismus
Diagnosis

(1) By external Bx-rns

(2) By types .

(3) By spectacles

(4) By ophthalmoscopa

(5) By correction
Txpression of degree of M. .
Determination of degree
Examples and explanation
Correction of M. ;
Exnggeration of M. from Bpaam :
Over-correction
Extension of myopic Wn::rkmg dis-

tance .
Proots of high ﬂegrua of M 1u

military practice
Influence of M. on military sorvice

Llypermetropin,
Definition .
Optical conditions
Cuuses

a7

67

68

?:]

g
74

74 |

Farthest point of vision .,
Nearest point . .
Symptoms . 5
H. and strabismus . . :
Manifest and latent I. : .
Diagnosis
(1) By external mgns .
(2) By types . g § é
(3) By spectacles . : :
(4) By ophthalmoscope . .
(6) By correction . .
Expression of the degree of .
Determination of the degree
Example and explmlalion
Correction of H. -
Influence of H. on mlhtﬂTT service

Astigmatism,

Definition :

Optical conditions

Causes . . . 5
Normal Ast. o - &+ .4
Symptoms .

Ietinal images in Ast.

Amount of Ast. . . ’ .
Measure of amount .
Kindsof Ast. . .
Diagnosis . . - .

(1) By lenses . .

(2) By lines .

(3) By the mat:gmat:m fan -

(4) By a circular point of hght

(5) By a stenopeeic hole .

(6) By a stenopeeic slit
Varieties of regular Ast.
Examples
Determination of pnnmpal meri-

dians in Ast. . )
Determinations of their dagrqes of

am&lmpla . .
Correction of regular Ant S .
Examples . . . . .
Irregular Ast. . &

Influence of Ast. on 'll.'lIlﬂJL'rF ser-

vice . . . ‘ .

FAGE

52
]

57

REZRBTZZ

BRERERR23B8EJREREE

=

= 0D
=002

102

103



CONTERTS

CHAPTER I1II.

OBJECTIVE ASSESSMENT

Subjective and objective modes of
visual examination . .

Objective assessment of refraction

Two methods commonly employed

1. Direct Method of Ophthalmoscopic

Diagnosis,

Jonditions which concern the eye
observed .

Direction of rays emitted b_*.' an
Eme. eve. . -

By a Me. eye

By a He. eye

Conditions whieh concern the ob-
server

Effect of rays from Eme. E}B on
observer , . :

Of rays from Me. eye .

Of rays from He. eye |, i

Applieation of observations to dia-
gl]ﬂ-ﬂ-lﬂ ; .

Erect and inverted i lmagﬂs "

Objective diagnosis of K, .

Of M. . . i 5 i ;

Of H. . ' . E . .

FAGE

104
105
105

106

106
106
107

107 |
107

108
108

106
109
110

110
110

OF OCULAR REFRACTION.

Of Ast.

Measure of ametmpm l:r;, refraction
ophthalmoseopes

Deseription of refraction ﬂphthnl-
MOSCOpEs

Manner of emp]mmg them .

Observation of Fme, eye

Diagnosis of dugrue of M.

Of degree of H.

Remarks on the use of refraction
ophthalmoscopes

2. Keratoscopy.

Keratoscopy in military practice .
Arrangements necessary
Appearances in keratoscopy .
Nature of keratoscopy .
Keratoscopy with concave mirror
Estimating ametropia by it
Application in practice
Ihagnosis of degree of M. or H,
General estimate of M, by kerato-
BCOPY . . ) ; a
Measure and correction of Ast.
by it .
Keratoscopy with plu.lm mirror

CHAPTER IV,

ACCOMMODATORY FUNCTION OF THE EYE.

Aeccommodation.

Act of Ace.. -

Demand for Ace. .

Mechanism of Ace,

Power of Ace. .

Expression of amount of Ace.

Measure of amount of Ace, .

Region of Ace.

Association of Ace. and mnverg—
ence 5 . 3

Lresbyopia.
Definition . - .

1233
123
124
126
126
126
128

129

130 |

Optical conditions

Causes .

Diminution of Acc W Hll a-re
Symptoms

Diagnosis

Determination nf :.]en'ree of Pr.
Examples

Jorrection of Pr. . i
Range of Ace. in Pr. vision ,
Pr. with M.
Pr. with H.

CHAPTER V.

ON IMPAIRED VISION CONNECTED WITH STRABISMUS.

Strabismus.
Definition . p
Various forms of utrnl:-tsmua

- Directions of deviation in strabis-

137
147

mus , . . ] .
Apparent strabismus

Xvil

PAGE

111

111
112
114
114
114

115

114G
116

131
181
142
134
133
134
134
154
134
135
135

137
1358



(]

XVl THE ILLUSTRATED OPTICAL MANUAL

PAGE I FPAGE

Images of objects in convergent Measurement of deviation in sfra-
and divergent strabismus. . 138 1 N R S e T
Concomitant strabismus . . 139 | Treatment . . 143
Diplopia . .. 139 | Influence of strabismus in md1t&ry
Dingnosis of ¢ oneomitant and ]mra- | sewsice . . . . 14B
l_*, tic strabismus . . 141 | -

CHAPTER VI
ON DEFECTS OF COLOUR BENSE.

CUEUH?" blindriess Kind and dl:‘-gﬂ:'ﬁ ﬂf Eﬂ]ﬂlﬂ"'b'iﬂd-
: ness : 149

Definition . . . . . 144 | Thomson’s application of Holm-
Sgrmptmns : i d ) . 148 gren'’s test ¢ - . 149
Varieties . 5 . 145 | Maréchal's iantem-test - 150

Causes of colour-Dlindness . . 146 | Regulations for testing colour-
Acuteness of colour-senze . . 147 gight in Royal Navy : 150

Thacgnosis . : ; z . 147 | Influence of colour-blindness in 1he
lioﬁngren Butest o 4l . 148 military services . . 151
A mblyopie colour-blivdness . 153

CHAPTER VII.

ON VISUAL ACUTENESS AND PARTICULAR VARIETIES OF WEAK AND
IMPAIRED VISION,

Acuteness of Fision, (Canses ) i . 167

Normal acuteness of V. ) . 153 | Symptoms and l]mgnusm 2 . 169
Alertness of V. . e . 158 | Heneralope 30 L i 36
Relative acutenessof V. . . 156 Nyewalopia . . . - o G100
Measuremwent of acuteness of V. . 155 | Hemiopa : : : |
Optometrie test-objects : . 156 | Scotoma . . . . . 172
Hair-wire optometer . : . 156
Jiiger's test-types : 157 Asthenopia,
Snellen’s test-types on the iLch Difluikion 173

seale 168 | s e i i v 5 173
Snellen's test t}pLs un the :uel.u- H\'n; skoma i i g : : 173

cal seale . . 190 | Phigroni oo R L
Bl:‘ﬂl;;lrﬂt& mternutmuul Blght-« s Motor asthenopia ; : 175
E-,-uuiﬁpn atan Il e i ) Accommodarory asthenopia . R |/

S FENT 162 I'reatment of asthenopia . . 176
Test-1ypes in military practice . 163 ; :
Acuteness of V. ‘.\'ll.].lyﬂlil.ll-.‘ll'upl& . 166 Nephelopta,

: Impaired vision {rom obstruction

_ Amblyopra. to the passage of light . . 177
Definition . : . g T L

CHAPTER VIIL % s

ON THE POWER OF SIGHT REQUIRED FOR RECRUITS, WITH A DESCRIPTION
OF THE TEST-DOTS EMPLOYED FOR TESTING 'IT.

Regulations on visual examination 178 | Test-dots . 150
of recruits .+ 179 | Principles on which thfry were
vanga of vision l‘!*fill.lw I:I in recruits formed . ¥ . i . 1=0

Ocder of Decewmber, 1863 | 150 Counting test-dots ; " . 1RO



CONTENTS

PAGE

Square test-dots . . « 18]
Return to circular test-dots , - 181
Target centres and bull's-eye .
Visual angles of target huds B]’Eﬂ
at various distances . 183
Figure targets for range -prm:tme 183
Visual angles of target figures at
various distances . 184
Optical aspects of figure ta:rgeta . 185

182

Test-dots and Snellen's test-types 185

Visual acuteness proved by round
dots at 10 feet . 3

By round dots at 5 eet

By square dots at 15 feet

By square dots at 10 feet .

Only lowest quality of V, prmdd
by the test-dots

Directions on mode of ueuug fest-
dot cards . . ‘

CHAPTER IX.

ON THE MANNER OF CONDUCTING THE VISUAL EXAMINATION OF RECRUITS

XX
PAGH

186
187
157
187

188
189

AND BOLDIERS, TOGETHER WITH AN ACCOUNT OF THE QUALITIES OF

SIGHT WHICH DETERMINE THE SELECTION OF OFFICERS AND MEN FOR

ARMY, NAVY, AND INDIAN GOVERNMENT SERVICES.

Visual examination of recruits . 189 |
Applianees for visual examination 190 |
The examination room i 190

“iepamm examination of each B‘."u 191
Defect of V. in either L}"U of a re-

cruit : . 19
Eftects of ureamure on s.n ana . 181
A p}:iu ation of the test-dots, . 102
Ltejection of a recruit for defective

s 102
Relative Blght of rlght and loft

eye . 182
Exummutmn of recrulta fn}r ﬂlﬁ

militia . 198
Slight uaphelnpm from keratitis

or iritis . 193
Procedure when i 1111[1!}31[101] is sus-

pected . i 193
Yisual examination at semndur_v 1

inspection . : " . 14
Field of V. . ; 194
Visual examination of trmued aul-

diers . 195

Application of Snellen’s test- tf.pea 195
Mode of procedure if V. be defec-

tive . i 185
Examination of the anterior parta

of the eve s . 196
Lateral illumination of the e:,a . 194
Detection of M. X . . 197
Of H. . . . . . 197
OF Ast. : 198

To distinguish Amh!y ia from M, 108
Amblyopia complicated with M.. 199
Conditions under which M. dis-
qualifies for service . 109 l
Conditions under which II dis-
qualifies . Bt R it e

Conditions under which Ast, dis-
qualifies .

Conditions under “lmh 'Lmhlm-
pia disqualifies .

Weak V. from other causes

Colour-blindness , g

Degree of M. wlmh admits recruits
to military service

| Visual quality essential for a sol-

dier in the ranks .

Qualities of V. needed in dlﬁarﬂnt
parts of an army

Degree of M, which unfits soldiers
for military duties .

Character of Me. vision of 175 D

Of Me. vision of 125 D

Degrees of ametropia which
exclude from Continental
armies

Spectacles sanctioned for mfcapea
at musketry instruction

Speetacles not sanctioned for sol-
diers in the ranks :

V. necessary for commissioned
officers

Loss of sight of one eya in candi-
dates for commissiona

M. of Genl. Sir O, Napier

Declaration concerning V. by can-
didates for commissions

Former quality of V. required f'or
commissions in the Line . ;

Deception practised at visual exa-
mination ‘gfmtnute}

Quality of V. required by prt,se-nt
rules

V. required in Indian Government
services .

190
106
144)
200
200
200
202
203

204
2006

207



XX THE ILLUSTRATED

PFAGE
In the Indian Gowvernment Civil

Service . 213
In the Publie kaa and ﬂlhe-r

special services ; 213
V. required for commissions in the

army medical staff . - . 214
In the Indian medieal servies . 215

For commissions in the Royal
Artillery and Royal Engi-

OPTICAL MANUAL

Impaired V. or blindness of one
eyve in a trained soldier | A

Aiming with the left eye :

Detection of simulated lmpuir-
ment of vision . - -

Assumed blindness of one em

Modes of detection ; case in illus-
tration .

Suspected simulations of M. of

neers 215 bigh d :
For special course ﬂf lnstguetlun (Jaze in illustration
at School of Musketry . . 216 | Assumed defective V., of bmh Eves
For the Royal Navy . ; . 216G | Modes of detection ; case in illus-
For the Indian Navy . 216 tration .
Morbid states at the h&ck of the Defective V. not often mmulat.ed
eye . g : 217 by soldiers . . :
CHAPTER X.

FAGE

217
217

217
217

219
221

221
223

APPENDIX OF EXTRACTS FROM MUSKETRY AND OTHER REGULATIONS CON-
CERNING EYESIGHT WHICH AFFECT MEDICAL OFFICERS, TOGETHER WITH

NOTES ON CERTAIN OTHER MATTERS

THE WORK.
Quality of eyesight for musketr:,r
practice 223
Good  sight and prohmmuy in
shooting , ; 224
Aiming drill . FRRSH
Judging distanece drill , : 224
Attendance of medical officers at

target practice . : 224
V. requisite for cnmml‘-“smns inthe 225
army (Order of the lst Sep-
tember, 1887) ., 225
Militia rerrulu,l;mua recarding vision 225
Visual mﬂulatmns of the Indian
Government services . . 2326

INpEX .

F

Admiralty instructions mm:eming
eyesight . -

Rules in the German Na':y -

Visual defects which exclude from
service 1n foreign armies ,

In the army of Holland

53 ;  Yrunce

1) w  CGermany

” » ltaly 7

1 5y Austria

7 yy  Delgium

5 y  Swirzerland .
- »  Denmark

2 w  Portugal

i 3 Opain

REFERRED TO IN THE BODY OF

226
295

-

297
237
238
228
298
230
231
231
2351
231
231

233



ILLUSTRATIONS,

e o —
L]

Section of anterior hemisphere of the globe of the eye Frontispiece
Fil, BURJECT FAGKE
1. Monocular vision ; : : ' 4
2, Binocular vision 3
3. Diplopia, ]mmunymnua 4
4. Diplopia, images crossed : ) ) 1
6. Line of optic axis, visual line, and angle f'unum.l In. their intersection , h
6. Radiation of light p §
7. Divergent and eonvergent pencils ul m:,a l‘nrnl]e] rays G
8. Radiation of light from a flat surface . T

9. Permeability of bodies to li ght; A, Rays pnrtmll_',r 1uter{'91}tad Fi,
Rays not intercepted 2 7
10. Reflection of light 8
11. Refraction of light 8
12, Inversion of retinal images of algecta : 10
13. Explanation of visual angle 10
14, Binocular field of vision, with meaamamﬂuta 13
15, Ocular movements . 14
16. Appearances of objects placed at equnl ﬂmtuncea upm't 16
17. Interception of divergent rays 18
18, Varieties of lenses 19
19. Principal features of an qu.ll convex lvna : 20)
20. Principal features of an equi-concave lens 20

21. Action of convex lens on parallel, conv erﬂmg, and dn erging 11][.‘1l:|t!|'lt
rays - 22

22. Action of concave lens on purulld cony argmg, and dn erging mcldent
rays . 99
23. Spherical aberration” . 97
24. Chromatic aberration . 97
25. Principal features of a cylmder - 29
26. Plano-convex cylindrical lens, with sections )
27. Plano-concave cylindrical lens, with sections . 99
28. Convex bi-cylindrical lens, with sections a0
29. Concave bi-cylindrical lens, with sections 20
J0. Sphero-convex eylindrical lens, with sections . a0
31, Sphero-concave eylindrical lens, with sections 30
82. Action of convex eylindrical lens on light, transverse section 31



xxil THE ILLUSTRATED OPTICAL MANUAL

FliG.

33,
35,

37,
. Real and virtual images, double convex lens .
30,
40.
41.
42,

43,
44,
. Diagram of Emmetropic eye

40,

A
48,
44,
50,

n2

63,
a4,
a5,
b,
67.
o8.
50,
G,
G1.
62.
G3.
G1.
65,
6ii.
67.
. Light and shade observed in keramdacnpy
G,
70.
. Power of accommodation

. Measure of power of accommodation .
. Hemiopia . .

. Lateral illumination of an eye

al.

BURIECT
Action of convex cylindrieal lens on light, axial section .
Principal features of a prism . : . ; s
Refracting PrﬂpEl’tlEB of a prism . ‘ . -
Effect of prism applied to a squinting eya
Contrary movements of convex lens and image

Real and virtual images, double concave lens

Tourmaline forceps, and its applications

Action of bi-convex, meniscus, and concavo-convex lenaes mmpared

Incidence of an oblique ray on a bi-convex, meniscus, and coneavo-
convex lens

Bi-focal meniscus lens

Action of stenopeeic hole

w 1y Myopic eye

» 9 Hypermetropic eye

Normal astigmatism

Corneal n::un*ntures in Normal ast.m‘matmm

Normal astigmatism in binocular vision

Normal [istigmatism its effects on dots and lines
Diffusion images in astigmatism -
Horizontal and vertical ]11195 as tests fo‘r nshgmaham
Astigmatic fun

Circular extension of ﬂatrgmntac fan

Varieties of regular astigmatism, diagram

Sphero-Cy L lens for compound myopie astigmatism
Sphero-Cyl. lens for mixed astigmatism

Rays emiited by an Emmetropic eye .
T 0 Myopie eye i
r 8 Hypermetropic eye =
Effect of rays from an Emmetropic eye on observer
W i i Myopie eye on observer
7 i »  Hypermetropic eye on ohserver

Refraction ophthalmoscopes. - Johnson's improved ophthalmoscope .
A rrangement for keratoscopic observation
*\]lp{-amnci, in ]-:emtmcnpv

IExplanation of appearances in keratoscopy
Demand fur accommodation

FAGE

2
93
101
102
102
106
107
167
108
108
109
113
116
117
118
119
123
126
128
172

196



THE ILLUSTRATED

OGP TICAY, MANUAL

CHAPTER I,

Preliminary Remarks—Optical Memoranda— Normal Vision—Monocnlar Vision—
Binocular Vision—Double Vision— Uptic Axis—Visual Axis—HRadiation of
Light—Permeability of Bodies 1o Light— Reflection of Light— Refractiong —
Law of Visible Direction—Inversion of Images on the Retina— Visual Angle
—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 Visual Field—Infinite Rays—Lenses—Convex and Concave Lenses—
Numerat on of Lenses—Duodecimal and Metrieal Systems-—Comparison of
the two Systems—Spherical and Chromatic Aberration Metrical Lenses and
their Values in English Inches — Cylindrical Lenses, their Varieties and
Actions —Prisms—Trial Case of Lenses—Mode of Testing the Power of a
Convex, Concave, or Cylindrical Lens -Army Optical and Ophthalmoscopie
Case—Images formed by Lenses—Composition of Lenses—Spectacles—Their
Weight and Arrangements— Eyeglasses— Equi-convex and Equi-concave
Lenses for Spee' acles— Pantosco) ic, Periscopic, Orthoscopic, Duplex Focal, and
Tinted Lenses for Spectacles —Eye Protectors, Goggles— Prismatic Spectacles
—B'enopaic Hole and Stenopaeic Slit—Stenopeic 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 opinion on the fitness, so far
as sight is concerned, of recruits for the arm y and candidates for
appointments 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 d ifferent
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 visual needs of men employed
in the different branches of the military services, army, navy,

b3 :
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militia, and volunteers, and also of the Indian service, the regula-
tions concerning the degrees of defective vision which disqualify
men for occupation in them, and the means to be employed for
estimating whether they possess the requisite visual qualifications,
will be fully described subsequently.

In carrying out the practical instruction of young surgeons on
the optical examination of the eye at the Army Medical School as
applied to the circumstances of military service, it has been con-
stantly found necessary to explain various elementary matters on
optics which must be known before the phenomena of vision,
whether normal or abnormal, or the principles 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 objects, 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 cousider such subjects. The chief of these optical
memoranda and allied topics are given in this introductory chapter in
- as plain and concise a form as possible for convenience of reference.

Vision.—Normal vision exists when, firstly, each eve is so con-
strocted that a sharp and exact image 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 mutual relations of the trans-
parent media of each eye must be such that the rays of light pro-
ceeding from the external object are all bronght by them to
suitable foci upon the proper nerve elements of the retinee. To
effect the second of these conditions the retinge, 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 illaminated,
and must remain sufficiently long on the retine; the mutnal
relations of accommodation to distance and of direction of the
visual lines must be in normal accord ; and the perceptive faculties
must have been duly educated.

Monocular Vision.—Vision by one eyve. An object, though
solid, when looked at by one eye, the other being closed, appears
as a plane figure, having two dimensions, viz., length and breadth
(see fig. 1). When a group of objects is regarded monocularly,
although the lights and shadows among them are visible, no means
are afforded of determining their relative distances or depths.
They are presented to the view like a picture on a flat surface.
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These defects 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,

Fra. 1.—Moxocrrar Vision.

The superficies, 1, alone vigible ; 2 and 8 out of range,

Binocular Vision.—Single vision by two eyes. The visual lines,
or lines prolonged from the fovea centralis and passing throngh 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 npon corre-
sponding parts of the two retinge. Images of certain parts of a
solid object are only formed in each eye singly—in the eye on the
same side as the parts concerned. Under these conditions the
images formed in the two eyes respectively are mentally combined,

F1a. 2.—Bmocvrar Viston.
The surfaces, 1, 2, and 3, being visible, determine the perception of relief with 1hree 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
18, single; having three dimensions, viz. length, breadth, and
thickness; and consciousness of refief is obtained (see fig. 2).

R 2
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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 regards
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-
sponding 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 eyes 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 described as
homonymous ; when, on the contrary, the image to the left in
position belongs to the right eye, and that to the right is the
image perceived by the left eye, they are spoken of as crossed
umages (see figs, 3 and 4),

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

Fira. 5.

00/, optic axia ; x, nodal point : v, visual line ; m. macu’a lutea ; oxv, angle formed by
line of optic axis and visaal line.

through the nodal point of the eye, to thé retina. The posterior
pole of the optic axis impinges on the retina a little to the inner
side of the fovea centralis (see fig. 3).

Visual Axis, or visual 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 versd, 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 emmetropic,
myopic, 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, with
each other ; in proportion as the object viewed approaches nearer



6 THE ILLUSTRATED OPTICAL MANUAL Cuar,

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 fig. 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

Fia. 7.

A, peneil of rays diverging from the focus
F: B, pandel migs; , pencil of mys con-
verging to the focns k.,

Tra, B.—RapiarioN FroMm A CENTRAL
Sovnce oF Lionr.

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, ¢, 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). Tt is important, when speaking of the rays proceeding
from an illuminated 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 object inde-
pendently.

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

Fia. B.—Rapmarron or Licur ne- F1a. 9.—TuroreTicar ILLUSTRATION oF
FLECTED ¥FROM AN ILLUMINATED vartovs Deonees oF Perumeapinicy
FLAT SURFACE. ro Licur.

Reflection of Light.—All bodies, whether opaque or tra nsparent,
with smoothly-polished surfaces, under certain conditions turn
away the rays of light which fall on them from their original
direction. This is termed wreflection of light. There are two
general laws of reflection of light. 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 of reflection is equal to the angle of incidence,
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
sawe as the plane in which the reflected ray is found, or in other
words, the plane of incidence coincides with the plane of reflection.
All the phenomena of reflection of rays of light from polished sur-
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faceg, 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 proceeded. If the surface be roughened,

I-. A P R.RA

F1c. 10.—BEFLECTION OF LIGHT.

i, perpendienlar, or normal, to 8, the reflecting surface; 1R, ineident ray ; RE. reflected
ray ; PP, the angle of reflection, is equal to rey, the angie of incidence, and is on the
opposite side of the normal, T8,
there will still be reflection of light, but the reflected rays are
irregularly dispersed, and no images are produced.

Refraction of Light.—Rays 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 info a

5 i. R P

FI
Fre. 11.—Rerracriox oF LiGHT.

rr'e, perpendien’ar, or normal, to n, one surface of a refracting medinm, such as a piece
of glaes with opposite parallel surfnees § 1, incident my in air ; o, incident ray refractoed
townrds the perpendieninr in pasging throngh By ; Er, omergent my refracted from the

perpendieninr in passing ont of 1M into air.
denser medium, 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 medium,
it 1s 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 perpendicularly 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 through air and impinging on the surface of a
piece of glass perpendicularly 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 glass towards the
perpendicular to the surface at its point of incidence. Any sub-
stance, whether liquid or solid, through which light can pass, will
produce a similar effect to that produced by the glass, 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 phenomena which result from them, constitute the

\

Fic. 12.—IxveRrsion oF Rerman IsMices,

Q, ohject ; e, &, and ¢, npper, middle, and lower diverging penci's of rave emanating from q ;
A, optie axis ; n, centre of pupil, or decussating point of the central axes of o'l the cones,
from whenee they continue to diverge, while the marginal rays converge towards them (as
scen at a, ¥, and ¢), and finally depiot the inverted image (1) on the retina.

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 incidence, and the angle formed by the refracted ray
with the perpendicular, or the angle of refraction, are in the same
plane. (2.) The incident ray and the refracted ray are always on
opposite sides of the perpendicular. (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.—FEach 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 inverted 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 fig. 12). The mind,
however, does not judge of the positions of objects, whether primary
or reflected, according to the part of the retina on which their
images happen to fall ; if it did, the positions of the things would
appear to change with changes in the posifion of the eyes looking
at them. But the mind judges of the positions of objects 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, sees 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

D
Fia. 13. —ExrraxatioN ofF VIsuiAL ANGLE.

Visual angles ABE, CDE, &, ©D, nearer to the eye than Am, though alike in size, his &
larger visual ang’e and forms a larger retinal image,  A"p" A'R, AR, though smaller
than each other, have the same sized visnal angle, and form images of the same size npn
thereting. Distance and size together determine the magnitude of the visual angie, the
gize of the retinal image, and the apparent sizes of objects as seen by the observer.

line in the lower retinal hemisphere ; they are equally reversed in
the lateral portions of the retinal picture ; bub, nevertheless, all the
ohjects 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 proteed 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 point 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 object, 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

iy
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seen will vary inversely as its distance from the eye ; if the distance
be fixed, the size of the visnal angle will vary in a direct raiio with
the size of the object. The angle is similar on each side of the

int of intersection— towards the object, the *visual 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 eircle of which the eye is the centre, or that it subtends
an angle of so many degrees, has the same significance as ¢ the size
of the visnal angle of the object,’

The size of the image of an object formed on the retina varies
as the retinal angle, and therefore as the visual angle varies under
which the object is seen. The larger the visual angle, 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 brought
nearer to the eye ; and hence, the frequently observed approxima-
tion of printed letters by He. patients to their eyes, although the
diffusion of rays about the retinal images and the strain on the
accommodation are increased by the proceeding. 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 visual 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 marginal rays.

The retinal image will also vary in size as the distance from
the point of intersection of the rays forming 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 object, being sectionally 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.

1f 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. If a convex lens be placed before an eye, the
poiut 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 caused 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, including the objects comprised in it, which is per-
ceptible to sight in one fixed position of the eye, or, in binocular
vision, of the two eyes.

Monocular 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 123°,
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Binocular Field of Vision.—When both eyes are fixed on an
object situated at such a distance in front of the observer that the

: ;Faual axes of the two eyes are practically parallel with one another,
“flie limiting lines of visual perception or lnminous impression on

each side of the face form an angle of abont 90°, g0 that the general
gs:ld of vision of the two eyes under these conditions has a hori-

\““#ontal 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

“Mield is common to both eyes; the right and left temporal portions

of the field are only proper to the right and left eyes respectively.
The absence of this monocular part of the binocular field of vision
is a serious drawback from the usefulness of a soldier in military
service.

Fia. 14.—Gexenran, Cosxumon, AND ProreEr F1enps or Visiox.

A, Sketoh showing the visual limitations, in a fxed position of the face, due to the projee-
tion of the principal features,

B. Dingram showing the outlines of the common, proper, and general fields of vision, with
measnrements, a, b, 7, b, outline of general fleld of vision ; 1 and 2, right and left proper
ficlds of vision ; 3, common field of vision ; ag, upper limit due to frontal projection ;
cc, limits due to ma'ar projections ; ee, limit produced by labial projection ; dd, by nasal
projection ; &, limits due to projections of checks,

Measurement of the Monocular Field of Vision.—Instruments
specially 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 may be obtained by causing the patient to look at
a given point, and, while the eye is fixed upon it, drawing an out-
line of the boundary of distinet vision in all directions around if.
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 slight quick 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 oceasions,

If 1t be important to examine the field of vision with greater
precision, separate outlines can be obtained by a similar plan
showing where vision sufficiently distinct to count fingers ceases,
and more externally where imperfoct vision or luminous Lm pression
ceases and complete absence of sight begins. Auny 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
carelully over the field, and directing the patient to mention
whenever it [Tl.':lﬂp[}t}ﬂ.l‘ﬂ from view it]tngl_lt.][er or 1s Dlllj.‘ SEer
obscurely, Particular irregularities of form, and limitations in
extent, of the field of vision will often be rendered manifest by this
mode of examination in cases of weak and defective vision depending
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 tield, or whether
there is any break in it in any given direction, the following
method by the finger will answer the purpose readily and quickly,
The surgeon, standing about two feet off, and face to face with the
patient, desires him to close one eye, the right, for example, and
at the same time closes his own left eye opposite to it. He now
desires the patient to look steadily into his right eye, 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 central 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 method
has the advantage of being capable of being put into execution
anywhere without need of any appliances or previous preparation.

Movements of the Eye.—The external muscles connected with
the globe of the eye cause it to revolve round an ideal rentre—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 deseribed 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 ond line drawn transversely between the apices of
the two anules 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
ihtersection of the optic axis and visual axis, the eye is said to be
dirvected 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 1s in accordance with
these distinctions of position that when strabismus exists the dis-

RECTUS SUPERIOR
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Fis. 15.—0cunar MOVEMENTS.

The arrows show the dircction of the movements. The four rectli museles singly effect
parely vertica' and transyerse movements (plain arrows), whi'e those in either dingnual
line wre ]:rmhu:qd by the joint aetion of two recti mnscles (dotted arrows). Rotation to
the right or left is effected by the oblique munscles (carved 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 ure 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 eyes.

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.—TI'ig. 15 shows
the manner in which the visual range is obtained, and indicates
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the directions in which the movements affecting the field of view
“ocenr, i

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 perception of objects be
retained.  On my eye being directed to a point straight before 1t
it can turn from it 50° fowards the nose and nearly 90” 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 according to individual
circumstances, viz. to personal peculiarities in the shape and
amount of projection of the parts near to the eye, as the nose, the
margins of the orbit, the evebrows, and other structures.

Objects on the Visual Field.—The place and space oceupied by
objects in the field of vision are measured by the visual angles
under which they are seen. The apparent size, or lineal measure,
of an object is estimated by the size of the visual angle alone. To
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
of the distance at which it is placed from us. The a pparent size,
or lineal measure, is to be distinguished from the apparent, siper-
Jicial size, or measure of surface of an object. The lineal measure,
as before mentioned, varies inversely as the distance of the object ;
the measure of sarface varies in proportion to the s juares of the
lineal measure at different distances.

Illumination of Objects.—The quantity of light received on a
given vbject, 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 imtensity 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 rale that applies to the whole paragraph equally applies to each
letter of the print composing it.

Apparent Brightness of Objects at Different Distances in open
Daylight.—The vividness of the light under which objects appear in
open daylight ab different distances does not, however, vary with the
distances at which they are respectively placed, excepting =o far as
those which are more remote may be affected by the thicker stratum
of air throngh which they are seen, provided that all the objects
face in the same direction. Supposing 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 fransverse section of the cone of rays entering
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the pupil from each illamined point of the farther object, 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 redaced 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
apparent brightness will necessarily remain the same. The area
of the image on the retina is reduced in the same proportion as the
quantity of light which forms it.

In fig. 16 the targets are represented as being at equal dis-
tances apart, 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 amount of light received by the eye from
each target varies in the same proportion as the visual angle under

Frg. 16.—ApreanaNces oF OBJECTS FPLACED AT EQUAL INTERVALS APART.

1, ground-line, on whicl the observer issupposed to stand ;8p, standing-point ; WL horizantal
lie on & level with the observer's eye, all ronnd ; 18, point of sight or position of observer's
eve on the HL: VL, vanishing lines. drawn from the =a'ient or special points of all objects

into the point of sight, determining their diminution in size as the distance increases,
The observer is represented by the perpendicalar,

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. Ihe movement which is thus rendered visible is called
its apparent motion. If the object move in a direct line towards
the centre of the eye, no change occurs in the position of the image
of the object, and its movement is not apparent. The extent of
apparent motion of an object is measured by its angular motion
that is, by the angle formed by two lines drawn from the point of
visible departure, and point of visible arrest of motion, of the
object, to the point of intersection within the eye. The real
movement of an object, in respect to direction and extent, is esti-
mated by other means—by 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 ivsufficiently 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 adequate visual Impression,
or because time enough is not given for the impression to be made.
The movement of a gunshot travelling 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 neatly direct line towards the
eye can be seen because its image is sufficiently persistent, while,
although it has no angular motion, its movement of approach may
be inferred from inerease of size or the louder sound proceeding
from 1t in proportion to ifs increased nearness to the observer,

Infinite Rays.—This term, in veference to vision, is emploved
to express rays of light proceeding from an object and entering
the eye in parallel lines, or rather in lines which are so nearly
parallel with each other that their divergency 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 .
The angular measurement of that portion of the cone of rays pro-
ceeding from a luminous point which falls on the, eye, so far as
vision is econcerned, is determined by the distance of the point from
which the light vadiates, and by the diameter of the transparent
cornea, or rather by the distance apart of the opposite borders of that
area of the cornea in connection with the pupil by which the passage
of the rays into the interior of the eye is permitted. Practically,
for optical purposes, the incident rays proceeding from every lumi-
nous point of an object about filteen feot distant from the spectator
are regarded as parallel rays, and, from this distance up to that
of a fixed star, the rays reaching the eve are ordinarily spoken
of as infinite rays. The angular divergency of a pencil of rayvs
incident on the cornea from a luminous point at a distance of 15
feet from the eye, supposing the diameter of the cornea to be two-
thirds of an inch, 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 intercepted by the iris,
80 that the rays entering the pupil of the eve would be still more
approximately 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
diameter, the divergency of the rays impinging upon it from a lumi-
nous point at a distance of 15 feet wounld only amount A

Rays from objects nearer to the eve than fifteen feet are some-

C
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Lenses. —Lenses of primary form are solid transparent media,
such as glass or rock crystal, bounded by a polished spherical
surface on one or both sides, and having 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 canverge to a given point—the principal focus—or to diverge as
if they proceeded from the principal focus.

Cylindrical lenses will be deseribed separately.

Convex and Concave Lenses.The lenses 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 portions of equal
spheres, double concave lenses. They are sometimes designated
bi~convex or equi-convex, and bi-concave or equi-concave lenses,

Fra. 18.—CoxveEx axp CoNcave LENsES.

1, bi-convex ; 2, bi-concave ; 3, planc-conves : 4, plano-coneave | 5 menisens : B, eoncavo-
conyex i AB, line passing through the contres of curvatoce of the lenses, nmd which iz
perpendicular to the plane surfaces of 3 and 4,

The conves or converging lenses are thicker in the middle than at
their edges; the concave or diverging lenses are thinner in the
middle than at their edges. A double convex lens may be re-
garded as composed of two prisms with their bases joined at the
cenfre ; 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 through prisms with their bases in similar directions. In
either kind of lens, a line joining the centres of curvature of the
two surfaces is the principal awis of the lens, any straight line
other than the prineipal awxis which passes through 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
surfaces, the greater its converging power and the less the distance
of its principal focus; the more concave the lens, or again the
: y 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 ave called plano-conves and plano-concare
. lenses; or one surface may be convex and the other concave, and
with such a lensif the convexity be in excess itis styled a meniscus

Tra. 19.—Equi-coxvex Lexs.

an, diameter of lens | co, principal axis; G, 0 secondary axis ; 0. optical centre: F, principal
focus: €, centre of curvature of ACBH; D, contre of eurvature of ADBI PR, I'il, incident
rays parallel with cn, converge as EF, after passing throngh the lens, and meet at ¥.

lens (like the crescent moon) ; if the concavity be in excess, a
concavo-convex lens. The forms of these various descriptions of
lenses are shown in fig. 18, 1 to 0.

The principal focus of a bi-convex lens will be at the point fo
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Fia. 20.—Equi-coxcaveE LENs.

AR, idliameter of lens ; on, principal axiz: oI, o secondary axis: PR, PR, incident rays paratiel
with D, are rendered divergent (ER, Ki) after passing throngh the lens, aif they lnd
started from ¥, the principal focuss O, optical centee of lena 1 ¥, posterior focns,

which rays of light falling on one of its'surfaces parallel with its
principal axis, and undergoing refraction, first] y by passing through
its substance, and secondly by leaving 1t 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 (sce figs.
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19 and 20). The distance of this focus in both kinds of lenses is
measured from the optical centre of the lens. The measurement
was formerly made in inches and parts of inches; but is now
commonly made in metres 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 prineipal axis of the lens is
intersected by a diameter of the lens. It is at an equal distance
from the two surfaces when the radii of their corvatures arve equal.
It 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 according
to the surfuace on which the incident rays fall. If the lens be
plano-convex, the optical éentre will be on the convex surface ; if
plano-concave, on the coneave 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 brevity, the principal focus of a convex lens
is usunally ‘-.I}:ILUU. of as the ,r‘m us of the lens; and the distance of
this focus is used to |mrncuhr|-:~ 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 foeus, or still' more brietly as a 10-inch lens ; or,
according to the metrical system, is a lens of four dioptrics, having
its principal foeus at a distance of one-fourth of a metre, ora 4 D
lens. Convex lenses have what is called real foci (see p. 36).

If the vays falling on a double convex lens are divergent, and
issue from a distance beyond that of its principal focus, lln-r will
be bronght to a focus farther off than its principal foeus; if they
diverge from a point at the distance of the principal focus, thw,r
will be refracted as pavallel 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
Joei.  Such two foci are mutually so related that if the emitted
rays proceeded from either of them the ravs 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 caunsed to converge to its conjugate focus in the image.

Rays falling on a double concave lens parallel with its principal
axis are caused to diverge after passing through it to the same
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extent as they would diverge if they were proceeding from a point
at the same distance from its centre as its principal 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 donble concave
lens are divergent instead of parallel rays, they will be rendered
proportionably more divergent, just as if they came from a point

Fia. 21.—Dousre Coxvex Lexss.
re, convergent rayvs, bronght toa foeus at ¥, between the lens and the principal foens, r,
to whiclh #'+/, parallel rays are brought ; +”, diverging rays arising in front of Av, the

anterior focus, meet at ¥, beyond the principal focus (F). =" and ¢” being on the
principnl oxiz are conjugate focl, asare also AP and g,

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 principal focus, the refracted rays will be convergent
also ; if they converge to a point at the distance of thz principal
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Fia. 22 —DoueLe Coxcave Lexs.

r, v, 7, incident rays ; n, i, =", emergent rays.

1. r, v, convergent roys, after passing through the concave lens L, pass out ss parallel
rays, I, R.

2, 'r', rays parullel with the prineipal axisemerge as diverging rays, o', =, with a direction
as if they had started from », the principal focus,

g, ' »", divergent rays become still more divergent, as thongh they hiad started from ¥,
o point between the lens and the prineipal foeus,
F, posterior virtual foous of the lans,

focus, 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
virtual foci (REE p- Sﬁ).

