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PREF ACE.

My essay upon Amelropic en hare gevolgen (* Ametropia and its
Results”), published in 1860, was confined to the anomalies of
refraction, and treated of these exclusively from the dioptric point of
view.

In the preface, however, I announced my intention of producing,
subsequently to the appearance of that essay, a complete system of
the anomalies of refraction and accommodation: the anomalies of
refraction, including the subject of astigmatism, were to be treated of
also from an anatomical and practical point of view, and the anoma-
Lies of accommodation were to be developed both in their opposition
to, and their connexion with, the anomalies of refraction.

‘When, later, I was honoured with a request, on the part of the
New Sydenham Society, to prepare my essay for an English edition,
I felt bound to endeavour to complete my work on the plan alluded
to. This I have done to the best of my ability. The experience
of many years, the examination of many thousands of eyes, in which
T have been zealously assisted by several of my pupils, have been
made available. I believe that my work has gained by its enlarge-
ment. I cannot, however, fail to regret that its bulk has increased
beyond my expectation, and T feel bound to apologise to the Coun-
cil both for the delay in its appearance, and for the inconsideratc
manner in which I have used the liberty allowed me for its exfen-
sion. May the intrinsic value of the additions made plead suc-
cessfully in my behalf.

One object I have kept constantly in view,—to make the book,
notwithstanding its greal size, useful and, in all its parts, easily
accessible to the practical physician. To this end, in the first
place, each subject is fully treated of in the body of the text;

-13 -



viii PREFACE.

consequently, only those who wish to penetrate more deeply into the
subject, need attend to the details of the investigation, to the mathe-
matical demonstration, snd to the history, added as an appendix, in
smaller type. And, in the second place, to facilitate reference to
the several parts, each chapter is so drawn up, that the reader’s
knowledge of what has gone before, is not taken for granted. The
work forms, in a eertain sense, a series of lesser monographs, united
in a single volume, which is the emblem of their mutual connexion.

Tor the oculist it is perhaps an additional advantage that I am
no mathematician. I freely admit that I am not competent to follow
the investigations of Gauss and of Bessel in this department, and
even the study of the physiological dioptrics of Helmholtz required
an effort on my part. T have, therefore, sought a way of my own,
and, as I believe, I have found it. The whole theory of the cardinal
points of compound dioptric systems, as it is here put forward, is
quite explicit and elementary, depending almost exclusively upon the
mutual comparison of similar triangles. If the road has thus become
somewhat longer, it presents this advantage, that it lies open to all.
To guard against the possibility of its leading on any point to error,
I have requested my friend Hoek, our Professor of Astronomy, to
look over it, and to his kindness I am indebted for many improve-
ments in the form of the demonstration.

Tn the doctrine of the anomalies of refraction and accommodation,
the connexion between science and practice is more closely drawn
together than in any part of medicine.

Science here celebrates her triumph; for it is al her hand that
this branch has acquired the exact character, which makes it also
worthy of the attention of natural philosophers and physiologists.
It is, indeed, satisfactory to see, how in the accurate distinction
between anomalies of refraction and accommodation, with exclusion
of every condition foreign to these anomalies, the system assumed,
as if spontaneously, an elegant simplicity, and how the cause and
mode of origin of many an obscure type of disease emerged into the

clearest light.
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PREFACE. ix

Practice, in connexion with science, here enjoys the rare, but
splendid satisfaction, of not only being able to give infallible pre-
cepts based upon fixed rules, but also of being guided by a clear
insight into the principles of her actions—advantages the more
highly to be estimated as the anomalies in question are of more
frequent occurrence, and as they more deeply affect the use and
functions of the eyes. -

Is it then strange that the study and treatment of my subject
have been to me a labour of love? the more so, as I felt proud in
having been called upon to elaborate it for a country in which
Young, Wells, Ware, Brewster, and Airy have pointed out to us
the track which we had only to follow, and happy in being able
to offer my work in this form to my highly esteemed friends
and colleagues, whose proofs of kindness and affection have left
with me the most agreeable recollection of my visits to Tngland.

Among the privileges, which my fask has procured me, dear friend
Moore, is the agreeable relation into which it has brought me with
you. If I have admired your talent, and highly appreciated your
unwearied care, I have, above all, to thank you heartily for the
interest and the love, with which the difficult task of the translation
of my work has been accomplished by you. I feel that we have
become friends, and friends we shall continue. You will, T am
certain, gladly join me in thanking the Rev. Professor Haughton,
for the solution of many doubtful points, and for his kind revision of

certain portions of the work.
F. C. DONDERS.

Urrecent, 27¢h Feb uary, 1864.
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NOTICE BY THE TRANSLATOR.

Tar author having mentioned in his preface the circumstances
which have led to the appearance of the present volume, it now
remains only to state, in addition, that every page of the book has
received his careful correction and revision. I should wish also to
observe, that the chapter on Astigmatism is not a mere translation
of his essay on that subject, published in the year 1862, but that it
has received so many amendments and additions, as to represent a
second edition of the work in question, brought down to the present
day, and enriched with the results of the latest researches bearing
upon that remarkable phenomenon.

While I have to congratulate myself, that the free and unre-
stricted correspondenca with Professor Donders, which it has been
my privilege to enjoy during the translation of his work, his
courtesy and readiness to solve the difficulties arising from the com-
plicated nature of the subject-matter of the book, and his accurate
knowledge of the English language, have enabled me to avoid any
serious misconceptions of his meaning; I am only too painfully
conscious of many defects in the manner of the translation, some of
which my present experience would have enabled me to avoid.
These, as the wiser course, I would here have passed over in
silence, were it not that I think it absolutely necessary to explain
one or two points connected with some of them.

For example, when I first met with the words zenuwvlak and
gezigtszenwwvlak, 1 translated them too literally (pp. 854 ef seq.) by
the terms ““ nerve-surface,” ““surface of the optic nerve,” « plane of
the optic nerve,” instead of by the shorter phrase “ optic disc,” by
which this pait is now designated by several modern ophthalmolo-
oical writers, and which I have in the later sheets of the volume
exclusively employed.

In like mamner I have 1o apologise for having followed the Dutch
orthography of the term “kyklitis” (p. 870), instead of that of
English, French, and German writers, in accordance with which the
word should have been written ¢ cyelitis.”

-16 -



NOTICE BY THE TRANSLATOR. xt

But T way, in veference to this point, mention, that the
word in question is not to be found in any Medical Dictionary
(Mayne, Dunglison, Palmer, &c.) which I have had an opportunity
of consulting. For this reason, I sometime since requested Professor
Donders to supply me with a footnote, giving the meaning and
derivation of the term. Bub as the note did not reach me in time
for insertion in its proper place, I venture to introduce it here,
giving a reference in the index, by which it may at once be
found.

“ Kyklitis, the cyclitis of Tinglish and German ophthalmological
writers, the eyeléfe of the French, is a term recently introduced to
signify inflammation of the ciliary muscle (or ligament) and the
neighbouring parts of the sclerotic, and ciliary processes. It is
derived from the Greek word xlxog, the circle or orbiculus eiliaris.”

Having mentioned these, as it seems fo me, necessary matters, I
shall not dwell longer upon my own deficiencies, nor find fault with
the kindness of the author, which has led him to take a far too
favourable view of the manmer in which I have discharged the
humble part assigned to me in the production of the FEnglish (and in
point of priority of publication, original) version of his important
work; I shall content myself with thanking him heartily for his
courlesy and readiness on all occasions to solve every difficulty
submitted to him, and for the care with which he has revised at
least two proofs of every sheet of the tramslation. Nor can I
sufficiently express my thanks to the Rev. Samuel Haughton, M.D.,
F.R.S., Fellow of Trinity College, and Professor of Geology in the
University of Dublin, for the {rouble he has taken in correcting for
the press the mathematical portions of the work. Professor
Haughton has also been good enough to furnish me with a few
footnotes, to which he has, at my request, attached his initials. To
Mr. Bowman, F.R.S., I am decply indebted for many valuable
suggestions, and for much important help, freely and kindly offered,
and most willingly afforded.

7, SouTH ANNE STRELT, DUBLIN,
Mayeh 4th, 1864
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SIGNS AND ABBREVIATIONS USED IN THIS WORK.

p, radius.

% radius of the cornea in the visual line.

n, coefficient of refraction.

%, nodal point.

h, principal point,

%’ and %", anterior and posterior nodal points of the same system.

F and 77, . . prineipal " "
9)’ and ¢”: 1) 7] focal ” )
%, and %,, two nodal points of two different systems.

h, and A, , principal » »

¢l and ?521 " focal 17 ”

o, optical centre.

T and F”, anterior and posterior prineipal foeal distances.

6’ and G”, the principal focal distances caleulated from % and %”.
F, principal focal distance where ¥ and ¥“ are equal.

G, the same, caleulated from %, where G' and G” are equal.
J' and f”, conjugate focal distances caleulated from 7’ and A”.
g and g“, ” ’ " ¥ and &,
B, an object; B, its image,

7, a point in the axis; 7, its image.

v, & point outside the axis; s, its image.