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 eye on rays entering it from
objects in fronf is necessarily added to; when a concave lens is
similarly placed before the eye, its converging action on these rays
i3 lessened. The convex lens, therefore, is rightly designated 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 foeus is designated a 4 10-inch lens,
or, in metrical numeration, a +4 D (4 dioptric) 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 eye, 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 point to recede, and so lessens the size of the reti-
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 system, the other as the metric system. Although
the newer system, the metric, is certainly the more advantageous,
and is doubtless destined to supersede all others for optical prac-
tice, it is not yet universally used by surgeons and opticians in this
country, while the inch system of measurement still continues the
one usually employed in commerce and is still maintained in the
numeration of lenses made use of in various optical_instruments, as
microscopes, telescopes, and others. Uutil the metric system is
universally adopte, 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 prineipal
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 — lenses, descend in succession
with lessened refracting power, and, consequently, with the position
of the principal focus proportionally increased in distance.

In the metrical system, which was first proposed at Paris in
1867 but only bmugﬁt into practical nse in 1376, 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 is at a distance of 1 metre, or
100 centimetres, is taken as the standard of unity. Thisin ordinary
language is designated a dioptric. Starfing 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 prineipal focus propor-
tionally shortened in distance. 'Thirty lenses constitute the us
series in this system— that is, 30 + an e

Power of a Lens osition of its Principal
Focus.—By the inch system of measurement, the gtrongest lens
being taken as No. 1, the numbers attached to all other lenses
represent fractional purts, 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 principal 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 at 3 inches, has only one-third of the converging power of the
first ; at 10 inches, one-tenth ; and so on through the whole series.
In the first instance the focus is 1 inch, and the power is expressed
as 1; in the second, the focus is 2 inches (or %), and the power is
4 ; in the third and fourth cases, the foci being 3 and 10 inches
respectively (or § and 1) the powers are } and . ; and similarly
through all the series.

By the metrical system of measurement, as a lens of very feeble
power is taken as No. 1, the numbers of other lenses represent
multiples of the standard of unity, and the distance of the prineipal

| focus is in an inverse ratio to the power of thelens, ~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 dioptrics, or a No. 2 lens, has its focus at a
distance of half a metre, or 50 em. ; another, which has the power .
f four dioptrics, or a No. 4 lens, has its focus at one-fourth of a
etre, or 25 em. ; of ten dioptrics, No. 10 lens, one-tenth of a metre,
or 10 em., 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 systems is very
great. Twoimportant changes have been effected by the introdue-
tion of the metric system. The potential intervals between the
successive numbers of lenses have heen simplified, and errors from
the different lengths of inches in different countries, and conse-
quent variations in lenses nominally of the same power, have been
avoided.

In the inch system of numeration, as regards the difference in
power between lenses of suceessive numbers, no two intervals are
alike thronghout the series. The difference in power between a
=-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
]IIE‘IJH, 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-inch Tens is a 20-inch lens; and the values of the
intervals are equally irregular throughout the whole series.

In the metrical system, the value of the interval between the
adjoining whole numbers is always alike. The difference in power
is uniformly that of qne dioptric. 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 dioptries, and the
same regularity prevails throughout. In working on this system it
is always known that on taking a next higher whole number
among the convex lenses, the converging power is increased by the
strength of one dioptric, and in taking the next lower number it is
decreased by the strength of one dioptric; or, in dealing similarly
with concave lenses, that the diverging quality 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 unimportant 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 English inch 02540 ; and thus the
Paris inch exceeds the English inch by one-sixteenth, or, in other
11:{:1'1:15,4_[571_’qﬁﬂ.hmv\a1 uivalent to 17 _Enelish ing The
metre is of couTse the same i 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 stated to be that the necessity no longer exists for using vulgar
fractigns. which is IWMHg?;ﬁE the inch system,
f the most powerful lens of a series be taken as the standard of
unity, all the other weaker lenses must necessarily be fractional
parts; if the weakest lens of a series be taken as the standard, all
the other stronger lenses will be multiples of it. To those who are
not ready arithmeticians, calculations of multiples are easier than
calculations of fractions. This, 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 calculations 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, is 30, the highest in the series is
20 D, having a focal length 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 8 up to 6 dioptrics. From 6 up to 20 dioptrics,
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. 28.)

To convert Lenses numbered on the Inch System into their Equi-
valents in the Metrie System.—If the number of the lens be in Paris
inches, invert it, and multiply by 86 ; if in English inches, multiply

% its inverted number by 40 ; the result will be the corresponding
, dioptric number. Thusa 12" lens, Paris measurement, whose power

-

- multiplied by 36, is equivalent to a metrical lensof 5 D ; or
a 10" lens, whose power is ;1;/, English measurement, multiplied

agby 40, is equivalent to a lens of 4 D.

Or, more simply, if the lens be numbered in Paris inches,
divide 86 by the number; if English inches, divide 40 by the
number. Thus a 12” lens in the former case is=28 or 3 D ; the 10
in the latter is=4%2 or 4 D ; a 14" lens, Paris inches=46=2-57 D ;
a 16" lens, English inches=42=2-50 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 inches, divide the
number l?v 40, Thus a 4 D lens has for its equivalent in the inch
system, Paris inches, " or 1”, or a 9" lens; in English inches,
3+, or 1157, or a 10" lens. : :

To find the Measure of the Principal Focus of Lenses numbered
on the Metric System.—If the distance be requaired 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.
Thus, taking for example a 4 D lens, its focal distance is 192, or
25 em. ; or 28, or 9 Parisinches; or 42, or 10 British inches. Or
again, taking a 0:50 D lens, its focal distance is .A%2, or 200 cm. ;
or .30, or 72 Paris inches ; or .42, or 80 English inches.

~ Aberration, Spherical —Spherical lenses, in refracting homo-
geneous rays of light, are subject to what is termed Spherical Aber-
ration, i.e. the rays refracted by different parts of the lens do not
all intersect at precisely the same focal distance from the lens.
The rays which pass throngh the lens near its circumference are
refracted to a focus nearer to the lens than those which pass
thru_ugl; its central portion, and- this difference, of course, renders
the image of an object less ¢lear and defined. Spherical aberration
18 the more marked in degree in proportion as the aperture of the

lens, or the angle obtained 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
Fro. 23.—S8pHERICAL ABERRATION.

AdA, mRD, incident parallel rys of Hght ; My, marginal : 1, intermediste : e, more centeal
raye ; W', focus of the marginal raye ; 1, foeus of Intermediate rays: o decussation of
the more central ruys corresponding with the prinei pal foos of the lens.

Aberration, Chromatie.— Another kind of aherration to which
lenses are liable results from the different degrees of refrangibility
of the simple colours, and is termed Chromatic Aberration. Since
a convex lens consists, as it were, of a series of narrow prisms
united at their bases, rays of light, when they pass through it, are
not only refracted, but the light to a certain extent is decomposed,
When-this decomposition occurs in a noticeable degree, the viole

rays, being most refrangible, intersect at a point nearer to the lens
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BL
Fia. 24.—CHROMATIC ABERRATION.

AAL, BEE, incident paraliel rays of homogeneons colourless light emerging as coloured FAYS
B, red ; ¥, yellow ; Bl, blue; ®', ¥, B0/, decnszating, points of the corresponding rays. 1t
is thus apparent that Spherical and Chromatic Abermtion are guite the converse of each
other. The marginal mys entting the axis first Hl'{ in the former case, and last of all
in the latter (n'). The more central, the intermediate, and the marginal ravs in the
former cage hold the same relative position after decussation, whi'e the order of the
colonrs fs-inverted in the latter. The bracketz show the area of white light nnder ordi-
nary circumstances, both in front and behind the focal distance,

than all the other coloured rays; while the red rays, being the
least refrangible, form their focus at a point on the axis of the lens
farthest from the lens, This quality interferes with the perfoct

r———



28 THE ILLUSTRATED OPTICAL MANUAL Cuar. I

definition of images, and renders them defective by imparting
colours to their edges. Practically, however, as in the case of
an ordinary lens, red and yellow are only to be seen anterior to
the focal point, while blue alone is visible after the decussation
of the rays. This is shown by the position of the brackets in
fig. 24.

g Table of Metrical Lenses and their Relative Values in English
Inches.—The French metre being equivalent to 393707 English
inches, as before shown, for practical purposes this may be regarded
as 40 English inches. The calculations in the fourth column of
the following table have been made on that basis.

0 imate Foea!  |Approximats
Dioptrie leﬁgﬁ:llh! Icf:l.,-ﬁ:liu J}!:é}rsnxenmh Dioptric IEET.:‘E:JM 1en|:t.l|_ in | iil:t.!al Tength |
number, | TIetres. I r::ggﬁug; i"if.':'feif'h nmiber, metres. | r::::;a:. iui;*‘;uhg"aiuh !
|
025 | 4 | 400 160 | 16 0200 = 20 8 |
050 2 I 200 R (| {550 0182 | 189 7-33
0:T5 1-333 153 bd | i 0-166 16-6 666 |
1 1 100 40 7 0143 | 143 [ !
J 125 0-800 | 80 32 8 0125 = 125 5
\ 1:50 0666 | 666 2066 9 111 | 111 4°50
| 1-75 0671 | 571 23 10 - 0100 10 4
9 0500 50 20 i - 0091 ‘ g1 375 |
2.95 (-444 44-4 | 18 12 0-083 83 3-33 |
250 (400 40 | 16 13 0077 | 76 3 !
N275 | o963 | 368 | 1454 | 14 | 0071 | 71 285 |
8 0833 | 333 15-33 15 0-067 | 66 266 |
3:50 0286 | 285 11-50 16 0-062 | G2 2-50
4 250 | 25 10 15 0055 | b6 2-95 l
450 (k222 | 222 1 20 0050 | & 2 |
1

Cylindrical Lenses.—A cylindrical 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
cylindrical lens are parallel with each other in the direction of the
axis of the eylinder of which it is a segment, 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 cylinder. The foci of cylindrical lenses may be either positive
or negative. There are several kinds of eylindrical lenses.

Simple Cylindrical Lenses.—Ordinary cylindrical lenses are
cylindrical on one side only and flat on the other. They are known
as plano-convew or plano-concave cylindrical lenses. But, like
spherical lenses, they may be bi-convex or bi-concave, 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 ave the lenses chiefly employed
for trying and correcting simple forms of astigmatism.

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

Fia. 25.—Ponrion oF CYLINDER.

LAM, geator of the exlinder: An, axiz of the eylinder ; 1, s, bwo rudii of eylinder; Lew,
are of the sector: cpe, prineipal eurvataree perpeidioular to axis ; v, line parsilel w ith
axis ; ki, o secondary curve of the eylinder,

mode of construction of a plano-convex and plano-concave cylin-
drical lens, and show the aspects of their two principal sections.

Fia. 26.

A, plano-convex gegment of o e linder; A, planp-concave segpment of o oylinder;
i, eutting of a plano-convex ey indrical i, cutting of a plane coneave ex Hndrical
lens ; n, transverse section; o, longi- lens: B, trunsver-¢ section; o, lomgi-
tudinal section throngh the axis. tndinal sestion throngh the axis.

r

Bi-cylindrical Lenses.—'T'hese are lenses with both surfaces
cylindrical, but with the axes of the cylinders 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 cylindrical curvature.
They are chiefly used in the correction of compound and mixed
forms of astigmatism. Their construction is shown in figs. 30
and 31.

Action of Cylindrical Lenses upon Light.— Rays of light falling on
a simple cylindrical lens are acted upon differently according as they

F1u. 28.—Coxvex Br-cyrinprican Lexs. Fra. 29.—Coxcave Br-cyLrspricar Lexs,
A, anterior segment ; B, posterior segment ; ¢, vertieal section ; b, transverse section.

fall upon the lens in a plane coincident with the axis of the cylinder
of which it is a segment, or in a cross direction. Rays incident in
the plane of the axis of the eylinder pass through it as throngh
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
plane at right angles to the axis are acted upon according to the
amount of convexity or concavity of the glass in the direction

F1e. 30.—SrHERO-coNVEX CyYLINDRIGAL Fio. 31.— BrHERO-cONCAVE CYLINDRICAL
LEexs, LEexsa.

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 cylinder 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 eylindrical 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,

Fros. 32 axp 33.—Acrion or Simrnz Cyriwpnican Lexses ox Lisnr.

A, transverse section with convergent rnys. i, axial section with pam'lel mys,
Combination of & anil B resciting in o Hucwr foens, ab,

while a cylindrical lens brings the rays from a similar point of
light to a focus in the form of a line instead 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 eptical
purposes essentially consist of a solid piece of € b
crown glass contained between five plane sur-
faces, of which three—two sides and a lase
—are rectangular, and two—the ends—tri-
angular, these latter being at right angles with
the base of the prism, and therefore parallel gl
with each other. The line of junection of the ;
two inclined surfaces, or sides, is the edge
of the prism ; each triangular end, if perpen-
dicular to the base, represents a principal
section of the prism (see fig. 34). In order to €
adapt them for use in front of the eye, however,
the angles are sometimes rounded off, and
a shape thus given to them which is nearly
cireular. Fie. 34.—Tae Prisu.
When rays of light are made to fall upon  cbe, dabs, two rect-

one of the sides of a prism, and to pass throngh ﬁ:gﬁ';ﬂﬂﬂ:'ﬁj e
A 5 e ; emds, o rincipal
it, they are re.Frﬂ,ctE[l towards its base, and the sections ; b, edge of
degree of their deflection on issuing from the prism; ghi, refracting

" ; . ; F ang.e of prism,
other side of the prism varies according to the i

size of the angle inclosed between the sides through 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 throngh a prism, its apparent position
is changed; it seems to shift ifs-direction toward
the prism, and the distance to which it appears to be shifted from
#ifs 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 object may be made to linpinge upon any
art of either retina, by the use of prisms of different degrees of
strength placed in suitable positions before the eyes; and by these
means the presence or absence of binocular vision may be de-
termined in doubtful cases, diplopia may be counteracted, and
single vision restored, or the relative strength of the several motor
muscles of the eyes may be tested.

i r
g 77 b ¢ E
o Fio. 35.—Rernacrixe ProrERTIES OF THE PRIsw.
+. ahject ; ir, ray in air iflcident on ab, one of the sides of the g'ass prism, abe: pr, perpen-
o g dicn ar to eb: i, direction of incident ray il no prism intervened ; v, inecident ray
e refracted in prism toward perpendien’ar pr; p'r!, perpendicn’ar to side ac of prism ; =",

r‘ + emergent ray from g'azs prisminto air, refracted from the perpendicular, p'r'; +; diree-

(e
! i

M&on in which the object + is seen by an eye at

AL e effect of placing a prism before a squinting eve may be

seen in fig. 36. In diagram A, a right eye with fixed infernal
squint sees the image of an object displaced outwards ; but with a
prism of suitable refracting power placed before it with its base
outwards, as shown in diagram B, is caused to see the image in its
true direction,

When a pair of prisms of equal refracting angles are placed
before the two eyes with their bases outwards, and an object
sitnated at a limited distance is looked at, it appears at first to
each eyve 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 eyves, 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 then taken off. but the need for the normal
action of these muscles may be lessened.

The strength of the convergent power of the eyes may be
measured by causing the two eyes to look in the ﬁmnnerijust
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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 greater than that of the internal rect
muscles to fuse the double images into a single one, the two images
will remain at a certain distance apart. The highest refracting
angle in the prisms which can he 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 converging faculty
can be exerted.

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

o
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Fra. 36.—INTeERsaL StrRasisuvs (Rionr Eve).

A. Without prism. w, object; a', position of image, homonymous, or with external iz
placement ; &, optic axis,

B. With prism. @, object, with which a’, the image, is rendered coinecident by the notion
of the prism, e,

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 24°,

Trial Case of Lenses.—A case of lenses of various descriptions
and powers employed for purposes of optical investigation. A com-
plete frial case usnally includes full sets of the convex, concave, and
cylindrical lenses just described, each bearing a distinguishing mark
of its quality and power, together with a series of prisms, coloured
glasses, stenopeeic diaphragms, 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 1s arran
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
Jenses ; 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 cylin-
drical lens held by it. ;

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

a' "
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Fra. 37— Coxtoary Movemexts or Coxvex Lexs axp Tumice,

S
e it
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A, n black dot, supposed to lie in the axisof 1, a + lens; A’A'A"A", the same dot holding
intermeciate and marginnl positions according as the lens is moved to the right or lefi.
The larger arrows sliow the movement of the lens, and the smaller ones the movement
of the enlarged image, which always reaches the margin of the lens in advance of the
abject.

manner :—On holding the lens a few inches in front of some
printed type and looking through it at the print while the lens is
moved in a plane parallel with the plane of the print, if the print
is 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 described only occur in one direction, the
print appearing to remain stationary when 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 0 1n front of the eye, and an object at a distance of several feet off
be looked at throngh 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. 1If it be a simple convex eylindrical
lens, the dimensions of the object will be elongated in one divection,
and in this direction will appear to move opposite to the movemen
of the lens ; while it will seem to be shortened, but show no move-
ment, when the lens is moved in a contrary direction. This latter
will be the line of direction of the axis of the lens. If it be asimple
concave 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 confrary 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 principal 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 shop front on the opposite side of a street, are
allowed to pass through the lens and are received on a piece of white
card or other suitable screen. At one distance only can a clearly
delined and sharp picture ocenr of the object from which the ravs
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 neuntralising it by a convex lens of 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 is
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
concave lens which exactly neutralises it.

In the case of a convex cylindrical lens, the principal focus, and
therefore its power, may be ascertained by measuring the distance
from the lens at which a point of light, as a candle placed at the
distance of 10 cr 15 feet, is brought to a sharply defined line of

D2
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light on a screen. The power of a concave cylindrical lens must be
found by neutralising it by convex cylindrical lenses of known
power ; and, indeed, both forms of eylindrical 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 cylindrical lenses must be so placed as tocoincide
exactly in direction. +

Army Optical and Ophthalmoscopiec Case—In the combined
optical and ophthalmoscopic case which nsed 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 caused to converge to foci 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 — 6" 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 foci of
the rays which have proceeded from corresponding points of the
object (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 is erect when the object and image lie on the same
side of the centre of the lens; is inmwverted when the object and
image lie on opposite sides of the centre. The retinal image of
any object situated 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 they 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 principal
focus, an eye on the other side of the lens sees a virfual image of
the object, erect, magnified, on the same side of the lens as, but at
a greater distance from it than, the object. It is on this principle
that microscopes ave formed. If the object be farther off than the
principal focus, but its distance be less than twice the foeal length
of the lens, the image is real, tnverted, magnified, and on the appo-
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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,
inverted, diminished, and on the opposite side to the object.

When an object is placed in front of a concave lens, an eye on
the other side of the lens sees an image of the object which is
virtual, erecl, diminished, on the same side of the lens as, and nearer
to it than, the object. The image is diminished when the distance
between the lens and the object is increased ; but when the distance
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Fia. 88.—Reau axp Vivrvan Issees (Dovsie Coxvex Lexs).

AB, object ; A'R', real image on retina ; A"R", virtual image ; », anterior focus ; L, lens,
E The lines of reference from the reting are strongly dotbed,

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.
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Fra. 39.—Rean axp Viervan Isaces (Dovere Coxcave Lexs).

AR, objeot ; A'R real image on retinn ; A"B", virtual image ; ¥, anterlor focns ; L, lens,
The lines of reference from the retina are strongly dotted.

Composition of Optical Lenses.—Lenses for spectacles are either
made of erown glass or colourless quartz, and it is useful for surgeons
to have some knowledge of their respective qualities and occasional
defects. Lenses made of quartz are described by the opticians who
sell spectacles as ‘ pebbles,” or ‘rock crystal,” and are usually re-
commended by them as being 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 erown glass; any superiority in
coolness as regards the eyes is very problematical. Glass is a bad
conductor of heat, and quarfz conducts it better than glass; hence
a quartz 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 gluss spectacle-lens.
The only real advantage of ‘pebbles’ is their greater hardness, so
that their surfaces are not scratched and dulled so easily as those
of glass lenses. Unless the quartz is unusually pure and trans-

¢ -parent, is scientifically cut and shaped as regards refraction, it is a
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decidedly inferior material to good crown glass for optical purposes;
and it is doubtful whether pebbles do not remain more trying to
the eyes, even when proper attention is given to the requisite
yualities just named, than spectacles of the best crown glass, such
as 18 specially manufactnred for spectacle lenses. Quartz has the
quality of double refraction, ard 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 caut,
and a certain amount of accommodation will be exerted in trying

7740 render them sharp and single. The only way to eut rock

erystal so as to avoid double refraction is to cut it exactly perpen-
dicular to the axis of the erystal, so that the axis of the lens which
is formed from it may coincide, or be parallel with the axis of the
original erystal. The operation is difficult except in compara-
tively rare specimens of perfectly crystallised quartz, requires
special care, and renders the lenses more costly.

It is sometimes desirable to establish whether a pebble lens is
properly cut or not. This can readily be done by looking through
the lens placed in a tourmaline forceps, which may be procured at
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
E}}jt!_ﬂl its mj seen to be_oceupi a series

concentric coloured rings ; if no such rings. appear, it has been
cut In a confrary directfon.~ If the rings appear towards the edge
of the lens, qr are elliptical in form, it is defective, for it has been
Eﬁﬁﬂlﬂﬂﬂl}; in respect to the axis of the crystal.
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(ilass lenses for spectacles should be made of pnre, colourless,
and perfectly homogeneons 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 ecrown glass, having more or less of a greenish tint,
and not unfrequently contain microscopic air globules, specks, or

Fia. 40.

A, tourmaline forceps, half natural size, with the blades slightiy open ; a. simple wire frivme-
work , with loops to hold the brass mounting of the tonrmalinds (b and o), and a spring (a’)
at the other end : . cork lining, with & sqnare central opening ; B, a spectacle lens held
between the blades of the foreeps : ¢, pebble lenses as seen between the tourmalines (r),
in the position to intercept light (axes crossed at right angles), and (y) when they trans-
mit it (the axes being parallel )

strize, owing to an imperfect mixture of the vitrifiable ingredients
which enter into the composition of the glass. Such lenses inter-
fore 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 are duly protected their surfaces are apt to



40 THE ILLUSTRATED OPTICAL MANUAL Cuar. I

lose their polish and transparency from being roughened by the
fine gritty dust which collects on all objects exposed to the air.
This is especially 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 crystal 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 erystal is rather higher
than that of crown glass, I have ascertained from Messrs. Pickard &
Curry, ophthalmic opticians, that in the manufacture of lenses for
spectacle 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 spectacle lenses of a few given powers, as
manufactured by competent opticians, Spherical bi-concave lens,
—2 D, least thickness at centre, | mm. ; thickness at circumference
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, + 2D, thickness at centre 2 mm. ; weight of pair of
lenses in frames 51 dwt. Concave spherico-cylindrical lens,
sph. —2 D S eyl. —2 D ; thickness at centre in axial line 1 mm. ;
greatest thickness of circumference 1% mm,; weight of pair of
lenses in frames 6} dwt. Convex spherico-cylindrical lens, sph,
+2 D O oyl + 2 D, thickness through centre of spherical surface
2 mm. ; weight of pair of lenses in frames, 6 dwt. Meniscus
lenses and concavo-convex lenses are approximately the 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 visual 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
rightly disposed by the spectacle maker their purpose may not only
nof be attained, but the eyes 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 go arranged that the visual axes pass
through the centres of the lenses. For this purpose, in the first
place, the lenses should be properly centred, or, in other words, so
adjusted within the rims in which they are held, that the centres of
the rims, and the centres of the lenses, are in exact correspondence.
Althm;g]t 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 cut 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 incommeded.
In the second place the frames carrying the lenses must be
accurately measured and adjusted to the eyes before which they
are placed, neither too narrow nor too wide. If the visual axes do
not pass through the centres of 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 lutea.
* In the former case the eyes will have to converge less, in the latter
case more ; and where the spectacles are used for near objects, as
in presbyopia for reading, the inereased demand made on the action
of the muscles of convergence, and the disparity cansed 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
& 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 at such an angle toward each other as to
allow the visual lines to pass through their centres to the visual
distance of the objects looked at through them. So with bi-focal
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 allow for
the convergence of the two eyes. When one side of & spectacle is
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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 visual 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 ought
to be exactly parallel with a similar line joining the centres of the
pupils of the two eyes. A want of congruence in this respect isa
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. When 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 anterior
focus, the only effect will be to modify slightly the apparent size of
the objects looked at, and to alter the position 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 eyeglass 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 nnused eye will in time become amblyopic. Eye-
glasses are not allowed to be used at target 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, whatever the
metal of which they are made, should be sufficiently firm to main-
tain the -right positions of the lenses. When they are used for
vision at near objects, or for work in which the face is required to
be bent forward, it is advantageous 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.— A name given by opticians 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 is not looking 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 suitable for emmetropic persons who have become presbyopic.
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Some convex lenses are made perfectly flat above with the usunal
oval below ; while other concave lenses have this shape reversed,
end 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 impinging obliguely, are not much altered in direction on
leaving the lens, because the opposite surfaces near the centre are
nearly parallel ; but asrays approach the circnmference of the lens,
they become more and more oblique relatively to its eurvature,
are more strongly converged on emergence, and so intersect at
points nearer to the lens than its principal focus. This deviation,
known as sphérical 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 spherical lenses as spectacles when
the eyes are so turned as to look obliguely 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 speectacle is best when the
eye looks divect 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 spectacles would merely turn their eyes.

Periscopic Glasses.—Lenses concave on one side, convex on the
other. When they are sectionally crescentic in shape, i.e. when
the convexity is in excess of the concavity, and the glasses act as
convex glasses, they are designated meniscus glasses (unviaros, a
little moon, a erescent). When the concavity is in excess of the
convexity and they act as concave lenses, they are styled concavo-
conver glasses. In the former, the two surfaces meet if they are
coutinued ; in the latter, under the same conditions, they do not
meet (see fig. 41). They are positive or minus lenses, according
as their convexity or concavity is respectively in excess. The dis-
tinctness of objects seen through a meniscus or concavo-convex
lens is less interfered with by spherical aberration than when they
are seen throogh bi-convex or bi-concave lenses of corresponding
powers, and they further have the advantage of closer accordance
in their form of curvature with the curvature of the front of the
eve-ball, and in this way they enable the wearer to see more
t}hhquely and to have a wider field of view, or rather to look round
with less inconvenience when the eye only is turned without turn-
ing the head. Hence the name of periscopic 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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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, hi-
econcave, 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
is bronght into contact with
that of the upper at an angle
so that the visual axis, 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. Br-coxvex
LiExs.

B. Mexmscos
LExs.

C. Bi-coNcave

LExs.

Tr. Coxcivo-
convex Lexs.

Fro. 42,

ab, central ry ; oe, ray mecting surface of lens in
ench instance at distance eb from eentre: de,
tangent to spherical surface, at point e. The
angles ocd show the relative obliquity of the
lnteral raye in the four lenses,
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objects. Tlig. 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 suitable 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
segments are joined together. They should, therefore, not be con-
structed by cutting a single glass into two halves to form the cor-
responding segments in the pair of spectacles, as is sometimes done,
but each segment should be cut from a separate lens, and have ifs
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
withont noticing its presence. In .some French lenses the same
purpose is occasionally 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 disfant
and near vision without an obvious boundary line between them,
They are sold under the name of verres d foyer double.

R
e ‘XV{}

T16. 43.—Br-rocar Mexsiscus Guass. 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 plioto-
phobia from any cause. Orange and red rays appear to be the
most irritating rays of the spectrum to weak eyes, and whenever
these tints are in excess in the light to which such over-sensitive
eves are exposed, blue-tinted glasses are the most suitable, as they
nentralise the orange colour and render the light similar to
ordinary diffused daylight. When there is no need to change the
colours of objects, and all that is required is to lessen the iutensity
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,
rt!w saturation being least in No. 1 and gradually increasing to No. 8,
Ihey 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
employed to protect the eyes against dust, grit, or in certain trades
against particles of metal and other substances which would injure
the eyes if they reached their surfaces. They consist ordinarily of
spoon-shaped but plain glass, having such forward convexity as
readily to cast aside particles on striking them, and equally to pro-
tect the eyes from the force of a strong wind when meeting it in
front. When they are blue-tinted, and correct in form, they are
very useful for protecting weak eyes against the irritating influence
of orange-coloured light, and also against the glare of the sun, as
in India and other tropical 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 of the
glasses and the tinted rays transmitted in front., An advantage of
the spoon-shaped eye protectors, when compared with some others,
1s that, while mitigating the effects of strong glare, they allow air
to pass freely over the eyes upwards and downwards, 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 impeding the
normal evaporation 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
acconnt of heating the eyes but also on account of their weight.

The cheap eye protectors sold in some shops require careful
examination, as they are not unfrequently defective in form, so that
they do not act simply-as a cover and shade to the eyes, but may
oOperate as convex or concave lenses, and may further fatigue vision
by causing a certain amount of distortion of objects owing to faulty
curvature. They can be easily tested in the same way as has been
already deseribed, with regard to convex and concave lenses.
Inferior glasses are also not unfrequently 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 disturbing to vision.

Goggles.—These are also contrivances for protecting the eyes
against dust, glare, and other sources of irritation. They are formed
of varions materials, wire gauze, or a combination of wire gauze
and glass, and may be set in spectacle frames or only fitted to the
orbits, and held in place by ribbons that may be tied behind the
head. The goggles supplied to the troops engaged in the recent
military operations in Fgypt 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 gauze wire were kept in shape by
narrow steel frames or borders, and the whole was go fashioned
that the edges fitted closely to the bony margins of the two orbits.
The eyes were thus completely inclosed within the goggles. Each
pair of goggles were connected on their inner aspects by a piece of
cord admitting of a certain play, so that the goggles might 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 goggle could be placed within the other goggle and the
two put together in an oval japanned tin box, 21 inches long by
12 inch across, and 1 inch deep, for security. Portability,
lightness, and comparative 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 various optical purposes; such as to correct slight de-
clinations of the visunal lines, whether upwards, ountwards, or
inwards, and thus to prevent visnal confusion from double images ;
or to relieve asthenopia depending on undue strain of the M.
recti interni, as when persons with high degrees of myopia read
or work at near distances at which the exertion of accommodation
is not parallel with that of the convergence. Their action will
vary according to the positions given to the prisms (see Prisms).

Stenopewic Hole.—A very small cirdular opening in the centre
of an opaque metallic diaphragm. The effect of the stenopeeic

Fia. 44.—S1evormic Hove,

A, illuminated point of an object ; B, cone of light proceeding from A ; ¢, metallic diaphragm
with central perforation ; D, eye globe ; a0, marginal mys of the cone, B; b, centeal rays
of the same ; e, stenopmic aperture transmitting b; dd, dotted linez showing the course
that aa would take if not obstriocted by the motallic diaphragm ¢, which oniy transmits
the central rays b, and so far rednces e, o diffusion aren formed in front of £, the troe
emmetropic fecal peint, and at g 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 marginal rays are excluded, a certain portion of the light
emanating from an object is uaceasarlly also excluded, so that the
laminous impression on the retina i8 proportionally diminished.
Although the actual brightness of the surface of the object looked
at may remain the same, the effective brightness is lessened in
nearly the same ratio as a transverse section of the cone of rays
entering the pupil throngh the stenopeeic hole is less than the eross
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 stenopceie hole is often of use in determining whether
deficiency in acuteness of vision 18 due fo ametropia or to some
other ocular defect. It is very important for optical purposes that
the margin of a stenopweic opening should be perfectly clean and
gven.

Stenopeeic 8lit.—A narrow slit in an opaque metal diaphragm.
The eftect of the stenopweic slit, when placed before the eye, is to
limit the entrance and passage of rays of light to one meridian of
the eye. It may be conveniently employved in the diagnosis of
astigmatism.

Stenopeeic Holder.—An appliance provided with a stenopeic
slit, so arranged as to be capable of being lessened or inereased in
WIdth and adapted for holding concave or convex spherical lenses
The npplmlme is provided with a saitable handle. It is L}HBtL
employed in the diagnostic examination and in the correction of
astigmatism.

Stenopeeic Glasses.— Opaque glasses or metal discs with very
narrow openings, either in the form of a circle or of a slif, for
limiting the transmission of rays of light to the eye. They are
used fo improve vision, when oaly a particular pmtmn of the
dioptric media is clear, hv preventing the disturbance due to light
being diffused ‘rhmu#h ]mrtml obscurations of the cornea or of
other of the dmptnc media; in irregular astigmatism, to restrict
the passage of light to a ]mrtimﬂar portion of the 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 caunse, or in which the iris or
a large portion of it has been removed by iridectomy.

Strabometer or Strabismometer — An instrument for measuring
the linear extent of deviation ot the centre of the cornea of an eye,
which is displaced laterally from the position it would occuny in
normal binocular wision on the two eyes looking directly forward
at a distant object, as happens in convergent and divergent
strabismns. It consists of a small ivory plate, fitted with a handle,
and made saitable in shape for being applied to the lower lid of an

I
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eye. At the curved margin of the plate a scale of marks and
figures is engraved, indicating distances in millimetres, or parts of
inches, on each side of a central mark which is intended to be
placed in line with what would be the normal situation of the
centre of the cornea. As soon 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. If a bullet on being fired from arifle travelled in a straight
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 object it might meet in its path within the limitsof its range ;
bat since its path, or trajectory, instead of being straight, is
curvilinear, it is evident that the bullet in its fall can only strike
an object of the height of a man within a certain limited space.
IT the object be outside this space, either in front of, or beyond it.
it will not be hit. Hence the necessity for a correct knowledge of
the particular distance of any object 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 it 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 upon the capability of
properly appreciating the differences in the wisual 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 example, at
different distances. The visunal 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 eyve of an
ohserver is increased so will be the diminution of the apparent size
of the object; and conversely, in proportion as the apparent size
diminishes, so will be the increuse in distance of the object from
the eye of the observer.

The acquirement of the art of judging distances 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
figure, limbs, accoutrements, and dress of the men, and to make
comparisons between them and the appearances of the same soldiers
aud objects at various other distances. The appearances of snr-
ronnding objects, such as trees, buildings, &c., at different distances,
are also impressed on the soldier's mind.  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 fuct
depends, other things being alike. on the visual angles formed by
these parts at such dlstanws 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
subject). :

The difficulty of judsing accurately the distances of all objects
is greatly increased when they are placed far away from the spec-
tator, yet it is under these circumstances that in using the rifle the
need for forming 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
surronnding ohjects, as well ag of objects themselves, together with
very perfect qualities of sight, are ﬁmﬁ-ntml for a man to become a
good marksman at objects at long ranges, when the estimate of the
distances at which the objects are placed -:lt-]wmh on the marksman’s
own judgment, as it must often do in military operations 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 object 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 6 feet in
height, the bullet does not rise ﬂ,nw.lwrﬁ- more than 6 feet above
the ground, 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 hit by
the bullet in the latter pmt of its course would be limited to 110
yards ; if at 800 yards, the limit of the dangerons space would be
Ips:sﬁm-rl to 45 :-,arf.]s if at 1,000, there would only be a space of
about 20 yards within which an ﬁhj{.(}t 6 feet in hﬂghf would be
liable to be struck. It is obvious that at such long distances,
and under such reduced visual ansles as objects of the height of an
infantry soldier or trooper would subtend at them, the eye must be
capable of getting retinal images quite clear of circles of diffasion
in order that the objects may be distingnished plainly.

A certain amount of assistance in ]uﬂgmw the relative distances
of objects, when several are regarded in succession, is derived from
the sense of the varying efforts of accommodat on, and also from &
consciousness of the consentaneons movements of the two eyes in
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

® 2
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individual observer, the character of the retinal image of an object
and the acuteness of the visual 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
background, 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 practise firing his rifle
either with cartridge 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 object aimed at ; in other words, 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 atiached to the rifle, technically called the hacksight and
the foresight ; aslide on the former being capable of bein g raised to
various heights, while the foresight is fixed. The recruit is taught
to look steadfustly with his right eye along the bottom of a notch in
the backsight in the direction of the projecting top of the foresight,
which, in turn, is to cover the centre of the mark towards which the
eye is directed. The backsight has to be kept perfectly upright,
and the slide upon it to be so placed 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 object,
not on the barrel of the rifle or the foresight, keeping his left eve
closed, while he brings the top of the foresicht in line with the
object through the notch of the backsight. 1f more than the tip of
the foresight is brought up into the alignment, a little additional
elevation of the rifle is the result. This instruction is carried 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 object 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 doubts arising in their minds as to
whether the men concerned are not; suffering from defective eyesight.
It 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
shoalder of a soldier in the standing position the distance of the
notch 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
right eye. When an object, such as the bull’s-eye of a target at a
distance of several hundred yards, is aligned with these sights of
the rifle, it is obyicns that an eve, if it tried to do so, could not see
the three different objects with equal distinetness at one and the
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same time. The recruit, therefore, is rightly instructed to fix his
eye steadily on the mark he is to aim at—mnot on the sights nor the
barrel of his ritle, which, although not directly looked at, can yet
eas:ly be bronght into the line of vision with the bull's-eye of the
target. As soon as the sights and object are brought tﬂgf..tll(,!‘ into
true line, the recruit is rendered conscious that tI]E‘t 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 distance,
is.then in the 1lullt direction for a missile dise hurgml from it to
strike the i&rget, He does not look at, nor recognise with distinet-
ness, either of the sights of the rifle ; he only sees clearly the bull's-
eve of the target, and at the same time observes its partial obscura-
tion owing to the intervention of the foresight.

Monocular Aim.—The recrnit is taught to close the left eye when
mmmg at an object with his rile. By co doinz he confines his
view to the object and a comparatively fimited field around it, while
he finds it easier to align tha sightsof the ritle upon the theLt It
is doubtful whether this plan is advantageous under all cireum-
stances, especially when the object aimed at is not a fixed one at a
viven distance, as it is 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
object is a moving one, such as an enemy running or riding in an
open landscape. There is also a further advantage gained under
gome circumstances from binocular vision, thluugh an interchange
of synp&t]wtm action between the two eyes. 'This is m-:'lﬂwmlenr
of the * searching motion of the eye,’ so fully described by Sir C,
Bell, the purpose of which is to obyiate the effects of retinal ex-
hnustmn 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
distinct pmnt of an object, the other eye bmmr closed, notwithstand-
ing the * SE‘LI‘Chlng motion’ above referred to, the point quickly
fades from view owing to retinal exhaustion, whereas, it' both eyes
be open, a clear view of the point gazed upon can be maintained
for a much longer time. As the sensibility in the region of the
macula lutea of one eye is becoming exhausted, the necessat 'y
eunergy 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 target practice, when both eyes are open
and visually directed towards that point. He can unl;. 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 parts 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 both 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 eyve 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 refina outside the region of the fovea centralis, and are
consequently less distinctly visible than they are when they are
in the course of the visnal line under monocular vision. For either
of the sights of the rifle to be seen distinctly the visual lines
mest have a very different relative direction ; the two eyes must
converge on the sight concerned, and the visnal lines be inclined
toward it at an angle 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 sights aligned upon the object are seen
with a certain amount of distinctness ; 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; itis
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 object, the object may be seen distinetly, bat
the barrel, and, of course, its sights with it, appear very shadowy,
because the rifle does not coincide with either of the visual lines of
the two eyes; it is between them. The backsight, if elevated, will
probably appear double under such conditions.

Ifa 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 right orbit, and the fore-
finger extended so as to cover a portion of a distant object, while
t]1ﬁ:\, left eye is closed, the finger and object will be seen together
with more or less distinctness, being together in the line of the
visual axis ; if now the left eye be suddenly opened, 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
eyelids remain open, when the finger and the object to which it is
directed will be again seen together with a certain amount of
distinetness. This will be more easily 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 eyes are open can shoot fairly with
one eve closed, although there is no difference in the two eyes as
regards refraction or visnal power.

As the central line of the noteh of the backsight and the slender
ridge or tip of the foresight are very fine objects, and very accurate
recognition of them is necessary in ensuring their perfect alignment
with a distant object, it seems probable that in taking a precise
aim they are each looked at in rapid succession, 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
simultaneous, 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 1s obvious
that a person who is either hypermetropic or presbyopic 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 eye. even at the recruiting age, if the hyperme-
tropia amount to —2 D, sees a small ohject, such as the tip of the
foresight, so very hazily, that accurate alignm-nt, unless the optical
defect is corrected by a suitable lens, is out of the question. Also
for a myopic eye, if the myopia be of corresponding amount, or
equals+ 2 D, alignment is rendered very difficult because, although
the tip of the foresight is less obscured than it 1s with the hyper-
metropic eye, there is still such reduplication and haziness of the
distant object 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 change of dimensions are added to the haziness of
view already mentioned, 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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p. 84). A study of the conditions on which accurate vision of
distant objects depends sufficiently shows that if an eve be em-
metropic, neither the eye nor the quality of vision for such remote
object: admits of increased strength or im provement ; 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 hypermetropic, make up for the deficiency other-
wise than by the orainary exertion of accommodation. But other
conditions on which accurate shooting also depends may be de-
veloped, and these belong more to the brain than to the eve. Minute
featares and peculiarities of a given object and its surroundings,
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 objects become more correctly estimated. It
is by these means that painters perceive particular features of a face
or landscape, and sailors see and distinguish objects on a distant
horizon, although the images of those objects are not pictured with
any more preeision in their eyes than they are in the eves of others
with the same quality of sight who, however, fail to recognise their
presence in the field of view. The artist and sailor learn to observe
with more precision, and they acquire by practice the art of dis-
tinguishing and rightly interpreting differences, often very slight,
in form and colour, or contrasts in light and shade, 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 ot the strength of the eve which is developed so much as the
fuculty of observation, and it is to this the attention should be
chiefly directed. ’

The recent introduction of figure largets as objects to be aimed
ab in the range practice at musketry instruetion will probably assist
men in acquiring an increased facility of judging distance. The
different distances at which the G-feet figure is fired at along the
range must tend to educate the eye and to enable it to estimate
rightly any particular distance of the figure through the familiarity
which will gradually be obtained with the different appearances
presented by it at the various distances it is fired at.

Abbreviations,—The following abbreviations are occasionally
employed in this manual: Ace., for Accommodation ; Ambl. for
Amblyopia ; Em. for Emmetropia; Eme., Emmetropic ; M., Mvopia;
Me., Myopic; Hm., manifest Hypermetropia; HI., latent Hyper-
metropia ; H., absolute Hypermetropia; He., Hypermetropic ;
Ast., Astigmatism; (., Convergence ; Cyl., Cylindrical ; V., Vision,
Or acuteness of vision; Pr, Presbyopia; Pre., Presbyopic ; T
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 ; D., Dioptric; 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
purpuses of abbreviation:— 1’, one foot; 17, one ineh ; 1’7, one
line; oo, infinite distunce, or infinity ; <. combined with; +,

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

CHAPTER II.

Vision according to varieties of Focal Adjustment--Chief Varieties —EMMETROPIA
—-Definition— Optical Conditions— Farihest and Nearest Points of Distinet
Vision— Diagnosis—MyoriA— Definition— Farthest and Nearest Puints of
Distinet  Vision — Optical Conditions — Causes — 8y mptoms — Coanterfeit
Myopia—Association of M. with Strabismus— Diagnosis—Expression of De-
gree of M.—Determinarion of Degree —Correction — Exaggeration of M, from
Spasm — Over-correetion - Extension of Reading Distance in High Degrees of
M.--Test in Military Practice for High Degree of M.—Influsnce of M. on
Military Service — HYPERMETROPIA — Definition — Optical Conditions —
Farthest and Neares: Points of Distinet Vision —Causes —Symptoms—Assovia-
tion of H. with Strabismus—Manifest and Latent H.—Subdivisions of H.
Diagnosis— Expression of Degree of H.—Determinat ion of Degree— Example
— Explanation— Correction of H.— Influence of H. oa Mil.lary Service—
ASTIGMATISM — Definition—Optical Conditions—Causes—Symptoms—Retinal
Images in Ast.—Awount of Ast.—Measure of Amount—Kinds of Ast —Dia-
gnosis—Varieties of Regular Ast. — Examples—Determination of Principal
Meridians in Ast.—Their Refractive Conditions-—Currection of Regular Ast.—
Examples—Irregular Ast.—Influence of Ast. on Military Service.

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. Emmerroria, focus in correct measure, the refractive
power of the eye being normal ; 2. HyPo-METROPIA, under measure,
- or Brachy-metropia, focus short in measure, the refractive powerof
the eye being in excess ; 3. HYPER-METROPIA, focus beyond measure,
the refractive power of the eye being deficient in degree. But, as
regards No. 2, Hypo-metropia and Brachy-metropia, the old classical
term Mryoria, derived from the habit of short-sighted persons
partially closing or nipping together their eyelids, 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, figs. 45, 46, 47, serve to illustrate
in outline the three different refractive conditions, or varieties of
focal measurement, just named.

AMETROPIA, not in measure, is a term which simply signifies
that the condition of emmetropia dees not exist; it 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 different degrees of refractive power

P!
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Fi6. 45.—Eanerroric Eve. Parallel rays focussed on retina.

exist in the same eye in different meridians. The principal elements
of Astigmatism, however, when regarded separately, belong to one
or other of the three leading optical divisions above named.

The terms IsoMuTROPIA, with its adjective form isometropic, are
sometimes used to express briefly that both eyes of an individual

Pr
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Fre. 46.—Myorre Fye. Parallel rays foeussed in front of retina.

i, remote point of diztinet V., from whiclh divergent rays are focussed on the rotina,

are equal in refractive quality and power; ANISOMETROPIA, and
anisometropie, that, although similar in refractive 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 th

eir refractive qualities are both defective and

Fia. 47.—Hyrer-mernorre Eve. Parallel rays focussed behind the retina,
Convergent rays focussed on retina.

at the same time opposite in kind, as when one eye is
the other h Yper-metropie.

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 foeal adjustment of every eve under
normal conditions may be more or

less changed by the exercise of

myopic and
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a special fanction named ACCOMMODATION. The various refractive
conditions, as well as the function of accommodation, will now be
described more fully.

FEMMETROPIA,

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

Optical Conditions.—The dioptric media of the eye are so
adjusted that, by means of their combined refractive qualities, rays
of light emanating from distant objects—that is, objects at a dis-
tance of 6 m. (20 feet) and upwards—and falling upon the eye practi-
cally as parallel rays, ara brought accurately to a tocus upon the sen-
tient layer of the retina. The eye is in true measure. In other
words, the retina is so placed as regards measure of distance that
it is precisely in the plane of the principal focus of the dioptric
media of the eye; the two distances, that of the retina and that of
the principal dioptric focus, are in perfect harmony (see tig. 45).

Farthest Point of Distinet Vision.lnfinite 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. suflicient size and illumi-
nation, are preserved, a perfectly defined retinal image of it will be
formed by the emmetropic eye.

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

Diagnosis of Emmetropia may be established subjectively : (1)
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
clearness and facility.

2. By Spectucles—Vision of distant objects is not improved
either by a convex or concave lens as a hyper-metropic or myopic
eye respectively would be, but, on the contrary, is deteriorated in
proportion to the increase in power of the lens applied to the eye.
If, however, a _‘lﬂ:’f'.ﬂ.k_ 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
young. Printed Tetters of small type can be read ab a distance of
10 inches from a + 4 D lens, placed in front of the eye 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 o fall on the eye as parallel rays. The farthest point of )

~~distinct vision of the emmetropic eye with a + 4 D lens before it |
s at 10 inches, :
Occasionally, as age becomes advanced, the subject of vision
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which has appeared to he emmetrepic finds that he derives gome
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 Anomalies of ltefruction he has given a diagram
showing from various observations the course of this change,
According to this diagram the change begins at middle life, and at
80 years of age the acquired H. amounts to a deficiency of refrac-
tive power equivalent to 15 D, or a lens having a focus of 263
- Inches, Tt 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 not always been hyper-metropiz
although 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 eyes under observation out of the category
of emmetropia and puts them in that of hyper-metropia,
8. By Ophthalmoscopic Observation (see page 106).

Mryopia,

Definition. —Syn. : Short-sightedness. Near-sightedness. Tha
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 with that of an emme-
tropic eye; so that parallel rays from remote objects are bronght
to a focus in front of the retina. Only divergent rays are focussed
upon the retina; vision is, therefore, acute as regards objects at
and within a certain limited distance, while it is indistinet as
regards more distant objects (see fig. 46).

Farthest Point of Distinet Vision.—A fixed limited distance in
frout 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 distange
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 eve must be
prolonged beyond the distance of the principal focus of the refract-
g media (and this is the general canse in simple myopia), or the
refracting qualities of the dioptric media must be increased out of -
proportion to the length of the eyeball, irrespective of exercise of
accommodation, In pPractice 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 eye, 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 majority of cases in artificial and avoidable
causes, it becomes transmitted to children, who, in tarn, from
similar causes, are in many instances rendered myopic in a more
marked degree than their parents.

Morbid changes, of which distension, attenuation, and protrusion
posteriorly of the sclerotic coat, together with an atrophie con-
dition of the choroid coat, are the most conspicuous features, con-
stitute its secondary causes, This morbid state may either be
general, the posterior hemisphere of the eye being elongated in all
directions ; or, as frequently happens, it is local, the eye being
more elongated in the direction of the anter u-lmatu'mr axis than in
other directions (staphyloma posticum).

Conditions in which the convexity of the cornea is unduly in-
creased are also causes of M.

Ancther cavee is leng-continued convergence of the eves and
ocular over-exertion at near objects, particularly by children.
Under such conditions a certain amount of compression of the an-
terior porhun of the eyeball is produced, and a strain is thrown on the
tunies in the neighbonrlood of the posterior pole, giving a tendency
to elongation of the globe, and going on eventually, if the origin of the
mischief be not stopped, to smpln loma posticnm.  Neglect of adopt-
ing proper measures for preventing or remedying the excessive strain
just named i1s a very common source of aggravation of existing
myopia, especially when it is associated wﬂh a wml-. state nf'hmlr]v
health. The M. becomes progressive, and under additional condi-
tions of intense l'ght, heat. and glare, such as men are exposed
to in India and other tropical climates, the M. is apt to become
complicated with serious disorders of the retinal and choroid tunies,

Under simi'ar conditions of continued strain the lens may lose
some of its subjectiveness to change of form, or, frem being so
constantly accommodated for a very near point, the accommo-
datory ﬂppﬂ.mtus in an eye that is Eme., or near] ¥ €0, may cease to
be able to relax itself safficiently to "allow pum]lel rays fo be
Lrought to a focus upon the retina. In this last case the parts
concerned in Acc. 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 ciliary muscle and constrictor pupllim, tem-
porarily change an Emc, into the condition of a Me. eye.

Symptoms.—In uncomplicated M. near objects up to a limited
point are seen quife clearly. Hence the common name of the
affection—near-sightedness. The nearness with which objects can
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be bronght to the eyes enables minute letters to be read, because
under such conditions their retinal images are of sufficient size, and
sufficient light is reflected 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 indistinctly visible
by them. When distant objects are highly illuminated or brightly
coloured, they often appear solid toward their central parts, but
attended by a shadowy apparition, or spectral reduplication, of
their outlines. The reasen that objects near to the eye are
naturally seen by a myopic person with precision is that the
pencils of rays proceeding from all the illuminated points of these
objects impinge on the eye more divergently than they do from
distant objects, so that, the increase in divergency being rendered
proportionate to the over-measure in the convergent quality of the
eye relatively to the length of its visual axis, the rays are brought
to a focus upon the retina, and proper images are formed there.
At the farthest limit of distinet vision, the over-refractive quality
of the Mec. eye is 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 objects become more divergent, the
accommodatory function is called into play to supplement the
refractive quality in order that the eye may still get clearly-defined
images on the retina. The reason why an object beyond the far
point of distinct vision appears ¢ blurred,” or surrounded by a halo,
is that after the rays proceeding from it have besn brought 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 proceeding from the object
instead of being focussed to corresponding points on the retina, are
spread out in successive circles, the image is necessarily confused
and indistinet. The rays which proceed to form the image consist
of a number of sections of diverging cones, and these sections over-
lap each other in its formation. The circular outline of the ima

is determined by the form of the pupil through which the rays
originally passed into the eye. The diffusion is greatest roward
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 rays, for sake of brevity, are called
* Circles 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 pencil of rays from the object is brought to a
focus at a greater distance from the retina, and the cone of Tavs
proceeding from this focus has, in consequence, a longer axis and
a base of proportionally longer diameter where it is intercepted by
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the retina, than it would have if the ocular focus from which it
started were nearer to the retina. The habit which myopic persons
have of partially closing their eyelids, and thus narrowing the
interpalpebral fissure, when looking intently af 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 Leen induced in the organ by unhygienic mis-
management, the M. does not lessen in degree with advancing
years in all, though it may doso in some, instances.  1n 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 I) 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 cuard
against counterfeit M., or a condition which may pass for M. but
is really only a semblance of it due to irritation and spasmodie
action of the parts concerned in the exercise of accommodation,
Prolonged work at small objeets, as in etching, long-continued
readiny small and defective print, and other similar near work, will
sometimes not merely cause an exaggeration of M. wken it already
exists, making the patient appear to be more myopie than he really
is, but in oceasional cases will induce an imitation of a considerable
degree of M., particularly in eyes that are weak and excitable from
any canse, although no M. may be present. A person may exhibit
the condition referred to, and may even have a He. formation of the
eye. 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 persous with good ac-

' I was once informed by some myopic candidates for commissions in thearmy
that they had been advised by their trainers to apply Calabar gelatines to the eyes
shortly before appearing for physical examination. The irtention was to produce
contraction of the pupils, and so to lessen the diameters of the cireles of diffusion.
On the other hand, the use of eserine to produce a condition simulating that of
myopia by lesseninys the size of the pupil and shortening the limit of distinet
vision, i8 said to have been not unfrequently resorted to by persens on the Conti-
nent, for the purpose of avoiding m litary service; and on this acconnt, in the
military regulations of some countries, it is ordered that the ocular esamina‘ion
of conscripts in special cases shall only take vlace after the ﬂl":m)ﬂg'qn]ﬂtiﬂn has
been paralysed by the employment of atropine. A simulated, or exaggerated,
myopic condition artificially produeed by the use of eserine would thus be counter-
acted.
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commodation wishing to avoid military service 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 neutralisation of their real degree of M. They
thus succeeded in counterfeiting an excess degree of M. sufficient
to cause their exemption from service, when the disabling degree
was determined by the use of concave glasses of certain degrees of
strength. .
Association of Myopia with Strabismus. — M. is not unfrequently
found to be associated with strabismus. The squint is occasionally,
but rarely, convergent, in cases where the internal recti muscles
have become disproportionately developed from constant use owing
to the approximation of objects for distinct vision, and so do pot
admit of being relaxed in proportion to the external museles. It
is much more frequently 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 seen clearly, strong convergence of the visnal axes is also
necessary in order to ensure binocular vision ; and thus a strain is
thrown upon the internal recti museles, which 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 distinet vision is
only a few inches off in front of the eyes, no accommoduatory
exertion is required as there would be at a similar distance in the
case of an Emec. person. But at so near a distance a person can-
not avoid exercising instinetively some amount of Ace. in association
with the convergence of the visual lines, and the result is that the
refractive state of the eye is added to, and the distant point of
distinet vision brought still nearer. The M. is, as it were, for the
time increased 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 get clearer images of objects
farther off than the short myopic distant point. Should an increase
in the length of the antero-posterior axis of the eye gradually
result, increased M. will be associated with it; and the difficulties
of the internul recti museles in effecting the necessary movemeuts
of the eyeballs, and maintaining convergence, will be still farther
augmented. Under these ssveral circumstances the ocular ad-
ductors get so over-fatigued that they cease to act in true concert,
and confused, or donble vision is liable to result. When this
happens, one eye, probably the stronger and more acute, will be
directed to the object in view, while the other eye at the same time
will deviate a little outwards; 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
may deviate still further outwards, and receive only the rays



Cir. IF DIAGNOSIS OF MYOPTA 63

w coming from distant objects, when, from the myopic state of the
organ, very diffuse and easily disregarded images will result, and
so again visnal confusion will be prevented, while, 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, oceurring only when
near objects arve fixedly regarded, or it may be readered permanent
by repetition of the cirenmstances just explained, and confinue 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 4 D spec-
tacles, (5) by correction, and (6) objectively by the ophthalmoscope.

1. Ewternal Signs.—The myopic eye usunally 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 produces a noticeable appear-
ance of the parts immediately surrounding the eye. The existence
of divergent strabismus, whether observable only when the eyes
are directed to very close objects, or constant, as already explained,
may be a further diagnostic sign of myopia.

2. By Types.—The Me. eye, if no other defect exist and the M.
be moderate, 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
ficures placed above them. If the degree of M. be higher than
3 D, then No. 1 of Sn. will not be read at quite the distance of one
foot. The farthest distance at which the smaller types can be
distinetly read will indicate the probable degree of the M.

3. By Lenses.—This method, sometimes referred to as Donders’
method, is very simple when a complete trial case of lenses is
available for use. The subject being in position before Sn. types
No. XX., or D =6, a weak +, and then a weak — lens is placed
before the eye to be examined, the other being shaded. Should
the + lens be fonnd to make V. worse, while the — lens improves
V., this result establishes the diagnosis. If the latter bea — 1 D
lens, lenses of gradually increasing power are applied, until normal
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 into 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 4 D) spectacles are
worn, as before described, one eye being covered, and small type
is placed before the uncovered eve at a distance of 10 inches from
the lens, it is found that the type cannot be read, but on bringing
the type nearer to the lens it becomes legible. The farthest point

F
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of distinct 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 illuminate it
thoroughly. The print should be advanced gradually towards the
lens, arigid inch measure being held at the same time horizontally
by the side, and the distance of the first point at which the print
bzcomes clearly defined should be carefully noted. In shading the
eye not under examination, the lids should not be closed by pres-
sare 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.

9. By Correction.—When the true degree of uncomplicated M.
is ascertained, the proper concave lens for that dezree will eom-
pletzly 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
neutralises his M., or, in other words, the glass which suffices to
give him distinet vision for distant objects without over-correction.
This may arise from several causes. The glass may be stronger
than necessary, and the myope unconsciously exert Ace. to
neutralise the artificially produced deficiency of refraction, just as
a hypermetropic person would do, or from the presence of a certain
amount of amblyopia, and defective acuteness of visual observation,
there may not be sufficient difference in the apparent distinctness
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. 6m. Sn. at 6 m., or 20
feet, while a weaker or stronger glass does not enable him to do so
with equal facility, the myopia is probably just corrected, and not
over-corrected, ,

6. By the Ophthalmascope (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 Mc. eye under observation, or by
the power of the convex lens which represents the amount of the
excess of refracting power of the eye relatively to emmetropia.
The latter mode of expression is the more convenient in practice.
M. =2D then signifies that the excess of refracting power ini the
eye ejuals the power of a +2 D lens, and that this excess will be
neatralised or corrected by a —2 D lens. The distant point of
distinct 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 eve
under observation, or, in other words, the farthest point at which
small objects can be seen with perfect definition, and beyond which
they begin to appear blurred. The distance of the remote point
of distinet vision agrees with that of the principal focus of the lens
which represents the degree of M. DBut for reasons explained
below (see footnote) it is more convenient in military practice to
determine it by the -+4 D spectacles, The distant point of distinet
vision is accurately ascertained after the +4 D lens has been
placed before the eye at the usual distance of spectacles, via.
half an inch in front of the cornea. Inverting the distance so
found, and deducting from it so inverted the power of the lens
added to the eye, viz., 4% the difference gives the degree of
myopia.

Example 1.—Suppose the distant point of distinet vision of the
myopic eye with the+4 D or+ 10”7 lens before it, is found to be
6", then M.=}—+%;=+%. In calculating by the metric system
the distance 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 the degree of M.
Thus in the example just taken, as (i inches 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 z=the refracting power of the eye under examination ;
let @ =the refracting power of an emmetropic eye ; + 4 D=the power
of the lens to which the eye has been subjected; and + 6:66 D
=the power of the lens which would give the agscertained
distant point of 6" if the eye were emmetropic. The excess of
refracting power in the example given is therefore obviously equi-
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 bun:r it to a par
with an Eme. eye.

Therefore # —(6:66 D—4 M=a; ora—266 D=a; or x=0n
+2:66 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 Adopting the Method described in the Teat.—The use of the con
stafit + 4 D or + 10" lens for examination of ocular states of refraction is adopted
in preference to other methods for military purposes, because it is equally 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 conducting such in-
vestigations ; because the mode of observation ean be easily and quickly 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 are usually

F 2
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The Correcting Lens.—The exact excess of converging power
having been determined, it is corrected by a lens of corresponding
diverging power. In the example given a —266 D, or a 15" con-
cave lens, will be the correcting lens, because this will nentralise
the +2-G6 D refractive power which is in excess,

The distant point of distinct vision 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 acenracy are the rays with that
degree of divergency which they have when they start from a point
placed at a distance of 15 inches from the eye. A —2-67 D lens
held in front of the eye causes parallel rays from distant objects to
have the same degree of divergency as the rays 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 objects 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 eyes 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 Acc. 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 plasses 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 prodent to try carefully

made on persons who have no knowledge of the effects of lenses, because efforts at
deceplion, if attempted to be practised, are mare readily defeated. Uther
metLods of carrying out the investigation are less fully referred to in the text, as
the main object is to render this manual as s mple as possible.

Occasional cases will oceur, when atropine has not been employed, in which
the true degree of myopia may not be exactly found by the use of the + 10" lens,
because the person under trial has not been ahle altogether to relax his accommo-
dation when fixing his sight 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 aetion of the convex lens will canse 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 position, are
not, however, of the same importance as they would be if the distance of the lens
were changed instead of the distance of the print, and practically the variations
In mainitude which oceur do not influence the results to any appreciable extent,
This is proved 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
t:l_m-:e] ¥ 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, ascertained by the same means, is equally corrected by the correspond-
Ing 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 counterfeit M., the real
condition of M. may becomne exaggerated in its apparent degree.
It will be found in occasional cases that the measure of distance of
the remote point of distinct vision is shortened by the spasmodic
exercise of a certain amount of Ace., so that the M. is caused to
appear higher in degree than it really is. Some myopes read with
the print nearer to the eyes than their M. renders necessary. It
may be owing to faulty posture, to a habit of reading in a bad
light, of reading badly printed books in small type, or to other
causes. But under the condition named, an unneecessary amount
of Ace. is exerted, and this accommodatory exertion is liable to
bacome so habitual that it cannot be easily relaxed whenever the
eyes are similarly employed. The employment 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 any such case of exaggeration, that the M. is not so high
as the tests without atropinisation made it appear to be. 1If| in
such a case, the apparent, but exaggerated, amount of M. were
fully corrected, the true amount of M. would be over-eorrected ;
and constant exercise of Ace. would be required to neatralise this
excess of correction even for vision at the farthest distunce. The
correcting glass, owing to its power being too high, would render
the eye in question practically hypermetropic.

Over-correction of M.— If the use of the lenses which have been
ordered for correcting the M. be found to be all that 1s desired as
regards distant vision, but is attended with discomfurt, and aching
when the eyes are employed in work at a moderate distance from
the eye, leading to the inference that the Ace is not effective for
work at the distance indicated as wonld be the case if the eve were
Eme., it should be ascertained if-the M. has not been over-corrected
by the lenses supplied, and the eves brought into a condition of H.,
as described in the previous paragraph. The eyes should be again
tested after they have be:n 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 calcuiated to
neutralise, it becomes evident that the Acc. from some cause or
other is 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 eyes. It is best nunder such
circnmstances to prescribe two sets of glasses—one set for fully
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 reading, for seeing notes of music, or for some me-
chanical occupation. But under no circumstances should the glasses
be calculated for a distance very close to the eyes, or with their use
all the discomfort and difficulties attending undue 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.
This is especially necessary when the degree of M. is g0 great as to
place the distant point of distinct vision very near to the eyes. It
is important to remove this point further off and so prevent the
futigue and nerve irritation entailed by accommodatory strain and
CACESSIVEe convergence.

There is another rveason 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 images are considerably lessened in size
by concave glasses of high power, this diminution, together with
the co-existing amblyopia, impel the myope to bring the objects still
nearer to the eyes. An additional strain is thus caused on the
“relations between the Acc. and convergence, asthenopia results,
and if posterior staphyloma exists a tendency to its increase is pro-
moted. The calculation must be made by lessening the dispersive
power of the lens required for full correction to the extent of the
power of the lens representing the Ace. 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 vyision
for parallel rays, a.lens of —4 D +275 D (2:75 dioptries being
nearly the equivalent of 15 inches), or a lens of —1-25 dioptrics,
or of 32-inch focal length, will suffice to correet vision for a distance
of 15 inches.

It 1s sometimes said that in M. of a pronounced degree, the
ciliary muscle 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 Acc. is tested, it is generally found
to agree with the range proper for the age. Yet in such cases, if
the M. be fully corrected, the exertion of continued exercise of V.
at relatively near distances while the glasses are before the eyes
will be attended with difficulty, 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 arvise 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 Acec. was
exerted was a very limited one near the eves, and thus, from
acquired habit and adaptation, it is hard to exercise the Ace. over
& range that is more distant. If the M. bs =4 D, and this be
wholly corrected, it might be anticipated the eye would be placed
in the same condition as an emmetropic eye, and the Acc, 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 is not so. Under such circumstances 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

lons 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 Acc.,a range of clear V. will be afforded from I

at 20 inches’ distance to P. at about 3} inches from the eyes, and

the transference of the range of Ace., which, before partial correc-

tion of the M., was from nearly 3 inches to 10 inches from the eye, to

the range from 3} inches to 20 inches will be accomplished without

any trouble. Moreover the notes and letters will appear more nearly

of their natural size with the 2 I glasses than they would if con-

cave glasses of 4 D were worn, and this adds to the ease of seeing
at the distance calculated for. 1f the person carries folding glasses

of —2 D, when he looks throngh them doubled together he will be

able to see clearly the most distant objects exposed to view with a

single eye, or if he places them in front of the —2 D spectacles

distant objects 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 1
for instance, when it would be important to remove the reading or
working point of distinet vision from a distance so near to the eye
as 4 inches to some given distance farther off, the same proveeding
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 distinct vision
of the eye 4 inches,—10 D would correct the eye for parallel rays
or distant vision, and (—10 D+3:33 D), or —6:66 D, would sutfice
to remove the distant point of distinet vision to a distance of 12
inches from the eye. '

Tests in Military Practice for High Dogrees 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 concave lenses. It has already been mentioned that
formerly the army optical and ophthalmoscopic case included
spectacles fitted with — 6 lenses for this purpose. They were
originally introduced for the ready detection of degrees of M. =45,
3-33 D, and upwards. They had been used in the Austrian Army
at the snggestion of Stellwag von Carion for determining, when
high degrees of M. were urged by conscripts 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 from the near
point at which small print could 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 6” dis-
tance from the eye, he was obviously so myopic as to be unfit for
military service, for he would be myopic ; or upwards. Although
the conditions of military recruiting differ greatly in foreign armies
from the conditions in the British army—M. in an exaggerated
degree being one of the defects most frequently 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 s0 simple a rule were to be relied upon, its application wonld be
capable of being turned to advantageous account in the British, no
less than in continental armies, though employed for different
ends. d

A myopie eye of &, +3:33 D, is converted into the condition
of a hypermetropic eye of 4, or—3:33 D, by — 6", or—6-66 D,
lenses being placed before it. A lens of —3-33 D would suffice to
neutralise the M. ; a lens, therefore, of 6:66 D will not only nen-
tralise it, but will leave a refractive deficiency of 3-33 D. At the
age of the recruit, 18 to 25, the power of accommodation is about
=jor 10 D.  Of this, 3-33 D would be required to neutralise the
artificially produced H= —3 33 D, and there would remain dyna-
mie refraction= 666 D, and this when fully exercised would bring
the near point of distinct V. to a distance of 6” from the eye.
Eyes with higher degrees of M. than - will be able to obtain still
nearer points when the —6” lens is before them. If the amount
of M. were equal to 6:66 D, the —6” spectacles would just
neutralise the M., and with the full exercise of Acc.=10 D, the
near point of distinct V. would be brought to 4 inches’ distance
from the eye. Theoreticully, therefore, the test of reading within
6 with a dispersing lens of —1” power should prove the existence
of M.=4 or above, and would exclude M. less than 15, or 3-83
D. But, practically, myopes with M. no higher than 2-75 D, or
2:50 D, by practice in the exercise of Ace. can read within 67 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
reliuble, was abandoned. It was proved in one instance in Belgium
that instruction in the means of frandulently escaping conserip-
tion by practice in the use of concave lenses of the official limit,
or, In other words, in developing dynamic Acc., was systematically
given as a matter of trade,

The rule in the Austrian Military Medical Service, by the more
recent recruiting regulations of 1883, as regards the disqualification
of M. for engagement in the army, is the following. A myopic

recruit, with 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 {rd of a Vienna
line in height and corresponding breadth at any distance from the
eve with concave 4-inch spectacles, is to be rejected as totally un-
fit for military service without any further examination. The —4,
or — 10 D, spectacles are to be close to the eye, care is to be taken
that the recruit_really looks through them, not under them, and a
good light is to fall upon the print.

The conditions deseribed afford a proof that the degree of M. of
the person under observation is not less than 'y, or 3:33 D, though
it may be higher. Supposing the M =333 1), there would be Acc.
at the age of the conseript about 10 D, so that the excess of refrac-
tion above Emmetropia and the dynamic refraction of Ace. together
would be equal to 1333 D. He could obtain a near point for read-
ing at 3 inches’ distance from the eye without the glass. 1f then
a — 10 D lens be applied to the eye, the Ace. will be neutralised, and
there will remain + 3:83 D, or M.=3:33 D, or i, Suppose the far
point distance of distinet vision without a glass appeared to be 6
inches from the eye, or, in other words, the M. was alleged to be &, or
6:66 D. The mode of proceeding if practised would equally 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.=¢, or
6:66 . The concave 4-inch lens neutralises the Acc., 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
for the purpose a portion of its normal Acc., it could no longer
read at the distance named with a — 4", or —10 D, lens ; the eye
being Eme., and its full amount, of Ace. neutralised by the lens, it
would only be capable of adjusting parallel rays and seeing distant
objects of suitable dimensions.

It is stated in the Austrian Military Instructions for the surgical
examination of conscripts (1883) that ¢ Many years” experience and
very numerous trials have proved that a myope can only saf isfy
this test if his myopia is above %", which is laid down as the limit
of fitness for military 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.
2l

Y HYPERMETROPIA.

Definition.— Over-measureas regards the distance of the principal
foens 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, Parallel rays
from distant objects are not brought to a focus by the time they
reach the retina, but wounld unite in a focus, if they were not
stopped in their course, at a point beyond the retina ; or, in other
words, the retina is in advance of the principal focus of the eye.
Only rays reaching the eye as convergent rays can be focussed on
the refina (see fig. 47).

Optical Conditions.—1In 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.—H. is often congenital. Tt is not unfrequently duoe to
hereditary conformation of the eye, and, like myopia, is often found
to exist in several members of the same family. While the myope’s
eye isusnally a full and prominent eye, the eye of the hypermetrope
is commonly a shallow and flat eye. In cases where the hyper-
metropic 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 early ocular
conformation. (See remarks under Emmetropia, p. 59.)

Farthest Point of Vision.—This is sometimes spoken of as
unegative, because 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 produced artificially, as by a con-
verging lens. The He. eye has only a virtual distant point, and
this is situated at the distance of the focal point to which parallel rags
would be produced after traversing the dioptric media if they could
pass beyond the retina. In order that parallel rays may be focussed
on the refina itself of the He. eye, they must be first altered in
direction ; they must have such a convergence given to them
before entering the eye as would cause them, supposing their course
to be unaltered in direction by the action of any refracting media,
o meet at the distance of the focus above named. The eonvex
lens that would give this amount of convergency 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 hypermetropia.
Henee the remote point of distinet vision of the hypermetropic eye
has sometimes been described as being at a distance beyond tnfinity
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 1s
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 neeessary amount of converg-
ing direction to parallel rays that will enable them, in addition to
the refracting power of the eye itself, to be brought to a focus on
the retina of the hypermetropic eve, 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 can 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 fatigue and aching
are quickly produced ; the patient suffers from symptoms of asthen-
opia (see Asthenopia). This ocular strain is rendered exces-
stve, and the results of it are much more severe and occur more
iy, when a He. soldier is not only engaged in occupations
g intent and anxious observation, but when hig eyes at the
sanfe 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.

Association of H. with Strabismus.—H. is not unfrequently
associated with convergent strabismus, and this circumstance seems
to arise in the following way. The hypermetropic eye being only
able to bring convergent rays to a focus on the retina withont the
exercise of accommodation, and no such rays existing naturally, the
accommodatory apparatus is subjected to a constant exertion, in
order to obtain more convexity of the erystalline lens, and thus to
make up for the hypermetropic deficiency, 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 the face, as occurs in reading, and the strain
1s 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 they
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 muscle by contracting the infernal recti
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 direction of the visual lines as would be
necessary for clear binocular vision of objects relatively distant
ceases to be attainable, and parallelism of the visual 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 off will not fall upon correspond-
g points of the two retinz, 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 is turned further inwards by its internal rectus muscle, at
the same time that the other eye is turned sufficiently outwards by
its external rectus mausele to bring the image of a more distant
objeet on its macula lutea by whicha distinet view of it is obtained ;
a decided squint results : and the image of the object in the con-
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verged or deviating eye falling npon a less sensitive part of the
retina, is ignored mentally, or, in other words, ceases to exist so
far as the sensorial part of blm act of seeing is concerned. For a
time monocular vision is carried on equally by each eye in turn
according as the position of an object to the right or left of the
face may dictate, but at last vision devolves principally on one eye
while the other is almaest constantly turned mwards. This change
takes place more readily when one eye is naturally weaker than the
other in respect to retinal power, or has a higher degree of H. than
the other eye. These abnormal relations of the recti museles at last
become constant, and a fixed convergent strabizmus is established.
When strabismus has thus been acquired, its tendency to become
permanent is inereased by the fact that the deviating eye gradually
becomes retinally still weaker, and loses st*nsllnil‘r:-, from disuse.
It is for the purpose of neutralising the ill effects of continued
strain upon the accommodatory appuratus 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 focus
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 powerfully has
it to exert its accommodation in order to see near objects clearly.
Thus the ciliary muscle is kept in a constant condition of
exercise and tension. This habitual association of the act of
accommodation with the act 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 Ace. supplied, but as years advance,
and there is less Ace. available, and’a continual struggle to use as
much as possible of this Ace. in association with convergence for
obt mmngdmtmctusmn at a nearerdistance, the H. becomes deprived
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. But until this period arrives the full amount of H. is
not shown unless all power of accommodation is artificially removed.
This can be done by producing complete ciliary paralysis through
the agency of atropia. The power of Ace. being thus removed,
that p rtion of the deficiency of refractive power which was sup-
planted, and so concealed by its agency, is brought under observa-
tion. Hypermetropia, therefore, of ordinary degrees usually
consists of a certain amount of deficiency of refractive power
which may be rendered apparent while Acec. is exerted; and of
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another amount which, naturally concealed by Ace., becomes appa-
rent only when Acc. is artificially prevented or has disappeared from
age. The former deficiency is known as Hm., wmanifest hyper-
metropia ; the latter as H1., latent hypermetropia.  Obyviously H., or
the total amount of refractive deficiency, is composed of Hm. + 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.
Usnally, however, though slight in degree, and not noticeable at
first, it becomes so increased by fatigue, especially as age advances
from continued occupation at near objects, or by muscular weakness
when the general health is impaired, that the symptoms of H.
become apparent, and the diagnosis of it is rendered sufficiently
easy.

ErEl:ﬂ:nfliviuiqu:t:ma of Hypermetropia.—A further division of H. has
been made by Professor Donders into (1) absolufe 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 Acc. and the strongest convergence of the optic axes; relative
H.. in which the rays from distant objects can be brought to a
focus on the refina by the exercise of Ace. 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 without convex glasses.

Diagnocis of H. may be effected subjectively by the following
modes of observation : namely, (1) by external signs, (2) by test-
types, (3) by lenses, (4) by + 4D spectacles, (5) by correction,
and (6) objectively by the ophthalmoscope.

I. By External Signs.—The eye, as before mentioned, frequently
has a general flat appearance and seems smaller than normal, as if 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, while the pupil is inactive and relatively small.
An abnormal hollowness of the space between the eyeball and
outer canthus may also be generally noticed on drawing the
orbicular coverings aside. The appearances just described are,
however, occasionally absent, or only very slightly indicated in eyes
affected with He. vision, :

2. By Types—If the H, exist in high degree, Snellen’s types
cannot be read by the subject of it clearly at their regular dis-
tances without the aid of lenses; but if it ba 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 gécommodatory 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.
Such young persons may be able to read Sn. No. Gm. type at a
distance of twenty feet without difficulty, but, on placing weak
convex lenses before their eyes, 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 fatigued and the letters indistinet. In trying to
vead, a tendency for the optic axes to converge may sometimes be
noticed, and the patient will often be observed to squeeze the eye-
lids together 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 cyes in the efforts at reading. The reason why the larger
and more distant types are perceived with less difficulty 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 eye from near objects being more
divergent in proportion to their nearness; and the difficulty is
greater in proportion us age is greater, because the power of
Ace. diminishes as years 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 fo his cye than the regulated dis-
tances in trying to read them. He will be able to distinguish
them better when close to his eye than at a distance away from it.
The patient does so because, with the greater convergence of the
optic axes when the object is close, he is better able to exert his
accommodatory power to assist in counteracting the difficulties 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 beccming smaller on the near
approach ‘of the letters to the eyes.

From this circumstance, in diagnosing by types, H., when ex-
cessive, may be mistaken for M. combined with amblyopia.
Distant objects are seen indistinetly—type of moderate size has to
be held close to the eye to be read—and very small type cannot Le
read at all, as happens in M. complicated with Ambl. The
diagnosis may be established by the fact that in H. distant objects
are seen more distinetly, and the mederately sized types can be read
further off, with the aid of convex glasses, while the same glasszes
would produce exzctly 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 relative 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 the 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 inereasing
power are then applied, and the strongest 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 Spectacles—When the convex 107 lenses are
worn, the He. eye is able to read type of moderate size at a distanca
beyond 10” from the eye without the use of atropine. The dis-
tance at which the type can be read will be increased when the
power of Ace. has been previously taken away by paralysing the
ciliary musecle with atropine.