», (proximum) absolute nearest point of distinct vision.

i ) relative » » ”

Py ( 2] ) binocular ” 1” 2

r, (remotissimum) absolute farthest point of distinet vision.
P18 relative ” ” )

Ty binoeular " ’ »

P, P, and P,, distances from p,, p,, and p, to ¥’

R, R,, and R,, " r,r,ond 7, |,

PP’ and R B/, ” #, and from 7 to alens or another given point.
1: A, absolute range of accommodation.

1:A,, relative »” »

1:A,, binocular ,, ,,

O, the eye; D or R, xight; S or L, left.
C, the cornea.

L, erystalline lens.

{, a lens.

N, the retina.

V, the vitreous humour.
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SIGNS AND ABBREVIATIONS.

D, the thickness of a lens.

z, distanee of a lens from a point.

a, angle between visual line and axis of the cornea.
S, Acuteness of vision.

E, Emmetropia.

H, Hypermetropia,

Hm, manifest H,

Hi, latent H.

Ht, total H.

M, Myopia.

Pr, Presbyopia.

As, Astigmatism.

Ah, Hypermetropic astigmatism.
Am, Myopie "

Amh and Ahm, mixed ,,

In m, in the horizontal principal meridian,
In v, in the vertical ”

xvii

»
M., principal meridian of maximum of eurvature of the eye.

C 3 E] L bH 2

MI: L] 1 N 2] 1
As, Astigmatism of the whole eye.

Age, » 5y COTIEA.

Ag, " s crystalline lens.

<, less than,

>, greater than.

/0, per cent.

’ (after a numeral) foot or feef, as 2/, 2 feet,

7 ( s )inch or inches, as 2, 2 inches.
(o » ) line or lines, as 27, 2 lines.
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ERRATA.
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INTRODUCTION.

§ 1.—ON THE CONDITIONS OF ACCURATE VISION.—[IUNOTION OF
THE RETINA.

In order to see an object distinctly and accurately, two conditions
must be fulfilled. TIn the first place, an inverted, but well-defined,
image of the object must be formed on the surface of the membrana
Jacobi or Jayer of rods and bulbs of the retina.* In thesecond place,
the local change here excited must be conveyed to the fibres of the
optic nerve, communicated to the brain, and again, in an inverted
direction, projected outwards.

Through this double inversion the projected image corresponds to
the object, and we therefore say that we see the object, although,
properly speaking, only the projected retinal image stands, as it were,
before our eyes.

Every disturbance of vision depends on a disturbance in one of
these two conditions, or in both together. If the projection out-
wards be disturbed, by anomalies in the retina, in the optic nerve,
or in the brain, the affection belongs to the domain of amblyopia or
amaurosis,  If no image be formed, or if the image be clouded
through diffusion of light in the eye, obscurities in the way of the
radiation of light through the organ are the foundation of the mis-
chief. Tastly, if the image of objects placed at the ordinary distances
of distinet vision, be not formed on the layer of rods and bulbs, or
even if, through abnormity in the curving of the surfaces, no defined
image is on the whole produced, anomalies of refraction or of
accommodation are developed.

The lesions of vision, for each eye separately, may therefore all
be referred to #hree principal classes: amblyopia, obscurities, ano-
malies of refraction and of accommodation. If the power of vision of

B * See note to § 1.

1
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2 CONDITIONS OF ACCURATE VISION.

an eye be impaired, one of these three species of disturbance must
necessarily exist,

A glance with the ophthalmoseope into such an eye will show
whether obseurity of the light-refracting media be present or not.
1f such be not found, we may infer the existence of either amblyopia
or of disturbance of refraction or of accommodation. If now, even
with the aid of convex glasses, perfectly-defined vision can at no dis-
tance be obtained, the case is one of amblyopia. If, on the con-
trary, the power of vision be, at one distance or other, accurately
defined ; or if, at least, by the employment of a convex glass, a per-
fect definition be attainable, we have to deal with an anomaly of
refraction or accommodation, opacity and amblyopia are excluded.

The difference between lesions of refraction and of accommodation
is deducible from the words themselves. The lesions of refraction
are to be sought in the structure of the eye, in the condition of rest,
without attendant action of accommodation. The disturbances of
accommodation, on the other hand, have their foundation in abnormal
action of the internal muscular system of the eye. This will be more
fully explained in Chapter II.

« NOTE ON § 1.

At the termination of the nerves of semse, especially of the optic ana
acoustic nerves, peripheric apparatus are found, which are of great import-
ance in the reception of the stimulus. This, anatomy has taught us. Ana-
tomy has shown that the retina is not a simple expansion of the optic nerve,
but that behind the fibres of the latter several layers are developed. To
investigate the signification of these is the task of the physiologist.

In order to see and to distinguish these layers, it is merely necessary to
macerate in a watery fluid, thin sections of the fresh, but slightly dried,
connected membranes of the eye.

To study them accurately, the methods proposed by H. Mueller are made
use of. Reckoning from without, we find the following layers (Fig. 1.,
taken from the drawing by Mueller and Kolliker, in Ecker’s Tcones).

1. The layer of rods, or staff-like bodies, and bulbs.
II. The external granular layer.
III. The middle granular layer.
IV. The internal granular layer.

V. The finely granular layer.

VI. The layer of nerve-cells.

VIL. The layer of the optic-fibres.

These layers are thickest close to the optic nerve, where the figure is

-28-



STRUCTURE OF THE RETINA. 3

taken, and all become attenuated towards the ora serrata, particularly VII.
which here terminates.

In the yellow spot the structure is peculiar. The nerve-cells VI. here

form a very thick layer, not covered by a layer
of optic fibres, but merely interwoven with Tig. 1.
a small number of these fibres; the layers
V., IV,, IIL, and II arcin this situation par-
ticularly thin, and layer I. possesses no staff-like
bodies, or rods, but consists exclusively of bulbs.
In proportion as we withdraw from the yellow
spot, the several bulbs become surrounded by
more and more numerous rods.

The central portion of the yellow spot, the
fovea centralis, the most important part of the
reting, is now particularly to be distinguished :
the expansion in this situation becomes exceed-
ingly thin; layer I, consisting exclusively of
slender bulbs, is here covered only by searcely
perceptible traces of the other layers.

The elements of the several layers ave united
and enveloped by a proper connective tissue,
wherein, after the actionof chromic acid, bundles
of radiating fibres (2) are separately distin-
guished ; these extend from (1) the boundaries
between T. and II. to an innermost investing U \ f\‘ \
vifreous membrane (membrana limitans (4), ) }k . /\& y, A \
into which they are divergingly (3) inmserted - =
(radiating fibres of Mueller). Omitting the
connective tissue, we may in a physiological point of view provisionally
reduce the layers of the retina to three :—1. the fibrous layer, belonging to
the optic nerve ; 2, the layer of rods and bulbs, the perceptive layer ; 3. the
intervening layers, effecting the connexion between the two first-named.

1. The fibrous layer, distinguished above as VIT:—If is the immediate
continuation of the optic nerve, whose fibres, even before they have entered
the eye, lose the medullary sheath, and in their membranous expansion, as
the innermost layer of the retina, continue quite unchanged. The fibres of
the optic nerve themselves are insensible to the stimulus of the vibrations of
light. TIts entrance into the eye may be demonstrated as the blind spot
of Mariotte ; and if we allow the little image of a distant flame to move to and
fro on the papilla nervi optici, it is, as we can observe in ourselves, and in
others with the ophthalmoscope, imperceptible; it is not until the little
image passes the boundary of the papilla, where the other layers of the
retina are also present, that the feeble glimmering of light through the
whole eye gives way to a completely circumseribed image.

As the membranous expansion is precisely similar to the fibres of the
papilla, we cannot expect fo find in that expansion more sensibility
to the vibrations of light than exists in the nerve itself. And if

we consider, that everywhere many layers of these transparent fibres
2
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4 CONDITIONS OF ACCURATE VISION.

lie over one another, and that the same fibre runs from the ora serrata
to the papilla of the optic nerve, it is evident that vays, derived from
the same point of an object pass, and necessarily irritate the fibres of
different layers, and that the same fibre is struck by rays derived from
different points of an object. Therefore, if the fibres were sensitive to the
oscillations of light, the localized projection from the retina, or vision, as
actually takes place, would be excluded.*

2. The layer of rods aud bulbs, which is at least pretty generally con-
sidered as the perceptive layer :—The supposition is, that the bulbs and rods,
while they are traversed by the undulations of light, undergo a molecular
change, and that this change, whatever it may be, excites o secondary modi-
fication in the fibres, which were incapable of directly experiencing the
stimulus of the light itself.

3. Theintervening layers IL, IT1,, IV., V., and VI., formed of fibres,nuclear
bodies and nerve-cells, whose mutual connection is not yet completely ascer-
tained :—It appears that rods and bulbs are connected with the granules,
are coutinued, as thin nerve-filaments, into the intervening granular and
finely-granular layers, enter into connexion with the nerve-cells, which are
also mutually connected, and are finally united with the proper nerve-fibres,
The meaning of these several layers is as yet quite obscure. For the present
we can only say, that they represent the connexion between the perceptive
layer of bulbs and rods, and the fibrous layer.