5. By Correction.—When the true degree of H. is ascertained,
if no complication exist, the proper convex lens for that degree
will completely correct 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 hypermetropic eye, for rays having such a
convergent direction when entering the eye would be caused to
meet upon the retina; or it may be expressed by the power of the
concave lens which represents the amount of deficiency 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 refract-
ing power in the eye is equivalent to and represented by a — 2 D
lens, and that this deficiency will be neutralised or corrected by a
+ 2 D lens.

To determine H. or the Degree of Hypermetropia ; or, in other -
_words, to ascertain the total deficiency of refracting power as
compared with emmetropia, by means of the + 10” or + 4 D
. Bpectacles.

Having thoroughly paralysed the power of accommodation by
the use of a strong solution 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 + 10" 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.—Suppose the distance point is found to be 15", then
H. =15 — 15 = o5

Explanation.—Let @ = the refracting power of the eye under
examination ; let @ = the refracting power of an emmetropic eye ;
<\ = the power of the lens to which the eye has been subjected ;
and 5 = the power of the lens which would give the ascertained
distant point of 15" if the eye were emmetropic. The deficiency
of the refracting power in the example given is therefore equiva-
lent to the difference between a 4% and a 4! lens. This deficiency
can only be in the eye itself, and its refracting power must obvi-
ously be increased to a corresponding degree to bring it to a par
with an emmetropic eye.

Therefore @ + ({5 — %) =a;0r @ + gy =a; or o = a ~ 4,
H., the total deficiency of refr nttmg power, 18 = 4.

"Or , converting the distances measured bj,' inches into dioptries,
ns E-'-.p]mned in calenlating the degree of myopia, there result :
266D — 4D = — 1'34 D, the amount of de hL]EIIC‘} 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 = 4k 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 + 2” lens employed with the ophthalmoscope
i8 generally available to army medical officers for the purpose. If
H. = 4, the distance point of distinet vision with the + 2" lens will
be at 3" for H. =  — £ = L. This will probably be the highest
degree of H. to be met with, unless the lens be absent either from
accident or operation (ﬂ]'-]mluu} But it is 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
convergence required for so short a range wouald otherwise prevent

a proper diagnosis being arrived at.
If it be unhf reqmred to determine Hm., or the degree of mani-

fest hvpermetmpm, in all modeiate cases rh{ same modus operandi
as above deseribed may be followed, and the previous use of atropia
may be dispensed with. But each eve should still be examined
ﬂlng]}

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 power is exerted at the same time.
In the first example given, a + 5'; 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.
G
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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 assume a converging direction before they fall on the eye ;
and the angle of convergence given to the rays by the action of the
correcting lens will exactly correspond with that degree of con-
vergence which is wanting owing to the hypermetropic formation
of the eye itself. The parallel rays from distant objects will thus
become focussed on the retina, and clear vision obtained without
exercise of accommodation.

This is the general principle on which correction of H. is
effected ; but in practice several modifying circumstances have to
be specially considered. The hypermetrope, when he is not under
the influence of atropia, cannot fully give up the Ace. which
he has been accustomed to use constantly as a substitute for the
deficient refractive quality of his eyes. Even when convex glasses
are placed before his eyes, exercise of part of the Ace. to which
they have been accustomed is still continued. If, therefore, while
this amount 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 ohjects. 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
Acc. 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,
should 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 adjustment, if it be satisfactorily borne, will
place the subject of the H. in the same condition as an emmetropie
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. disqualifies for military service in the British Army are
explained in Chapter IX., in which the authorised modes of con-
dueting the visual examination of recruits and soldiers are explained.
On all occasions in which spectacles are allowed to be worn b
soldiers, as in range practice, and at the School of Musketry, the
use of correcting lenses by hypermetropes, even though the H. may
be very low in degree, is of great advantage. It takes off the
straim of the Ace. which is always present when a He, eye is trys
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ing to see distant objects clearly without such assistance, while it
sets free the Acc. 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 target, together with the fore and
back sights of the rifle, are all seen more plainly and with less
visual exertion and fatigue. The indistinctness of vision that H.,
entails, the ocular troubles that accompany it 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
endare when they arve on active service in the field, und the con-
stant increase of visual difficulty with increasing vears, all these
render men with He. vision partienlarly incompetent 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, after refraction, reunited in a single point.
Applied to vision, it signifies a state in which there is inaccuracy
of view from malformation and blurring of retinal images owing to
the fact that although some of the rays proceeding from an object
may be brought to a focus on the retina, other rays proceeding
from the same object ave not at the same time similarly focussed
upon its retina. -

Optical Conditions.—The refractive quality of the astigmatic eye
is not alike in all its meridians, and, consequently, has no single
focns, The eye may be Eme. in one meridian, while in another it
is Mec. 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.
Occasionally the refractive quality will vary in one and the same
meridian of the eye to such an extent as seriously to interfere with
clearness of view. The term reqular astigmatism is applied to that
kind of Ast. which depends upon dissimilar curvatures of different
meridians of the eye; drreqular astigmatism-to that which depends
on unequal earvature in one and the same meridian, or to excessive
spherical aberration of rays.

Causes.—(C'ongenital 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 is sometimes recog-
nisable on observing the cornea by lateral illumination. An abnor-
mal position or unequal curvature or other structural peculiarity of
the crystalline lens has been said also to be a cause of astigmatic
vision. :

Normal Astigmatism.-—All eyes have ordinarily a higher degree

G2
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of corvature in a vertical direction, and therefore a shorter focal
distance than they have in a horizontal direction, but the difference
of curvature in the two directions is usually slight, and is not found
practically to interfere with correct V. The condition is strictly
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 is meutralised 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 curvature 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

Fia. 48.

A, direction of corneal extenzions of rays, a, b. e, from a lghted eandle as seen by the left eve.
, ditto, ag seen by the right eye. (For full explanation see the text, )

and ontwards, (2),downwards and inwards, (1), and again downwards
and ontwards, (¢). My colleagne 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 lllustrate 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 obliquely downwards
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[H'I.'I.'ill'll. |]ll.' illl'l!"l' Hilll' “1. Iill' ".'I'I'Ii-.':l[. ||| --.'u‘]! i||-»1.':'!1-"|' '-.'l.'|;-_-|! 1i|.~
head is maintained upright the angle at which the light radiates is
.'I]JIII][ !-il: T rln- outer or illl]l'l' '--.till‘ of the EII'I'|!'I'!L-.1iL".Ilul'. T']:‘
directions of the corneal rays thus produced in the right and left
eye :'l'.ﬁ[:i'q'lik'l'l_‘{ are shown in ii_u’. L8, A and B, while the con-
verse corneal curvatures indicated by the directions of the radia-
tion are shown 1n hg. 4%, and B.
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Cornesl curvatures indicated by the condiki lesorils n fig. 48

I|1!Ii.i ]Lll]"l]ill Ast. geems to I|I.r'-.-' III'I'II -|: m!:'l!l-ll 0s in i!l ||--?'I:I:|I
;|]|| | 1) [|'||" }Ju'[‘|l-.-:'|iu|'| utl ]lirllu'|||:||' vision of near 1||-_i|'1'|-. In demon-
stration of this view, Dr. Macdonald has shown that when a dot.,.or
a vertical line 11 ]r|:|i'|-|| gso far within the focal distance of either
eye as to present a blurred aspect, the left side of the dot or line 1s
tound to be more [']I':Il'll'-. defined when the lef eye 18 used, and the
|'i~,:|:[ slide when I‘n--_l_':|r‘|]|*|| l"." [||-- r'i-_'f'll eve. In each ill--l:l':-'-'. Orl
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a repetition of more or less indistinct images of the object is per-
ceived, and 1n this direction a r-'|~!'1:._‘-.' shaded effect 1s ]:-I‘uilm'm-ci,
Figs. 50, A and B, and 51, ¢ and b, will serve to illustrate the effects
just deseribed. When regarding any ope of the objects included
in them it will be seen, if the two eyes of the observer are emme-
1.-'fn|r5r', t.hat every ]Iill'|il'|]]il[' ohserved h_'-.' one eye has 1t8 counter-
part when the object 1z observed |+Ix the other eye. In fig. 50, A,
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on closely inspecting the crossed white lines at o with either eye
separately, the vertical line will be observed to be brighter and
better defined on the outer side as regards the eye 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 distinet accord-
ing to the eye observing them, while the black and white centres
in ¢, ¢, of A and B, are completely obliterated, and in d, d, are much
reduced in apparent size.

Fig. 51, ¢ and b, illustrates the combined result of these effects
of normal Ast.,in perfecting the definition and obviating confusion

C. Dot D. VERTICAL LINE.
. b.
@
LEFT EYE RiIGHT EYE LEFT EYE RIcHT EYE
Y
BINOGCULAR RESULT. BinoccuLar RESULT.

Fra. 51.—Cousrvep ErFEct o NoRMAL ASTIGMATISM IN BINOCULAR Vistox.

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 by the eyes separately
approach one another, and at last coalesce ; and thus, when they are
brought by Ace. to their true retinal foci, each object is seen singly
and equally defined and distinet 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 shapes
of objects as seen by an astigmatic eye, chiefly concerns their
linear dimensions, The nature of the change can be observed by
[:]auu_rg a cylindrical lens close to an emmetropic eye, and so
practically making it for the time astigmatic. Suppose a +2 D
eyl. ]{"}lh', with its axis vertical, is placed before such an eye, and
an object bounded by straight lines is looked at, the object will
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appear elongated in its lateral dimensions, and shortened vertically ;
while, if the glass be turned round, the shape of the object will
alter as it is 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 cyl. lens
will produce similar results, but the alterations of shape will be in
opposite directions to the alterations effected by the +2 D eyl.
lens. In proportion as the distance of the cyl. lens from the eye
is increased, so necessarily the apparent alteration in shape of the
objeet looked at through it will be also increased. If the origin of
the astigmatism be congenital, the symptoms just described 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 direction, it will be rendered indistinet by diffusion of rays
in a contrary direction, or if the image be indistinet 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
reading, the letters appear badly printed. Objects presenting
linear intersecting markings, such as patterns with crossed stripes,
are comparatively 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 spreading over the lines of the
pattern in the opposite direction. The astigmatic sabject mani-
festly cannot by any accommodatory efforts bring the rays which
are differently acted upon in passing through the varions meridians
of the eye 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 other, 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 strongly 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 curvaturé being
brought to a focus earlier than the rays passing through the
opposite meridian, diffusion of the rays composing the image of
an object is an inevitable vesult. The rays passing through the
meridian of greatest curvature will thronghout their path towards
their focus be more convergent than those through the meridian of
least curvature, and a section 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 rays 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 interrupfion 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 image

& é ¥
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Fre. 52.—Dirruston TMAGES IN ASTIGMATISMN,

rrre, paralel rays from distant abject : vv, vertical meriilian of refracting mediom fastig-
Lnﬁtiiujt: _IMJ horizontal meridian of ditto: 1, 2, 3, 4, 5, G, transverse sections at distances
idieated.

The space (¥) between the point of. intersection, v'v/, and that at AN, is called the
*focal 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 advancing towards their focus, are
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
tmage. 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
principal meridians of the astigmatic eye; the intervening meridians
varying in refractive power according as they approach one or other
of the two principal meridians. Either the expression of the
difference between the refracting power of the two principal 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 be brought to a focus at some point anterior
to the focus of the rays which have 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 Focal Inferval. 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 inferval.
The measure of the focal interval, or of the lens which will bring
the two focl into exact coincidence, affords 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 opposite meridians of an astigmatic eye, must be caleulated
differently in different kinds of Ast. If (1) the eye be ametropic
in one meridian only, tRe opposite being emmetropic, the amonnt
of ametropia in the one-meridian will express the amount of Ast. ;
if (2) the eye be ametropic in two opposite meridians, and the
ametropia is like in kind—that is, if 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 eye be ametropic in the two principal meridiauns
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 puwer; in No. 2, in both prin-
cipal meridians, either an excess or a deficiency exists, buf in
different amounts; in No. 3 there is excess in one principal
meridian, while in the opposite one there is deficiency of refractive
power as compared with an emmetropic eye. (See fig. 56 at end
of chapter.)
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Diagnosis of Regular Astigmatism. Subjective Methods.

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

2. By Lines.—When vertical and horizontal lines and rows of
separate 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

Il

Fia. 53.—Verrican axp HoRIzoNTAL Liwes a8 TESTS For ASTIGMATISM.

Il

with equal clearness, and, vice versd, when the horizontal lines are
seen comparatively clearly, the vertical lines will appear hazy. If
attentively observed, the indistinet dark lines appear lighter in
colour than they are printed, while the white spaces between them
appear to be darkened, the general effect being to produce a grey-
ness of colour, as if the black and white lines were mixed together,
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 indistinet 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 vert ically 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 indistinetly,
are those which are in a contrary 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 meridian be Eme., or with
relatively greater distinctness if both meridians be ametropic. Thus
supposing an eye to be Me. in one meridian but Eme. in the meri-
dian perpendicular to this Me. meridian, the linear markings of any
objects looked at by it will appear hazy and obscure, though defined
at their ends in the direction of the Emc. meridian ; distinct, normal
in intensity of colour, but elongated at their ends in the direction
of the Me. meridian.  Or supposing the whole eye to be Me., 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-
tinct 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 geen 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 Tines 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 regards
visual effect, are always 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 astigmatic eye 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 eye 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

laced, 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 points will be confused by
circles of diffusion, while the rays falling in the Eme. meridian will
be focussed in the plane of the retina and form clear images.
Supposing the Mc. meridian to be vertical and the horizontal meri-
dian Eme., the diffusion will of course be in a vertical direction.
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 direction 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 visnal 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 parallelisin, the diffusion being still-
in the direction of the vertical Me. meridian of the eye, the npper
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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Fie. 54.—Tae Astiasatic Fax,

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 greyness of colour over the whole
series. The ends of the lines will, however, remain sharp and dis-
tinct, because there is no diffusion of their images in the horizontal
direction. The same explanation is applicable to the cases in which
both principal meridians are ametropic though in different degrees;
the relative visual defects depend equally on the causes just
explained.

3. By the Astigmatic Fan.—The same remarks will apply to
lines when they are arranged in the form of the astigmatic fan (see
hg. 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-
{I-Ilf'llllrll' to it will be the most defective in definition, and will
indicate the meridian of the eye which is least ametropic,
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If the Aste. fan be extended so as to form a wheel-like cirele of
spokes or radii, while the central portion is filled up by a series of
concentric and equidistant circles, similar effects to those deseribed
with the Aste. fan will be manifested, and 1t the ficure be rotated
the alternating displacement of the focal adjustinent on the retina
of diffterent parts of the central circles will produce the effect of a
revolving movement in them (see fig. 55).

4. By a Civewlar Point of Laght. When a small round opening
1s made in a dark sereen and light admitted through it, if looked at

Fig. 5. —Circonan ExTExsion oF THE AsTioMatic Fax withH CoNCENTRIC AND
Fguipistant CIRCLES WITHIN.

bv an :1.‘-;1E_gm:'|1i{‘ eve al a distance of a L'!lll[l::‘ni' feet or so. the cone
of light appears elliptical in form, the direction of the ellipse vary-
ing as the eye approaches or recedes from the opening. Whatever
mav be the direction in which at one distance the hole in the sereen
nmhm:.m 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.

'H“: variat 1018 i]l ”]l".‘l]l!'lilt‘l'l'li' fhr‘m l!-[. [}II"F”}'”H HEJI"]li]:}_{‘ q]v]mnr]
on the differences of distance for which the eye is accommodated.
[f the astigmatic eye is accommodated to the distance at which the



04 THE ILLUSTRATED OPTICAL MANUAL Cuar, IT

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 through it will result. Thus, taking for example an eye
that is Mec. 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 will oceur in the direction of the Me. meridian, and the
point of light will appear to be elongated in that direction: the
opening will be elongated vertically. If, however, the distance be
such that the rays of light are brought to a focus on the retina in
the line of the Mec. meridian, the opposite Eme. meridian will
practically be rendered for the time ametropic, deficient in refractive
power, and diffusion will occur in that direction. If the eve 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 Mc. meridian will have its distant point shortened,
and diffusion will occur in that direction. The point of light will
appear to be elongated vertically. '

9. By a Stenopeic Hole—When the stenopeeic opening is placed
in the visual line near the centre of the cornea, and the astigmatic
eye 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 stenopeeic slib 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 quality of
the parbicular meridian the slit coincides with. If the case be
one of simple Mec. or He. Ast., and the slit be placed in the direction
of the Emc. meridian, both vertical and horizontal lines will appear
equally clear. If the slit agree with the ametropic meridian, there
will be diffusion of rays in the direction of that meridian, and lines

orresponding with the meridian perpendicular to it will be rendered
%frimmliy dim and obscure. The proper correcting + or — lens,
according 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 meridian. 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 amounnt corresponding
to the degree of ametropia of the particular meridian to which the
slit is applied. If it be a case of mixed Ast., objects will be seen
as they would appear if they were regarded by an eye 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. Tt should,
however, be remembered that effects similar to those last deseribed
would ensue if the stenopeic 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
ehung&a of form it produces in the ophthalmoscopic 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 ocular meridian ;
when the fundus is observed 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 recular Ast.
belong to one or other of six varieties of the three kinds of Ast.
before mentioned. They are the following :—-

L. Simple Myopic Ast. (Am.)—One ocular meridian is Me., the
contrary meridian Eme. Parallel rays passing through the former
meridian are brought fo a focus in front of the 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 ; through the
latter meridian, have not attained their focus on reaching the
retina.

3. Compound Myopic Ast, (M. + Am.)— Both principal meridians
are Mec., but in different degrees. One meridian presents a
maximum of M., the meridian at right angles to it a minimum.
Parallel rays traversing the two principal meridians arve all bronght
to a focus in front of the retina, but at different distances in front
of it.

4. Compound Hypermetropic 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 bevond the retina, 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. Mized Ast.; IHypermetropia 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.

oo i (J’im*)—\fert-ical meridian Me. M. = +2D. Horizontal
meridian Eme. Amount of Ast., or the difference in refraction of
the two principal meridians, or Am. = 2 D.

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

3. (M. + Am.)—Vertical meridian Me. = +4 D, horizontal

meridian Me. = +2 . Difference in refraction between the two

meridians, or the amount of Ast. or Am. = 44D —-2D =
2 1.

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

5. (Amh.)—Vertical meridian Mec. = +1:50 D, horizontal
meridian hypermetropic, H. being = —1:0D. The amount of

Ast., or difference in refractive power of the two meridians, or
Amh. =150 D added to 1:0 D, = 2:50 D. .

6. (Ahm.)—Vertical meridian Me. =410 D; horizontal
meridian He. = — 1'50 D. The difference in refractive power of
the two meridians, or the amount of Ast., or Mlm., is. therefore,
the same as in example No. 5, viz. 1'50 D +1:0 D = 2:50 D.

In the foregoing exampleq the vertical and hunmnhl 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. Bat
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, ecircles, or semicircles
such as the one represented in fig. 54 having radii of lines dis-
posed at certain intervals, and marked by figures at the circumfer-
ence which indicate the number of degrees into which the
circumference is divided by them; or, secondly, series of letters

’



Ciarp, II FRINCIPAL MERIDIANS IN ASTIGMATISM 97

formed by lines placed at various angles of inclination, 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 98 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 types 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 various angles
between these two directions.

In using these astigmatic test objects, the person under obser-
vation 1s 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 distinet to the astigmatic eye.
If one of the lines or letters is seen without any blurring or con-
fusion, it is apparent that the case is one of the simple form of Ast., |
and that the principal ametropic 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 lefter of Pray’s types which is composed olj
vertical lines, the vertical meridian of the eye is ametropie, the
horizontal emmetropic. If now a + and — ecylindrical lens of one
dioptric be successively passed before the eye with the axis of the
lens beld at right angles 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 +, evlindrical lens will render all the other
lines of the dial, 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 neutralises the ame-
tropia, shown by all the lines and letters being clearly seen, is met
with, The power of this lens being known, the nature 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 blnrring, 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. 4+ or — lens will
indicate the nature of the ametropia in the contrary meridian.
The Sph. lens which completely clears the line of indistinctness 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 suceession
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 quality 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 4+ 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 principal
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 with it and the + 1:25 D Sph. lens together, the lines in all
directions are cleared. The case is shown to be a case of compound
He. Ast., Ah. vertical = —1:25 D, Ah. horizontal = —3-75 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 distinet. 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 Acc. on the part of the
[hlatient, or otherwise the H. in the horizontal meridian might be
neutralised by its exercise. On trial, a —1 D Cyl. lens, axi% hori- r;
zontal, is found to lessen the blurring of the horizontal lines.’, The
ametropia in the vertical meridian is positive 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!
+ 1 D lens being retained, renders horizontal and all the other
lines clear. The case is thus proved to be one of mixed Ast.,
with vertical meridian myopic = 42 D, and horizontal meridian
hypermetropic= —1 D. 4
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 be placed
in the direction of the wisual defect, or, in other words, of the
emmetropic meridian. The examples before given of these two
varieties will therefore be corrected as follows :—

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

Ex. 2.—(Ah. = 2D.) Vertical meridian Eme.; horizontal,
He. — 2D. A Cyl. + 2D lens, with the axis vertical, corrects
the Ab., and renders the whole eye emmetropie.

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 pliﬂ(‘ip"ll meridians, may be first rectified, and the
remaining muetmpm corrected by a suitable Sph. lens; or the case
may be in the first instance reduced to the simple form of Ast.,
myopic or hypermetropic, as the state may be, by an ﬂppmprmm
Sph. lens, and the Ast. then corrected by a proper Cyl. lens. The
latter is probably 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 ametropic. The
case will then be one of simple Me., or simple He., Ast. 1If the
meridian possessing the relative maximum of refractive power be
so corrected, the remaining meridian will be rendered He. ; if the
meridian havmg the relative minimum of refractive pnwer be
corrected, the remaining principal one will be left Me. The appli-
cation of a suitable Cyl. 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 :—

Fz.3—M.= + 2D + Am.=2D.) Vertical meridian Me.
+ 4 D ; horizontal meridian Me. + 2D. A spherical — 2D lens
will render 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,

Fa. ’1- —(H = — 250D 4 Ah. = 4:50D.) Vertical meridian
He. — 2-50 D ; horizontal — 7 D. A spherical lens + 2:50 D will
render the vertical meridian emmetropic, 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 cn::-rnplete the correction.

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

A spherical — 150D lens will render the vertical meridian

H2
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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 correction.

- Or a spherical 4 10 D lens will render the horizontal meridian
Eme.; and leave the vertical meridian Me. + 2:50D. A Cyl. —
2:50 D lens, with the axis horizontal, will complete the correction,

Bz, 6.—(Abm. = 2:50 D.) Vertical meridian Me. 4+ 10 D;
horizontal meridian He. — 150 D,

A spherical 4+ 1-50 D lens will render the horizontal meridian
Eme., and leave the vertical meridian Me. 4+ 250 D. A Cyl. —
2:50 D lens, with the axis horizontal, will complete the correction.

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

The adjoining table shows diagrammatically the six varieties of
regular Ast., which have just been described, and will serve to ex-
plain further 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
13 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 maximum of ametropia be cor-
rected, the nature of the ametropia in the remaining principal
meridian will be changed, and spherical and cylindrical lenses of
opposite refractive conditions will have to be employed in the total
correction. In mixed Ast., the remaining ametropic 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 ametropia in each of the two principal
meridians by suitable Cyl. 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,

A
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Fie. 56.—Dncrunmric View oF THE Six VARIeTiES oF REGUIar AsTIoMATISM,
witTH THE CORRECTION OF AN EXAMPLE oF Eacm VARIETY.
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The construction of plano-cylindrical, bi-cylindrical, and
spherico-cylindrical, lenses, has been illustrated in a previous
A
SEEN IN FACE
M=_'+ 2D

i B I

a Eph. = 1D \

b Cyl, = 1D
Axis horizontal

VERTICAL
SECTION

HORIZONTAL SECTION.

Fi1s. 57.—Coxrouxp .Mc. AST. CORRECTED PY A SeuErico-Cyr. Lexs,

chapter (see figs. 26 to 31). TFigs. 57 and 58 will serve to illus-
trate the application of spherico-cylindrical lenses in the correction
of the compound and mixed forms of Ast.
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Fic. 58.—Mixep Ast., M. PREPONDERATING, CORRECTED BY A SpEERIco-Cyr. LExs.

Diagnosis and Correction of Irregular Astigmatism.—Irregular
Ast. being usually due to superficial alterations of form, resulting
from inflammatory affections or other lesions of the cornea, some
indications of the disease to which the eye has been subjected are
the general accompaniments of this form of Ast., such, for example,
as cicatrices of corneal ulcers, fanlts of curvature, corneal opacities,
and other abnormal conditions, which may be readily observed by
lateral illumination of the cornea, or by direct ophthalmoscopic ex-
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amination. Not only is the visual acuteness found to be impaired
owing to the imperfect transmission of light due to these changes,
but objects looked at by the patient are seen deformed. Straight
lines appear wavy, and differ in depth of colour in some of their
parts. Keratoscopy exposes the irregularity of the corneal curva-
ture, by the manner in which the lights and shadows follow each
other in succession, when the reflecting 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 acateness of vision, although the deformity is less, and
acuteness of vision frequently improved, 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.—It may be readily under-
stood from considering the nature and effects of Ast., that it is an
optical coudition which must seriously interfere with the aceurate
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 does 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 according to the kind and
amount of Ast. in the eye 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 regarding the true characters of objects that
add materially to the difficulties of any astigmatic person whose
duty it may be to observe objects 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. Fven in armies in
which the use of correcting glasses is permitted, Ast. will always
be a disqualifying defect, for it is almost impracticable to make
provision for supplying the kinds of lenses, already described, which
are necessary for correcting this form of ametropia.

The rules under which astigmatic defects of vision disqualify a
recruit from acceptance for military service, and the regulated

manner of determining the disqualification, will be found in Chapter
IX.,
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CHAPTER III.

Bubjective and Objective Modes of Visual Examination—Objective Assessment of
Refraction—DigEcT MODE 0F OPHTHALMOSCOPIC DIAGN0SIS—Conditions
which Concern the Observer—Those which Coneern the Observed Eye—Rays
Emitted by an Emmetropic Eye —By a Myopic Eye—By a Hypermetropic Eye
— Eifects of Foregoing on the Observer's Eye—Application of Observations to
Diagnosis—Erect and Inverted Images—Objective Diagnosis of Em.—Of M.
—Of H.—Astigmatism—MEASURE OF AMETROPIA BY REFRACTION OPii-
THALMOSCOPES—Manner of Employing them— Diagnosis of Degreesof M.—
Of H.—On the Use of Refraction Ophthalmoscopes—KERATOSCOPY—Diffi-
calties in Military Practice—Appearances in Keratoscopy— Keratoscopy with
Concave Mirror—Application in Practice—Diagnosis of Degree of M. or H —
Measure 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 deseribed have depended in a great degree on
the description by the person under observation of his own visnal
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 subjective phenomena that have occurred to him. If the person
who 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 infelligently, 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 conclusions
arrived at may be false, The accuracy of the conclusions may be
tested by increasing the number of tests and varying their nature ;
but these proceedings occupy more time than frequently can be
spared 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 ametropic, 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 rapidly 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 describe their sensations,
or who have to attend to large numbers of patients within limited
periods of time, as often happens in civil hospital 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 conscription is in force, and in which the numbers
of men to be examined, and the amount of false assumption or
exaggeraticn 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 to a given standard when the man is doing the
utmost he can to show his sight at the best ; while it is a very diffi-
cult matter to prove that the quality of vision of a conseript 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. 1If 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 described 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 ophthalmoscopie 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
lluminated 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 ¢ Keratoscopy,’ or sometimes ¢ Retino-
seapy.’

II_IJ order to judge not merely the guality 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 required correcting lens to the aperture of
the mirror by means of * refraction ophthalmoscopes,” or the applica-
tion, as in keratoscopy, of a series of trial lenses in front of the eyve
under examination. An explanation of each method follows.

ASSESSMENT oF AMETROPIA BY IMIRECT OPHTHALMOSCOPIC
OBSERVATION OF THE Fuxpus.

Ophthalmoscopic Diagnosis—Direct Method.—In this proceeding
the ordinary concave mirror alone is employed. It is understood
that the examining surgeon is himself emmetropie, or renders his
eve emmetropic by correction through a suitable lens placed in the
clip at the back of the mirror. The surgeon arranges himself so
that the mirror, through t'ma srght-lmle nf Whlch he maLes lus ob-
servations, 1s ﬂt a dista etron e
observation, the light havi mg its usua.l relatwe }]ﬂEltlD!l to the patient
and observer. For precise observation, 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 applying this method it is
to be remembered that the rays reflected from the illuminated

Fic. 59.—BRays EMITTED BY AN Emuetnoric Eve, AcCoMMODATION BEING AT REesT.

retina of an emmetropic eye whose Acc. is at rest have such direc-
tions given to them in traversing the successive refractive media
that they pass outwards 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 Mc. Eye.—The rays reflected from the retina
of the myopic eye, when its Ace. is at vest, in issuing 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 i is, all the rays from any one given

illuminated point of the retina, instead of being parallel with the
axial ray belonging to that point, as happens with the Eme. eye,
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 eye 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 conjugate
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 aérial image
will be larger than the object from which it is projected.

Fia. 60.—Bays exirrep py A Myoric Eve, AccomyoparioN BEING AT REest.

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
is, 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 observation, 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). 1f 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.

Fia. 61.—Rays EanTTEDp BY A HyreErmETROPIC EYE, ACCOMMODATION BEING
AT REest,

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 they proceed be Eme., convergent if
they come from a Me. eye, and have not yet reached their meeting
point ; and divergent if they come from a Me. eye after they have
met and crossed, or if they come from a He. eye.

Effect of Rays from an Emc. 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 nof exert it. Being emmetropic, 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 Acc. be exerted and his V. adapted to the distance of
the retinal 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. 62),

|
!
Lf

Fie. 62,—Rays mescHNG THE OBsERvVER's EveE FroyM AN EvE whicHE 15 EMc.

Effect of Rays from a Mec. Eye on the Observer.—If the eye
under observation be Me., the clearness of view of the fundus will
not only depend on the fact of Ace. 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 so as to be within
the remotum of the Me. eye under examination, and the emitted
converging 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 divergent rays,
if Acc. 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 remofum of the observed eye, so that the
emitted converging rays will have met and crossed before arriving
at the observer's eye, then, under such circumstances, by accommo-

Fia. 63.—Ravs neacmivg THE Onserver's Eve rrom Ax Eve warcm 1s Me.,
THE RAYS HAVING CROSSED.

dating for the distance of the meeting point of the rays from the
observed Me. eye, he will see the image formed at this point as
distinctly 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 Acc. 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 aérial image of the fundus (see fig. 63).
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Effect of Rays from a He. Eye on the Observer.—If the observed
eye be He., as already mentioned, the emitted rays have a divergent
direction, and fall upon the observer’s eye as divergent rays. If
the observer accommodates for the apparent origin of these diver-
gent rays, that is for the virtual remote point 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 Acc. into action. If the observer cannot
exercise sufficient Ace. for the purpose, or, in other words, if the
virtual remotum of the observed eye be within the near point 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),

Fra. 64,—Raixs neacmixe tae Opsenver's Eve rrom Ax Eve waicn 18 He,

Application of Observations to Diagnosis.—The application of
the observations just described suffice to show whether the eye
under examination is emmetropic or ametropie. The fact that no
object on the fundus is defined, if any Acec. 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 necessary in
order to define the exact nature of the ametropia. This information
1s obtained in the following manner,

Although the observer takes a position at a distance of a foob
and a half to two feet from the patient at starting, be may find that
he has to vary the distance considerably before obtaining 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 clear view of a part of the fundus is obtained. If the eye
under observation be Eme., and the observer finds a diffieulty in
relaxing his Ace., he will have to bring the mirror close to the eye
of the patient before he can obtain a view of the fundus. When
the observer’s eye is bronght thus close, all Ace. relaxes spontane-
ously, and the parallel rays emitted from the Emec. eye can then be
focussed on the retina of the observer as easily as if they 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 object
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
looking 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 observer, accommodating for the distance of the
eye under examination, fail to obtain a distinet image of a retinal
vessel, the eye may be regarded as neither Me. nor He., but Eme.
The conclusion will be rendered complete if the observer, carrying
the mirror close to the eye he is examining, and no longer exerting
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 distinct 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
the eye—a distance of 3 feet or more—mo distinet image will be
seen, and if a vessel can be distingunished 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 they 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 particular
vessel, finds it move in the same direction as that in which he moves
his head, the conclusion is that he has a He. eye before him. The
image is seen more distinctly as the observer approaches 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.
eye when the observer’s eye is brought close to the observed eye,
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but the chief distinetion between the condition of Em. and H.
is to be found in the fact that no image can be seen in the Eme.
eye af a distance of 6 or 8 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.—The same indications may be
turned to account in determining the existence of Ast. The indi-
cations will vary in the two prineipal 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 ; they will correspond with those
which characterise the Me. condition in one meridian, while they
will agree with those distinguishing the He. condition in the
opposite meridian.  If no Ast. be present 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 principles 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
through which the observer looks at the eye under examination.
There are usually two superimposed discs behind the mirror, each
carrying a certain number of lenses, arranged circularly near its
outer border, and each capable of being rotated independently into
any position at the discretion of the operator. I have found the
refraction ophthalmoscope arranged by Dr. G. L. Johnson, of the
Royal Westminster Ophthalmic Hospital, easy of manipulation. Tt
1s sold as ¢ Johnson's improved ophthalmoscope’ and can be em-
ployed satisfactorily either for the direet and indirect modes of
ophthalmoscopic examination or for keratoscopy. The lenses are so
arranged that in applying them only one refracting medinm inter-
venes between the eye of the observer and the patient in all the
lenses between —1 D and —10 D inclusive, and between +11D
and 48 D inclusive, while by the intervention of a second lens
all the intermediate half-dioptrics and higher powers up to —29 D



112 THE ILLUSTRATED OPTICAL MANUAL Cuar. TIT

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

for indicating at the back of the instrument the power of each
lens brought 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 a focal 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 parallel with the plane of the revolving dises, like the larger
mirror, but is set at an angle of 35° and being made to rotate
round its own axis can be turned to reflect the light from and in
any direction required. The examining surgeon, instead of in-
clining the mirror, in order to obtain the fullest amount of light
for reflection upon the eye of the patient, can effect the same
purpose by rotating the mirror in its position, while he avoids the
inclination which would otherwise be given fo 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
ametropie, 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. If the observer
be Mec. he must subtract the power of the lens equivalent to his
degree of M. from the lens which corrects an observed Mec. 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 representing 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 Acc. of the observer as well as of the eye under
cbservation should be in abeyance. Holding the instrument
upright, 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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20 H.dhgu‘li ed 1t as to concentrate the ]t:rhf on the fundus of the eve
under examination. At this close distance to the examined eve
there will be little, if any, difficulty as regards the exercise of Ace.
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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 examined—on the right side for
the right eye, on the left side for the left eye. The patient should
be caused to turn his eye upwards and inwards in such a direction
as will bring the optic enfrance in line with the observers line
of sight, and to look as far away as practicable in order to keep
his Ace. relaxed. The handle of the instrument should be held in
the hand of the observer, but his forefinger should rest on the
margin of the wheel by the action of which the principal disc is
turned, when, if it be the left hand, by pressing the dise from
above downwards, or from left to right, the correcting lenses will
be brought into position in an ascending 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 instro-
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 1s necessary to be sure that the eye is not
He., for in the He. eye the image may also be clearly seen by the
observer if he use his Acc. and so focuses the emitted divergent
rays. If, however, the eye is Eme. the intervention of a 4+ 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 bLlurred
and indistinet image of the fundus, for the rays falling on his eve
have a converging direction. On rotating the disc and bringing
the concave lenses in succession over the sight-hole, the image
becomes gradually clearer, and is at last rendered distinet. The
refractive excess of the Mc. eye is then neutralised, and the rays
emifted from it after passing through the correcting lens fall on
the observer’s eye as parallel rays. They are changed into the
same direction as if they were received directly from an Emec. eye.
The power of the first, or least dispersing, lens which produces
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 Acc, 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 virtual remotum of the
eye under observation, and so obtains a clear image of the fundus.
The lenses are successively increased in strength until the im

of the fundus is rendered more or less indistinct. The rays falling
on the eye of the observer are now not divergent nor parallel, but
have been rendered convergent. The refractive deficiency of the
eye under observation has been more than supplied, and the eye
rendered slightly Mc. '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
formed even with approximate exactness in some instances. Frrors
are apt to arise from the observer not relaxing his Ace. completely
or from failing to determine the precise limits of the maximum of
distinetness of the images seen by him—at what point the dis-
tinctness is greafest, or at what other point the distinetness begins
to be lessened. Other sources of error oceur in this method of
examination. Theoretically the correcting lens ought to 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 practically 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 relracting
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-
mining the refractive condition of an eye, which is now mnch
resorted to, as it can be employed independently 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

12
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upon observation of the cornea itself, as the term wonld 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 distingnish it from other modes of ophthalmescopic
observation of the retina, and the meaning of Eerafoscopy, thongh
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 ohservation for
deciding the qualities of vision in the cases submitted to their

Fira, GB.—ARBANGEMENTS NECESSARY FoR KERATOSCOPY.

The simple lines show the incident, and the dotted the reflected raye. These are, of conrse,
not seen in nature,

judgment, but must resort to other proceedings described elsewhere
in this manual. Whenever trial cases of lenses are available, how-
ever, by private means or otherwise, keratoscopy, 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 special
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 above the surgeon’s head. The surgeon, having previously
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corrected any error of refraction peculiar to himself by a suitable lens
at the sight-hole 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 vertically, The most convenient
mirror for the purpose is a concave mirror whose principal focus is
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 disc,
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 dise will appear illamined and half appear shaded (see fig. 67).
It it be the half of the dise to the left of the observer which is
obscured, while the half to his right is illomined, the shadow is

Fia. 67.—APPEARANCE IN KERATOSCOPY. ADVANCE OF THE SHALOW,

advancing from left to right, as seen by the observer; if the
shudowed 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
diverging rays pmceedmcr from the point of intersection, and will
ultimately be brought to a focus, or will approximate to a focus,
and will it}rm a more or less defined image on the retina a.ccnrdmg
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 illuminated part of the
fundus, the movements of which, after the image and its surround-
ing shadow 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 fig. 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 gshadow ; on the
other hand, the more the image is confused by circles of diffusion,
the more weak will be its illumination though more extended in
area, and the less defined and the more crescentic in ontline will
be the border of the shadow. It follows, therefore, that it is in

Fic. 68.—NaTure or THE LIGHT AXD SHADE OBSERVED IN Keratoscory.
IRIDIAL. SHADOWS,

4, plane mirror; B, concave mirror beyond focal distance, Incident rays diverging in both
instanceg, but only crossed in the latter,

the lower degrees of ametropia, where there is least diffusion, that
the most defined shadows are presented to view, and, vice versd,
that in the higher degrees of ametropia the shadows are less marked
in character and outline.

Nature of Keratoscopy.—It will be observed from what has
been stated that the direction 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 eye
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under observation (see fig. 69, ¢, 1, and ¢, 2). In keratoscopic
observation, therefore, the surgeon first takes into account the
direction in which he moves his mirror, and secondly, the direction
in which the shadow follows the reflected light within the pupillary
dise ; whether the path of the shadow is direct, or follows the
light in accordance with the movement impressed on the mirror, or
whether its path is inverted, the shadow following the pupillary

L

Fio. 69.—ExrraxaTioN OF APPEARANCES IN KERATOSCOPY AND APPLICATION TO

PracTice.
A, Interal movement of the shadow of the irls with pupillary aperture, in opposite direction
to that of the mirror ; B, conrse of the shadow in the popillary dise (#), contrary to the

movement of the light ; ¢, effect of differcnce in the refracting medin of tThe eye: (1)
movement direct, image on reting inverted, M. bigher than 1 D ; (2) movement contrary,
Em. or H. ; image on retina divect, H., Em. or AL of low degrea. The feathered arrows
show the movement of the light, the plain arrows the course of the shadow ; ©, left;

R, right ; », pupillary dise ; 1, retinel imnge,

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 quick; the degree
of brightness of the illuminated portion of the disc, and the defini-
tion of the edge of the shadow ; all assist in affording 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 eye under
observation until the keratoscopic 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,
especially if atropine should not have been emploved to prevent
exercise of accommodation, the surgeon proceeds to light up the eves.
to be observed. The eye of the patient should be so turned that the
light neither falls on the macula lutea nor on the optic papilla, 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 eye 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 in a direction opposite to that of the movement of the
mirror—in other words, if their movement. is an inverse one—the
eye 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 is within the distance of the distant
point of distinct V. of the eye under observation ; the degree of M.
is lower than 1 D (see fig. 6G9).

To Ascertain Amount of M., or H—A trial spectacle frame is
placed on the patient, and, according to the nature of the ametropia
diagnosed, either 4+ 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 eye, 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-
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ing and estimating M., the distance of the observer relatively to
the distant point of distinet vision of the eye under observation, or
the degree ol M., has an important bearing in the keratoscopic
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
eye under observation, the movement of the shadow would be re-
versed ; while if he were to place himself at the precise distance
of the remotum, no defined shadow would be observable.

If, therefore, the observer place himself at 1 metre distance or
beyond, 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 higher degrees of M. the
refractive condition is easily recognised ; in the lower degrees of
M., such as M. of 1 D or lower, the M. is not readily distinguished
from Em. or a low degree of H.; for the movements of the shadow
bounding the image formed at su¢h a distance from the eye under
observation are hardly recognisable. But if on placing before the
observed eye 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 is one of low M. and that the small addition of the + 0+5 lens
has given it the usual character of M. of a higher degree. If it
were a case of H., so small an addition would not have sufficed to
neatralise the He. deficiency of refraction.

Estimate and Correction of Ast. by Keratoscopy.— The correction
of Ast. by keratoscopy is effected on the same principles in each of
the meridians, but the process is one which requires considerable
practice in order to accomplish the desired results with accuracy.
If a shadow in a vertical direction differ in definition or intensity,
or show a different rate of movement from the shadow i the
horizontal direction, or if the shadows assume an oblique direction,
it may at once be assumed that Ast. exists which requires correc-
tion. HEach meridian is corrected separately, and the eye after-
wards tested with the combined spherical and cylindrical lenses
before it, and when the ametropia appears to be neutralised in all
directions, 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 ordinary way, the obliquity
of the astigmatic meridians will be in a corresponding direction.

Keratoscopy with the Plane Mirror.—If under similar circum-
stances to those just described the surgeon uses a plane mirror at a
distance of 3 feet or beyond, on observation of the eye 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 inversel v as
the mirror is moved; if the shadow move directly in accordance
with the movements of the mirror, the eye is either Eme., He., or is
Me. in inferior degree to 1 D. In the Eme. condition the shadow
has only moderate saturation, though it may be well defined; in
H. the saturation and definition of the shadow are increased in
proportion to the increase in degree of H.: in M. the definition
and depth of the shadow also vary according to its degree. With
M. higher than 1 D, the image of the illumined portion of the
funduns 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 and virtual, not formed in front of the
mirror, and the shadow is wanting in distinetness and sacuration.

CHAPTER IV.

ACCOMMODATORY FUNCTION OF THE EvE—Act of Accommodation— Demand
for Aec.—Mechanism of Ace.—Power of Acc.—Expression of Amount of
Ace.—Measure of Amount of Acc.—Region of Ace.—Association of Conver-
gence and Acc.—IRESBYOPIA—Definition—Optical Conditions—Canses—
Diminution of Ace with Age —Abnormal Pr.—Symptoms of Pr.—Diagnosis
—Determination of Degree of Pr.—Examples—Correction of Pr.— Range of
Ace, in Presbyopic Vision—Pr. with M.—Pr. with H.,

AccommopaTory FuncrioN oF THE EYE.

THE conditions previously 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 unchanged, be a living eye, or whether it be
disconnected from the human body. It is simply a quality which
is determined 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. If it were not so, the eye
would be adapted for clear vision at one distance only, viz. that of
its distant point. The Eme. eye would only see objects clearly at
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infinite distance; the Mc. eye at its limited distant point; the He.
eye would not see objects clearly at any distance. The function,
by means of which the eye is able to see objects clearly at different
distances, is called the accommodatory function, or, brietly, accommo-
dation, The discharge of the function constitutes what is known as
the aet of accommadation.,

Act of Accommodation.—This act is performed on all occasions
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 while
reading through this opening the print on the more remote page
1s 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 langnage, must ‘look at them’; and on reading them
the eye ceases to be able to recognise the words on the more remote
page, athough they are within reading distance and may be directly
opposite to the eye. The same effects may be noticed in looking
ab a landscape throngh a pane of glass, and then at some small
object on the glass itself. The term ¢ looking at the ohject ® here
signifies performing the act of accommodation. If carefully observed,

K

Fia. 70.—Dexaxp 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 Ace.—The need for the exercise of Ace. increases
in proportion to the proximity of objeets, or, in other words, to the
increased divergency of the rays proceeding from objects as they
are placedsnearer to the eye, so that these more divergent rays
may still be brought to a focus on the retina. If the angular
difference between a given remote and given mnear 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 eye in transferring vision from
an object B to another object placed at ¢ will employ the same
amount of Acec. as in transferring vision from an object at infinite
distance from which the parallel rays pp are derived, to another
object at B, although the range is very different in the two in-
stances indicated.

Mechanism of Ace.—The act of Acc., which in ordinary
optical instruments is effected by altering the mechanical adjust-
ments subordinate to the lenses, in the eye 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 media, the cornea, remaining the same, it can only
be by increasing the refractive power of the eye 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. Varions experi-
mental observations have proved that the agent in affording this
increase of refractive power is the crystalline lens; and, indeed,
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
especially by Professor Helmholtz by means of his ophthalmometer.
The anterior pole of the crystalline lens advances, 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 objects 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 eye, so far as regards the direction which they
subsequently assume, are influenced by the stationary refractive
quality of the eye alone; and alhhnugh this permauent quality
may be added to by the exercise of the function of Acc. 83 just de-
seribed, there are no means provided within the eve by which it
can bé 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 musecles have all been paralysed ;
and yet the accommodatory faculty has remained unimpaired.
This faculty cannot, therefore, be dependent on the influence of any
of these structures as it was formerly supposed to be.

A further proof that the ciliary muscle is the agent, and the
crystalline lens the anatomical structure acted upon by ity 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 which
the ciliary muscle acts, equally arrests the faculty of Ace. 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 by its dislocation from
accidental injury.

It is supposed by some that the circular fibres of the ciliary
muscle, contracting in the manner of a sphincter, exert through
the medium of the ciliary processes and the unyielding fluid in the
canal of Petit a pressure on the eguatorial 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 the ciliary muscle. Indeed, but for the contractile reticn-
lated structure filling up the space between the ciliary musele and
sclerotic (canal of Schlemm), the radiating fibres would be pre-
dominant. This will be at onece apparent on referring to the
vertical section of the forepart of the eve shown on the frontispiece.
The meshes of the network are generally rhomboidal in form, with
the long axis in the vertical direction, so that when their connec-
tions wi'h the sclerotic are severed, they present the appearance
of a cirenlar muscle, and, indeed, have been described as such by
my late colleague Inspector-General Dr. Macdonald, RN, By the
action of this structure, while the sclerotic is drawn inwards,
a centripetal pressure is exerted upon the ciliary cirele and muscle,
which latter it would therefore antagonise, and so tend to increase
the refractive power of the lens in the manner above explained.
Though searcely perceptible to us, the strain involved in the func-
tion of Acc. 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 fofal power of Ace. corresponds with the
degree in which the function of Acc. can be exercised, or, in other
words, with the amount of dynamic 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 Acc.—The power of Ace. exerted in
order to obtain distinet vision at the neavest point at which an eye
is capable of seeing objects clearly may be measured and expressed
by the power of a converging lens, which, on being placed before
the eye, will give clear vision at the seme distance without the eve
exerting any accommodatory power at all.  If an eye 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 brought 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
full on the eye. It is evident, then, that a lens added to it which
will represent the additional refractive 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 distinct 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 ofher words, from the principal focus of the lens employed, will
then be rendered parallel as they fall on the eye (see fig. 71).

10 D

4*

Fic. 71 —PowER oF AcCCOMMODATION.

k, Eme. eye in repose and adapted for focussing parallel rays. The 10 D lens, 1, represonts
the nmount of Ace. which must be exerted to enable E to see an object st a distance of
four inches,

If, 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 Ace.
being exerted a + 10 D lens, whose principal focus is at the sams
distance, will effect 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
of notation be employed, the power of the lens representing the
measure of the Acc. exerted will be } ; if 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 mpon-
tance ‘in ophthalmic examinations to determine and define the
amount of power required for adapting V. from an object at some
known distance to another object at some known nearness, and
Professor Donders gave the following formula by which it can be
readily found and expressed :—

1 1 1 »

A I i
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In this formula & 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 point
for which the eye becomes adjusted when Ace. is exerted; A is a
convex lens, which, by its action on the divergent rays coming from
the proximate point p, so lessens their divergency that they follow
the same path, after passing through the lens, as was followed
by the 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 J;
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 Tormula 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 Ace, so
as to see clearly small objects as near as 4 inches: | =} — 1=},
or the power of Acc. will be equal to . In other words, the
eye, in altering its adjustment from clear vision at infinite distance,
when no accommodatory 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 Eme. 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 object only 10 inches
off, the formula shows that the amount of Ace. employed in the
proceeding, or L, = 1% — ¢5 =y or 2 D,

In a Me. eye, whose farthest point of distinet vision in a state
of rest is 12”, and whose nearest point of distinet vision by the
exercise of Ace. is 37, 1 =4 —4'y =1, or the total power of Acc. is
equal to 10 D. In other words, this eye, in altering its adjustment
for vision at a distance of 12 inches to vision at the nearer distance
of 3 inches, has inereased its 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 D lens, or of a lens whose principal 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. eye, the total
amount of H., or refractive deficiency, must be first found, and sub-
sequently the position of the near point of distinet vision when H.
is corrected. The lens which corrects 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 +2 D or + 31,”
lens must be added, and (=4l + 5=+ 0r 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
eye that is hypermetropic 2 D.

Under the metrical system, instead of the formula 1=!—' the
formula Acc. =pD—rD will furnish the refractive power of 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, Acc.=4 D—2 D=2 D ; asregards
the myopic eye, Acc.=13:33 D—38-38 D=10 D; as regards the
hypermetropic eye, Ace.=2 D42 D=4 D,

Aco .

ro

L
Fra. 72.—Measvre oFr PoWER 0F ACCOMMODATION.
Ace,=pD —+D; f, 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 may
be their refractive qualities, at corresponding periods of life.

Region of Acc.—The range, or latitude, or region of Ace. sig-
nifies the particular tract 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, comprehends the space between the distant
point of distinct vision and the near point of distinet vision through-
out which an eye can adjust itself so as to obtain clear images of
objects. As shown in the preceding paragraph, an equal power of
Ace. may be exerted over regions which vary very greatly in regard
to position and extent of space. In the first example a power of
Ace. equal to a 10 D lens is associated with a region of Ace. which
extends from infinite distance fo 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 are between a distant point of 12" from the eve and a near
point of distinct vision at 3" from the eye—that is, a region of 9
inches,

Althongh. as already stated, the power of Ace. is alike in all



Cuar, 1V ACCOMMODATION AND CONVERGENCE 129

eves 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 two 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 Ace. which is required to secure acenrate vision of the
object at the distance at which it is placed. Clear and disembar-
rassed vision of a near object can only naturally be obtained when
the functions of Convergence and Acc. are in due harmony. There
is no reason for believing that the internal straight muscles have
any specific influence on the production of Ace., nor any influence
beyond what results from their action in bringing the eyes into a
favourable position for receiving the diverging rays pmrf-t-:hnu-
from near ebjeets, or, in other words, for effecting a right direction
of the visual lines.

When the internal straight muscles are put into a eondition of
great tension for effecting a high degree of convergence, they may,
perhaps, act as a point da appui, as it were, on which to base gr eater
efforts on the part of the ciliary apparatus, and in this way they may
lead to an increased amount of Ace. and to clearer images being
obtained of the near objects under view. The general action, how-
ever, of the internal recti muscles, as regards Ace., is an associated
not a controlling one. The extent to which the two functions are
employed in their associated action is liable to variations. When
the two eyes are directed to a small object at a fixed distance, and
the ub_]Ect is seen clearly, under normal conditions the Convergence
and the Ace. may be assumed to be in precisely duoe pr:}pnrtiuu.
But when two prisms of small refracting angles are placed before
the eyes in the mannerdescribed at p. 52 (ses ]’nsma:} the object may
still be seen with precision, so that w hile the degree of Convergence
is altered the Acc. remains unchanged. On the other hand, while
looking at the same object, if instead of the prisms weak + or—
gias::t—‘-s within eertain limits arve placed before the eyes, the object
may still be seen clearly, so that now, while the decrwe of conver-
gence is unaltered, the amount of Acc. is changed. The Acc. re-
latively to the convergence is, therefore, not a “eonstant quunnn
and the relations between the two functions are found to differ in
dlﬂ'erent 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 increase 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
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ately associated. It is essential that the facts of the intimate
association of these two functions when they are free to act in
concert, and of the difficulty of converging the eyes without the
accnmmuﬂamry force associated with the degree of convergence
concerned being involuntarily called into action, should be fully
recognised, for they explain many phenomena in visnal diagnosis
which without this knowledge would not be understood.

If, nuder any circumstances, the correlation between the action
of the ciliary museles in Ace. and the action of the interni reeti in
convergence, be very lﬂt‘gﬁl} disturbed, a painful and almost intoler-
able sense of strain is experienced as the result. This has been

illustrated experimentally by Mr. Brudenell Carter in a very simple
manner. Let a young person with Eme. eyes put on convex
spectacles of five dioptrics and attempt to read with them. The
strain and tension of the eyves 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 distinct vision.
He will be converging to a point at 8 inches’ distance, while there
will be no demand for the exercise of Acc. 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.
If we combine with the convex lenses prisms with their bases
inwards, of sufficient power to rest the convergence as well as the
Ace., reading immediately becomes easy. It we then give the same
person concave spectacles, such that he is able to overcome them by
Ace., and bid him look at the horizon, the strain upon his eyes will
sttrmn become unbearable. He will be exercising a good deal of
his Acc. to overcome the glasses, byb 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 visual lines parullel

We may relieve the strain instantly by placing before the concave
lenses prisms with their bases outwards, which will call for a con-
vergence effort in addition to the Ace. effort; so that we create
strain by causing either funetion to be performed singly. and we
relieve strain either by placing both at rest or by calling both into
play.” (*On Defects of Vision, &ec.,” Lond., 1877, p. 138.)

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 proper recognition.
The absolute ‘near point * of distinet vision is removed further
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than 8 inches from the eye, while rays from ohjects 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 quality of the eye, or, in other words, as to
the eye in its state of repose ; it may be Emc., and neither concave
nor convex lenses improve tha E:ght for dla.tunt objects. But the
necessary change of form of the crystalline lens eannot be obtained,
or, in other words, the dynamic refractive power of the eye cannot
be sufficiently exerted, for bringing the more divergent rays from
very near objects to a focus on the retina.

Causes.—Natural changes from age. The near point of distinet
V. recedes in all eyes progressively with increasing age ; the change
is a normal one, and advances with advancing years. The recession
of the near point commences early in life. The following table
shows the decrease which observation has shown to take place in
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 power of dee., and the corvesponding changes in
the distance of the near point of distinet vision, as years adeance,

Years I Dioptrics Engiish inehes Yewrs | Dioptries | Eng'lsh inclies

10 135 208 45 l d-60 1 1-5)
15 12 i 50 50 | 16 |
20 10) 4 b5 175 | 23 |
245 H-50) 470 1] 1 40 ,
30 1 [ (151 (75 5
35 550 733 ' 70 r25 160

l 40 450 o Fis i —

The change in Power of Ace., and the course of the proximate
limit of distinet vision p.p. in the Eme. eye at different ages of
life, is very plainly exhibited in the dlagmm on p. 132, cnl}md from
Donders (Ch. v. § 17), while it also represents the change in re-
i'r-mtne power, and, consequently, in the far point of distinct vision,

r., of the Eme. eye in advanced years. The diminution in the
mnge, or fall amount, of Ace. may be further recognised by
observing the different dhmncea 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 proximity 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 vears, so that the same

K 2



132 THE ILLUSTRATED OPTICAL MANUAL Crar, IV

amount of alteration in its form cannot be effected. It i= doubtful
whether changes in the structure and curvature of the cornea may
nof 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 subject to Pr. from age When-
ever the actual near point of distinet vision becomes removed
further than 8" from the eye, Pr. has arrived.

Table exhiliting the changes in aceommodation in an emmetropio eye at different

periods of life.
Paris inches Years of Life Dhioptrics
10 i5 20 25 30 35 40 45 50 55 60 B5 7O 75 8O
LR - 165
o8 15
24 ’ 135
P
a N 12
3 \\ 1075
N
4 \ 9
44 AN 75
Y
6 “L\ 8
A \"‘\ 45
12 =~ 2
“\.“H
) [~ 15
= \‘Ft‘ (1]
——
" -;:"-.,
-1 :83 —1-5

The side figures show the amonnt of Ace. exprezsed in French inches amd in Dioptrics,
I ¢ shows the eouras of the proximate, » r of the remote, joint of di=tinet vision. The
distance between the two lines » r and » r indicates the range of Ace,

Abnormal or False Pr.— Diseased conditions, such as interference
with the elasticity of thelens capsule by posterior synechize after iritis,
morbid -:-Inm;_:;-.-a in the structure of the capsule of the crystalline
lens or lens itself, paralysis, complete or partial, of the ciliary muscle,
and any diseases inducing great constitutional debility, may increase
the presbyopie condition temporarily or induce symptoms similar
to those of Pr. Presbyopic vision resulting from these causes should
be regarded as abnormal and distinguished from True Presbhyopia,
the result or normal changes from ml‘-.’nnr.mu years or old age.
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Symptoms.—Normal Pr. is not usnally complained of by persons
with Eme. vision till after 40 years of age, generally not till 45
yvears. The degree of complaint will vary according to the size of
the objects the subject of Pr. habitually deals with. The preshyope
says that, though he can see as well as formerly at a distance, he
finds it troublesome, or even painful, to try and recognise small
objects near him. In reading he has to remove the print farther
and farther from his eye. Although he can for a short time, by
much exertion, read at a distance of 8 or 10 inches {rom the eve, the
letters soon become misty, his eyes ache, and he is compelled 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 daytime with 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 dioptrie 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 advauced,
prevent ordinary sources of light from giving the full amount of
contrast between the white and 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 being impressed on the
retina with the same vividness as in former earlier years of life.
This condition, together with the greater distances at which small
objects have to be held, and consequently the lessened amount of
light 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 ﬂ.dmntﬂge 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 objects can be bmught near to the eyes and
yet sufficiently recognised.

The nearest point of distinet vision ean only be attained by
extreme exertion of the ciliary apparatus, and, when this state of
tension is produced, it quickly 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 very small, their retinal
images become too minute, and the light emitted by them too
diffuse and too diminished for easy recognition. The objects are
again brought nearer to the eye, the mh’uy strain is again induced,
and this course, on beinz persevered in, gives rise to ocular achmg
super-ciliary pain, hea.dache and vertigo, until at last a stop is
put to the power of doing the fine description 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 Em., and the distance 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 eye.

To Determine the Degree of Pr.—As Pr. is generally held, in
accordance with the limit laid down by Professor Donders, 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 lens which will bring back the near point to 87,

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" distance from the eye with-
out strain or fatigue, relatively to the remainder which now only
admits of clear vision at some distance beyond 8”. The convex
lens which will so add to the refractive power of the eye as to bring
back the near point to 8” substitutes itself 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 accommodation, viz., } = + — 4, or the
formula, Ace. = pD—rD. As {, or Ace. thus determined, repre-
sents the missing latitude of Acc., Pr. may be substituted for either ;
so that Pr. = §, —g, or pD — #D. The proximate point P, or pD,
is here 8” or 5 1), because that is the distance of the visual 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
point has receded owing to Pr., or the distance up to which Ace.
is missing, :

Examples. —Suppose the near point has receded to 12" dis-
tance from the eye; then Pr.={ — =31 or 5 D—3384 D=
1:66 D (24:09” Eng.). If it has receded to 24” distance, then
Pr.=f—gr=, 0r 5 D166 D=3:34 D (11-97" Eng.).

To Determine the Correcting Lens.—The same formula that
determines the amount of accommodatory power which is missing,
determines the focal power of the lens which must be added to
the eye to act as a substitute for it. Thus in the example first
given, in which the Pr.=4, or 166 D a 4 24” lens, or a lens of
1:66 D, will neatralise the Pr.; in the second, a + 127 or 3:34 D
lens.  With the aid of these lenses, viz. convex 1-:66 Dand 3:34 D,
the presbvopic 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 objects 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 jy—g =5, or 14 D; at 20 yearsis } —1=1
or 10 D; at 30 years } —5=4,0r 7 D; at 40 years § — =/,
or 4:50 D; at 50 years {4;— L, or g, or 2:50 D; at 60 is 5 — & or
fo;or 1 D; and at 75 is 0. The power of Ace. is thus 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 ecan 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 Me. 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 correspouding ages of life. The near
point will not recede beyond 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. 1fthe M. amount to 4th, or 5 dioptrics, Pr. can never occur
for the distant point of distinet vision being at 8” distance from
the eye, so long as any power of Ace. remains, the near point
cannot 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
distinet 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
o D, become presbyopic.

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

Presbyopia 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 imparted to them, in order that they may be
brought to a focus on the retina the Ace. is trenched upon for
affording this required convergence. The H.is thus not imme-
diately apparent ; it is covered by the Acc. which it borrows, as it
were, from the reserve for near objects, to use it for obtaining clear
vision of distant objects. The H. thus becomes concealed or is
fatent, 1f the H.is very moderate in amount, and the subject is
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voung so that Ace. 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 liftle effect on the position of the near point
in respect to change of its working distance, and this change may
readily therefore escape notice. It a young person whois Eme.can
exert Ace. equivalent to a convex lens of 12 D) the near point of
distinct vision will be3}inches from the eye ; if the Ace. be lessened
by 1 D the near point will only recede to about 3% inches; and if
lessened by 2 D, to 4 inches—differences which would be too slight
to be noticed. If the Ace. were completely removed, as by atropia
paralysis of the ciliary muscle, the H. wounld be readily detected. 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 life. '

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 sufficiently prove its existence. As
the distant point of distinct vision in the hypermetrope is, as it were,
further from the eye thanit is in the Eme. eye, while the power of
Ace. is the same at the same ages in both, it follows that, under
all ordinary conditions, the near point of distinet 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 beyond 8” very much sooner in the He. person than 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 thaut will not only correct the
general deficiency of refractive power of the eye, or the H., but
that will also make up for the loss of accommodatory power so as
to enable the eye to deal without inconvenience with small objects
at a near distance from the eye.
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CHAPTER V.

On Tmpaired Vision connected with Strabismus—Strabismus— Definition—Forms
of Btrabismus— 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 kind that the directions of their optic axes are not
in mutual accord. 'The visual lines do not meet together at the
distance at which a given object is looked at, and true binocular
vision is consequently unattainable by persons affected with stra-
bismus,

Various Forms of Strabismus.—T'wo distinct forms of strabismus,
due to different canses, ave met with ; one functional, depending
directly upon ll'mgulm' muscular actlun originating in, or accom-
panying, anomalous states of refraction, or impaired vision of one
or both eyes, and generally dla‘rmgmslwd by the name of ‘ concomi-
tant Et-I'ﬂbiEl‘ﬂl]E from the squinting eye accompanying the normal
eye in all its movements ; ; the other pathological, produced by
partial or complete par alysis 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 act,
but the normal concert of action is not maintained in the binocnlar
movements ; in the second, the movements of one or more of the
muscles are impaired or entirely arrested. The term ¢ strabismus’
is employed by many surgeons to designate only the former kind,
or troe concomitant strabismus; absence of concordance in the
visual axes from defective innervation or complete paralyvsis being
classed under other special headings, such as paralysis of the
ocular muscle 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, though it is rarely so. In con-
vergent and divergent strabismus the retinal images of an object
are separated laterally, but remain in the same horizontal plane ; in
the other directions of deviation, they vary in altitude and inelina-
tion according as the superior and inferior recti or oblique muscles
are involved.

When the subject of convergent strabismus looks at an object
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one cye only is visually directed upon it, the other eve has its visnal
line directed inwards ; in the same way, when the subject of diver-
gent strabismus looks at an object, one eye only is directed toward
it, but the other eye has its visual line directed ontwards, 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 ocenr at intervals, or after oceasions of
long-continued employment of the eyes at near objects, and under
conditions of unusual ocular strain and fatigue, or general weak-
ness; but although the occurrence of the deviation, or of the
strabismus, may thus vary, the direction in which the deviation
takes place, when it does occur, will always be alike in the same
eye.

; Apparent Strabismus.— A condition which simulates strabismus
is somefimes noticeable, and is usually referred to under the name
of apparent strabismus. It depends upon the angle formed by the
meeting of the visual line with the line of the optic axis at their
point: of intersection within the eye. (See fig. 5, p. 5:) The
relative positions of the two eyes, as elsewhere mentioned, are
Judged of by observing the relative positions of the centres of the two
cornea with respect to each other and to the middle points of the
palpebral openings.  When two Eme. eves are regarding a distant
object, the visual lines of the eyes are practically parallel, and as
these lines pass a little internal to the centres of the corne, it
follows that the centres of the corneae must be turned alittle onfwards
in respect to the middle points of the palpebral apertures. In Eme.
eyes this divergence, or apparent strabismus, is so slight as to be
hardly observable even on close inspection. The divergence is, how-
ever, increased in He. eyes, as the angle formed by the meeting of
the optic axis and visnal line is greater, and the apparent strabis-
mus becomes all the more marked. In myopic eyes this angle is
lessened, and the visual line may even change position and pass
outside of the optic axis, when the appearance of strabismus
may be presented, but with a convergent, instead of a divergent
direction.

Images of Objects 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 retinwm ; that which appears on the right
side belongs to the left retina, that on the left side to the right
retina. The relative positions of the images of an object in some
instances of diplopia depending on slight degrees of muscular 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 respective situations in relation to the
two eyes will be rendered obvious to the patient at once if the two
1inages are seen by him under different colours, as may be effected
by causing the patient to look with one eve thr ough stained glass
(see figs. 3 and 4). If the deviation be horizontal, and the i Images
are homonymous, there is convergent dlbp]ﬂLETﬂEn!} 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
veccasional or it may be pf-rsmteut The deviation may alternate
between the two eyes, each in turn being capable of dlrectmg its
vigual line on the object while the other devmtws or one, or both
eyes, may be permanently displaced. When the deviation alter-
nates between the two eyes, the amount of deviation in the right
eve when the visual line of the left eve is directed npon the object
looked at will be equal to that of the deviation in the left eye, when
the macula lutea of the right eye is in line with the c-h*e:,t

In the strabismus of musecnlar paralysis the loss of power of 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 amcount, and the
deviation is limited to one eye, it is sometimes not easy of detection
ko long as the two eyves are observed together. But it may
usually be readily demonstrated, if the retinal functions of the two
eyes are preserved, in the following way. The person under obser-
vation 18 directed to regard an object at the distance of a few feet
in front of him. Kach eye is then alternately covered by the hand
of the observer. When the eye whose visual line is directed to the
object 1s covered, the sqmutmg eyve may be noticed at once to
change its position. It will assume a direction which will bring
it visually in line with the object ; and equally, on again uncover-
ing the other eve, it will recede from the new to its former place.

]}lplopm — Whenever the phy siological harmony of the visual
lines 1s interfered with in binocular vision, as happens with strabis-
mus, the discord necessarily causes the formation of double retinal
images, but does not necessarily cause diplopia, or double vision,

Diplopia does not exist in the large majority of cases of
concomitant strabismus, but is constantly 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 i image in the displaced eve
while the subject of paralytic strabismus is unable to doso. In the
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former, the eye whose visual line is properly directed on the object
has its image formed on the macula lutea, and it is of course re-
latively sharp and distinct; while the image in the displaced eve
1s pictured on a part of the retina away from the macula lutea, and
is, therefore, more or less dull and indistinet. The relative
displacement of the two eyes, or the strabismal angle, remains
constant, for in concomitant strabismus there is no interference
with the range of the muscular movements of the globe of the eye,
as In paralytic strabismus, but only with the position of the range
over which the movements take place. In consequence, the indie-
tinct image on the retina of the displaced eye is always formed at
a fixed part of the retina; just as much so as the sharp image is
formed on the macula lutea of the normally directed eye. The
- retinal sensitiveness of the part where the relatively dull or spectral
image occurs becomes lessened at fivst 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 he instinctively makes to rid himself of the troubles of double
vision, becomes easily established. On the other hand, in strabismus
due to paralysis of one or more muscles, the relative positions of
the two retinze are constantly changing as objects in different posi-
tions are looked at, and corresponding changes constantly occur in
the situations of the retinal images. 1If, for expmple, the external
rectus of one eye be paralysed, causing a certain amount of inward
deviation of this eye, as the sound eye turns inwards, or in a direc-
tion toward the paralysed muscle of the deviated eve, the strabis-
mus 1s rendered more and more obvions—the strabismal angle
becomes greater, and the distance of separation of the double
images in the two eyes is increased. If the sound eve turn out-
wards, or in a direction away from the paralysed muscle of the
deviated eye, the two eyes in the case supposed will assume a direc-
tion more in concert, and at a certain point 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 eve
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 himself 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 eye seems to take place
with the utmost facility, amblyopia is established, and if the
strabismus be not vectified, the retinal sensitiveness becomes lost
beyond recovery.,

Diplopia, due to slight museunlar paralysis, may be noticed by a
patient before strabismus is visible to an observer. It 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
difficulty of co-ordinating the touch with the sight of objects, as
well as by the vertigo and other subjective symptoms to which
diplopia usually leads. If two separate images are noticed, the
sharper image produced on the macula lutea of the sound eye, and
the weaker image on the refina of the deviated eye, may be dis-
tinguished by the aid of the colour test elsewhere mentioned. if
they are not otherwise recognisable; and the recognition as soon
as established will indicate not only which eye is disordered, but
also the affected muscle or muscles. Iftwo images of a bright object,
as of a lighted candle, placed at a distance, are seen, and one image
i8 coloured by the intervention of coloured 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 sereen is placed and that belonging to the other eyve. The
observer will at once see, from the relative positions of the two
images, in which of the patient’s eyes the true image is formed.
The affected eye is thus made known, and the situation of the dis-
placed image, relatively 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 ave at fault in this eye. The displaced image always
appears on the side opposite to the ocular deviation, so that if the
images are homonymous, convergent strabismus is shown to exist,
while, if they are crossed, divergent strabismus is indicated. 1f,
for example, it be the muscle concerned in convergence which is
affected, say of the right eye, leading to divergent displacement,
the spectral image will be crossed to the left handof the true image
as seen by the patient; if it be the musele of divergence which is
affected, leading to convergent displacement, the false image will
be to the right side of the true image as seen by the patient and
indicated by him to the observer. (See figs. 3 and 4, p. 4.)
Diagnozis of Concomitant and Paralytic Strabismuvs.—The con-
ditions already mentioned form sufficient means of distingunishing
between these two forms of strabismus, but one other difference
between them, which is useful for diagnosis, may be presently
mentioned. T'he characteristics of concomitant strabismus, which
have been already referred to, are: 1. The affected eye retains its
full natural range of movement, but this range is displaced. Tts
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 visnal lines of the two
eves, at whatever distance the object may be placed which is looked
at by them, are constant ; and 3. The displaced, or spectral image,
formed in the affected eye is mentally ignored, so that diplopia
does not occur,  On the other hand, in paralytic 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 vary with the different directions of the
objects toward which the patient turns his eyes; and 3. Diplopia
always exists in the range proper to the paralysed muscle,n all
cases in which the retinz retain their sensibility.

The other symptom by which paralytic may be distinguished
fromn concomitant strabismus is the following. If, while tbe
head remains fixed in position, the healthy eye be covered by a
diaphragm of frosted glass, at a time when the patient is looking
toward an object, the affected eye will make a slight move, in order
to try and adjust its visual line upon the object. This movement
of the affected eye 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 eve. In paralytic
strabismus, this movement of the covered sound eye exceeds in
extent the movement of the affected eye, because the slight move-
ment of the affected eye, owing to its defective innervation, 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 described as the primary deviation ; the movement of the
sound eye under the circumstances named, as the secondary devia-
tion. On the other hand, in concomitant strabismus, under similar
circamstances, there is no difference in the extent of movement
of the two eyes. When the healthy eye is covered, whatever may
be the distance to which the affected eye moves in order to direct
its visual line upon the object, the extent of the sssociated move-
ment of the covered eye will be precisely the same. The rule is
thus deduced that in all cases of paralytic strabismus the secondary
devistion exceeds the primary 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 directed to look at a distant
stationary object with both eves free, and while he is doing so,
mark with a dot of ink on the margin of the lower evelid of the
squinting 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
cyes are open, a spot is marked on the margin of the lower lid of
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the sound eye in line with the centre of the cornea. A spot is then
marked on the border of the lower lid of the affected eye, which
exactly corresponds in position with that of the spot placed opposite
to the centre of the cornea of the sound eye. A second spot is then
made to mark the situation of the centre of 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 measured by an ordinary
tape measure, graduated 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 example —relief may often be effected by suitable remedies ;
and also in the milder forms of concomitant, or functional, strabis-
mus, by the aid of prisms, in exercising and gradually strengthen-
ing the weaker muscles, and so enabling them to overcome the
stronger action of their opponents, together with correction of an g
abnormalities of refraction that may co-exist by appropriate lenses ;
still, in the majority of cases, especially when the deviation is fully
established, it only admits of cure, or palliation, by the operation of
tenotomy. The proper treatment of strabismus usually requires
very close and accarate 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 involved in
it will be found in all systematic works on diseases of the eye and
“their treatment,

Influence of Strabismus as regards Military Service.—The dis-
figurement caused by well-marked strabismus, and the nncertainty
1t 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 amblyopia on the other, with which concomitant
squint is usually accompanied. Operative interference may re-
move the disfigurement, but will not repair the amblyopia if it Le
of long standing. 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 operation, but a year
afterwards, the amblyopia of the eye which had been displaced
remained without any apparent improvement. Practicall y 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 snccession at the re-
quired distance, although a slight amount of functional strabismus
may be apparent, there is no sufficient cause 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 disuse, the results 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 difficulty 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 co 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 to be met with after asoldier has been
serving in the army, and, when once it has oceurred, it is usually
a canse of the man being discharged from further service, owing to
its liability to recur, even though it may appear to be only tempce-
rary in its nature. In 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, thongh it may be removed for a time by
appropriate treatment, there is no seeurity against the risk of
its rveturn. When paralytic strabismus is fully established, the
attendant diplopia, and loss of ocular movement in the direction of
the paralysed muscle, 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 due to Defects of Colour-sense —Colour-blindness— Definition
— Symptoms —Varietics—Caunses of Colour-blindness— Acuteness of Colour-
sense — Diagnosis—Holmgren's Test-—Proofs of Kind and Extent of Colour-
blindness—Thomson's Application of Holmgren's Test—Maréchal's Laniern-
test—~Colour-sight in the Royal Navy—In the Indian Government Services—
Influence of Colour-blindness in the British Military Service—Amblyopic
Colour-blindness,

CoLoUR-BLINDNESS.

Definition.—Imperfection, or total deficiency, of visual percep-
tion of one or more colours. The term dysehromotopsia is employed
to express dulness of the colour-sense, or adifficulty in distinguishing
colours and their various shades and combinations : achromolopsia,
to express complete absence of perception of one or more colours,
or, in other words, total inability to distinguish truly one kind of
colour from another, As a rule, both eyes are equally affected,
but cases have been recorded in which monocular achromotopsia
existed while the other eye was entirely free from the defect.
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Colour-blindness is of two kinds, viz. («) congenital colour-blindness,
a defective state of vision, often hereditary, under which the subject,
though possessing distinct perceptions of form, and of contrasts of
light and shadow, and, indeed, normal sight in all other respects,
is unable properly to recognise diversity of eolour, or to perceive
certain colours ; and (b) amblyopic colowr-blindness, 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 until the occurrence of some observation or
of some special difficulties consequent on his disability reveals its
presence. In the case of one colour-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 aftracting attention, had not been painted of a
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 correctly, while others that ave really very unlike, pro-
duce on the colour-blind subject a similar optical effect, and are only
distinguished by appearing to vary in intensity of light and shade,
The eyes may be normal as regards their refractive qualities and
power of accommodation, visual acuteness, and appreciation of form,
in short, perfect in all respects excepting in the colour-sense. The
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 wrongly applied or distingunished. To
persons who are ‘ blind for red,” objeets coloured red appear to be
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-
tingnished from green ; and similarly, the ®blind for green’ see
green objects darker than they really 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 colour have been recognised ; in which all objects have
seemed to be uniform in colour, and simply varying in degrees of
light and shadow, or depth of tint, as in the photograph of a
landscape. Such instances have been very rarely met with. In

ordinary achromotopsia, there is usually absence of perception of
1)
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one, or.ab the most two, of the three colours, red, green, or violet.
The subject may be blind for red, or for green, or for both red and
green, or he may find a difficulty merely in distinguishing 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 eolour-blindness; indeed, to
be very rare.