The reasons why the layer of rods and bulbs is considered to be the im-
mediately perceptive lamina, have been designedly passed over in silence
under 2, in order to adwmif of their being here more fully examined.
In the first place, the fibrous lamina, as has heen shown, does not perceive.
One of the other layers must therefore be the directly perceptive layer. The
nerve-cells lie in the yellow spot, where perception is more accurate, over
one anvother in numerous laminze, and therefore appear not to be adapted to
the purpose. The same is true of the two granular layers over the whole
retina. Thus we come by exclusion to the layer of rods and bulbs. This
view is further supported by the followihg positive reasons :—

1. Precisely in the fovea centralis, where acute, accurately localized, direct
vision takes place, the layer of bulbs is present in perfection, and consists of
smaller bulbs, from which more defined distinction is fo be expected. .Almost
all the other elements are here wonting, They are pushed aside in the
yellow spot, and therefore do not receive the light which excites the images
in the fovea centralis, but effect only the transition of the modification to the
nerve-fibres. Consequently, the bulbs here lie almost naked, and are imme-
diately accessible to the light, Even the adjoining parts of the yellow spot,
which by the aceumulation of the elements, particularly of the nerve-cells,
are placed in a relatively unfavourable condition, perceive much less acutely
and accurately than the fovea ceutralis itself. That direct vision actually
takes place in the latter, I satisfied myself by examination with the ophthal-
mosecope.

* Bowman, Lectures on the parts concerned in the operations on the Eye.—
London, 1849, p. 82.
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2, PURKINTE'S experiment proves that the perceptive layer is situated toler-
ably far behind the fibrous layer. This experiment consists in making the
vessels of the retina visible to ourselves. In it, properly speaking, we perceive
the shadows of these vessels, The characteristic ramifications are made to
appear, by moving a candle to and fro beside the eye, opened and divected
towards an uniformly dark chamber; and still more easily are they rendered
visible to any one, by turning the cornea as much as possible towards the
nose, and moving the dioptric image of a flame, formed by a convex lens of
one or two Parisian inches’ focus, to and fro, or up and down on the exposed
selerotic. In either case an image of light is formed on a circumseribed
part of the membranes of the eye, which sends out light through the whole
eye, but must necessarily in the deeper layers cast shadows of the great
vessels of the fibrous layer. The shadows now change their place with the
movements of the image of light, and the object (in this case the blood-
vessels), which produces the shadows, can therefore not be situated in the
layer which perceives the shadows. From the amount of this displacement
H. Mueller has inferred, that the perceptive eurtain actually lies about where
the surface of the layer of bulbs and rods is to be found. (Verh. der physik.-
med. Gesellschaft zu Wiirzburg, V. p. 411.)

3. In the eye of the Cephalopodes the layer of rods and bulbs is directed
forwards, and immediately receives the incident light, while the other layers
situated more posteriorly, are cut off by a dark layer of pigment from the
access of the light.

4. The rods and bulbs are traversed over their whole length by the same
waves of light, and are therefore in a position to be strongly affected by the
latter. Bruecke was the first to point out this. His idea of the layer of
rods as a catoptric system is so far perfectly correct, that the rays of light
which have entered a rod or bulb, cannot again leave it. In the first place,
the most of the rays coming directly from without fall in the direction of
these radiatingly-placed elements, and therefore do not reach to the lateral
surfaces of boundary; but, so far as they might reach them, total reflexion
must take place in consequence of the obtuse angle of incidence and the so-
much-less light-refracting power of the intervening matter. In comparison
to this quantity of light, which is limited fo the same rods, the quantity of
diffuse light reflected by the choroid and sclerotic behind the rods, which is
dispersed through various rods in all directions, is very small, and does not
interfere with the accuracy of perception. In connexion with the isolated con-
dition of the bundle of rays falling upon each bulb or rod, the most perfect
accommodation is obtained, if the accurate image be formed precisely
on the surface of the layer of rods and bulbs, consequently in the fovea cen-
tralis, exactly at the surface. If it fell first in the middle of the bulbs, there
would be at the surface a distribution of light starting from a point and
extending over more than a bulb: the accommodation would not be perfect.
Therefore, too, the so-called line of accommodation, of which we shall here-
after speak, cannot depend upon the length of the rods, as has been
stated. The traversing of the rods in their whole longitudinal direction by
the waves of light must produce a very powerful influence, in like manner
as a nerve is more strongly affected by a galvanic action, when the latter
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6 CONDITIONS OF ACCURATE VISION.

passes through a portion in the longitudinal direetion of the nerve, than
when it permeates the nerve only in a transverse course.

5. Many phenomena respecting the limifs of the smallest angles of per-
ception, and the change of form of fine lines, &ec., thence arising, agree
only with the idea that the layer of bulbs and rods is affected by
light.

The question has been started, whether perhaps the bulbs alone, and not the
rods, receive the impressions of the light. This suggestion has arisen from
the anatomical fact, that in the yellow spotf, where perception is most acute,
bulbs exclusively occur, immediately touching one another, and that between
. the bulbs a progressively greater number of rods appear, in proportion as we
remove from the yellow spot. The latter circumstance seems, indeed, to indi-
cate, that the acuteness of perception is connected with the number of bulbs;
and the same view is corroborated by the great number of nerve-cells occurring
here, and the numerous nerve-fibres which are directed towards the yellow
spot, and have their peripheric termination in this locality. DBut we are not
thereby justified in denying the ecapaeity of the rods for the impression of
light. Itis a fact, that every rod cannot have its nerve-fibre; to that end
(the place occupied by a rod and nerve-fibre on section being assumed to be
equal) the nerve must have a section equal to the surface of the whole
retina. There does not even appear to be a merve-ibre for each bulb.
But this by no means proves that each rod may not convey its action to a
nerve-fibre, which should then equally receive the stimulus of several ad-
joining rods, thus precisely furnishing a very intelligible reason why the
acuteness of perception of the retina, should constantly diminish from the
yellow spot to the ora serrata, The very recent anatomical investigations
carried on independently of one another by W. Krause* and Braun,t have
revealed morphological peculiarities in the rods, which still more strongly
bring to light their analogy to the bulbs, and thus prove much in favour of
the harmony, if not of the similarity of their functions.

* Sitzungsberichie der kaiserl. Akademie der Wissenschafien. Wien,
1860. Bd. XLIL, p. 15.

t Naclrichten von der G. 4. Universitdt w. d. kénigl. Gesecllsch. der
Wissensch. zu Géttingen. 1861,
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CHAPTER 1.
§ 2. —PRoors oF THE EXISTENCE OF ACCOMMODATION IN THE EYE.

Tur media of the eye form a compound dioptric system, wherein
we can accurately and easily trace the course of the rays of light only
by being acquainted with its cardinal points. But, to clear up a
number of questions, it is satisfactory to consider the whole system
as a single lens, with a definite focus, and the action of such a lens
is then sufficient to give an idea of the accommodation.

It is well known that when paraflel rays of light fall upon a
convex lens (Fig. 2), these, at a certain distance behind the lens, unite
nearly into a point, called the principal focus. The distance
between a particular point* % of the lens and the focus ¢” is
termed the focal distance F. Parailel rays of light proceed from infi-
nitely distant objects. TFrom each point of an object, placed at a
finite distance, proceed rays, which have a diverging divection. When
such rays fall on the lens (Fig. 8 2 & and o' &), they unite likewise
almost into a point 7, but this point lies further behind the lens than
the principal focus. Such a point is in general called a focus.t The
principal focus is the focus for parallel rays. It is evident that the
rays may fall on the lens in such a diverging direction as to maintain
a degree of divergence behind the lens, Thisis the case when the point
(Fig. 4 ¢), whence the rays ¢ & and ¢ o’ proceed, is at a less distance
from the lens than amounts to the focal distance F of the lens. The
rays then acquire after refraction through the lens, as é¢ and &' ¢,
a direction as if they had come from a point more distant from the
lens. In the explanation of ordinary vision this last is, however, of
no importance, masmuch as objects are always held far enough from

* 'This point is called the centre of the lens, and its position depends only
on the curvatures of the two surfaces.—S. H.
+ Or focus congugate to the point from which the rays come. Optical
writers use the word focus, in general, for the point of union of rays; and
 the focus of parallel rays is by them called the principal focus, When the
rays are nob parallel, the points of divergence, and of union of the ray s, are
called eonjugate foci—8. H.
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8 PROOFS OF ACCOMMODATION,

the eye to allow of the rays proceeding from them being brought, if

not into union, at least into a converging direction. ’
Tig. 4.
Fig. 3.
Tig. 2.
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In the normal eye, the retina is placed precisely at the focal dis-
tance of the dioptric system. Parallel rays, derived from infinitely
distant objects, are therefore brought into union exactly in the retina.
The objects are accurately perceived. From near objects, as we have
observed, the rays proceed in a diverging direction, and their point
of union in the normal eye, consequently, lies behind the retina,
and yet the organ is capable of perceiving near objects also accurately.
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ILLUSTRATIVE EXPERIMENTS. 9

It therefore has the further power of bringing divergent rays into
union on the retina. Now, this power of bringing at will rays of
different directions into union on the retina is the power of accorm-
modation of the eye.