Colour-blindness should not be confounded with inability to
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
distinguish readily different shades or tints of one and the same
colour. These imperfections may, or may not, be due to a limited
defect of organisation in the nerve-elements; usually they are
simply attributable to want of sufficient education of the colour-
sense, o enable the distinctions 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. But in
true colour-blindness, achromotopsia, the sense for certain colours
does mot 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 oceupations in civil life or in the military or
naval services. '

Causes of Colour-blindness. —The abnormal anatomical conditions
on which colour-blindness depends have not yet been demonstrated,
and even the true nature of colour-sensation is as yet 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 distinet elements in the
retina which are concerned in receiving 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 elementary fibres which
are concerned in the perception 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 intermedi
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,
some 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 he
detected by the ophthalmoscope in colour-blindness, a fact which
distinguishes congenital achromotopsia from most cases of amblyopic
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 objects 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 objects. The field of eolour-
vision is not alike for all colours, as may be readily observed by
using test-objeets of different colours with the perimeter. The
perception of green is 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 satisfactory means of testin
achromotopsia. Five colours were supplied in Snellen’s hook of
test-types as distinguishing tests for colour-sense, viz. red, vellow,
green, blue, and grey. The orange, indigo, and violet colours of the
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
vears, and the tests just mentioned are no longer regarded as
reliable. They may still be employed for measuring the acuteness
of ecentral 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 normally 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 different degrees of light
and shade made by them— that is, so long as the signals and
lights under observation are put before them under conditions
of equal clearness. The colour-blind person has trained himselt
to observe these qualities as sobstitutes for his want of colour-
sense; just as the totally blind educate and refine their senses
of touch and hearing to make up for their loss of visual power.
There have been repeated proofs that colour-blind persons can
learn to distinguish between differently coloured lights, not by
the true differences of their respective colours, but by differences

in their apparent illaminating power. The man colour-blind for
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red does not know the green from the red light becanse one is
green and the other red, but beeause the retinal impression 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

a naturally normal sense of colour are unable to appreciate. In
this way colour-blind persons may porsue their callings for a
certain time with impunity, notwithstanding their defects, which,
however, may lead to dangerous results at any moment. When
only a single coloured object, a flag or lamp, is exposed to view, no
opportunity of contrast as regards illumination is afforded, such
as a colour-blind person may turn to account when several objects
of different colours are presented to him. Many atmospheric con-
ditions and other circumstances may cause 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 issnes 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 wool 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 yellowish-green, greenish-blue, purple, rose, brown, and grey.
There are several shades of each colour, and at least five gradations
of tint, or degrees of saturation, of each shade of colour, from the
deepest to the lightest. The skeins of wool are mixed together in
a heap on a table, exposed 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 gifted with normal power of
distinguishing colours will respond to the test easily and quickly ;
while another person whose perception of colour is faulty, or im-
perfect, will exhibit hesitation and will make mistakes in the
colours, or shades of colour, of the skeins which he selects. A suc-
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 ecolours. His chromatic perception is judged by the
manner in which he responds to the test. If faulty colour-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
preseribed by Holmgren :—

1st 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 selected readily and
found to be all of green tints, chromatic perception is ‘ not faulty ;’
if after hesitation and dificulty in selection there is an approach
to confusion of colour, the * colour-sense is weak ; * if complete con-
fusion of colour, if the green is matched with grey, brown, purple,
or even with red, the conclusion is that there is ‘ colour-blindness.”

2nd Proof. A 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 being of the same tint are found to be so, the
colour perception is ‘not fanlty;’ if only blue and violet wools
have been selected and joined to the purple test-skein, in other
words, if the person tested sees the purple only as blue, there is
colour-blindness for red; if green or grey, or both, have 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 complete 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 right perceptions of colours important issues depend, he
considered it advantageous to take further proof in confirmation of
the conelusion arrived at from the foregoing tests, and then used 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 selecting, in addition to red,
shades darker than the test-skein, such as shades of deep green,
olive, and dark brown; ¢ green blind * persons shades lighter 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 ean be unsed by any intelligent
observer for noting and recording whether a person is colour-blind
or not; the ophthalmic surgeon being only referred to in cases
which appear 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 discovering about 4 per cent. to be colour-blind. In
this instrument 40 skeins of coloured wool are employed, the tints
selecled being those of the three test-colours, green, purple, and
red, together with the usual ‘colours of confusion.’” The skeins
have each a small metal plate attached bearing a particular number,
which can be quickly read off and noted by the examiner. One
half, or 20 skeins, are devoted to the green test, the 10 odd
numbers being shades of green, the 10 even numbers ¢ confusion
colours,” as greys, light browns, and others ; the skeins from 21 to
30 have purple tints on the odd numbers, and blue tints on the
even numbers ; the skeins from 31 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 him_ 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
ekeins, whether odd or even numbers, which have been selected.
Reports thus obtained, and subsequently subjected to professional
scrufiny in the cases of those who appeared to be colour-blind,
elicited the proporticn 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 schools of France
on the suggestion of Dr. Maréchal, Principal Fleet Surgeon. It is
a test by artificial light, and the manner of applying it is similar
to that followed in the trials by Holmgren's wools. A lantern is
arranged in such 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 daylight.
and the same mode of examination is carried out with pilots and
signalmen employed in the French navy. Coloured signal lights,
in addition to tests by daylight, are used in various countries in the
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 Colonr-sight in the Royal Navy.——All naval
ofticers (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 perception of colour, and that any notable deficiency in
respect to it is regarded as a sufficient ground for rejection. The
following is the order given in the ‘Queen’s 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-types are supplied, the
power of vision of each eye 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 yellow ribbon flags may be used.” Coloured wools
are in use at the Admiralty for doubtful cases among officers.
Influence of Colour-blindness in the British Military Services.—
This affection, which is very important as regards persons who
have to depend on coloured signs for guidance, such as signal
officers, look-out men at sea, and railway offticials, or as chemists
and others concerned in practical analysis, in which the presence
of particular ingredients is determined by such tests as coloured
solutions, or by the effects produced so far as colour is concerned ;
as regards physicians in the diagnosis of certain diseases character-
ised by colour, as scarlatina; and even as regards officers in
neral command who require to be able to recognise clearly and
guickly the colours of uniforms ;! was not officially defined fo be a
isability in candidates for commissions as officers in the British
army until the regulations promulgated on September 1, 1887,
were issued. It is laid down in these rules that * inability to dis-
tinguish the principal colours’ will cause the rejection of a candi-
date. It is not ruled to be a disability 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 acquainted
with the nature of colour-blindness, but also themselves to have

1 T was once aware of an officer discharging the duties of a musketry in-
structor who could not distinguish the red flag or ¢ danger signal " at target practice
by its colour, but only by its larger relative size ; and of a general officer who was
necesgitated from the same defect to ask a member of his staff whether a body of
troops were dressed in red or blue. I bave also known a surgeon in civil practice
who was temporarily affected with achromotopsia, during which period he could
not distinguish red colours. A patient affected with scarlal ina 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 had arisen in some instances among
the surgeons on probation in the execution of practical analysis in the Hygienic
Laboratory of the Army Medical School from the fact of the surgeons concerned
being colour-blind ; and Professor Sir Wm. Aitken has met with similar cases in the
Pathological Department on oceasions when the nalure 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 whose 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 special
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 duty aright depends more upon correct appreciation of
the colours than 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 atmospheric
impediments. A colour-blind officer or sailor could not reccgnise
the distinguishing pennants of ships, nor interpret orders conveyed
by the usual combinations of signalling flags, for many of them have
the same shapes and dimensions and only differ in their eolours.
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 position and the
direction which other vessels are to take in steering past them.
The 1ll-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 irremediable calamities.
1t is not to be forgotten, moreover, that congenital colour-blindness
is an incurable disorder, and that while the use of glasses and such
optical instruments as the telescope may make up for some visual
defects, they cannot lessen or in any degree correct the defect of
achromotopsia. Candidates, therefore, for service in the Royal
Navy, both officers and men, require to be carefully examined in
Tespect to their faculty of distinguisking colours. - The colours
employed for the pennants and flags used during daytime in the
Royal Navy of Great Britain are the three colours, red blue, and
Yyellow, together with white and black, while at night, red, green,
and white lights are used, so that it is for these colours that candi-
dates chiefly 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 used in the flags of foreign navies,

Indian Government Services.—Candidates fo® admission into the
public services under the Government of Indis are disqualified for
service in various departments by the existence of achrometoj sia
or dyschromotopsia. The particular branches of the Indian service
in which the regulations describé colour-blindness to be a dis-
qualifying defect are named in Chapter IX.
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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 visually 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 example of the visual condition referred to. Red,
in amblyopic, as in congenital achromotopsia, is the colour which
is most frequently not discerned, while the power of distinguishing
yellow or blue remams the most persistent.  Amblyopia with
central scotoma seems to be particularly liable to be attended with
impairment of perception of colour. Optie 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 military
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 VIL

ACUTENESS oF VistoN—Normal Acuteness of V.—Alertness of V.—Relative
Acuteness of V.—Measurement— Optometric Test-objects— Hair-wire Opto-
meter—Jilger's Test-types—Snellen’s Test-types—Burchardi’s Sight-tests—
Snellen's Test-types in Military Practice—AMBLYOPIA— Definiiion, Causes,
Symptoms, and Diagrosis of Amblyopia — Hemeralopia — Nyetalopia —
Hemiopia—Scot oma—ASTHENOPIA— Dennition, Causes, Symploms, and
Diagnosis of Asthenopia—NEPHELOFPIA, or DiMsSIGHTEDNESS from Interfer-
ence with the Passage of Light through the Eye.

ACUTENESS OF VISION,

Tae 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 fo the size of the retinal image which
can be visually recognised, or, what amounts to the same thing,
the size of the object, which, under favourable conditions, can be
seen and distinguished by the eye at a certain determinate
distance.

Normal Acuteness of V.—The term ¢ normal acuteness of vision ”
is generally understood to imply clear recognition, 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
organised. This can only be regarded as an approximate definition
of the term, for the illumination of objects varies as the intensity
of the daylight 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 visual organisation. The acuteness of
vision referred to is central, or that which exists at the region
of the macula lutea. Complete acateness of V. can only exist
when the organic textures and transparency of the media of the
eye are perfect ; when its refractive power is accurately adapted to
the distance at which the object looked at is placed ; and when the
retinal sensitiveness, or the functional energy of the retinal ele-
ments, and the nerve conduction are also perfect. An eye may be
emmetropic, yet its visual acuteness defective at all distances owing
to cloudiness 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

perfect V. ab some distances though not at others, or at all distances
when the ametropia is corrected.

I'rom the foregoing it is evident that V. may vary in degree
from normal acuteness to mere recognition of light of a certain
amount—quantitative vision, and, further, that the particular degree
of V. in any given case will admit of measurement if 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 accompantes
increased intensity of visual impression, as in binocular compared
with monocular vision, but appears also to depend on irdividual
habits and constitutional peculiarities, visual practice, and, perhaps,
also on relative perfection in regard to transparency of the ocular
media, and, consequently, relative speed in the formation of the retinal
images of objects. As senile changes take place in the refractive
media and ocular tunics, 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 vision
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 approaching 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 ship to take
note of the lights and give the necessary steerage for passing so as
to prevent collision. '

Relatively perfect alertness of V. is of the utmost 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 rapidity, as well as of precision of aim, has
been forcibly demonstrated in recent wars, especially 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
eyes. The power of separately discriminating visual impressions
varies with the measures of the visual angles under which a series
of objects, and the intervals between them, can be clearly seen ;
In other words, 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.—Instruments designed for
measuring acuteness of vision are called ‘ optometers.” Optometers
can also be employed as means of measuring the range of ac-
commodatory power. They consist of various objects (optometric
test-objects) by which the amount of visual power possessed by an
eve 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 observing changes
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 recoguition of
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objects, is sharpest, in the normal state of the eye, at the posterior
pole 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
yéberiphery is approached. In using an optometric test the eye ig
fixed upon it in the same way as it is naturally in observing any
other object. It is, therefore, the central acuteness of vision which
is ordinarily measured by optometers. Although ex-centric loss
of V. rarely exists without a certain amount of loss of centric
visual power, still, in some amblyopic states it is necessary to
ascertain particularly 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
circles of diffusion, may be recognised from its mere size. 1In test-
ing the far point of distinct vision it matters not what the size of
the object is provided its size has a definite relation to the distance
ab which it is placed, and that the visnal 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 wires, 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 hoard are two openings throngh
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 the near point of
distinct 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 horizontally, 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 they cannot be read, or are
imperfectly defined when they can only be read with difficulty, 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.

~ Jager's Test-types.—These consist of paragraphs printed in
the differently sized types which are in ordinary use for printing in
different conntries. 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 distinguishable by technical names arbitrarily adopted
among printers and differing in different countries. To get rid of
this difficulty Professor Jiiger, of Vienua, arranged the types used in
different languages according to their corresponding sizes, and
distinguished them by numbers as above mentioned. Jiiger's
test-types in consequence received the names of fypes of universal
reference.

The individual letters are not framed on any commeon principle,
Although there is a general correspondence of size in the type
according to the number assigned to it, particular letters 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. Varions other well-known differences
exist among the letters. The application of these types as aceurate
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 is not interfered with
as far as any peculiarity of shape is concerned. But such letters
would manifestly be more generally serviceable if they were
fashioned on such a fixed basis that every one of them when placed
at a given distance presented the same visual angle, and had
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definite relations in respact to size with all the other types.
Snellen’s types were designed for the purpose of meeting the.e
requirements,

Snellen’s Test-types.—As Snellen’s test-types form the standard
by which visual 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 well understood.

Unlike Jiiger'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 special
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 visual angle under which letters could be
read provided the vision of the reader were of normal acnteness,
or, in other words, the least magnitude of the retinal image of a
letter which enables that letter to be distinctly perceived, for on
the size of the visual angle, as elsewhere explained, depends the
size of the retinal image.

Dr. Snellen has taken as his standard that an emmetropic eve
- of normal visual acuteness can perceive a plain rectangular object
in fair daylight when it subtends a visual angle of the 60th of a
degree, or one minute. This is the smallest object that can be
seen—the minimum visibile—according to Snellen’s standard. The
space such an object would occupy in a cirele 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 cirenmference,
At a distance of 12 inches therefore, on this basis, the eve can
perceive the presence of a plain object about 285th of an inch in
H176e.

But though a uniform object can be seen by the eye when oc-
cupying only a space of the 60th of a degree, a complex object,
though visible, cannot be recognised under so small a visual angle,
The smallest visual angle permitting clear recogmition of such ,
broken and irregularly formed objects as printed letters. according//
to Dr. Snellen’s standard, is one-twelfth of a degree, or fis /
minutes. Thus at a distance of 12 inches, the eye can recognise
a letter about the 57th of an inch in size, or, according to Snellen,
a letter 0-209", or 0-0174", .\-th of an inch, in dimensions, Paris
measure.!

' Dr Snellen has taken 0:209™, French measure, or 0-0174", for the dimensions
of each of his letters and of the spaces between them, which are to be recognised
at a 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
angle of about 5 minutes, The dimensions of the retinal image of an object of
this sive would be 0:000849", or ita i but if for a letter having a visual angle
of 5 minutes a plain object, such as a test-dot, with a visual angle of only 1



Cuar. VII TEST-TYPES 159

It is on these principles that Dr. Snellen has arranged his |
test-types. They consist of separate letters, quadratic in shape,
or occupying 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 rESPELtwely is one-fifth of the linear dimensions
of the square within which the whole letter is contained. The
types 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 also express the number of
feet at which the types can be read by an eye possessing normal
acuteness of vision. When the letters are read at the fixed dis-
tances in feethlnch are numbered above them, the _eye, in seeing
a limb of the letter, 15 seel ng an UIJJE'L‘t which -::n:cupwa an uuﬂ'lu of
one minute, Whl]e' in seeing the whole Tetfer it is seeing an ul;uﬂ.t
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-
gotten that when printed sentences are used as tests, some words
may be read althongh the separate letters are not seen distinetly,
from the fact of the eyes having become familiar with their general
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 distinctness, or the object could not be recognised. Moreover,
the intervals between the separate letters, numbers, and test-
objects can be arranged to be equal in dimensions with those of
the objects themselves, whereas no such systematic plan can be
carried out when the letters are grouped in words and sentences,

Arithmetical numbers of various sizes are included among the
test-types for persons who cannot read letters but can decipher such
figures ; and for those who cannot distinguish either letters or
numbers, simple objects such as circles, lines, crosses, squares, and
others are added. They are drawn to scale on the same principles
as the letters, and are intended to be used in the same w ay.

It will be observed from the ﬁ}rﬂf_{umtr description that ‘Snellen’s I
types have not been designed for giving qualitatire estimates of V.,
although they may be purt]} applied, as elsewhere explained, to _
such a purpose, but have been principally arranged as means of |
obtaining quantitative estimates of visual power.

minute (0 00348") 'lm ﬁuhstltufed, the dimensions of the retinal image would
be 0-000178", or aud this wounld approach the size which physiologists have
assigned to one of tine retinal elements, or cones, at the site of the maecula lutea.
As many persons are able to see objects under smaller visnal angles than that
adopted by Dr. Snellen, it is evident that the approximation to the sm: ul' one of
the retinal elements referred to, variously given from about »5" to 5.", would
be more closely attained,
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/‘< Snellen's Types on the Metrical Seale.—The test-types for the
determination of the acuteness of vision which have been, and still
are, in general use in the British serviee were officially distributed
to the army medical officers in the year 1864, shortly after that
edition was published. In an edition published in 1882, 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 objects, have been numbered on the metrical sys-
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
05 m., to the largest, in which D is equal to 60 m. The smallest
type should therefore 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 aculeness 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-objects 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 astigmaftism if it be present, without the aid of lenses. They
were first published in 1870, but a larger edition (third) was pub-
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
applicable 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 that 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 dises of different sizes on a white ground.
I had already called attention to the use of such dises for military

! Internationale Seliproben zur Bestimmung der Sehscharfe wnd Sehweite.
Heransgegeben von Dr, M. Burchardt, Oberstabsarzt 1. KL &e. Dritte verbesserte
und vermehrte Auflage. Kassel, 1883, (International Sight-tests for determining
Acuteness and Range of Vision. By Oberstahsarzt 1 Cl. Dr. M. Burchardt. Third
edition, improved and enlarged. Cassel, 1883.)
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purposes in the Ariny Medical Reports for the year 1860.! My
arrangement of the sets of dises was such that they corresponded
in their diameters with the series of Jiiger's test-types; but they
were very badly printed, and were needlessly scattered by the
printers, in a manner never intended, over the pages of the paper
which they were designed to illastrate. 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 separate
ohjects are recognised, Dr. Burchardt measores it chiefly by the
visnal angles of the intervals between the ohjects. Just as the
sensibility of the skin, or sense of touch, may be measnred 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 visual 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
intﬂm?tiunal sight-tests. Thus, for example, Dr. Burchardt shows
that discs of 0:1 mm. diameter, placed in a row of intervals of 01
mm. from each other, and viewed from a distance of G0 em. (24'"),
are perceived as a continuous line; at a distance of 20 em. (8")
appear as a rough line with oceasional swellings; at 16 em., or a
little more than 6'', are recognised separately and can be counted.
That the power of the eye 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, has 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. "' square, the
dots could be counted by himself at a distance of 36 feet ; when
there were two such squares, at 58 feet ; when three squares, at
74 feet ; and the same dots with intervals of four such squares
could be counted at 82 feet distance. These experiments prove
that, within certain limits, the distances at which the test-dots can
be clearly distingnished will vary with the distances at which they
are placed apart.

All the sight-tests in Dr. Burchardt’s tables have diameters
which are 1,600 times less in length than the length of the distance
at which they are to be seen by an eye of normal acuteness of vision
according to his standard. Thus 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 1:0 mm. ; while the discs of the 10 centimetre

! Notes on the Examination of the Visual Fitness of Recruits for Military
Service, with special reference to Instruction in the Use of the Rifle. *Army
Medical Reports,” vol. 2 for 1860. London, 1862, p 462,

M
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table have diameters each of ;% th of a millimetre. At the distances
named each of the discs, and each interspace between every two
adjoining discs, subtends a visual angle with the eve of 2-15
minutes. This is 1-15 minutes larger than the visual angle under
which the test-dots on Snellen’s standard are required to be
counted by an eye reputed to possess normal acuteness of vision.

Dr. Burchardt in the last edition of his sight-tests (1883) has
adopted the metric system of measurement. The fizure of distance
attached to his largest discs is 60 metres, and the figures descend
to 10 cm., 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, as well as a sheet of large
diges designed for determining at a distance the directions of the
faulty 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
portable, 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 visual acuteness and refractive power. Special
small cards and tables for the diagnosis of astigmatism are added.
They are thus conveniently arranged for fulfilling their purpose;
but, on the whole, Srellen’s test-types, although in some respects
less scientifically accurate than Burchardt's sight-tests, appear to
be more generally serviceable, and, as they have been sanctioned for
employment by medical officers of the British and Indian services,
while a knowledge of reading is yearly increasing among all classes
of men in KEngland, there appears to be no sufficient reason for
introducing others into use.

Snellen’s Standard of Visual Acuteness.—In practice it will be
foond that particular eyes, especially sound young eyes, have a
considerably higher degree of V. than the standard fixed upon by
Dr. Snellen. An object which subtends an angle of only half a
minute, or even one-fifth part of a minute or 12 seconds, when
directly illuminated by the sun, is visible to some eyes. Colour has
an influence : a white object with the light of the sun shining upon
it may be seen under an angle of 12 seconds, but, under the same
circumstances, a similar object, if red in colour, would only be seen
under an angle about double that size. Sudden change in the
intensity of the light to which the eye is subjected, ocular fatigue
from prolonged visual efforts, pressure on the globe, and a variety
of other causes, will temporarily interfere with the power of reading
the types at their normal distances, and, unless taken into account,
may lead to an erroneous conclusion in a given case that the visual
acuteness is below Snellen’s standard, when it really is not so.
Some persons can read test-types at distances considerably 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
conditions, at double the indicated distances—when, therefore, the
visnal angle has been reduced to abont J'; of a degree, or 2{', and
V. has been = 2, or twice Dr. Snellen’s standard. Their recogni-
tion at a distance of even thrice Snellen’s standard in a good light
has been recorded. Snellen’s test-types, 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 visual 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 practice. —The great
value of these test-types is the ease and readiness with which they
can be nsed for practical purposes in ocular examinations. It is
not of so much moment that the standard on which they are
based shall be accurate in its estimate of normal V. as that the
types can be used 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 prineiple, they
are capable of being applied to various uses in examinations of
visual acuteness. Being all seen under the same visnal angle at the
distances indicated, they all at those distances have the same ap-
parent magnitude ; and, 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 superficial 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 visnal angles under which they are severally seen will
still be alike so long as the distances at which the different types
are placzd are relatively in accordance.

Spellen’s test-types afford a simple and practically a suffi-
ciently accurate mode of expressing the degree of V. in any given
instance. Snellen’s formula is the following, If V. (vision) be
used to express the acuteness of vision; D the distance at which
the type appears under an angle of five minutes, or the distance
named with the type used; d the utmost distance at which the
type can be read by the person under observation : then V.=3. 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 50 feet ; then V. = 26 or $8 = 1, or, in other words, is
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. = 19, or 4 OF &, and is only one-
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 the 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 distance, for example, of 15 feet
from the person nnder examination. In the formula V, — g d
then beeomes a fixed quantity, and D a variable one. The person
whose vision is under trial is desired to read the smallest row of
types which he can see clearly at that distance. If he can read the
15-feet type, but none smaller, then V. = +5 = 1. 1If he ean
read the' 12-feet type, then V. = 13 = 14, or his visnal acuteness
is one-gquarter above Snellen’s standard. If he can only at the
distance named read the 20-feet type, then V. = +5 = 2 and his
acuteness of vision is only three-quarters of Snellen’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-
tically as parallel rays, and it is only in the case of hypermetropes
that accommodatory exertion will be employed.

The use of Snellen’s types saves time in examining the quality
of eyesight in any unknown case. If the person under examination
reads with each eve the 20-feet type at 20 feet with ease, there i3
- o ocular defect of sufficient importance +o require further investi-
gation. If it, and other types, can on ly be read short of their normal
distances, some defect exists, and the necessity is indicated for
farther examination by frial lenses, or by the ophthalmoscope, in
order to ascertain the eause of the deficiency of visual acuteness.

Either ametropia or lessened accommodatory power is indicated
when some of the tvpes 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 foet, and other larger types at
their respective distances, myopia is indicated ; while, if the X X-foet
type can be read at 20 foet, but the smaller types 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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—and the manner in which the replies are given will generally point
tlearly 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 presented to be read. If
V. = 4§, it ought to be equally }& and 2§ if other like conditions
be carefully preserved ; if different values be given to V., deception
of some kind may be suspected. The smaller-sized types, Nos. 1
to 3 or 4, should be excluded from the comparison,

The degree of acuteness, equally with the alertness of V., are
naturally lessened in the latter years of life, owing to decreased
transparency of’ the dioptric media, decreased retinal sensitiveness,
and other senile changes. Bat, 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 fiftéen 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, should 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 Utrecht, on 281 persons
of ages varying from 7 to 83 years, the state of whose éyes had
been previously ascertained to be sound and healthy, V. was above
Snellen’s standard up to the age of 40 years, but slightly declined
between 20 years and the age named, became {;th below Snellen’s
standard at 50 years, and was reduced nearly to § 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 comparison, was
as 22:5: 20; at 30 years was as 22: 20; at 40 as 20-5: 20 ; at 50
as 18: 20; at 60 as 145: 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 vule that may be laid down as to a required
standard of V. Thus, for example, a military friend gives me, as
a rule, from the result of his experience, that a soldier, to be effec-
tive, must be able to distinguish clearly a man from any other
object at a distance of 500 yards under ordinary illumination, that
is, in a moderafely clear daylight, and with no more striking con-
trast of background than what is met with in ordinary fields or
moorland. A sentry on an advanced post who could not distin-
guish an enemy at that distance in front of him would endanger
the safety of a force. With such a background as the ¢ skyline,’
or any background forming a marked contrast with the object, a
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man ought to be recognised at 1,000 yards. The amoununt of hght
reflected from the object looked at, relatively to the amount of light
reflected from the objects by which it is surrounded, and the
character of the background, are always important elements in
regard to visual perception, in addition to the size of the visual
angle subtended by the object.

The rule for recognition at 500 yards may be applied by means
of Snellen’s types thus :—Assuming the height of a man to be that
at which the height for infantry is calculated in rifle practice, viz.
6 feet, the visual angle under which he would be seen at a distance
of 500 yards is 13" 44", or nearly 2:7 times the visual angle under
which Snellen’s types are seen. Recognition of 20’ Snellen on
toned paper in sn ordinarily lighted room at a distance of 7' 5"
may therefore be used as a test that one man is capable of dis-
tinguishing another man at a distance of 500 yards nnder the
above-named conditions. A man 6 feet in height, to be seen under
the same visual angle as Snellen’s types, would have to stand at a
distance of about 1,375 yards off. But practically at such a dis-
tance, owing to tha effect of the intervening atmosphere and other
circumstances, the man could not be distinguished, althouth an
object having the same visual angle might be seen plainly in a
nearer position under adequate illumination.

Measurement of Visual Acuteness when associated with Ame-
tropia.—When a low degree of V. is 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, amblyopia
or other complications exist which participate in causing 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 resnlts
have been applied to them. In this way only can the true condition
of the eyes, as regards their visnal acuteness, be determined. The
visual acuteness in all such cases should be noted before and after
correction of the ametropic defect.

WeEak Visioxn.

There are three kinds of weak or defective V. which it is neces-
sary for an observer to distinguish from one another in ocular
examinations regarding visual acuteness. The first of these is
amblyopia, derived from du@X\vs, blunt, obtuse, and &yrs, sight ;
the second is asthenopia, from do@erys, wanting in force, and dyrs,
sight ; the third may be designated nephelopia, from vedéy, a cloud,
or nuist, and dvyres, 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 1s symptomatic of imperfection in the sensitive recipient
or conducting nerve vlements ; the second refers either to weak-
ness in the internal strnetures 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 certain external muscular motors of the organ ;
the third is usnally the result of morbid loss of transparency of
some of the ocular structuves. It will be convenient to consider
separately these three conditions, which are very distinct in their
nature,

I. AMBLYOPIA.

Definition.— Feebleness of vision from diminished nerve power,
Impaired vision thus defined was formerly included with many
other morbid 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,

nerally 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 visual sense,
as a result of morbid changes in the nervous apparatus concerned
with the sense of sight.

Causes.—These may be either intrinsic, that is, due to diseased
changes originating in the optic nerve itself, its cerebral connec-
tions, or retinal expansion ; or extrinsic, when the diseased con-
ditions are induced in sequence to disease of neighbouring but
functionally independent structures, such as cerebral tumours and .
other cerebral diseases giving rise to pressure on the optic tracts or
involving them in the morbid processes, sequels of insolation, intra-
orbital tumours, diseases of the choroid and other intra-ocular
affections, reflex irvitation from branches of the fifth nerve, and
others, Amblyopia is also caused by a variety of constitutional
disorders which lead to ansemia, impairment of nutrition, 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 hsemorrhoidal or other sources, as
also to excessive debilitating discharges, whatever their nature,
to habitual and inordinate use of tobacco and alcohol, excessive

' Amblyopia is sometimes used to express the indistinctness of vision which is
directly dependent upon the third variety named above, viz, diminished trans-
parency in some of the anterior dioptric media. It 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, than to extend it to lowered ‘acuteness of
vision due to canses which are obvious to external observation, 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 retinal
power from structural 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
refinal detachment. Sudden severe shock, or excessive intensity
of light, as from a close flash of lightning, may be a cause of
amblyopia or even complete amaurosis,

Lastly, just as retinal sensibility may apparently be increased
in energy in a healthy 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 visual 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 functional employment. On the other hand,
Ambl. may be induced by continued overstraining of the retina in
prolonged work at minute objects, such as very small printed letters
and figures, especially if the types and accessories are bad and the
printing indistinct, as they are in some cheap modern reprints of
standard works. The ill effects upon the retina are all the more
marked, and oceur the more speedily, when the person is placed
under the influence of circumstances 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 hvight
glare of a tropical sun. Central vision under these conditions isat
first weakened, while the peripheral portions of the retina retain their
normal sensibility ; but, unless the necessary rest from the delete-
rious influences is taken, and suitable precautionary and remedial
measures adopted, the peripheral, as well as the central, retinal sen-
sibility becomes impaired, the visnal field contracts, and, as oceasional
instances prove, the impairment may advance until all visual power
disappears.

From the 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 distinet disease. Tt 1s as a rule the
negative to the positive expression ¢ acuteness of vision." In many
instances the diseases which give rise to Ambl. are unavoidably
obscure, as when they are intra-cranial, so that the effect which is
manifest, viz, the Ambl., can alone be distingunished and named,
x’!_Lgain, in numerous cases where the loss of retinal acuteness is func-
tional, as when it is due to anamia, 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 Diagnosis.—In 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 aggravated
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 j.
moderate size is held closer to the eye in reading than usual, in
order to obtain larger images, and thus an inexperienced observer}=
is liable to suppose erroneously that the patient is myopic.

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 Le its nature, the cor-
rection of it will not lessen the existing Ambl., though in occasional
cases the correction may tend, when associated with other means,
to arvest 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 usnally with Ambl. the sense of
effort or fatigue that accompanies asthenopia, nor the ¢ blurred
vision’ of defective refractive power. 1If the eye be emmetropic
naturally, or has been rendered so by suitable lenses, the ambly-
opic eye will still only be able to see objects under larger 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 faculty of colour perception. Ambl,
will, of course, be found to be accompanied by the characteristic
symptoms of the particular diseused condition which gives rise to it,
when the latter is of such a nature as to be definitely recognised.
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 ophthalmoscopic investigation ;
for, if the exciting caunse 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 carried on without effort, the
restoration of normal retinal acuteness may in some cases be
accomplished.

The following also are 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 nervons power from over-
-stimulation by the bright light of the tropical day and the reflected
glare from the water of the ocean, unrelieved by the variety of
shade and colour which are met with on land. Henes 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 cause. 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 chills 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 overhead cover. Men who have
suffered from hemeralopia appear to be specially susceptible to
relapses on exposure 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
eyes 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
if the condition be feigned, for when it really exists as a functional
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 entertain on the subject.

(b) Nyctalopia, which is sometimes used as synonymons with
night-blindness, really signifies the converse condition of hemeral-
opia, or that the patient can see better at night than he ecan
during the daytime. In this state the disorder of the retina
1s shown by its being unable to bear the stimulus of bright light
owing to hyperaesthesia. The normal acuteness of vision may not be
materially 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 objects 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 when the eyes are shaded by tinted glasses, the
patient moves about with comparative comfort, and sees objects
clearly that he could not distinguish in ordinary daylight. The in-
tolerance to the bright light thrown on the retina by the ophthalmo-
scopic speculum sufficiently 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 deficiency of
choroidal pigment.

In the year 1885 a soldier of the Scots Guards was invalided
from Egypt for symptoms of nyctalopia. He had had iridectomy
performed in both eyes, 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 ab
that time, in a subdued light in a closed room, he could count the
test-dots at the required distance. 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 excluding
excess of light by the action of the irides, caused a good deal of
suffering at the time, and not only induced extreme difficulty of
vision when the daylight was strong, which still existed on his
arrival in England, but also led to a considerable amount of Ambl.
On arrival at Netley, V. of the right eve was = £, of the left eye
only = 4% 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 tumonr, or from any other sonrce, may destroy
visual power in the right or left halves of the two eyes, while the
remaining portions of both retine retain their ordinary power ot
perception. Central vision sometimes remains unimpaired. The
diagnosis can only be made out by noting carefully the field 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 versd. Hemiopia, when confirmed, entirely
unfits a soldier for duty in the ranks.

(d) Scotoma,—Partial deficiency or total loss of vision in an
isolated portion or portions of the retina. Scotomes are occasion-
ally central, or are sitnated near the retinal centre, when serious
amblyopia usually results ; orthey may oceur in ex-centric portions
of the field, and vision be less interfered with. The lesion may

P

b @
Fia. 73.—Heuiopia,

o, right optic tract, snpplying o, the right temporal, and a”, the left nasal halves of the
retinn, Extent of lesion shown by the transverse lines. B, left optic tract, snpplying ¥,
the left tempora’, and ", the right nasal halves of the reting, remaining unaflected, so
that the field of vicw {5 here lHimited to the left hulf of each reting, as indicated by the
objects o oy, and their images at ' &',

oceur 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-



Cuar. VII DEFINITION AND SYMPTOMS OF ASTHENOPIA 318

tion in integrity. In some cases a part of the retina may be
atrophied, separated from the choroid, or may be seen on ophthalmo-
scopic examination to be infiltrated with choroidal pigment, or
there may be localised exudative deposits, or some clot remaining
from blood effusion. In many cases no visible evidence of lesion
can be detected, when the affection is probably of cerebral origin.
Careful examination of the field of vision is the best guide 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 impairment
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 good
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, unduly balanced, or irregular muscular action,
altogether irrespective of amblyopia, which may or may not be
[]rl“ﬁl‘ntl-

Causes. —Fxcessive strain, over-fatigue, or atony of the ciliary
muscle. Weakness of the internal recti muscles relatively 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 musecles concerned in accommodation and convergence,
These causes of asthenopia are often, but not invariably, asso-
ciated with ametropic states of ocular refraction, viz. h ypermetropia,
myopia, and astiomatism.

The symptoms which result from the two sources just named
are in many respects similar, but, the causes being so different in
their nature, the diagnosis between the different forms of asthen-
opia to which they respectively give rise should be clearly made
out, for the principles 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 symptoms are common to both forms
of asthenopia. Reading and observalion of near objects in general
guickly induces fatigue. The effect of continued application of
this kind causes a sense of fulness and tightness in the eves, eon-
gestion, uneasiness about the brow, headache, and varions forms of
nervous disorder. On trying to read. the letters at first appear



174 THE ILLUSTRATED OPTICAL MANUAL Cuap. VII

clear and distinct, but afterwards become blurred, and more orless
cross each other (incomplete diplopia). Conjunctival vascular in-
jection and epiphora follow if the exertion be continued. The sym
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
Asthenopia.—The power of mobility of the eyes must be examined,
more especially the power of convergence of the optic axes. In
accommodatory asthenopia mobility is unimpaired and the conver-
gence of the optic axes perfect; in motor asthenopia the opposite
condition exists. The following is a simple way of examining the
amount of convergent power possessed by the asthenopic eyes.
An object, such as araler, is held up before the face in a line mid-
way between the eyes, 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 outwards. 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
eye, and to direct the other at some object ; if motor asthenopia be
present, the covered eye will be moved by the stronger external
rectus musele, 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 deHection of
rays which is caused by applying prismatic glasses of known
degrees of strength before the eyes. (See ¢ Prisms,” p. 52.)

The symptoms of motor asthenopia 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 horizontally downwards or upwards. The
image of an object looked at by the two eyes will then be displaced
upwards or downwards so far as the eye 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 eyes at a distance of about a foot from the fice,
and a single line is still seen, though elongated, with two dots upon
it, one above the other, no insufficiency is to be supposed 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 though at dif-
ferent elevations, the separation is regarded as a proof of insuffi-
ciency. Supposing 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 insufficiency 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 accuracy of these views regarding ‘ mus-
cular insufficiency * has, however, been frequently questioned, and
other explanations, which certainly appear to be far more satisfuc-
tory, have been advanced to account for the facts observed in the
experiments mentioned. If is not, however, necessary to enter
more fully into the subject here.!

(a) Motor Asthenopin usually 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 accommodation and convergevce is broken. In high
degrees of myopia, in young persons, there may be no demand at
all for accommodation, while the strain of convergence is very con-
siderable. When the distant point of distinet vision is only a
few inches off, the myope will read and work at that r_lial'.unce: in
which case no accommodation will have to be exerted, but for the
sake of single vision there must be the necessary convergence,
Exhaustion follows this excess of strain on the museles of conver-
gence, and the loss of the support that they should normally
obtain from the harmonious co-operation of the funetion of ac-
commodation favours its occurrence. If the patient, to counter-
act the effects of this exhaustion, increases his efforts to maintain
the convergence of the eyes instead of giving them the necessary
amount of rest, the pain and other symptoms of motor asthenopia
follow. If neglected, this state of things may lead to permanent
strabismus. The patient, in order to prevent the annoyance of the
partial diplopia produced by the two eyes, owing to their unsteadi-
ness, not seeing near objects precisely in the same direction, will
use one eye only ; the other will move outwards, and, if habitually
unemployed, not only will squint be permanently established, but
the eye will be rendered amblyopic. This has been more fully
explained under Myopia, 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

! Full explanations of the facts which were relied on by Von Graefe as proofs
of insufficiency of the internal recti muscles, now generally acknowledged to Lave
been erroneonsly relied on, may be found in the last of the admirable lectures
which were delivered by Mr. Brudenell Carter at the Roval College of Surgeons,
on * Certain Defects of YVision.! These lectures were published 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 accommodatory
function unless artificially relieved ; its frequent occurrence also with
unaided preshyopia, when work on small objects at near distances
is persisted in ; and its aggravation in degree if astigmatism, with
the varying struggle of accommodation which it leads to, be
superadded. There is also in accommodatory asthenopia a derange-
ment of the normal co-operation of the functions of accommodation
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 alveady mentioned,
the action of convergence surpasses that of accommodation; bnt
in accommodatory asthenopia, especially when it co-exists with
H., the accommodation has 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 accommodation and convergence no doubt augments the asthen-
opia and the difficulties of the patient. After he has been read-
ing or writing for a fime, or working intently at any close work,
the objects looked at become indistinet, and if only stronger exer-
tion is made to get clear images, instead of sufficiently resting the
eyes, the symptoms elsewhere described are produced. These
symptoms are aggravated by anything that deranges the general
health and nervous system, or lowers the strength of the asthen-
opic patient. But there is not the tendency to eversion of the
eyeball that there is in motor asthenopia. Moreover accommo-
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 hypermetropia, presbyopia, and astigmatism. Irritation from
constant occupation at mnear objects, spasm, general debility,
hysterical states, all become inducing causes of accommodatory
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 produc-
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,



Caer. VII ‘NEPHELOPIA 177

and as far as practicable a normal balance established between
them. The employment of the eyes must be regulated, so that
while, on the one hand, irritation and fatigne are obviated by the
prevention of an excessive demand on the muscles of accommoda-
tion and convergence, especially under unsanitary 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, &c., in tropical countries,
with ill-judged exposure of the eyes to the direct solar glare; on
the other hand, the weakening effects 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.