We can easily convince ourselves that the normal eye possesses
such a power. That we are able clearly and accurately to distinguish
objects at different distances, everyone knows by experience. We
need, therefore, only assure ourselves that we cannot af the same
tume Plainly distinguish remote and proximate objects, to obtain a
proof that an accommodating power exists; in other words, that in
the eyea change is produced in connexion with the distance at which
we can see accurately. It is almost superfluous to adduce a direct
proof in support of this statement. Ordinary observation will abun-
dantly demonstrate it. It is well illustrated by holding a veil at
some inches from the eye, and a book at a greater distance; we can
then at will see accurately either the texture of the veil, or the letters
of the book, but never both together. 1f we see the texture of the
veil, we cannot distinguish the letters of the book; if we read,
the veil produces only a feeble, almost uniform obscuration of the
field of vision; of the separate threads we see scarcely anything.
The circle of diffusion in imperfect accommodation can be most dis-
tinctly seen at an illuminated point, or at a darker spot on a piece of
ordinary window-glass. The latter is held close to one eye (while
the other eye 1s shut), but so that the point can still be accurately per-
ceived—the objects situated at a certain distance on the other side of
the glass are then observed without defined contours. We can now,
however, at will, immediately see, in the direction of the point, the
objects at the remote side of the glass distinctly, whereupon the point
appears as a larger, diffused spot. A change has consequently taken
place in the eye. Of this we are ourselves distinctly conscious.
When we locked at distant objects through the glass, the eye was
adjusted for almost parallel rays; the diverging rays proceeding from
the point had therefore their point of union behind the retina.
When the point was accurately seen, the eye was accommodated to
the diverging rays proceeding from it, and the almost parallel rays
derived from the distant objects, had already united in front of the
retina, and had decussated in a focus. In uniting, whether before
or behind the retina, the rays proceeding from each separate point
formed a 7ound spot on the retina, instead of a point. The sec-
tion of these rays has, in fact, nearly the form of' fhe pupil, and, if
the rays of the cone have not yet been brought into union, or if they
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10 CHANGE OF THE EYE IN ACCOMMODATION,

have already decussated, they form on the retina a little spot of the
form of the pupil. All the little spots, which represent the several
points of the object in the retinal picture, are now like so many
blotted points of an accurate image covering one another, and it is
evident, that the former must, therefore, lose its sharp contour
and be diffused on the surface. Butb as the retinal, so is the pro-
jected picture, and we therefore say, that we see the object diffused.
In such a state do all ohjects appear, for which the eye is not
accommodated.

§ 8.— CuANGE OF TIE DIOPTRIC SYSTEM OF THE E¥E IN ACCOM-
MODATION.

That in the eye, in accommodation, a change is produced, has in
the preceding section been placed beyond a doubf. The question
now is, in what that change consists? Since Xepler first attempted
{0 answer it, the inquiry has been the constant source of much
difference of opinion among natural philosophers and physiologists.
All imaginable hypotheses have been advanced. Alteration of situa-
tion of the lens, elongation of the axis of vision, contraction of the
pupil, change of form of the lens, have all in turns been made use of
in the explanation, and those who were satisfied with none of these
theories, were sometimes bold enough altogether to deny the exist-
ence of an accommodating power. The" ophthalmoscope, which
enables us to see, in the fundus of the eye, the diffused images of
objects for which the eye is not accommodated, effectually silences
these last.

It is not my intention to subject anew to criticism the long series
of incorrect views upon the subject. I am not writing a hislory of
errors. We now know what change the dioptric system undergoes
in accommodation, and the source of this knowledge alone can here
be sketched in its leading features. Zhe clhange consists in an
alteration of form of the lems: above all, its anterior susface be-
comes more convew and approaches to the cornea.

It is now nearly sixty years since Thomas Young* had satisfied
himself that the power of accommodation depends upon a change of
form in the lens. Nor was he led to this conviction merely by the
exclusion of other hypotheses ; he adduced reasons which, properly

* Philosophical Transactions, 1801, vol. xcii. p. 23. Conf, Miscellancous
TPorks of ihe late Tm. Youwe, ediled by Groner Pracock, Vol. L. p. 12,
London, 1854,
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understood, should be taken as positive proofs. As an hypothesis
the idea had alveady existed ; but previously fo the time of Young it
could be considered as little more than a loose assertion, to which
no value was to be attached. The force of Young’s experiments was,
however, not understood, and his doctrine scarcely found a place in
the long list of incorreet opinions and hazardous suggestions, which
were constantly anew brought forward. Perbaps the necessary
attention was not paid to Young’s demonstration, because physiolo-
gists, not being acquainted with any muscular elements in the eye,
could scarcely imagine by what mechanism the crystalline lens should
change its form, and they were little inclined to believe with Young *
in the contractility of the fibres of the lens. It was not until after
direct proofs (within the reach of every one’s observation and compre-
hension) of the change of form of the lens had been brought forward
by others, that Helmholtzt placed the able investigation of Thomas
Young in its proper light. The direct proofs were given a few
years ago, and to our fellow-countryman Cramer,} too early snatched
from science, belongs the highest honour in the matter.

For many years the reflected images of the anterior and posterior
surfaces of the lens were generally known. Purkinje had discovered
them in 1823, and Sanson had made them available in the diagnosis
of cataract (1887). If some doubt still remained respecting the origin
of the two reflected images, observed in the eye behind that of the
cornea, the doubt was removed by the experiments of Meyer.§ Tor
the recognition of cataract they lost their value, when more decisive
meaus of attaining it were discovered. But it was they which could
give an infallible answer to the question, whether the lens in the
accommodation of the eye undergoes a change, either in form or in
situation.

Maximilian Langenbeck || was the first to whom it occurred to
investigate the reflected images of the lens with reference to this im-
portant question. He examined them, however, only with the
naked eye, moreover at a very unfavourable angle, almost solely
with respect to the depth of their situation in the eye, and we can,
therefore, scarcely assume that this investigation was sufficiently

* Miscellaneous TVorks, Vol. L. pp. 1 et seq.

1 dllyemeine Encyclopedie der Physilk, herausgegeben von G, Karsten.
Erste Lieferung, B, L. pp. 112 ef seq.

I Het accommodatie-vermogen, physiologisch toegelickt. Haarlem, 1853.

§ Zewtschrift f. ration. Medizin, Band V. p. 262. 1846.

| Llndsche Beitrdge aus dem Gebicte der Chirurgie w. Oplthalbnoloyie.
Gottingen, 1849.
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12 CHANGE OF THE EYE IN ACCOMMODATION.

decisive to produce conviction. Nevertheless, he announced the
most Important fact : namely, that i accommodation for near objects
the anterior surface of the lens becomes more convew. This statement
lay hidden in a work, whose title was little adapted to attract the
attention of physiologists. Accidentally the book fell into my hands.
Struck with Langenbeck’s fortunate idea, I immediately endeavoured
to satisfy myself of the correctness of his assertion; but owing to
defects in the means T employed, no satisfactory result was obtained.
That on examination with a magnifier the reflected images should
show with certainty, whether in accommodation a change of the
crystalline lens arises, I did not hesitate to predict.* 1T soon heard
that Cramer, led by this prediction, had taken up the question.t He
comprehended its full importance, solved it in the manner pointed
out by me, and so put forward his result, that its correctness was in
a very short time universally admitted.

T have above observed, that from the reflected images of the lens
we may learn both the curvafure and the sifuation of.its surfaces.
Cramer had already deduced both from his investigations.

In the first place, as relates to the curvature, we know that convex
mirrors produce a diminished image behind, concave mirrors before
the reflecting surface, and that the images are smaller in proportion
as the radius of curvature is less. This is easily seen by comparing
the reflected image of a flame formed by biconvex spectacles ground
with different radii. We see an erect reflected image behind the
anterior surface of the glass, and an inverted image before the glass,
and both are smaller in proportion to the convexity of the surfaces of
the glass employed. The posterior erect image is formed by reflexion
on the anterior surface of the glass; the anterior inverted image is
formed by reflexion on the posterior surface, or, to speak more
correctly, on the concave surface of the air contiguous with the
posterior convex surface. Now, the anterior surface of the crystalline
lens is a convex mirror ; the posterior surface, or rather the anterior
surface of the vitreous humour corresponding thereto, represents a
concave mirror. The reflected images are feebly illuminated, because
the difference in refraction between the fluids of the eye and the
lens being small, the reflexion is not considerable. They are, how-
ever, clearly discernible, when we hold a bright flame at one side of
. the eye, and look into the organ at the other side. If a line, drawn
from the flime to the eye, forms an angle of about 30° with
the axis of vision, and if we look at the other side, likewise at an

* Nederl. Lancet, 2¢ Sér., D. V., pp. 135 and 147. + loc. cit.
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ALTERATION IN THE LENS. 13
angle of about 30° with the axis of vision, into the eye, the three

little images appear flat, close to one another, in the pupil (Fig. 5).

Tig. 5.

A represents their situation in the eye accommodated for distance;
B in the eye accommodated for near objects. In hoth & is the
reflected image of the cornea; & that of the anterior surface, and ¢
that of the posterior surface of the Tlens. Cramer viewed them
magnified 10 or 20 times. He thus convinced himself that the image
6 reflected by the anterior surface of the lens is, in accommeodation
for near objects, considerably smaller, and he thence correctly inferred
that the anterior surface of the lens increases in convexity, that the
radius of curvature diminishes. Subsequently Helmheoltz,* who, inde-
pendently of Cramer, had discovered the true principle of accommo-
dation,T has stated that also of the little inverted image ¢ formed by
reflexion on the surface of the vitreous humour, not only the apparent,
but the actual size diminishes a little in accommodation for near
objects, and that, consequently, the posterior surface of the lens, too,
increases in convexity, although this increase is very slight.