IT1. NEFHELOPIA.

Impaired Vision, or Dimsightedness, from Causes which obstruet
the Passage of Light through the Eye to the Retina.— Nephelopia,
cloudy 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 canse of rejec-
tion of recruits, and a source of unfitness for further military
service among soldiers in the ranks. Such morbid cha ges, when
they exist to an extent sufficient to cause complete incapacity for
military service, are easily recognised, either by direct ohservation,
lateral illamination, or ophthalmoscopic observation of the eye or
eyes concerned ; but in minor degrees, althongh impeding clear V.,
they are liable, without special care, to escape detection. The
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 arve subject.
The consecutive effects of inflammatory lesions affect vision in very
various 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 so producing con-
fusion of images on the retina; or the opacity may exist to such
an extent, especially if it be central in position, as to obstruct the
passage to the maculalutea of a large proportion ofthe luminous rays,
and thus prevent all practically useful powerof sight. Various morbid
as well as senile changes in the crystalline lens and vitreous
humour lead to similar results. Again the central parts of the
dioptric media may be left moderately clear, but the iris may be more
or less contracted and adherent, so that the pupil, owing to the
smallness of its aperture, will only admit limited portions of the

N
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beams of light proceeding from illumined objects before the eye,
and their brightness becomes lessened to such an extent as to

vent a proper view of them by the observer. This will especially
occur when the subject of such a condition passes from a bright to
a relatively dull light. Morbid states of the eyelids and other
ocular appendages, and many other affections external to the globe
of the eye as well as internal to it, which need not be mentioned
here, will also lead indirectly to changes which interfere more or
less with the visual function by obstructing 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 principally to deal, so far as optical
fitness for military service is concerned ; in their earlier stages such
lesions are matters for surgical treatment.

CHAPIER VIII,

Regulatiors regarding Visual Examination of Recruits—Range of V. necessary in
Recruits — Order 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—Visnal
Angles under which the Target Figures are seen—Figure Targets Optically
regarded—Test-dots and Snellen's Test-types—Degree of Visual Acuteness
shown hy Circular Dots at 10 and 5 feet—By Square Dots at 15 feet—DBy
Square 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 instruc-
tions, dated 1st July, 1870, for the medical examination of recruits
(clanse 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 purpose.” The revised Army
Medical Regulations of November, 1878, qualified in a certain
degree and explained the foregoing requirement of the recruit
“ seeing well,” inasmuch as, while directing by para. 559, p. 90, that
men presenting ‘ defects of vision’ will be rejected as recruits, it
defined in para. 557 that one of the principal points to be attended
to in the inspection of the recruit is ¢ that his vision is sufficiently
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. 6% 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 eyes and their appendages which interfere with clearness of
view of the appointed test-objects at the prescribed distance. The
necessity of a proper search for these defects is comprehended in
the direction in para. 982, p. 171, of the regulations last referred
to, viz. ¢ The surgeon examines the eyes and eyelids,” and is again
alluded to in the succeeding para. 983,

Range of Vision necessary in Recruits.—The recrnit 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 referred to in the regulations
already quoted. 1t is necessary to understand what range and
power of vision are indicated by these test-dots, more especially as
they have occasionally been supposed {o be supplied for indicating
that a recruit possesses a complete range and perfect 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 necessary 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 of 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
range and power of sight fixed, such that the proved possession of
them would render men acceptable as recruits so far as guality of
vision was concerned, while the absence of them would render men
unacceptable as recruits,

Ultimately a particular limit was determined, 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 Departruent,
drd December, 1863.
Sir,—His Royal Highness the IField Marshal Commanding in Chief having

been pleased to notify
¢ That men should not be received into the service who do not see well,

to 600 ;mrd,u at least, a black centre 3 feet in diameter on a whits

ground
I have the honour to request vou will have the goodness to pay strict attention

to this command in the examination of recruits.
(Signed) J. B. Ginsox,

Director-General,

The black centre 3 feet in diameter on a white ground, men-
tioned in the foregoing circular, signified the bull's-eye of the target,

which was used at that time by trained soldiers in practising with
N 2
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the rifle at distances from GO0 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 ascertaining that men counld see the actual bull's-eyes at the
required distance under the conditions in which the examination of
recruits is ordinarily conducted.

Test-dots for Military Purposes.—1I had already snggested in an
article in the Army Medical Reports for 1860 the use of black
dises, formed on principles 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
adopted for effecting the desired ohject. 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 distances apart. no
two adjoining test-dots were placed with a less interval between
them than one equal fo 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 afford
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 simple caleula-
tion of proportion, viz. as 600 yards : 3 feet :: 10 feet : Lth of an
inch. The visual angle of the dot {th of an inch in diamater at
10 feet being the same as that of the large bull's-eye 3 feet in
diameter at 600 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 bein
alike, that if the recruit could distinguish clearly the small bull's-
eyes at 10 feet distance, discerning, among others, the dots which
were only one diameter apart, he could egually see the 3-foot
bull's-eyes at 600 yards as required. It was only for this purpose
that the test-dots were devised—to test the ability of the recruit
to see the 3-foot bull's-eyé at. the prescribed 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.— Tt was found by practical trials that recrnits
could not be relied on for counting correctly more than seven or
eight of the discs at a tine, even though they were all separately
visible to them, and the small bull’s-eves, 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 resruits 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 sce the dots distinetly.

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 eould 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 ultimately adopted in this shape, directions for using it being
printed on the back,

Change from Circular to Rectangular 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 they were cast with vertical and horizontal lines
marked upon them in swall squares. In January, 1868, a corre-
sponding change was directed to be made in the test-dots. It was
ordered that the 2-foot square bull’s-eye should be seen by recruits
at a distance of 600 yards, the same distance as that at which, by
the instructions of December 3, 1863, the circular 3-foot bull’s-eyes
had been ordered to be seen.  In arranging the test-dots to comply
with this order, it was found convenient 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 the recruit.  As before, the distance at
which the test-dots were to be held was determined by a simple
calculation of proportion, viz. 2 feet : 600 yards :: Jth 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, 15876, 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 cireular outlines were reverted to. Not
long afterwards a corresponding change in form of the test-dots
was adopted (W. O. Form 1,1220.) This card of circular test-dots
forms the authorised test for service purposes in recruit examin-
ations at the present date (1388).

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 on
a central point, and as that point becomes the anterior pole of the
visual line, the merit of a particular shot can ouly be fairly tested
by an estimate of the radial distance at which it has struck the
target from the central point aimed at. It is evident that with
square bull's-eyes and centres the shots of two men striking at the
same distance from the central point may be differently estimated.
If the shot of one has struck in the direction of the diagonal of the
2-foot square bull's-eye at a distance of 15 or 16 inches from the
central point, it would count as a ¢ bull's-eye,” while another shot at
precisely the same distance from the central point, but in a direc-
tion perpendicular to one of the sides, would be outside the bull’s-
eye and only count as a * centre.’

Target-centres and Bull's-eyes.— In rifle drill instruction a dis-
tinetion is made between a bull’s-eye and a centre. The techuical
term ‘ centre * might easily lead to misconstraction, as it does not
occupy the position of the real centre of a target. The bull's-eye
in the range-fargets hitherto in use has consisted of a black figure
on a white ground, varying in size according to the distance at
which the target has been placed, and according to the class of
marksman firing at it. Outside the bull's-eye was a white space
bounded by biack lines. The space within these lines and be-
tween them and the bull’s-eye was called the cenfre. Outside these
lines was the remainder of the target, and in target practice the
stroke of a bullet which neither hits the bull's-eye nor the centre,
but hits the target beyond their limits, is spoken of as an ¢ outer.’
When the rectangular bull's-eyes and centres were in use, the size
of the bull's-eye aimed at by recruits and soldiers of the 1st Class
was 2’ x 3', used for distances varying from 450 to 800 yards: for
the 2nd Class, 2" x 2, for distances from 250 to 600 yards; of
the 3rd Class, 2" x 1', for distances from 50 to 300 yards. The
size of the bull's-eye ordered to be adopted as the test for
vision was therefore that of the bull's-eye used by marksmen of the-
2nd Class. When the circular ball's-eyes and centres were re-in-
troduced, the diameter of the bull's-eye for the 3rd Class was 1 foot,
and was fired at by recruits from 100 to 200 yards, and by trained
soldiers from 200 up to 300 yards; of the 2nd Class was 2 feet in
diameter, and was fired at by recruits from 800 to 400 vards, and
by trained soldiers from 500 up to 600 yards; of the 1st Class was
3 feet in diameter, and was fired at by recruits from 500 to 600
yards, and by trained soldiers frem 700 to 800 yards (see Rifle
Exercise and Musketry Instruction, 1879, Part VI, p. 245, &ec.).
“The black circular test-dots used in trying visual power had refer-
ence, therefore, to the bull's-eyes used by marksmen of the 1st Class.
Still more recently further changes have been made. By the latest
regulations (Musketry Instruction, Provisional, 1884 ; and G. O.
8, March 1885), the bull's-eye on the 3rd Class target, which 1is
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fired at by recruits from 100 to 200 yards, is 12 inches in diameter ;
the bull's-eye of the 2nd Class target, fired at from 300 to 400
yards, is 2 feet in diareter ; that of the Ist Class target, from 400
to 500 yards, is 3 feet in diameter. The 3rd Class target is fired
ab by trained soldiers in their annual course of practice at distances
varying from 150 to 300 yards ; the 2nd Class target, from 500 to
GO0 yards ; and the 1st Class target from 700 to 800 yards,
Visual Angles subtended by the Target Bull's-eyes at different
Distances.—There is only exceptional uniformity in respect vo the
visual angles which the bull’s-eyes subtend at the different distances
they are tired at. The 12-inch bull's eye at 100 yards has a visoal
angle of nearly 12’ (11’ 28"), and consequently the same bull’s-eye
at 200 yards, the 2’ bull’s-eye at 400 yards, and the 3’ bull's-eye at
600 yards are all seen under equal angles of 5’ 44", The 1’ bull’s-
eye at 800 yards, and the 2" bull's eye at 600 yards, are each seen
under visual angles of 3’ 50". The 3' bull's-eye at 500 yards’
distance has a visual angle of 6’ 54", while at 800 yards it has a
visuul angle of 4’ 18”. The largest visnal angle presented by a
bull's-eye at any distance is the 1 foot bull's-eye at 100 yards’
distance, viz. 11" 28", and, therefore, having the largest apparent
size, should, other things being alike, be the most distinctly visible
to a marksman. As by Snellen’s standard such plain black objeets
on a white ground ought to be seen by an eye of average normal
acuteness of vision under a visual angle of one minute, or, by
Burchardt's sight-tests, under a visual angle of 2:15 minutes, it
follows 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 employed has been by no means a severe one.
Figure Targets for Range Practice—A notable 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 practice. ‘Figure Targets’ and * Head and Shoulder Targets,’
which were previously restricted to so-called ¢ Field Practices,’
have now become ordinary targets for range practice. The bull’s-
eyes, 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
3rd Class target, when the bull's-eye is ordered to be marked
white. Im all other cases a black figure representing the shadow
of a man is to be painted on the target, and to be the object aimed
at, the bull's-eyes being only marked 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-
eye and centre line are so marked that, although they are not dis-
tinguishable by the firer, they are visible to markers 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-eye, and a hit outside
the centre as half the value of one on the bull's-eye. In certain
practices hits on the figure only have a value, and the value is equal,
whatever part of the figure may be struck. For range practice in
the 5rd Class target only one figure is shown; in the 2nd Class
target three figures, placed side by side; in the st Class target
four figures ; while in the target for volley 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 visual angles under which the bull’s-eves
in the several classes of targets 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 ut are as follows :—

Distance, Distance.

100 yards = 1° &' 16" 60 yards = 0°13' 45"
150 ,, 0 45 50 Goo 0 11 28
200 0 34 26 To0 0 9 50
S00 023 14 8O0, 0 8 16
100 ,, 0 17 11 ,

The visual angles formed by the breadth of the figure, both the
broader and narrower parts, mayv be at once determined by the fore-
guing table, for the visual angles subtended by the part 2 feet
across will be one-third, and by the part 1 foot across one-sixth of
the dimensions of the visual angles under which the height of the
figure is seen at the different distances specified in the table. In
like manner, on three figures being joined tozether in the 2nd Class
target, and four figures in the Ist (Class target, the visual angles
under which the combined broad parts of the Joined 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 target the
width at this part will be trebled. and will be the same as the height,
viz. 6 feet across; in the 1st Class target, in which four figures are
placed side by 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 acquaintance 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 distinguish.
them for practice as a marksman, light and other conditions being
alike. The fact that the visual angle is greatest in the vertical
direction in the Srd 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.—It 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 figure has an equal value, while a hit any-
where outside it is regarded as a miss, are open to the same objec-
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
figure, about 8 feet from the centre, cannot have the same opbical
value as a hit which may be under a foot in certain directions
from the centre, and yet is not admitted to be a hit at all in
musketrjr 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 probably explains the fact of their being estimated at equal

values in musketry practice, whatever their distance from the
centre may be, so long as the hit is within the outline of the figurs,
The men under instruction are still tanght to try and hit the
centre of the object aimed at, on account of the margin this allows
for variations in direction and elevation, and 1t is in accordance
with this principle that the circles representing bull’s-eves and
centres are retained, though they are only visible to the markers
in the range practices. They enable the superior quality 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 11re-spe::t1ve 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, optically regarded, for it puts
different degrees of accuracy of aim, and probably different gualities
of sight, all 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 defect, 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-types was printed for distribution among the medical
officers of the British army.! Dr. Snellen at my request intro-
duced the test-dots among his test-types, and it may be observed
that he placed above them the number 54, to indicate the number
of Paris feet, equal to 57 English feet, at which the test-dots ought
to bz held for testing normal acuteness of vision. At this distance
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
visual angle under which an object is visible by an eye possessing
average normul acuteness of vision under ordinary conditions.

But, as all Dr. Snellen’s types and figures are rectangular
objects, while the test-dots introduced among them are circular, it
follows that a difference of calculation was required for the test-dots,
The difference between the area of a circle 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 normally acute vision, a circular object one-fifth cf
an iuch in diameter would, in proportion, be only visible by an eve
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 acufeness 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 circular
test-dots one-fifth 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 production of the image on the
retina, being equivalent to that of the bull's-eye 3 feet in diameter
when seen, as ordered, at 600 yards. As aiready explained,
similar test-dots held at the same distance are again employed for
testing the vision of recruits, and form the authorised standard by
which their acceptance or rejection is at present regulated. Bat
it has been shown that under average normal acuteness of vision
they should be seen at a distance of about 43 feet. Therefore,
since 10 : 48 ::1 : 43, it follows that recruits 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,
if Snellen’s test-types were used instead of the test-dots as the
standard of visual sufficiency, a recruit would be accepted who

' Test-Types for the Determination of the Acutencss of Vision. By H. Snellen,
Second edition, Utrecht, 1864,
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could only read the 20-feet type at a little under 5 feet distance
(4 feet 7% inches) instead of the full distance of 20 feet.

Visual Acuteness shown by Counting the Circular Test-dots at 5
feet.—It is ordered in the Regulations for the Militia, 1883, p. 32,
that a medical officer, in the examination of a militia recruit, 1s to
ascertain * that his vision is good, or at least sufficiently good to
enable him with his right eye to discern objects clearly at not less
than 300 yards;’ and it is laid down in the directions on 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 fth 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 counld 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 figure 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 required 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
than one-third of normal V. (15 : 54 ::1 : 3:6).

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

' Caleulation of Distanee with respect to Visual Angle —The distance at which
an object, the measure of whose extreme limits is known, oughg to be placed in
ordi r 10 subtend an angle of one minute may be roughly ascertained without
difficulty, for the radius of the circle of which that measure forms part nnder the
angle named will give very closely the distance required.

Thus, taking the 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 be 360 feet. The diameter being equal 10 the
circnmference divided by 31416, the radius will be 57 English feet, omitiing frac-
tions. Therefore at 57 feet distance the visual augle of the 0-2 of an inch test-dot
will be one minute. All the distances in the English edition of Snellen’s test-types
(1864) were stated in French feet, and, as the ratio of English to French feet is
46 : 49, so, omitting fractions, the 57 English feet would be equal to 54 French
feet, the number stated above the test-dots in Snellen’s 1ables,

A fact, easy to remember, is that a circular ebject, when removed to 2 distance

equal to 57 times the measure of its diameter, is seen under a visual angle of one
degree.
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Recruiting. Horse Guards, 3rd August, 1870,
Circular Memorandum,

With reference to the instructions for the medical examination of recrui‘s,
dated July 1, 1870, it is notified that the medical officer will adhere strictly to
the necessity that the vision of the recruit be sufficiently good to enable bim to
see clearly ; that paragraph 8 of clause D) be carefully attended to. but that
graph 8 of the same clause, ns regards short sight, is so far mudified that each
te=t-dot on the card now required to be seen distinctly at 15 feet may, till further
notice, be tested for a distance of 10 feet only,

Crem. A. Epwarps,
L 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 at 10 feet only. The required standard of V. was thus lowered
from .- to -1 of average normal acuteness of vision.

Reduction of required Visual Acuteness limited to that caused
by Myopia.—It should be noticed that the circular 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 resulting 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 : merely the range
of vision within which myopic recruits were requived to see clearly
was curtailed. At the present time no special limitation is in force
as regards myopic relatively to other recruits. The existing regn-
lations require that the civcular test-dots shall be seen distinetly
enough to be counted correctly ati a distance of 10 feet by all recruits
of the regular army alike, excepting those for departmental corps,

Quality of Vision tested by the Dots a Minimum Quality. — It
18 not to be forgotten that the examination carried out by the card
of test-dots is for a minimum quality, and that an unknown numbep
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. The 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.—When employing the test-
dots for trying the power and range of vision of recruits, it is
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 60O vards. This is the range of
vision required for recruits for the regular army except those for
departmental corps,
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Divections for using the ¢ Pest-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 regular 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.

3. Examine each eye separately. The eye not under trial should
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 recruit to name their number and positions ; vary
the groups frequently to provide against deception,

The Test-dot Card must be kept perfectly elean.

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 Eve to be avoided
—Application of Test-dots—Relative V. of Right and Left Eve—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 with M. —Disqualifying Degree
of M., H., Ast., and Ambl. - Weak V., from other Caunses —Colour-blindness
Degree of M. which does not disqualify for Service—Visual Qual ity essential
for Soldiers—For ditferent I'arts of an Army—Degree of M. which disqualifies
for Service—Myopic V. of g5, or 1'16 D.—M. = & or 125 D.—Ametropia in
Continental Armies—=Spectacles not worn by Soldiers in the Ranks—Spectacles
at Musketry Instruction—YV. necessary for Commissioned Off cers— Declaration
concerning V. by Candidates for Commissions—Blindness of One Eye
Quality of V. required for the Line—For the Indian Govt. Services—Attempts
at Deception—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 Royal and Indian Navy—Impaired 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 [llustration—Simulationof Defective V. seldom attempted
by British Soldiers.

1. Visual Examination of Reerunits.—The visnal 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 tesi-
dots leaves some ground for doubting its accuracy, the additional
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examination may perhaps oceupy 10 or 15 minutes, and it is best,
therefore, to allow the recruit to dress himself before this further
examination is begun,

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

2. Appliances for Visual Examination.—If a particular exami-
nation of 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
optical 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 necessary, and a good perimeter is desirable. Full sets of
lenses afford facilities that cannot be obtained by any other means
for solving complicated optical defects, 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 estimates ®f 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-
cruits is conducted should be well and equally lighted in all direc-
tions. This arrangement is especially important in testing vision.
The light falling on the test-objects to be looked atishould resemble
the ordinary external diffused daylight as nearly as possible. It
should neither be dazzling nor obscare. Tf the examiner’s V. is of
normal standard, or its degree is known to him, the sufficiency of
the available light can readily be tested by personal observation.
The eyes of the men to be examined should be habituated to the
degree of 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 lines, showing distances in feet, 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-eyes are used.
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 useful. They should be suspended on a
level with the eyes of the person to be examined.
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In conducting the examination, the soldier or recruit is placed
with his back towards the window or source of light, so that while
his eyes are in relative shade there is a full illumination of the
types or dots by which his sight is tested. This is important as
regards both the large and small types when test-types are used,
but particularly so as regards the small types for trying near
vision.

A range of 6 metres, or 20 feet, is essential for appl ying the
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 suitably placed in relation to the source of
light.

g 4. Separate Examination of each Eye.— It is always necessary
to test each eye separately. It will not often be found, even under
healthy conditions, that the absolute refractive qualities of the two
eyes of the same person, independent of accommodatory exertion,
are precisely alike ; but in defective conditions of vision the differ-
ence between the two eyes is usually more marked., It has some-
times occurred that a man has been blind in one eye without
knowing it until’attention has been directed to each eye separately
by optical examination,

5. Defedt of Vision in either Eye of a Recruit.— Under existing
rules the existence of defective vision in either eye is a cause of
medical rejection of a recruit seeking enlistment, Though the
right eye may be up to the standard, if the vision of the left eye
be so defective as to prevent the recruit from being able to count
the test-dots with it, the orders are that he must be rejected. He
must see clearly with each eye separately at the regulated distance.
In the former days of long service with the colonrs the chances of
the sight of the normal and efficient eye becoming independently
affected by disease originating in the exposure and cther eauses
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
authorised standard of visual acuteness before he is passed fit for
acceptance as a soldier.

6. Pressure on the Eye.—In examining the eves separately, an
assistant should cover the eye not occupied in regarding the object,
and not the man himself, If the man be allowed to close it he
will probably, from carelessness or nervousness, exert undue pres-
sure on the globe, disturb its condition for clear vision, and cause
delay until this disturbance is recovered from. The assistant who
covers the eyes shonld be taught that if any pressure be made it
should be limited to the margin of the orbit. The object is simply
to exclude light by closing the lids or shading the licht with
the hand ; the eye itself should not be pressed upon. If andue
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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 visual power.
The assistant; should be tanght to cover the eye by the palm of the
hand, formed into a hollow for the purpose. If the fingers are
employed, they are apt to press upon the globs, and there may in-
advertently be vacant spaces left befween them; in which case,
either accidentally, or intentionally taking advﬂ,nta,_zt‘ of the oppor-
tuunity, the eye not under examination may look through one or
other of these openings.

If a trial case of lenses be available, it is still better to use the
spectacle frame, and to place either a ground glass or opaque metal
dise, both of which are usually supplied with such cases, in front
of the eye not under trial. Not only is pressure on the globe thus
prevented, and all chance of the person seeing through chinks
obviated, but the freedom of movement of the eyelids 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 npright before him at the prescribed distance—I10 feet in the
caze of a recruit for the regular army, and 5 feet for militia and
departmental corps recruits—and he is asked 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
dots 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 Reeruit.—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
is not doing his best to try to see them clearly, especially if he
should succeed in counting them correctly when they are held at
some point neaver to him than the l}rewerlbt'd distance, he is then
rejected as-unfit for service on account of * defective vision. The
regulations do not require that the nature or r]e-gree of the defect
should be particularly stated at the first inspection of recruits.

9, Relative Visnal Acuteness of the two Eyes.—As recrnits in
aiming and firing practices are tanght to use the right eye only,
the left being clnseﬂ it seems 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, particularly
under a system of engagement for short service. Compliance with

' The following regulation on the application of tes*-dotsis given in paragraph
098G of the latest published Army Medical Regulations of 1885, *In examining
a recruit’s vision he will be placed with his back to the light, and made to count
the dots and desceribe their position at the distances specified on the test-dot card,
first with both eves and then with each separately: the medical officer will
lr}rllnip?lnm the card, while the assistant covers each eye alternately with the flat
of his hand,
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the authorised standard of visual power does not exclude a man
who has simple M. of about 1'5 D, or 3';. And, supposing this to
be the degra& of M. of his right eye, although the M. were as high
as 3 D, &, in his left eye, there hardly seems to be any valid reason
az rﬂ.inat accepting him as a recruit. Even if the visual acuteness
of the left eye were lowered by the M. being complicated with
Ast., so long 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 good ground, therefore,
under the present system of using the rifle, for rejecting him as a
recruit if he be eligible in all other respects.

The quality of vision of the left eye seems to be regarded as of
minor importance in the case of recruits for the militia, for if is
spacified, with regard to the medical examination, that one of the
principal points to be attended to is that the recruit’s vision is good
or at least sufficiently good to enable him with his right eye to di
cern objects clearly u.t not less than 300 yards, while no quality o
vision is referred to as mgaﬂh the left eye.—(Regs. for the Militia,
W.0. 1883, Part I. sec. 2, p. 32.)

10. Defective V. dua tu Nephelopia or opacity of some of the
Anterior Dioptrie Media.—Diminished translucency of the central
portions of the cornea consequent on keratitis, diffused deposit of
lymph on the capsule of the crystalline lens after iritis, and, indeed,
cloudiness of the anterior media of the eye from any cause, even
thongh they may not exist to such an extent as to be readlly
obvions to external observation, cause indistinctness of vision from
the diffusion of the rays of light 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 beyond that distance. It is questionable,
unless there is an urgent demand for recruits, whether a man
should be regarded as fit for military service ander such conditions,
especially if the right eye is concerned, althongh he is able to count
the test-dots at the prescribed l]l‘ﬁl‘ﬂrlll?? Tt is not merely that a
maximum limit of 10 feet in comnting 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 inflam matory action exists, and should this take place an aggra-
vation of the existing defect is almost inevitable.

11. Procedure when Imposition is suspected. —In the Brifish
service, as recruits are for the most part men voluntarily seeking
enlistment as soldiers, not like the majority of conseriptsin Con-
tinental armies trying to escape enlistment, if any efforts at all are

made by them to pr actise im position, they will probably 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 whe has
volunteered for enlistment has changed 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. Visual Examination at Secondary Inspection of Reernits.—
Many instances have occurred in which a recruit at first examina-
tion has been passed fit in respect to visaal 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 give
a succession of wrong replies as to the number of dots exposed to
his view. Great caution should be exercised in such a case as to
the rejection of a recruit. 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 has been overlooked at the former inspection to substantiate
the man’s statement, a case of this kind is calculated 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
published in the Army Medical Regulations of 1885, para. 987 :—
* A recruit whose vision has been tested and pronounced good on
a primary examination will not, through his own declared inability
to see the test-dots on secondary examination, be rejected 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 recruit should not
only possess sufficient central acuteness of vision, but that he shonld
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
cause especially unfits a man for military duty, for it disables him
from mnoticing the objects by which he may be surrounded on the
defective side and, consequently, 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
explained, and a deficiency in it is not in any degree supplied or
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compensated 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
eyes, 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 deficiency in part of the field of vision is to be
ascertained has been already described (see page 12).

14. Visual Examination of Trained Soldiers.— W hen it is neces-
_ gary to determine the V. of a soldier already in the service, the
general manner of conducting the examination is the same as
with the recruit, 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 trained soldiers already
serving, a complete examination is required, as more important
issues depend on the decision at which the surgeon may arrive,
The question usunally submitted to the medical officer is whether
the inefliciency of a soldier who shows himself to be a specially bad
shot at particular distances at the annual course of musketry in-
struction, or who shows himself incapable of judging distance with
an approach to correctness, is due to some visual defeet or not.
The nature of the defect, if defeect 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 by 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, such
as limitation of the field of vision, as well as disorders of its appen-
dages, being understood to be excluded, the subjects of complaintare
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 crystalline lens of the affected
eve should be subjected to minute observation. In the case of a
recruit at secondary inspection, defects may possibly be found to
exist in these structures sutlicient partially to obseure 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 eyesight
had been properly applied. They may equally exist in the case of

o2
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a soldier serving in the ranks, without being visible by ordinary ob-
servation, as the result of some inflammatory action to which the
eyes have been subjected. This preliminary inspection is important
and should invariably be made.  Considerable time is often wasted
afterwards when it has been neglected,

18. Lateral Tllumination.—The superficial examination is very
rapidly made by latersl illumination, and indeed can only be
thoroughly accomplished by its means. Lateral illumination sig-
nifies lighting up the parts required to be observed by concentrating
upon them a pencil of rays cast in an obligue direction. The man
is brought near the window of the room, one of the bi-convex object
lenses in the optical case is placed verticall y near the outer angle
of the eye under observation in such a way that the light passing
through it is made to converge upon the cornea, or through the

Fie, T4.—Larerarn Inoosmmsation,

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 ophthalmoscopic room is used as the source of light, but
is sufficiently marked by solar light 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
exudations at the margin of the pupil, posterior synechie, com-
mencing cataract, are mads most obvious to observation, while the
pencil of rays at or near its focus is made to play upon each structure
at pleasure. Nothingean 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 mamnner just deseribed. If
minuter observation be required, the objects while thus illuminated
by a lens held in one hand may be magnified by a second lens held
within its focal distance by the other hand in front of the eye, with-
out impairing their brillianey or distinetness of outline (see fig. 74).
A little practice will enable the operator at one and the same time
to direct the apex of the luminous cone proceeding from the lens
held between the thumb and forefinger of one hand upon any
point of the anterior segment of the eye at pleasure, while he so
adjusts the lens held between the thumb and forefinger of the
other hand in front of the eye as to obtain the enlarged 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 eye; but if
nothing abnormal can be thus detected, the examiner must proceed
further, 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 on
examination to count them at some distance short of it. Equally
the soldier who has not been able to read the 20-ft. or G-m. types
at the proper distances is able to read them at some fixed distance
nearer to the eye. In both instances V. is much improved, and
the dots and types distinguished farther away by the application
of a stenopeeic hole.  The Me. soldier is found able to read the small
No. 1 or 05 types at or near the distance of 12 or 20 inches respec-
tively from the eye. 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.,
in relation to age, will help in the diagnosis, and, farther, the use of
the convex spectacles, as explained in the section on Myopia, will
tend to remove any doubts that may remain. But the refractive
condition of the eye should always be objectively determined by
the ophthalmoscope in suspicious cases, in the manner described
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 probably
lead the surgeon to suspect the affection under which 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 difficulty, 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 Acc. 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
should be established objectively by the ophthalmoscope as well
as by the convex spectacles, as already explained in the section
on H.

21. Detection of Astigmatism.—If the man under examination
has exhibitd hesitation or particular diffieulty in recognising the
letters or counting the dots at any distance, and the tests for
simple H. and M. are not readily responded 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 astigmatic 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 distingnish 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 distinctly seen at any
distance, and that larger-sized type is held nearer than normal to
the eye, the recruit 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 eyes. If he now sees distant objects
worse than he did before, his defect is almost beyond doubt some
form of Ambl.; forthe concave glasses which would improve vision,
if he were myopic, render vision worse in Ambl. by diminishing the
retinal images. When the convex 4 D spectacles are placed
before his eyes, if the man under examination be emmetropic but
at the same time amblyopic, 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 question.
If a man be Mc. and look through the stenopceic aperture in a
metal diaphragm, or through a pinhole in a card at distant objects,
he will perceive them far more clearly; while if he be amblyopic,
there will not only be no improvement, but the objects will appear
more obscure. A person affected with a high degree of M., as
M.=4 D or 5 D, will probably be able to recognise Snellen’s
moderately sized fypes (D=2 or 2-25) at double the distance when
regarding 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.

23. Amblyopia complicated with M.—M. may be complicated
with Ambl., and if is important to distinguish simple short-sighted-
ness from short-sightedness with this complication. In the latter
case, when the + 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.
is completely corrected by suitable lenses, and hence a ready mode
of establishing an exact diagnosis between simple M. and M. with
Ambl. is afforded. Having 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 amblyopie he will only be able to see tyvpes of larger
sizes 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 discase must be solved
by ophthalmoscopic examination.

24. Regulated Conditions under which M. disqualifes 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 recruit.
Myopia, therefore, when accompanied with V. inferior to ;'5 Sn.,
disqualifies for military service. No special degree of M. has been
fixed on as disqualifying for military service, but the disqualifying
degree may be approximately 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 rales is disqualified
for service. Hypermetropia, accompanied with V. inferior to 3,
therefore excludes from enlistment as a recrnit. 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 exerting Ace. from any cause, and that they are
sure to be aggravated by anything that weakens the soldier.

96. Conditions under which Ast. disqualifies.—The same rule
applies when the eye is found to be astigmatic. Ast., therefore,
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of any form, when it is accompanied with V. inferior to iv3; excludes
from enlistment as a recruit.

27. Disqualifying Degree of Amblyopia.— The general rule that
the test-dots must be counted readily at 10-ft. distance by each
eye determines the disqualifying 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 feet
from the eye, it disqualifies the man for military service. It is not
ordered that the cause of the Ambl. is to be determined in the case
ofareernit. 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 previous inflammatory
action will be found in most of the instances comprised under this
heading ; but whatever the visual defect may be in a given case, or
whatever may have been the pathological conditions or lesions which
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 degree 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 soreduced 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 which originated if, in
which case an aggravation of the defect might be anticipated, even
though the man could pass the test-dot examination, it would
manifestly, under the eircumstances, be imprudent to declare the
subject fit for military service; while the same condition in a trained
soldier would not justify his discharge from the service on the
mere assumption of a similar tendency.

29. Disqualifying Colour-blindness,—Colour-blindness is not
specially named in any military regulations as a ground for reject-
ing & recruit for the ranks, and recruits are not usually 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 capability of distingnishing
colours, and if they are discovered to be colour-blind, the defect is a
cause of rejection. They 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. Tt is obviously necessary that medical officers should
possess normal colour-perception, as they are the usual examiners



Cuar, IX DEGREE OF MYOPIA ALLOWABLE IN RECRUITS 201

for colour-sense in others. The conditions 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 VI.

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 tested, he must be
regarded as visually 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 equally apply to soldiers in the ranks. Hemiopia, and
especially loss of the temporal portion of the field of view, due to
causes occurring subsequent to enlistment, afford sufficient ground
for the subject being brought forward for discharge from further
military service.

3 1. 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 eye,
from the natural near point of distinet vision up to the remotest
distance ; gnd this faculty can only exist when the eye is Fme,
or so nearly so as not to exceed 005 D of ametropia, and when the
Ace. is also normal. At the same time the left eye, or eye not
employed in taking aim, ought not to possess less than three-
fourths of the normal standard of visual acuteness.

2. Degree of M, permissible in Recruits by existing Orders.— As
M. is by no means an uncommon affection, though far from being
a8 common as it is in some foreign countries, it becomes important
to be aware of the degree which, according to existing regulations,
allows a recruit to be passed as fit for military 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 placed on sentry to guard, becoming
endangered owing fo his limited range of distinct view, especially
as daylight 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 experimental
observation of the degree of uncomplicated M. which admits of the
test-dots being counted at the distance, 10 feet, which determines
recruits to be eligible 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
distinguishing 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

pertect 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

enfering the eyes as well as of eliminating the confusing effects of
diffusion of refinal images, in habits of observation of objects,

quickness of perception, and other influences of the kind. Bat

taking the average of a number of trials, at about the ordinary ages

of recruits, 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 daylight. The test-dots

are seen mistily ; they may appear more or less altered in form, but

they can be sufficiently distinguished to admit of being counted.

The present test-dot standard for vision of recruits, therefore,

admits men with an amount of M. = 1:75 D, and with visual

acuteness less than 1 Sn. (3;). It will usually exclude degrees

of M. higher than 1-75 D.

33. The Qualities of V. which are needed in different Parts of an
Army.—The M. which would make a man unsunitable 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
cavalry 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 staff corps. Just as there are different standards
of height, girth of chest, &e., 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 riflemen, artil-
lerists, and cavalry soldiers, ¢ the eyes of the army,’ should especially
be as free as possible from short-sightedness, hypermetropia, 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 visual range, are essentially important, can only be
determined after a definition by military authority of the exact
requirements in those several parts of the service. It is the pro-
vince of the military authorities to settle the degrees of V. which
are necessary for the military duties and responsibilities 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 they may be destined for.

51, 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 selection and acceptance of men for service—remembering, too,
that only one rule 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 conseription is in force, and very large armies are main-
tained, it is an object not to allow any men to escape conscription
who can be turned to useful account in military service—if not fit
for one branch, then to utilise them for some other—so that only
an extreme degree of M. iz allowed to exclude altogether from con-
seription. In a country in which veluntary enlistment and high
wages are the rule, it is the object, as far as practicable, not to accept
any men who are not sufficiently 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 trustworthy discharge 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 framing rules on the subject, in
order that the required degree of military efficiency may be attained.
To admit recruits with M. of about 7 D, with which conseripts are
admitted in Italy and France, and other countries, or even with 3 D,
and then to draft them for service as rilemen, would be a wasteful
pecuniary outlay in the English army. Experience proves that
the higher degrees of M.—M. of 7 D and above—rarely exist with-
out the existence of posterior staphyloma and a tendency for the
M. to increase. Considering, moreover, the amount of military
service which is passed by a large proportion of the British army
in India, and the ill effects resulting from the over-stimulation of
the retina of a myope by tropical light, the expediency of admit-
ting men into the ranks of the army with such a degree of M. as
is compatible with the present test of counting the test-dots at a
distance of 10 feet, appears to be very doubttul. It seems to be
very questionable whether any man with M. = 1-75 D ought to be
accepted 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 in which the Martini-Henry rifle constitutes the firearm in
ordinary use, or in any part of the service where precision of vision
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 of chest, and other physical
conditions required in recruits are varied according as they are
urgently wanted or mnot, or according as the supply of them is
scarce or plentiful, so also it may be expected that the regulations
regarding ametropia will be varied. In case there are more re-
cruits to 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.

89. 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 indistinctness. 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 enough, his features are not separately
distinguishable. An acquaintance 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, though striking contrasts in uniform, such as stripes on the
sleeve, medals, differences in colour, or peculiarities of carriage and
of movements of the body, are sufficiently obvious, even under
moderate light. At a distance of 50 yards and upwards groups
of five or six persons standing together before a moderately dark
background cannot be readily separated from one another so as to
admit of being counted with accuracy. Dark objects on a white
ground, such as large black letters on a white notice-board, appear
lighter, and the white ground appears darker, than they really are,
while the letters are so spread out that they are altogether indis-
tinguishable at a distance at which an eye with normal vision ean
recognise the painted words without difficulty. 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
ouf when the accidental 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 background, or
when a well-known object such as a horse is in movement on a
road. Even this last object ceases to be distinguishable at a dis-
fance of seven or eight hundred yards if it be passing by a dark
background such as a belt of trees. The want of clearness of view
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increases, and the power of recognition diminishes, in proportion
as the intensity of light: diminishes, so that on g day when the sun
is obscured by cloud, and the light therefore comparatively dall,
but not so dull as to interfore 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 yiew through greater
diffusion of the peripheral rays. Still more difficult does it become
for such myopes to distinguish particular objects after sundown,
even when there is sufficient light for men with Eme. vision to be
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
they retain this power at periods of life when conyex spectacles
have become a matter of necessity to persons with Eme. vision ;
but obviously this special power is of scarcely any advantage so
far as military service in general is concerned, while the morbid
changes to which all Me, eyes under certain conditions are liable,
especially in tropical countries, and the risk of the M. becoming
progressive, cannot be ignored,

The visual difficulties just now described 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 greatly aggravated when the atmosphere from any cause is not
clear, as when there is fog, mist, or when rain or spow is falling.
Under these conditions, the view of objects becomes more or Jess
obscured, according to the amount of rain or watery vapour in the
air, to all persons, however acute their power of sight may be;
but in the case of the myope the obscurity is much augmented
relatively to an emmetropic person from the effects of ray-diffusion.
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
through 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 distance, and distant hills
may appear clouded and have a general grey hue, the myope finds
a difficulty in recognising many of the objects before him. The
whole prospect appears lighter in colour, and the prineipal 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 nearer approach to
uniformity of tint, and blend together more intimately. If the
myope have a higher 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 rigging
fade from sight altogether. If the M. be still higher in degree,
such as 4 D, even large objects in the foreground are quite con-
fused ; while such objects as the ship and the water on which it
floats, 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 diffused and mixed together, from the
scattering of the rays attendant on the Mec. formation of the eyes,
and increase the general obscurity of the landscape presented to
view. Even sunitable 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 destroys its translucency.