As to the change in situation of the curved surfaces of the lens, this
can be determined from the alteration of place of the reflected images.
If we compare Fig. 5, A and B, we shall see that in B the image &
reflected by the anterior surface of the lens, is approximated much
more to the reflected image of the cornea g, than in A ; and Cramer
hence inferred that the anterior surface of the lems, which had
become more convex, now comes also to lie closer to the cornea.

* drch. f. Ophthalmologic, herausgegeben von Artl, Donders und von

Graefe, Bd. I. Abth. 2, p. 1.
1 Monatsberichte der Akademie su Berlin, Febr, 1853, p. 137.
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14 CHANGE OF THE EYE IN ACCOMMODATION.

The next figure (6) clearly decides this. A A’ is the axis of the

Tig. 6.

eornen, with which we here assume that the axis of the lens T
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coincides.  The lens is drawn in a double form, namely, with con-
tinuous lines in the form of accommodation for distant, and with
dotted lines in the form of accommodation for near objects. At f
is a flame; at o the eye of the observer. These two are so placed
that lines proceeding from them cut each point of the axis at similar
angles. Therefore, the rays thrown back by the reflecting surfaces
of the observed eye, where these surfaces are cut by the axis, reach the
eye of the observer.

The reflected image of the cornea is consequently seen in the divec-
tion 01, and {disregarding refraction on surfaces situated in front) that
of the anterior surface of the lens in the direction O 2, that of the
posterior surface in the direction O 3. Projected on the surface I T,
they appear closeto one another as «, 4, and ¢ (compare also Fig. 5,
A). If now the anterior surface of the lens advances to the dotted
line, the second image is seen in the direction O 2/, and is therefore
projected in the surface I1), as &'; it has consequently approached the
reflex image @ of the cornea (compare the preceding Fig. 5 B). From
this change of place, which is easily observed, we therefore infer
that, in accommodation for near objects the anterior surface of the
lens approaches the cornea. If is, indeed, true that we do not see the
Images & and & exactly in the direction of the point where the axis
cuts the surface of the lens, because both the incident and the reflected
ray is refracted by the cornea in front. But in consequence of the
symmetry of the cornea, which, moreover, does not change its form,
and the symmetrical position of the eye O, and the flame 7, with
respect to the axis, the deviations so produced are equally great on
both sides, and the above inference, therefore, remains quite correct.
If we determine the direction of the radius of the cornea in this place,
where the ray reflected on the anterior surface of the lens enters and
leaves the latter, we can, from the distance between the images @ and
b and @ and &', calculate the distance from the anterior surface of the
lens to the cornea.

Cramer did not observe any displacement of the posterior image.
He thence inferred that the situation of the surface did not alter.
This inference was hazardous, so long as it was not ascertained how
far the change of form of the lens in accommodation might have
influence on the place where the image ¢ was seen. Now, however,
since the mathematical investigation of Helmholiz has shown, that
in consequence of an incidentel compensation, such an influence does
not at all, or scarcely exist, we are really justified in concluding,
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from the unaltered situation of the image ¢, that the posterior
surface of the crystalline lens in accommodation does not change its
situation.

The changes in the dioptric system, observed in accommodation for
near objects, therefore, consist in: 1. That the anterior surface of
the lens becomes more convex and approaches the cornca, both these
alterations taking place to a considerable degree ; 2. That the posterior
surface of the lens becomes a little more convex, but, notwithstanding,
remains at a nearly equal distance from the cornea.—Besides the
changes here described, none others occur in the dioptric system in
accommodation. In the first place, Dr. Knapp has proved that the
changes occurring in particular persons in the crystalline lens, arve,
in general, sufficient to account for their range of accommodation ;
and, in the second place, I have satisfied myself that where the
crystalline lens is absent, even in young people, not the slightest
trace of accommodating power remains. Knapp’s results are spoken
of at the end of the first Chapter ; mine shall be subsequently more
fully communicated. -

NOTE TO § 3.

In order to observe the reflected images, Cramer made use of an instrument,
by him called the ophthalmoscope, a term which is now generally and more
correctly applied to the eye-speculum. This instrument I have so modified
that it can be used for measurements, and I have given to it in this form the
name of phaceidoscope, which word fully expresses its object. The most
essential elements of this instrument are—(Fig. 7) 1. A horizontal quadrant,
divided into degrees; 2. A flame S reflected in the observed eye 0; 3. A
microscope m, through which the observer’s eye O sees the observed eye 0
magnified from 15 to 30 times, and in which the slit between two movable
vertical surfaces present in the eye-piece, serves as a micrometer; 4. A
sight v, capable of being placed at different distances from the eye. The
flame impinges unchanged upon 0°, the sight and the microscope can turn
horizontally around the middle point from which the quadrant is described ;
the observed eye O’ is so placed, that its crystalline lens coincides with the
middle point of this guadrant. We can thus alternately fix the sight,
placed near the eye, and a distant point situated in the direction of the
sight, after having first given a proper position to the microscope and to the
sight. The flame remnins, as has been said, in the direction of 0°. If the
microscope be now placed at 60° and the sight close to 30°, we shall usually,
on alteiing the accommodation, sec very distinetly the displacement and
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THE PHACOIDOSCOPE, 17

change of size of the middle image. Properly speaking, the sight ought
not to stand at 30°, but at about 5° or 6° from i, as the observed eye must

Fig. 7.
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lIook 5° or 6° more inwards. The axis of vision lies, viz., in general, to
the outside of the line of vision (that is the line extending from the yellow
spot to the fixed point), and the line of vision must therefore be turned in-
wards, in order to direct the axis of vision to 30°. If we wish to determine
the position of the surface of reflexion of the lens from the distance between
the reflected images o and b, the direction of the axis of the cornea must first
be sought in order to place the sight correctly with respect to it.

Helmholtz constructed a peculiar instrument, called by him the ophthal-
mometer, for the purpose of determining the magritude of the reflected images.
This instrument is one of the great treasures for which we are indebted to
his genius. Kohlrausch, and also Senff, had already mensured the reflected

9
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13 CITANGE OF THE EYE IN ACCOMMODATION.

images, at least that of the cornea, with a magnifying glass. But the oph-
thalmometer possesses a great advantage over an ordinary magnifier, inas-
much as the trouble and inaceuracy, which in the successive measurements
of the borders of the image must necessarily result from slight movements of
the head and eyes, are avoided in this instrument. The mode of measure-
ment with the heliometer, which enables astronomers aceurately to determine
minute dimensions of the planets in constant motion, suggested its construc-
tion to Helmholtz. These measurements are aceomplished by doubling the
images; the same is true of the ophthalmometer. Objects which are seen
through a plate of glass, bounded by perfectly flat and parallel surfaces,
held obliquely to the line of vision, appear to be in some measure laterally
displaced, and this displacement increases with the magnitude of the angle
of incidence of the rays of light upon the plate. On this simple fact de-
pends the action of the ophthalmometexr.

In Fig. 8, let A be a Galilean telescope, before whose object-glass two plano-

Fig. 8.

parallel glass-plates, seen in profile in a; &, and e, &, are so placed obliquely
to its axis, that the right half of the object-glass receives its light through
the plate a, b,, the left half through the plate a; &;, then the image ¢ d, to
which the telescope is directed, appears not at ¢ d, but through the plate
a, by at ¢, d, and through the plate @, b, at ¢; da. The twvo images stand at the
same time close to one another in the field of vision of the tclescope. Ifnow
the glass-plates be turned so far, that the extremity d, of the first coincides
with the extremity ¢, of the second image, and if we know the angle through
which the glass-plates have revolved, with their thickness and the coefficient
of the refracting power of the glass, we can caleulate the length ¢ d, even
without knowing the distanece from A to ¢ d. The ophthalmometer is
further so arranged that, on turning round the glass plates, both traverse
equal angles, and it can be read with great accuracy at what angle they are.
Those who desire to learn the details of the construction of the instrument
should consult Helmholtz (Archiv fur Ophthalinologie, herausgegeben
von Artl, Donders und von Graefe, Bd. 1, Abth. 2, p. 1). At the option
of the observer, ¢ d need not be caleulated. If we have a finely divided
measuring-rod, we can empirically determine by what number of degrees
of the ophthalmometer known magnitudes are measured, and prepare a table
of the results. Tor reasons elsewhere detailed (Verslagen en Mededeclingen
van de Koninklijke Akademie van Wetenschappen, Amsterdam, 1861. D,
XL, p. 159), I have even given the preference to this method., From the
degrees on the ophthalmometer, by which a reflected image is measured, we
then immediately find its magnitude in the table; and if we know at the
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same time the distance and magnitude of the object, whose image we measure
on a curved surface, we can, by a tolerably simple formula, caleulate the radius
of the curve. If we always use the same object (represented, for example,
by the distance between two flames), and if this is always at the same dis-
tance from the observed eye, we can in the tables easily add, after the magni-
tudes of the images, the corresponding radii of curvature, and so immediately
read from each observed number of degrees on the ophthalmometer the
radius of eurvature of the reflecting surface. Such an arrangement exists
in the Netherlands Hospital for Diseases of the Eye at Utrecht.

The application of the ophthalmometer to the measurement of the clear
reflected images of the cornea is very easy. We observe that in accommo-
dation for each distance the magnitudes of the images, and consequently the
radius, remain unalterably the same.

On the anterior surface of the lens the image is too weak and too ill-de-
fined, to allow of the measurement of double images thereof with the ophthal-
mometer. Helmholtz therefore produced, close to the reflected image of the
lens, a changeable reflected image on the cornea, and made this last equal in
magnitude to the first, of which he could accurately judge with the naked
eye. The magnitude of that of the cornea can then in every case be ealeu-
lated or measured. The magnitude is estimated most precisely when each
reflected image consists of two little tapers, whose mutual distance then
represents the size. We obtain the doubling by two candles, or by
the reflexion of ome candle in a mirror held under the observed eye.
The accuracy of the method, however, aceording to Knapp, who somewhat
modified it (drehiv fiir Ophthalmol., Bd. VL., Abth., 2, p. 1), still left much
to be desired. For easy as it is to satisfy one’s self of the alferation
in magnitude of the reflected image 3, it is difficult, on account of its faint-
ness and want of sharp contours, to determine the absolute size of it with
the desirable accuracy. The little inverted image of the posterior surface
of the lens is well defined, In this instance the ophthalmometer was again
applicable, and Helmholtz satisfied himself that the radius of curvature in
accommodation for near objects here becomes a little smaller.  More accu-
rate determinations, obtained by a modified method,* have led to the same
result,

In order to ascertain the place of the anterior surface of the lens,
Helmholtz determined that of the margin of the pupil which lies against the
lens, The position of the posterior surface, in the determination of which
the ophthalmometer again rendered good service, was deduced in a rather
complex manner, from that of the reflected image. These determinations of
the places of the surfaces of refraction might, as has been already observed,
also be obtained with the phacoidoscope.

So far respecting the methods, with reference to which Helmholtz and
Knapp may further be compared. As to the results obtained, the necessary
statements will be made at the end of this Chapter.

¥ Confl Knapp, 4 ¢. p. 34.
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20 MECHANISM OF ACCOMMODATION.

§ 4. Ox THE MECImANISM OF ACCOMMODATION,

So soon as the changes which the dioptric system undergoes in
accommodation had become known, physiologists were in a position
to investigate, with some hope of success, the mechanism whereby
those changes are produced. Many modes of solving this question
have been tried. By some, experiment has been resorted to; others
have instituted an accurate examination of the anatomy of the parts
which appear to be concerned in the mechanism referred to ; patho-
logy, finally, has been made use of in prosecuting the inquiry. But,
notwithstanding all these efforts, it cannot be said that any theory
brought forward has as yet been fully proved : the utmost we have
attained to is, that by exclusion, the limits wherein our views may
range have been much restricted.

It has been in general tacitly assumed that the accommodation
for distance, and even for the farthest point of distinet vision, is
purely passive,—that in it only relaxation of the parts which actively
produce accommodation for near objects takes place. I believe that
this idea was in all respects fully justified. But, if we endeavour to
explain the mechanism of accommodation, it is, as a preliminary
question, so important, that it may well be specially treated of, the
more so, because some advocate an active accommodation also for
distant objects. The grounds on which it may, in my opinion, be
maintained that accommodation for near objects only is active, while
that for distant objects is passive, are the following :—

1. The subjective sensation ;—for myself this is conclusive.

2. The phenomena produced by mydriatics. If we drop into
the eye, a solution of one part of sulphate of atropia in 120 of
water, the pupil, after ten or filteen minutes, begins to dilate, and
soon afterwards the nearest point of distinct vision removes
farther and farther from the eye. At the end of forty minutes
all action is destroyed, and the eye remains accommodated to its
farthest point. The muscular system for accommodation is now
paralysed, and paralysis, that is, the highest degree of relaxation,
is thus proved to be equivalent to accommodation for the farthest
point. Now, did we assume the existence of a distinet system, work-
ing actively in accommodation to the farthest point, we ought to
maintain—1st, That this system is not paralysed by atropia; 2nd,
That it is by this agent brought into a condition in which it
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is incapable of relaxation. This supposition would not be quite
absurd. Something of the kind is said to occur in the action of
atropia upon the iris: the circular fibres of the latter are thereby
paralysed, but at the same time its radiating (?) fibres are said to be
brought into the condition of spasm, so that the pupil becomes much
wider than in cases of paralysis of the sphincter, and is also not at
all or scarcely capable of further dilatation by iritation of the sym-
pathetic nerve in the neck.*  But though the supposition is not ab-
surd, it is nevertheless far-fetched and little admissible. That it is
Incorrect appears further :—

3. From the phenomena attending paralysis of the oculo-motor
nerve. In this affection the power of accommodation is not unfre-
quently wholly lost. This condition may occcur with paralysis of
some or of all the muscles governed by the oculo-motor nerve ; but
it may also exist quite independently. In it the refraction corre-
sponds to the original faréhest point, as cases of recovery have satis-
factorily proved to me. The pupil is immovable and dilated, although
not highly so. On instillation of atropia, the diameter becomes much
greater, but the refraction of the eye remains unaltered. Accom-
modation for the farthest point corresponds, therefore, to total
paralysis. In imperfect paralysis (paresis of accommodation) the
nearest point is always removed further from the eye, the farthest,
remaining unaltered. Cases of paralysis, where the farthest point
should be approximated to the eye, do not occur : they should neces-
sarily occur, did a muscular system exist, actively producing accom-
modation for remote objects.

4. The lens, enclosed in its capsule, has an important property,
which must here be expressly pointed out. It possesses a high degres
of elasticity. On gentle pressure its form is easily altered, but it im-
mediately regains its original form when the pressure ceases.

Hence, too, it appears, that only the mechanism of accommodation
for near objects is explicable by muscular action, and that the return to
accommodation for distant objects occurs spontaneously (with the co-
operation of elastic parts) when the active muscular operation ceases.
The efforts of myopic individuals to see distinctly at a greater dis-
tance, are confined, as we shall subsequently observe, to diminishing

* Bee de Ruyter, De actione Atrope Belladonne in iridem, Trajeni ad
Rhenum, 1856. Kuyper, Onderzockingen betrekkelil de kunstmatige ver-
wijding van den oogappel. Utrecht, 1860,
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the circles of diffusion, by excluding a part of the pupil: they pro-
duce no true accommodation—no change of the dioptric system.

Now the accommodation for near objects must take place through
the mtervention of muscular action. The accommodation is pro-
duced voluntarily, and we know no voluntary movement without the
intervention of contractile—of muscular elements.

Before physiologists were acquainted with the changes of the
dioptric syslem, they often attached importance to the exfernal
muscles in the production of accommodation. Now that we know
that the accommodation depends on a change of form in the lens,
this opinion seems scarcely to need refutation. That with converg-
ing lines of vision, through the action of the musculi recti interni,
we are capable of producing a higher degree of accommodation than
is attainable by parallel lines, proves only that the muscular action of
accommodation and the contraction of the musculi recti interni are
associated : we can by no means thence infer that the musculi recti
interni have a direct influence upon the accommodation. That they
do not possess this, I learned from cases where the musculus rectus
internus was completely paralysed, and the accommodation neverthe-
less had its normal range. The same might already have been in-
ferred from the fact, that when the near object fixed upon lies to the
side, the rectus internus in one eye is not active, and, nevertheless,
accommodation for near objects in this case equally takes place.
Many instances further occur, where the accommodation is wholly
destroyed by paralysis, without the external muscles of the eye being
in the least impeded in their action; and, finally, some cases are on
record of paralysis of all, or of nearly all, the muscles of the eye, and
of deficiency of the same, without diminution of the power of accom-
modation. We hence conclude that the external muscles of the eye
exercise no direct influence on accommodation.

The contractile elements, which produce the accommodation, must
consequently be situated exclusively ¢z the eye. Now we are ac-
guainted, in the eye of the mammalia, solely with unstriped muscular
fibres or fibre-cells : there arec no striped muscular fibres or
fasciculi. These last, however, replace the former in the eye of
birds, and therefore we may attribute to the unstriped muscular fibres
the same signification and the same voluntary action. Indeed it is
as little strange that fibre-cells should here be subject to the will as
that the striped fibres of the heart should be withdrawn from it.
Purthermore, if we consider that Cramer saw accommodation for
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near objects supervene on galvanic irritation of the eye of various
animals, deprived of its external muscles, and that paralysis of
the iris and paralysis of accommodation almost always go hand in
hand, there can be no doubt that internal muscular eclements,
under the control of the ciliary nerves, by their contraction produce
the accommodation.

Now the muscular elements known to exist in the eye of the
mammalia are (Fig. 9) :—

1. The muscular fibres of the iris. The circular fibres (sphincter
pupillze @) are easily seen and isolated, most casily in white rabbits
or rats.