The injurious 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.

1/]/ When the quantity of light is much lessened, as 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 light 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 through the enlarged pupil. The vision of the myope, on
the other hand, is on the whole rendered worse by the occurrence.
A greater amount of light 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
circles are more widely spread, and increased indistinctness of view
is the result.

36. 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. = 175 D, is considerable. If
the test-dots were ordered to be counted, e.g. at 15 feet, myopes
with M. = 125D would be just capable of admission, and of
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course all lower degrees of M. could pass the test; but myopes
with M. =175 D and upwards would be excluded.

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 D = 6 Sn. in good light at about 3 metres, showing V= 1
and has a distant point of distinet vision for 0-5 Sn. at 74" with
the 10” convex lens before it.

7. Degrees of Ametropia which exclude from Service in Cop.-
tinental Armies.—In continental armies the degrees of ametropia
which render men unfit for military service are always very high
dégrees. But it must be remembered that these armies are raised
by conseription, and the degrees of ametropia which have been fixed
for excluding from m:litary service are those which are u nderstood
to cause total unfitness for military avocations, not merely such as
unfit men for becoming reliable and good riflemen. The important
point is not to be forgotten, too, that in armies raised by conserip-
tion, if a conscript is affected with a less degree of ametropia than
the absolute disqualifying degree, but still one that unfits him for
bacoming a good rifleman, cavalry vidette, 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 them, too, correcting glasses
are permitted to be used., The system of the British army, as
already mentioned, does not arrange for distribution of men or, the
same principles.

The limit to which V, of the Rt. eyve may be reduced withont
incapacitating men for military service varies in different continental
armies. In the Austrian army reduction of V. of R, eye to 4, in
the Italian and Belgian armies to }, and in the French and (German
armies to 4 of normal V. unfits for service in the ranks. In the
Swiss army no reduction of V. of R, eye 18 permitted in the artil-
lery, while the minimum for infantry is £, and for other troops 4 of
normal V. The extreme is, therefore, the limit of + in the French
and German armies. Supposing the average width of the body of
a soldier equipped for field service to be abont 18 inches, he would
in this direction subtend a visual angle of 1" at 1,710 yards’ distance;
and, circumstances of ground, atmosphere, light, &c., being favour-
able, he should be discernible by a soldier having normal V. at that
distance. If V. be veduced to Ith, he would, under like cireum-
stances, not be seen beyvond a distance of about 427 vards, and it
is presumed that this distance has heen regarded, in the armies
before named, as sufficient for the ordinary needs of military
service,

38. Shortsighted Men at Musketry Instruction.—One of the
regulations regarding musketry instruction provides that, ¢ when a
medical officer certifies that a man cannot see beyond a certain
distance, he must five 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). Shortsighted men being thus permitted to wear
spectacles, if no ocular defect excepting 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 corresponding 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 arrangements, glasses were allowed to be worn in the
English army as they are by parts of the troops of some conti-
nental armies which are raised 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
employed, excepting after great delay; while, if the glasses were
damaged or broken when the men were on active service ouf
of Europe, there would frequently be almost insuperable difficulties
in replacing them, and this would just be the occasion when they
would be most urgently and speedily required. The want of edu-
cation in respect to the use of such appliances, and the habits of a
large number of the men composing the ranks of the English
army have, no doubt, also been taken into account in withholding
official permission for the use of spectacles by soldiers. Moreover,
though the spectacles may be pertect in correction, when dust, rain,
condensed moisture, or other matters interfere with their trans-
parency, and, therefore, with their utility, accontred infantry
soldiers carrying 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 probably been the principal reasons
which have prevented the use of spectacles 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 enabling the men who wear them to replace them whenever they
may happen to be lost or broken. Machine-made spectacles for
correcting ordinary degrees of M. and H. are now manufactured so
cheaply, and 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 introduction among
soldiers. The great difficulty to be overcome in their introduction
would be the arrangements necessary for ensuring suitable glasses
being always available on oceasions of need in some of the remote
places where English soldiers are liable to serve,
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There do not appear to be any military disadvantages or difli-
culties met with from the use of spectacles among troops on active
service in Europe, so long as sufficient 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 1 have been informed by medical officers holding high positions
in the German army, that they 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 gratuitous 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 distinct 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 distinctness,
They are required 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 I was servi ng
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, particularly
in twilight. 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 enem y
whom he failed to distinguish from his own troops owing to the
same cause. I 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 his M. was sufficiently obvious.
An unfortunate English regimental surgeon in the Crimea who
was affected with M. failed to recognise in twilight 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 eye-glasses are used in the field, besides the objections
attending their brittleness of substance, their frequent 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 Sounakim in

p
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1885 was temporarily disabled for daty 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 British officers have worn
spectacles in the field appears to have been one of special 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 prevented the
admission into the army of Genl. Sir Charles Napier. It certainly
would have done so, for I have had the opportunity of examining
the spectacles successively worn by that most distinguished
general officer, and I found that his M., which in his early days
was as high as 7 D, being progressive, became gradually in-
creased to 14 D, DBut the difficulties Sir Charles Napier had to
contend against in consequence of his extreme short-sightedness
can hardly be estimated, while with the eminent abilities and
strong will which distinguished 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 alone at
one part of the action, he ¢ felt great fear, for his short-sightedness
disabled him from seeing what was going on, and what was to
be met ;’ and subsequently, referring to this occarrence, he re-
marked, ¢ when wearing spectacles, the nervons feeling is not so
strong, but the disadvantage of bad sight is tremendons when
alone, and gives a feeling of helplessness.’!

41. Loss of Sight of one Eye.—lLoss of sight of one eve from
any cause, however good the sight of the other eye, totally 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 interfering with or destroying sight in
the remaining eye after he had entered the service would entirely
disable him from further duty. Other considerations arise when
the sight 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 eye left. But their efficiency in various

! Life of General Sir €. Napier, 1857, 1. 101, 111. In a voluntary service, such
as the British service is, it must be remembered that every short-sighted cadet
admitted takes the place of a cadet with normal sight ; while in regard to know-
ledge and abilities, so far as the evidence of the examinations for admission allow
¢xmparison, both cadets may be on an equal footing, :
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respects is nevertheless considerably lessened.  (See Binoeular 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 to sign a declaration concerning their general
state of health prior to undergoing physical examination, especially
that “vision is good with either eye (with or without the aid of
glasses, as the case may be).” Remsmbering, 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 sight,
it is obvious that an independent examination to ascertain the real
quality 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 being likely to prevent a candidate sub-
mitting himself to examination who had any serious defect of
vision in either eye.

43. Visual Examination of Candidates for Commissions in the
Line.—The 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 be a disqualifying condition. So long as these
defects could be corrected by suitable glasses they were not to ex-
clude from admission. The practice 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 visnal defects. The responsibility
regarding this point rested with the examining medical officer.
In some instances candidates were allowed to use the glasses with

! Deception Practised at Viswal Evaminations —Attempts to impose upon ex-
amining surgeons may occasionally meet with success. Some years ago I was
asked by the friends of a youth who was anxious to obtain a military eareer, but
whose sight was defective in one eye, whether any likelihood existed of his being
able to pass the physical examination for a commission. I found on examination
that althongh V. was normal in the right eve, only quantitative V. existed in the
left eye. I therefore said there was not the least chance of his passing the exami-
nation, as each eye would be subjected to tests separa‘ely. The next time I met
him he was going 1hrough the course of study at Sandhurst. I inquired 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 asted to count the test dots
with his right eye he did so easily, at the same time covering his left eye with his
left hand. He was then told to connt them with the other eve. In answer to this
direction he covered the left eye, the same he had covered before, bot this time
with his #ight hand, and of conrse, as befure, counted the dots without difliculty.
He had changed hands but not eyes, and this he did g0 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 the feat of legerdemain which
was being practised on him, and passed him as optically fit for service. I am in-
formed that some eandidates recently have purchased Snellen's sets of metrical
test-types and learned the scries of letters and printed paragraphis off by heart.

F2
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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-
tuted for the test-dots. The candidate 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
glasses 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 these 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 called * rontine
duties’ which the candidate had to perform without glasses. Prac-
titioners in civil life, when consulted by parents who were anxious
to ascertain the visual fitness of their sons for military service
before putting them to special eourses of education to enable them
to compete for commissions, experienced difficulty in expressing a
decided opinion on the subject, and their representations 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 candi-
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 visually fit.

2. If the candidate cannot read with each eye, 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 beyond
it owing to faulty refraction, he may be passed fit, provided the
distant V. of one eye can be fully corrected by the aid of glasseé,
and the distant V. of the other eye 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 = 0-8 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 exfenso in the Appendix (See
p. 225).
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45. Indian Government Service—Candidates for admission into
the several departments of H.M.’s Indian Government Service are
ordered to be tested as to V. by lefters corresponding to those in
the last edition (1885) of Snellen’s test-types. These 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
light at a distance of 6 metres from the types, which are to be
hung or held perfectly upright with a bright light falling on them.
The ophthalmoscope and retinoscopy are to be employed 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 given under their respective headings.
(See also Appendix, p. 220.)

45, Visual Qualification for the Indian Government Civil
Service.—A candidate for this branch of the public service is not
disqualified by ametropia 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 disqualify 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 § with or without glasses.

Paralysis of one or more of the exterior muscles of the eyeball
disqualifies 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 4 in one eye, and to § in the other eye, by correcting glasses,
and the movements of each eye be good.

The foregoing rules also apply to the Chaplains’ and Eduoca-
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 2:5 D, and if, with correcting glasses, not
exceeding 2-5 D, V.in one eye is = 4, and in the other is not less
than §, while the range of Acc. 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.in one eyeis = §
and not less than § in the other, with + 4 D or correcting lenses
of any lower power. The rule is similar as regards He. astigmatism:
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Corneal nebula disqualifies if V. in one eye is less than % If
V. in one eye is not below 4% when corneal nebula exists, V. in the
other eye must be normal, and the eye be Eme. for the candidate 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)
is 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 visnal
limitations as those above given.

48. Visual Qualification for the Army Medical Staff—In the
‘ Schedule of Qualifications necessary for Candidates desirons of
obtaining Commissions in the Army Medical Staff) itis ordered
that a Board of Medical Officers must certify the candidate’s
“vision is sufficiently good to enable him to perform any surgical
operation without the aid of glassss. A moderate degree of 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 objection 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-
rator at critical moments, they are constantly exposed to loss of
transparency from condensed vapour upon them, or from becoming
spotted by jets of blood.

So far as concerns the refractive defect of M. mentioned in the
schedule, it will not be difficult for a moderately Me. candidate to
comply with the condition named, for the M. must be of very high
degree fo necessitate the nse of glasses in performing most surgical
operations. With M. of 2:0 D, a candidate of twenty-five years of
age, possessing normal power of accommodation, would 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 with-
out glasses than with them, though his vision for more distant
objects would be very imperfect unless helped by suitable glasses.
Even with M. of 2:50 D he would have a range of clear vision
from a distance of 16 inches to a little over 84 inches. But with
H. of 2:50 D, when, at the age named, only about six dioptrics of
accommodation would be available for work at near objects, 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 by the unaided eve must be more or less



Cuae, IX VISUAL REQUIREMENTS FOR SPECIAL SERVICES 215

obsenred ; and since it i3 not possible to continve to exercise Acc.
at its highest state of tension, and only about half of the.8:50 D of *{;
the Acc. belonging to the age named could be continuously
employed, the nearest point of distinctness for prolonged vision
would be removed to 20 inches’ distance. Under such circum-
stances attempts to distinguish minute structures of importance,
probably confused by blood, to separate a small artery from an
adjoining nerve, for example, without the aid of suitable glasses,
-would be very embarrassing, and might lead to serious errors. 1t
1is therefore the He, eye which would meet with the most difficulty
in operating without glasses, and this difficulty would increase with
increase of age. If the H. were complicated by Ast., the difliculties
of the operator would be considerably inereased.

49. Visual Qualification for the Indian Medical Service.—(Can-
didates for admission into this branch of H.M.s Service may be
accepted if, being Me., the M. do not exceed 5 D, and if, with cor-
recting lenses, V. is brought up to § in cne eye, and to a standard
not below & in the other eye. If the M. be attended with pos-
terior staphyloma, the M. must not exceed 2:5 D in either eye ; and
V. must be capable of being bronght by correcting glasses up to
& in one eye and not below 4% in the other. There must be no
active morbid changes in the choroid or retina.

If the M. be accompanied with Ast., a candidate will not be
disqualified if the combined spherical and cylindrical 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 and
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
atropine, V. in one eye is brought to § and in the other to at least

with the aid of 4 5 D or lenses of any lower power.

If the H. be complicated with Ast., the candidate may be ac-
cepted provided the combined correcting lenses do not exceed 5 1),
and V. can be brought to the standard of § in one eye and not less
than % in the other eye.

A candidate must be able to distinguish the principal colours,
red, green, violet, blue, yellow, and their various shades.

A faint corneal nebula reducing V. in the nebulous eye to 4
will not exclude a candidate, if the eye be otherwise healthy, and
if 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 special regulation, 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,

ol. 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 degrees of M.
or H. They are required 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 AMOong
them by these means, whenever and to whatever degree they may
exist, is impracticable. Exceptions are, however, made in some
special classes of officers, but the discretionary margin allowed is
very limited. It would manifestly be unnecessary to apply the
same visual tests as rigidly to naval chaplains and clerks as to
navigating officers.

52. Visual Qualifications for the Marine Service of the Indian
Government.—A candidate, in order to qualify for this service, must
not have uny 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 distinguishing 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 eves
Eme., with normal V. and Acc., and must possess perfect colour
sense,

o3, Quality of Sight for Special Course of Imstruection in the
School of Musketry.—Officers and non-commissioned ofticers 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 H ythe 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 Forces) 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 reported on accordingly in the column for the purpose

in the printed War Office form of Return No.

that form is not furnished, in a manuscript veport. In testing
vigion under this paragraph the officer or sergeant may be allowed
to use an eye-glass or spectacles.” It is required that the condition
of eyesight should be known, so that, should a physical defect of the
kind 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
ocular examination of a recrunit 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 determining the correctness or
incorrectness of the suspicion, and that is by ophthalmoscopic
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 eve be efficient,
18 not held to be a canse of unfitness for further military service.
This rule is laid down in War Office 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 eye shall be taken into considera-
tion in h'{mg the pension at such a mtu as his combined wounds or
disabilities may entitle him to receive.’

50. 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 l“lghl:- shoulder, or if the right eye of a
soldier becomes disabled by disease or injury, he is permitted,
under certain rules, to fire from the left shoulder—thus using his
lett eye for mghtmg the objects aimed at.

This permission is never granted excepting 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 Em]ﬂﬂ}ff-{] 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 i1s only turned tn'plactlca.l
account at target practice, or when firing with ball cartridge.

57. Assumed Blindness of one Eye.— Blindness of the nght eye
- ~hemi-anopsia—is not unfrequently simulated in foreign armies to
escape conscription, but English soldiers very rarely make pretence
of blindness of one eye, because it is well known among them that
uniocular loss of V. does not incapacitate for further military
service. Should, however, blindness of one eye Le alleged to exist,



218 THE ILLUSTRATED OPTICAL MANUAL Cuar, IX

and no objective signs to warrant the assertion be obvious, o 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 belong-
ing to the supposed blind eye. In complete blindness of one eve,
* 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 alleged blind eye is found not
to contract when it has been shaded by the hand of the surgeon and
then suddenly subjected to the admission of strong light, but is
found to contract when the refina of the other eye is exposed 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 oflight on the retina with which it is directly
connected, but contracts under the influence of light on the other
retina with which it is indirectly associated ; on the other hand,
if the iris of the alleged blind eye does contract when its retina
is exposed to sudden light, while the other eye is kept closed,
there may be a considerable amount of amblyopia, but there can-
not be complete amaurosis.

If the iris of the alleged blind eye do not answer to the
stimulus of light, either when its own retina or that of the other
eye is excited, the alleged blindness may or may not exist; the
observation only proves that there is paralysis of the iris, and this
may be the result either of natural causes or may be artificially
induced by the application of atropine, henbane, daturine, or other
mydriatics. For determining the real cause of the paralysis, other
investigations must be undertaken, but these need not be described
here.

The effect of covering the alleged blind eye, and then of sud-
denly exposing it to light, on the other, or acknowledged seeing
eye, may also be observed. When the two eyes are in a normal con-
dition, the effect of shading one of them from light is to produce a
slight increase in the size of the pupil of the other eye: on remov-
ing the shade and exposing the eye suddenly to light, a slight
decrease in the size of the pupil 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 eye will produce any
change in the dimensions of the pupil of the other eye. The seeing
eye during the experiment should be directed to look at some
distant object 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 uneducated persons is
Griiefe’s prism test. If a prismof 12° or more be held with its base
upwards or downwards before the eye in which visual power is
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acknowledged to be retained, and the person who is subjected to the
test, on being asked what effect it has on his sight, states that the
glass in front of his eye causes him to sce double, the simulation is
proved, for diplopia could only result by both eyes seeing. If the
person under examination is educated, and a page of print is placed
before him, while the prism is placed in front of his seeing eye with
its base upwards, and he is then unable to read without great
difficulty, it is another proof that he is seeing with both eyes, and
that his reading 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 inwards, and the
eyes then squint, it is proved that an effort is being made to pre-
vent double vision, and that, therefore, the assertion of blindness
of one eye is untrue. By getting the person to read some of
Snellen’s test-types, and to deseribe 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 conclusion as to whether any amblyopia
exists or not in the alleged blind eye, and, if it do exist, may even
a certain its degree,

Lvample.—The following case, taken from the records at Netley, will cerve
to illustrate the application of this test. Priva‘e T, F., 84th Regiment, was in-
valided in 1806 17om Malta, and admitted at Netley, under Amaurosis. His
condition ut Netley he stated to be: right eye quite blind, no perception of
light ; left eye, reads No. 4 Snellen at 37, counts fingers at 3. No ocular ab-
uormality was visible by ordinary or under ophthalmoscopie examination. The
lelt eye was kept banduged for a couple of days, on the plea of resting the eye,
but really to observe whether he could guide his movements by the right
(alleged totally blind) eye. While thus bandaged he was reported to have been
eeen reading, or apparently reading, a book. I then tried the prism test, and
the man described two images of a siogle object, a lead pencil, held at a distance
of about 4’ from him, together with the movement of one round the other as the
prism was made to revolve before his left (acknowledged seeing) eye. The im-
posture being thus proved, the man was discharged to duty at bis depot.

The stereoscope 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 in
which imposture by a foreign officer who simulated blindness of
one eye as a result of field service 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#ame manner as if one eye
were blind, provided the experiment is fairly performed. But the
surgeon must be on his guard that the person under examination
does not close the eye which is alleged to be blind while the objects
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placed in the stereoscope are exposed to his view. The eyes must
be watched during the examination. The stereoscopic objects
should be specially prepared. Series of lines, different in colour—
red and blue, for example—so arranged that in the combined image
they cross each other in direction, may be used for the purpose.
When both eyes are sensible to light, the lines are seen constantly
changing, more or less completely, from one colour to the other ;
and it is not possible to say by which eye 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 to 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 struggle between the fields of vision of the two eyes, g0 as to
malke reading impracticable. A person who does not see with one of
his eyes will read easily the print presented to the seeing eye. Figures
in endless varieties of shapes and colours may be employed in a
similar manner; so that no simnlator who is capable of seeing
with both his eyes the objects presented to him in quick succession
on the stereoscopic slides, when describing what he sees, can help
including those parts which could only be visible to him through
the agency of his pretended blind eye, unless he sncceeds in, tem-
porarily closing it for the purpose of excluding its view.

Staff-Surgeon Dr. Burchardt, of Berlin, invented a portable
stereoscope, of very ingenious construction, for the practical
diagnosis of simulation of blindness or amblyopia of one eye.! 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
through them and obtain a magnified view of the eyes of the person
he is examining. He can thus ascertain that neither of the eyes
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
occasionally elude the stereoscopic test, by regarding only the side
which, in respect to distance, is most in focus with one of his eyes,
and suppressing the less distinet image in the other eye. In such
a case the effects of complementary colours may be turned to useful
account. The same test may be advantageously employed when a

' Praktisehe Diagnostik der Simulationen von Gefiihizlahmung von Schwer-
hirigheit und rvon Scvhwachsichtigheit, hersusgegeben von Dr. Max Burchanit,

Obers absarat 2, CL u. Privat-Docent, Berlin, 1875, Verlag der Gutmann'schen
Buchbandlung. 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 typeson the grey background,
in the 1885 edition of Snellen’s test-types, may be used for this
purpose. If 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 eye.  As the eoloured glass causes the
type of the complementary colour to fade from view and to become
mingled with the general black background, the acknowledged
gsound eye, under the conditions deseribed, could not read them. If
the type be on a grey background, its special colour will disappear,
and it will seem 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 colour 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. Buspected Simulation of M. of high degree.—The maode
of determining the degree of M. in a given case objectively, and
indep&ndently of the subject’s control, has been explained in the
chapter on Retinoscopy. The following example shows that, in
a suspected instance of feigning, the doubt may be solved subjec-
tively without the aid of the ophthalmoscope, but with the help of
Snellen’s test-types and a 44 D lens alone.

Erample —Corporal A, wt. 21 years, was invalided to Netley fir very defec-
tive vision of the right eye, due to a high degree of M, He saw fairly well with
the left eye. Circumstances excited a suspicion that he was feigning, or at least
exaggerating, the disability of the right eye, and he was suhjected to the fol-
lowing tests. When Sn. types D) = 6 were placed before him, the left eye
being excluded from vision, he could only read them at 4 metres, about 13
feet, and then with difficulty. Sn. D =12 being placed before him, he only
read them at 8 metres, or about 26 feet. In each case, therefore, tha trial
showed V=3%. With the stenopwmic hole he saw both D=6 and D =12 much
clearer, and further off.

Sn. D) =05 was now placed before him. e read it, but stated Le could 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 =51, He was now tried fur
his near point of distinet V. with the 0-5 type, and he fixed it at 26 inches,
This agreed with his other statements, for Ace.=10 D (the Ace. for his age)
+ M =.5 1) would be =15 D), or 2:G inches.

He was now asked to read the same type, Sn, D =045, through a +4 1D
spectacle, and he read it at 44 inches, hﬁut not beyond. Thiswas again eonsistent

with his other statements, for L.or 55 — 5=4 nearly,or 0D —4D =5 1D,

confirming his alleged distant point of disticet V., viz. 8 inehes without the
glass
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The fact of the whole series of trials leading to eonsistent resu’ts left no donbt
that the R. eye was Mc = 5 1), and the existenes of the wan's allezed disability
waus thus verified.

59. Assumed extreme 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 description of lens
improves his vision—while no cause for the alleged 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 guided in such a case by circumstantial
evidence and observation. A cross-examination, instituted with
ordinary judgment, will usually expose the attempt at frand. But
even here the lenses can generally be turned to important use ;
with the convex spectacles before his eves, a trickster will most
cerfainly become confused, and will either see types or dots af
distances which show that his vision is normal for distant objects,
or he will overstate his case by giving only negative replies, saying
that he cannot see at all at any distance. When this last-named
position is maintained by a simulator, the surgeon can only hope
to expose the deception by contriving in some unexpected way to
obtain positive evidence showing that the man's statements are
untrue. Many ingenious 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 laid successfully in the following case.

Cose.—Private G. MeA , mt. 19, was =ent 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
account. e was then examined by a medical board at Port-mouth. The hoard,
not finding anything to explain the alleged condition, sent him back to Park.
hurst. The surgeon in chargs a=zain after some time reported his inability to
serve as a soldier on nccount of defective sight, and he was ordered to Netley
for observations, At Netley, according to statement, 100" Snellen could not he
seen beyond 247; finvers conld not be counted farther off than I’; and hardly
at that distance. Nothing abnormal conld be detectd in either eve by ophthal-
mosropic or ordinary examivation. When tried with lenses all replies were
negative ; he persisted in saying that he could see nothing through them at any
distance, The extreme degree of amblyopia complained of wwas inconsistent
with many of the man’s observed actions, but it was diffisult tn et a positive
proof sufficient to convince others of the deception, and a trap was therefore laid
for him. While walkirg he was suddenly told by a sergeant in the presence of
A witness to pick up a pin which had been purposely placed a little way off on
the floor before him. The man, being taken unawares, at once stmﬁﬂd and
picked it up. e was sent back to the depit and made no further complaint of
weak sight.

If the man admits that he can see objects of known dimensions.
the hands and figures 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 proportionate distances. If he should state
he iz not able 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 many
varieties of focal range, the demonstration that he is simulating
his alleged defect of sight is comparatively easy.

I would not, however, wish it to be inferred from the above
remarks, that I believe attempts at fraud, in respect to defective
vision, are frequently to be met with among soldiers in the ranks.
On the contrary, my 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, though their
true natures have not been ascertained. The patients have been
supposed to be malingering because sufficient time and attention
has not been devoted to the elucidation of their cases, or because
the determination of the existence of the particular defective
conditions of sight under which they were labouring was not
included in the surgeon’s range of diagnosis,

CHAPTER X.

APPENDIX OF EXTRACTS FROM MUSKETRY AXND OTHER REGULATIONS
CONCERNING EYESIGHT WHICH AFFECT MEDICAL OFFICERS ; WITH
XOTES ON CERTAIN OTHER MATTERS REFERRED TO IN THE BODY
OF THE WORK.

Quality of Eyesight for Musketry T'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 Commissionerd
Officers of the Army—Militia Regulations rerarding V.—Indian Government
Services—Admiralty Instruntions concerning Evesight— Rules in the German
Navy—Degrees of Visnal Deficiency, M., &c., which exclude from Military
Service in Foreign Armies: Holland, France, Germany, Italy, Austria,
Belgium, 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
alleged bad sight, or on any plea which, if valid, would tend to
prove him unfit for service. When the medical officer certifies
that & man cannot see bevond a certain distance, he must fire
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in hoth “range” and “field ” practices according to his powers
of vision, and his points must be included in the total from which
the merit of the practice is caleulated. 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 cannot be too
strongly impressed upon the recruit that any man who has no de-
fect in his sight can be made a fairly good shot, and that no per-
fection he may have attained in other parts of his drill can,
when on service, remedy any want of proficiency in shooting.—
(Regs. eit., par. 24, Ch. IL p. 17.)

Aiming 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 eye must be closed. If a recrnit is not
able to do this at first, he will soon succeed by tying 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 train and strengthen his eye
by looking at small objects at long distances. Short-sighted men
should aim at distances according to the power of their eyesight ;
they may wear spectacles’—(Regs. ¢if., pp. 76-78, 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,
go that he may be able to regulate the elevation of his rifle. He
will be tanght to judge distance by sight and by sound.’

‘ Instructors must bear in mind that the evesight of different
men varies considerably, and that consequently they must not
expect the observations and answers of every man will be the
same.’—(Regs. eit., pp. 98-100, par. 101.)

* Between the flash or smoke of a rifle or gun and the sound of
the report a certain time elapses. If this period of time be care-
fully noted in seconds, the distance the sound has travelled can
then be calculated. Judging distance by sound can only be looked
upon as auxiliary to judging by sight. It is the only method by
which distance can be judged at night.'—(Regs. cit , paras. 106 and
198.)

Attendance of Medical Officers at Target Practice.—* The attend-
ance of medical officers at target practice under ordinary circum-
stances is 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 circamstances 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
Medical Department, in order that timely provision may be made
for the performance of the duties of the medical officer so em-
ployed.’—(Regs. cit., par. 124, p. 107.)

Quality of V. necessary for Commissioned Officers in the British
Army.—The following Regulations and Instruetions 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
(edition 1885) will be used for testing the standard of vision. If a candidate’s
» vision, measured by Snellen's test-types, be such that he can read the types
numbered D =6 at 6 meties or 20 English feet, and the types numbered D = 0.6
at any distance selected by himself, with each eye separately and without
lasses, he will be copsidered fit.

1013e, It 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.
il 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 untit,

10134, I a candidate can read with each eye separately Snellen’s types
numbered D = 36 at a distance of 6 metres or 20 English feet without glasses,
but cannot read them beyond that distance, i.e. if he just possesses one-sixth of
normal acuteness of vision, and his visual deficiency is due to faulty refraction,
he may be passed as fit, provided that, with the aid of ecrrecting wlasses, he can
tead Sncllen’s type 1) =0 at 6 metres or 20 English feet, with one eye, and at
least Spellen's types D =12 at 6 metres or 20 Euglish feet, with the other eve ;
aud, 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 distinguish the principal colours, or any morbid condi-
tion, subject to the risk of aggravation or recurrence in either eye, will cause
the rejection of a candidate.

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 medical examination of recruits (Part 1, sect. 2,
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 eye to discern objects clearly at not
less than 300 yards.” No particular size of object is specified in
these Regulations, nor is any visual limit mentioned as regards the

left eye.
Q
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Indian Government Services.—The rules affecting candidates for
the various branches of the Indian Government Service have been
already mentioned under their separate headings in Ch. 1X. They
are explained in detail in a pamphlet entitled ¢ 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.
2nd 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 the quality of vision pos-
sessed by men or boys seeking admission into the Naval Service or
into the Royal Marines are laid down in the ¢ Queen’s Regulations
and Admiralty Instructions (1879)." The medical officer is ordered
to observe whether the person’s eyesight is defective, and if it
should be 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. He s further instructed (par. 1074) that ‘ the eyes should
be clear, intelligent, expressive of health, and the eyesight good.’
In the succeeding paragraph of the ¢ Instructions’ (par. 1075), 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 Service,’ and among these defects is men-
tioned ¢ blindness or defective vision in one or both eves’ The
following directions also occur in the same code of ‘Regulations ":
“ Whenever test-types are supplied, the power of vision of each
eye separately, as well as together, is to be ascertained ; but before
finally rejecting a person who has failed to read the types, he is to
be tested with objects familiar to him, and at distances corresponding
to the sizes of the objects, as the inability occasionally arises from
other ¢ causes than defective ” sight. When the sight is found de-
fective, the particulars are to be recorded in the register of physical
examination when required to be kept, how far short of the normal
distances given in the test-types could the letters or dgures 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-
mined by-the degree of visual acuteness, and the capability of its
correction by suitable spectacles in case it is below the normal

standard.  The Imperial 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 1If the acuteneas of vision be not normal, the surgeon must determine by
ophthalmoscopic examination whether there is any organic disease of the
inner parts ol the eye. If there be, the candidate is to be considered
unlit.

3. In the ahsence of organic disease of the eve, the following limits are to ha
adhered to:—

(a) Candidates who recognise Snellen’s types at ? of the denominated
distance, i.e, whose visual acuteness is = 7, are to be considered lit
for the naval service,

(h) Candidates who recognise the types at distances between I and ! of
the normal distance, can be admitted, provided it is proved, by
the application of spectacles, that their diminished visual power 15
perfeetly corrected by their help.

(r) Candidates whose visual power is only ; or less, are to be considered

unfit for the naval service,

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 very instructive. I have
obtained copies of the most recent orders on these subjects in the
principal armies of Europe, and in collecting them Dr. Gori, Lector
on Military Surgery and Hygiene in the University of Amsterdam,
has afforded me valuable assistance.

Holland.—In Holland, Dr. Gori informs me, the Royal Act of
November, 1883, decrees that M. = 2:5 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 degree of M. is to be determined after
mydriasis by atropine (homatropini 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. = 90 D, or higher of the left eye, in case the
right eye is normal, also unfit for military service.

Ast. to such an amount that V. (visual acuteness) is reduced to
less than {th in the right eye, the left being normal, or to less than
ol th in the left eye, the right eye being normal, 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), withont glasses, not less than 4ths for
the right eye, or { 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 = 1.

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 4; or with V. of
one eye equal to 1, and V. not below 4rd of the other. In case
of M. being the cause of the deficiency of V., medical cadets and
candidates are admissible with M, = 30 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 instructions of the French
Army Sanitary Council (Conseil de Santé 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
1'zth in the left eye, or causes 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 defect, it can be corrected by glasses.

M., however, higher than 6-0 D, or complicated with muscular
or accommodatory insufficiency, or with lesion of the ocular 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
Jth in the right, or tLth in the left eye. The determination of
H. suffices ; it is not necessary to specify the degree. The upright
image of the fundus must be clearly visible, without dilatation of
the pupil, by the aid of an ophthalmoscopic mirror at a distance of
from 4 to 6 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 below 1th in the right, and ¢sth in the left eye.

By decree of May 12, 1877, the use of spectacles by soldiers in
the ranks was permitted, and in 1879 a certain number of pairs
of spectacles were officially sent to different corps of the army.

Germany.—In the German army a reduction of V. to 4th, or
below, causes permanent unfitness for military service in recruits;
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reduction of V. in both eyes to 4, or less, but not as low as 1th,
allows recruits to be conditionally fit. M., when the distant point
of the better eye is 0-15 m. (6 in.), or less, even though V., is
normal at and within this distance, renders recruits permanently
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 eyve is a canse 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 4, not 4 or 1).

As regards drilled soldiers, and men entitled to pension,
reduction of V. in both eyes, if less than 4, but more than {, of
normal V., causes unfitpess for field service ; reduction of V. in the
better of the two eyes to | or less causes unfitness both for field
and garrison service. DBlindness 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, 2:0 marks
(nearly 3s.).

Italy.—The Royal Decree of September 26, 1881, by which
the previous list of infirmities exempting from military service
was modified, rules that reduction of V. to {rd of the normal
in the right eye, or to /;th in the left eye, although V. in
the right eye is up to the normal, if caused by organic changes or
incurable disorders of the globe of the eye, incapacitates 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 by a
medical officer skilled in their diagnosis. By normal vision 1s
understood the V. which permits objects to be distinguished 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 Ace. intact, and with the naked eye, 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 Acc. 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 jrd of
normal V., also renders unfit for military 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, including ophthalmoscopic obser-
vation and, when needed, atropinisation.

As regards refractive defect, whatever may be its degree, if the
left eye only is involved, it does not cause exemption from military
service.

Austria.—The Austrian Recruiting Regulations of 1883 (* In-
struktion zur aerstlichen Untersuchung der Wehrpflichtigen.’
Wien, 1883) give more precise directions as regards visual limits
of fitness for military service than previons regulations on the
subject. The necessary visual power (V.), which was before at
the discretion of individual examiners, is fixed by them. It
is mentioned in them that Snellen’s types and objects, metrically
numbered, have been introduced as sight-tests.

Reduction of V., but leaving more than one-half of normal ¥
does not incapacitate men for military service who are fit in other
respects ; reduction of V., but leaving more than 4 normal V. in
the right eye, accompanied by reduction of V. to less than i, or
even to 4th of normal V. in the left eye, incapacitates for general
military service, but does not incapacitate for the Purveying and
Clothing Departments and certain other portions of the army ; re-
duction of V. to less than } in the better of the two eyes incapaci-
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 caunse 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 ird of a Vienna line in height and
breadth at any distance from the eye when wearing concave 4-inch
spectacles, determines 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
tzth. If; although myopic, the man cannot read the print with the
—4" spectacles, he is to be sent to a military hospital for further
scientific 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 inches from
the eye when wearing + 6" spectacles, unfits for service. Fx-
perience has proved that hypermetropic persons can comply with
this test only when their H. is above dth. If the hypermetrope
cannob satisty this test, further special examination is to be made
at a military hospital, If H. is not so high in degree as ith, it
does not cause unfitness for military serviee.,

Strabismus affecting either eye, if its central visual power is less
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than uf‘nﬂ_rt'ma} V., determines unfitness ; strabismus affecting the
left eye, if its visual power is more than { of normal V., does not
canse unfitness for military service.

Belgium.—The latest Belgian Regulations determine that reduc-
tion of V. in the right eye to {rd of normal V. causes exemption
from military service, Reduction of V. even below this limit in the
left eye, by itself, does not cause exemption. Blindness of either
eye causes unfitness for military service in the Belgian army.

M. of right eve, after paralysis of Acc., = 60 D or above, 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 paralysis of Ace., =60 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 military service.

Switzerland.—The Swiss Army Regulations lay down the rules
that the minimum of V. for the artillery is 1; for the infantry is
2ths ; and for all other troops is { of normal V.  All men in whom
deficiency of V. may be corrected by ordinary + or — spherical
glasses, and brought to a standard of § up to normal V., are ruled
to be fit for military service. They are permitted to wear spectacles.
V. less than + incapacitates for service, excepting as regards medical
officers, in whom V. = } is tolerated. Whenever V. in one eye is
normal, V. intheother may be as low as 1th ; buf, unless the eye with
normal V, is the right eye, such men cannot be employed as riflemen.,

Either M. or H. of higher degree than 4:0 D excludes from
service in infantry or cavalry, even although it admits of corvec-
tion by glasses.

Ast. is judged under the general rules for V.

Denmark.—The rules in the Danish army are the following :—

V. below 4th (&% Snellen) incapacitates for military service.

M. up to 225 |D for combatants, and from 250 D to 9:0U D
for other troops, does not incapacitate for military service ; above
500D unfits for service.

H. up to 4:50 D for combatants, above this degree for other
troops, incapacitates 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 distinguish small objects at a dis-
tance of 025 m. (10 in.) with glasses of —80 D, or higher, and
can see distant objects through glasses of —7-0 D, unfits for military
service. In the Spanish army M., characterised by the possibility
of reading small printed characters at a distance of 0-35 m. (14 in.)
with glasses of —6'0 D, and being unable to distinguish them
with —20 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 Portuguese armies,
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Visible direction, law of, 9
Vision, acuteness of, 153

— alertness of, 154

— astigmatic, 87

— hinocular, 3

— coloured, 153

— dounble, 5

— field of, 11

— — binocular, 12

— — measurement of, 12

— — monocalar, 11

— for soldiers in the ranks, 201
— for Indian Civil Service, 213
— — Marine service, 216

— — Medical service, 215

— hypermetropie, 75

— monocular, 2

— myopic, 60

— necessary for marksmen, 201
— — for officers, 209

— normal, 2

Visual acuteness, central, 155
— — measurement of, 155

— — normal, 153

— — quantitative, 154

— — relative, 155

— angle, 10

-— Axis, b

— examination, 189

— — aprliances, 190

— — of soldiers, 195

-— — pressure on eye, 191

— — room for, 190





