Independent radialing fasciculi of fibres are less easily demonstrated.
The vascular trunks @, which likewise have a radiating direction,
possess a distinct muscular layer; and it is generally difficult {o
prove that the fibrous bundles found do not belong to the vessels.
However, most anatomists think that they have satisfied themselves
as to their presence. In this I never completely succeeded, More-
over, it is difficult to explain dilatation of the pupil from atropia, in
cases of paralysis of the sphincter pupillee (whether the result of
disease or of division of the oculo-motor nerve), without assuming
the existence of radiating fibres. But even admittiug the presence of
radiating muscular fibres, I consider the explanation to be unsatislac-
tory, as it makes it necessary to assume that the same substance which
stimulates them should paralyse the circular fibres.—I have shown
with certainty from experiments on white rabbits,* that the blood-
vessels of the iris, on irritation of the sympathetic nerve in the neck,
become narrower while the pupil dilates. As to the connexion be-
tween these two phenomena, I do not venture to give an opinion.

2. The ciliary muscle,

That the organ formerly known under the name of ciliary liga-
ment is of a muscular nature, has been proved, independently of one
another, by my esteemed friends Bowman and Bruecke. The fibres
arise in great part from the outer layers @ of vitrcous fibres, in which
the membrana Descemetii (D) subdivides, while the innermost layers of
these fibres spread as ligamentum pectinatum on theiris. The muscular
fibres form fasciculi, of which the most external, connected in long
extended networks, run backwards parallel to the upper surface of
the sclerotic (S) and pass into the several laminze of the chorod (C).
Internally ® the meshes of the nets become gradually shorter, and

* Comparce Kuyper, /. ¢. . 19.
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24 MECHANISM OF ACCOMMODATION.

finally, mqstly spread out in a circular direction, so that the fasciculi
ere acquire rather a circular than an antero-posterior direction.

Fig. 9,

This innermost portion of the ciliary muscle is connected with the
choroidal tissue in the place where the corpus ciliare (P) passes from
without inwards. If we cut out a piece of the conjoined membranes,
and with a pincers seize the whole breadth of the pottion of the iris
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near its insertion and tear it off, the innermost part @ of the ciliary
muscle remains attached to the outer surface of the ciliary process,
while the most external portion ® continues lying on the sclerotic
and connected with the extreme outer layers of the choroid, which
are not torn off. We can thus divide the muscle into two parts, as
1s described in von Reeken’s dissertation.* The networks of the
fasciculi of the innermost porlion possess, as is there also represented,
a more circular direction. H. Miillert has subsequently described
these as a separate muscle. He has the merit of having thereby
directed attention to this inmermost part. That it does not, however,
deserve to be considered as a separate muscle, is clearly shown by
the above-described gradual transition from the one direction to the
other.

3. In other elements also of the eye of the mammalia, contractility
has been suspected, though not demonstrated. Max. Langenbeck
has assumed the existence of a musculus compressor lentis immedi-
ately around the lens. Others, however, have not succeeded in find-
ing this. After the action of acetate of lead and acetic acid, the
Zonula Zinnii (Fig. 9, 7) acquires, as Nuhn has shown, a most de-
ceptive appearance, as if 1t possessed transversely striped primitive
bundles; but the attempt to establish the existence of contractility,
or of other reasons for assuming the presence of muscular elements in
that membrane, has not been successful. Inthe choroid, Schweigger
has found cells presenting quite the appearance of ganglionic cells,
and it seems that they must really be considered as such; and
Heinrich Miiller appears inclined to attribute contractility to the
choroid. Each of these views is, however, still problematical.

From this sketch it seems most probable, that no contractile ele-
ments, except those of the iris and of the ciliary muscle, can come into
play in accommodation. Accordingly Cramer thought that the change
of form of the lens might be explained by the action of the iris:
simultaneous contraction of the circular and radiating fibres produc-
ing pressare on the lens, and thus giving to'the part of the crystalline
corresponding to the pupil greater convexity, and causing it fo pro-
trude through the pupil. Pathology has, however, shown that the
iris iakes no direct part in the accommodation of the lens. It may

* Ontleedkundig onderzoels van den toestel voor accommodatie van het cog.
Utrecht, 1855.
t dreldv fiir Oplithalmologie, B, iv. p. 1.
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be adherent to the cornea, leaving a space between the iris and the
lens; it may float without tension in the aqueous humour (iridode-
nosis) ; it may be in part removed by iridectomy; it may even be
wholly absent, without the power of accommodation being perceptibly
disturbed. In an extremely important case, where the whole iris was
" removed by operation, von Graefe* recently instituted an accurate
investigation, and established the existence of the range of accommo-
dation normally corresponding to the patient’s age, while the change
of the anterior reflected image of the lens, too, in accommodation was
admirably seen. We are therefore justified in denying to the iris any,
or almost any, influence on the change of form of the crystalline lens
in accommodation, and in estimating the contraction of the pupil, in
accommodation for near objects, as a simply associated movement.
It therefore remains only to attribute o the musculus ciliaris the
important quality of accommodation-muscle. Thus far we have arrived
by exclusion. But the mechanism whereby the contraction of this
little muscle alters the form of the lens is—to however small a com-
pass the question may now seem to be reduced—not yet satisfactorily
and convincingly brought to light. The accompanying changes of the
eye have been studied with great accuracy : the advance of the sur-
face of the pupil and the retrocession of the periphery of the iris, in
the accommodation for near objects; the light-phenomenon (plos-
phéne) at the termination of this accommodation (Czermak), ete. ; but
to a perfect solution we have not attained. I shall here confine myself
to a short statement of the views of Helmholtz, who numbers the
most adherents, and of H. Miller. Helmholtz, by measurement
during life, found the lens, in accommodation for distance, thinner
than it occurs in the dead body. It is said that this may depend on
elongation of the lens (Fig. 9 L), through tension of the Zonula
Zinnii ¢, which is stated to be present during life, certainly as a
result of the pressure of the vitreous humour. It is further stated
that after death, when the pressure ceases, the tension may diminish
and the lens consequently become thicker. But during life the action
of the ciliary muscle may effect the same. It is evident that the
outermost layers of the ciliary muscle, in contracting, must cause
the origin at the fibrous layers ® of the membrana Descemetii and
the termination at the choroid (C), both of which are elastic, to ap-
proach one another. According to this, the iris (I), which is mediately
connected with the anterior part of the ciliary muscle, recedes in ac-

* Areldv fiir Ophthalmologie, B. vii.
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commodation for near objects; and, on the contrary, the place of
insertion in the choroid will advance a little forwards. Now with
this the origin of the Zonula Zinnii is connected; and as, there-
fore, the latter ab the same time advances, its tension ceases,
and the equator of the lens becomes smaller, the lens itself becomes
thicker in the middle, and its two surfaces are rendered more convex.
Helmholtz supposes that to this may be added a pressure of the
iris, which may make the equatorial surface of the lens arched an-
teriorly, and thus increase the convexity of the anterior surface and
diminish that of the posterior.

H. Miller’s theory is based upon his anatomical investigations of
the ciliary muscle. He distinguishes, as we have seen, a circular
muscle capable of exercising pressure on the margin of the lens, and
thus of rendering the Iens thicker, while it would at the same time
draw the periphery of the iris backwards. Moreover, he attaches,
with Helmholtz, importance to the relaxation of the Zonula Zinnii.
Lastly, he sees in the action of the most external layers of the
ciliary muscle a means of augmenting the pressure of the vitreous
humour, of pushing the lens forwards, of diminishing the increased
convexity of the posterior surface, and, by the resistance of the
simultaneous contraction of the iris, of increasing that of the anterior
surface.

Against these two theories I have difficulties which I shall not
further develop. It would, moreover, be easy to bring forward other
hypotheses, but from this too I shall refrain. I am afraid of de-
priving this work of the character I desire, above all, to see attached
to it,—the character of exact science.

NOTE TO § 4.

One point I shall take leave to remark upon is, that in the case of acquired
aniridesis with normal range of accommodation, described by von Graefe,
in accommodation for near objects, no displacement of the then visible ciliary
process was observed ; that, moreover, nothing is mentioned of the possi-
bility of a direct pressure of the ciliary musele on the mavgin of the lens; and,
finally, that nothing is said of any diminution of the circumference of the
lens, although the mcreased convexity of its anterior surface is proved from
the 1eﬂeeted images. On former occasions I bave rlso in vain endeavoured,
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after iridectomy, in which the margin of the lens became visible, o satisfy
myself of the diminution of the circumference of the lens in accommodation
for near objects. Thus far it has not been directly observed. It is evident
that, if it be wanting, with the increase in thickness in the middle, which
has certainly been witnessed, attenuation of the parts situated near the
equator must be combined, and thus the curved surfaces would obtain such
an irregular form, that it becomes difficult to explain the tolerably accurate
power of vision in the case of aniridesis described by von Graefe, in accom-
modation also for near objects, ‘Whatwe must, in the first place, therefore,
endeavour to clear up is the question, whether the circumference of the lens,
in accommodation for near objects, becomes perceptibly smaller? The
answer will have great influence on our further considerations.

§ 5. RANGE OF ACCOMMODATION.

In all the investigations respecting the cause and mechanism of
accommodation, observers appear not to have thought of defining the
range of accommodation under various circurstances, and of seeking
a simple numerical expression for the same. And yet the necessity
for such existed almost still more for the oculist than for the
physiologist. If it be desired to investigate the accommodation,
whether in reference to the changes observed in the eye, either at
different periods of life, or with respect to myopia, hypermetropia,
asthenopia, strabismus, paresis, etc., it is evidently necessary to have
an easily comparable standard of its magnitude or range.

Had the necessity been felt, it would not have been difficult to
have provided for it. The knowledge alone of the distance R from
the farthest point of distinet vision, and of the distance P from the
nearest, is sufficient. With the knowledge of these distances the

range of accommodation &may be found by a very simple formula.

The formnla 1s %

tam,
—

1
'Ev

The distances P and R may be caleulated from the nearest point p,
and from the farthest point # of distinet vision to a point situated
about 3" behind the anterior surface of the cornea in the eye, called

* Lnglish writers on optics would say—
1 1 1

e R
3l —

e

_—

x ATRTP
the negative sign of A denoting that the lens is convex.—S8. H.
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the anterior nodal point Z. The latter coincides in the eye nearly with
the second nodal point £°, both of which may therefore here be con-
sidered as one point. This point corresponding nearly to what is
termed the optical centre, has a very important signification; the
rays, which in front of the cornea are directed to the node, in
the vitreous humour continue parallel to their primitive direction,

and also nearly exactly directed to the same point;
these rays may therefore be considered not to have
been refracted. This is represented in the sub-
joined figure 10.

The ray ¢ #, proceeding from the point 7,
continues as %" 7, and since all the rays, which
proceed from the point ¢, unite in one point, this
must occur where they meet conjointly the ray
% 7. Now if the eye be accommodated, the union
takes place in the retina, and then the image of
the point 7' lies in /. In like manner the image
of the point ¢ lies in 7, both being situated in
the axis A A~ Therefore, 7 5 is the image of
4%, and it immediately appears that their recipro-
cal magnitudes are as their distances from the
point £ where the rays ¢ 7 and ¢ 7 cross one
another. If we express the distance 7 £ by ¢/,
and the distance 7 % by ¢, the magnitudes of the
object B and the image g are to one another, in
the accurately accommodated eye, as ¢’ to g”.

‘B:p=yg:4".

In the normal eye ¢” is about 15 millimétres.
Therefore, if an object be accurately seen at 15
metres distance, the retinal image is 1000 times
smaller than the object; if the object lies at 1.5
meétres (= 1500 mm.) the refinal image is
1500
15~
pears, how important the posterior nodal point
(Knotenpunkt) £’ is. If we connect the correspond-
Ing points of the object and image by right lines
with one another, these all, just as ' #", pass through

=100 times smaller. Hence it clearly ap-

Fig. 10.

i /
_/
™~

the point %", and they are therefore called lines of direction; #e pos-
lerior nodal point k' is consequently the point of decussation of the

lines of direction.
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The meaning of the formula for the range of accommodation—
1 1 1

is easily understood. In this formula, A is the focal length
of a lens, which gives a direction to the rays
Fig. 11. from the nearest point of distinet vision p, as if
K they came from the farthest point ». The sub-
joined figure (11) illustrates this. The eye in
the condition of rest is accommodated for the
distance » # = R; in the strongest tension of
accommodation for the distance p £/ =P. In
the former case the rays diverging from » are
united on the retina, in the latter those diverg-
ing from p. In accommodation the eye must
therefore be so altered that the rays proceed-
] ing from g, in the vitreous humour acquire a
direction equal to that of the rays proceeding
from # in the non-accommodated eye. This can
be effected by placing an auxiliary lens in #, and
we may thus imagine the eye away, and suppose
that the auxiliary lens in £ is in the air. The
lens now represents the accommodation of the
eye, and its power the range of accommodation.
Its focal distance A is found by the formula

mentioned :

1 1 1
P R A

Consequently A is the focal distance of the
auxiliary lens, of which the eye avails itself in
accommodation, and as the power of a lens is
inversely proportional to its focal distance, }I or
1: A expresses the range of accommodation.
It is convenient to represent the value of A in
Parisian inches, especially as the focal distance
of lenses is usnally stated in the same, and this
applies also more particularly to spectacles.®

I may be allowed to illustrate the calcula-

tion of the range of accommodation by a couple of examples.

v )

* In the boxes of Glasses, prepared by Paetz and Flohr, of Berlin, for
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Let the distance P of the nearest point = 4¢, that of the farthest
point of distinet vision B = 12°, then the range of accommodation

will be—
1 1 _ 1
4 12 6
If the farthest point lies at an infinite distance, R = , the
nearest point at 5°, the range of accommodation will be—
1_1_1
5 o b
In the first case, the range of accommodation is represented by an
auxiliary lens of six, in the latter by one of five Parisian inches. The
same form of expression I now apply to all lenses. The power may
always be regarded as inversely proportional to the focal distance F,
and therefore find its expressionin 1: F.  If the focal distance be
negative, it becomes—1:F. (lasses of 4, of —§, &c., therefore mean
glasses of ten Parisian inches positive, eight Parisian inches negative
focal distance, &c. We shall subsequently see that the degrees of
anomalies of refraction may be expressed in a similar mode, and that
it is thereby at the same time shown, by what glasses they may be
neutralized.
‘We have above seen that the range of accommodation is contained
in the formula
1 _1 1
AP R
Therefore it is necessary to possess a simple method of determining
the points » and # with sufficient accuracy for practical purposes.
The determination of # is accomplished with a nearly parallel state of
the lines of vision, that is, by fixing with both eyes an object at least
5 métres distant. We know, namely, that when the lines of vision
converge, accommodation necessarily takes place, and that conse-
quently the true farthest point in total relaxation of accommodation
cannot thus be found. As an object we may use groups of vertical
black lines, each line 2% millimétres thick and 10 millimétres from one
another, and examine whether they can at the distance of five métres
be seen with perfect accuracy with the naked eye, or whether the
sharpness of the object can be increased by glasses. If no improve-

oculists, they are defined in Prussian inches, which are less than Parisian
inches, In England, English inches are employed, one English inch being
equal to about 094 Parisian inch, and differing but little from the Prussian.
In practice a reduction will rarely be necessary.
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ment is attainable by glasses,  lies at least 5 métres distant, which

Fig. 12.

7’

51

may here be equally represented by an infinite
distance oo. Where nearsightedness exists, con-
cave glasses, with negative focal distance, are
required to obfain perfect accuracy: in this
case we determine what is the weakest glass of
this nature with which the sharpest possible
vision is obtained. In the determination the
distance of the farthest point is ascertained ; thus
when parallel rays (Fig. 12), « 0 and o' &', derived
from a distant object, fall on a concave lens /,
they are, after refraction, divergent, as ¢ 4 and
¢ d', and appear now to be derived from the
point ¢’. The distance ¢’/ is the negative focal
distance F' of the lens 2. If we now designate
the distance Z 4’ by @, il is clear that the point
¢’, for which the nearsighted cye is accommo-
dated with parallel lines of vision, is at the dis-
tance F 4+ « from the point 2. Consequently,
R =1 + & Letus illustrate this by an ex-
ample. A nearsighted eye, to see accurately at a
distance, needs a glass of 15 Parisian inches
negative focal distance (F = 15), placed at a
quarter of an inch in front of the cornea, that
is, half an inch before the nodal point % in the
eye (#=1%), then R =T 4+ & =154 Parisian
mches.

In place of the above-mentioned black lines we
may, in the determination, make use of definite
letters or numbers, whereby, by causing them to
be named, we may obtain still more objective cex-
tainty with what glass they are accurately scen.
A sharp-sighted eye recognises letters such as the
subjoined in good light — (Tig. 18) —at a
distance of about 20 feet. In Dr. Snellen’s sys-
tem of test-types, each mumber corresponds to
the number of feet at which a sharp-sighled eye
distinguishes them. The following letters (Fig.
13) correspond, therefore, to No. XX. of Snellen.

They are the lowest in the Table appended to this work, in which
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also XXX, XL, LX, LXXX, C, and CC occur. For practical
purposes, these experiments with vertical lmes and letters afford

TFig. 13,

quale non
si dia una

a sufficiently accurate result. If a very exact determination be re-
quired, we must employ a little point of light, which changes form
on the slightest alteration of accommodation. This shall be more
fully explained in treating of astigmatism.

The determination of the nearest point is effected by means of a
wire optometer. This consists of a little frame (Fig. 14 A), of the
size represented in the figure, in which some fine black wires are ver-
tically extended, and wherewith a measure, B, capable of being rolled
up, is connected, the scale commencing at the frame, and the bobbin ¢
being applied to the temple, on a line with the anterior surface of the
cornea. This hobbin is, by moving the frame out from the eye, un-
wound until the vertical wires are seen with perfect accuracy. It is,
indeed, possible to determine by means of such wires with sufficient
accuracy whether they are exactly seen, as by a slight deviation the mar-
gins lose their sharp outlines, and more of these lines appear. The
persons examined for the most part state this very easily. The reading
of print, capable of being distinguished at given distances in due ac-
commodation and by a sharp eye, may be used to control the result.

Most optometers are based upon the principle of the well-known
experiment of Scheiner : through two openings or slits, placed closer
to one another than the diameter of the pupil, the object, for
example a wire, is seen, and this appears double if the eye is not

accurately adjusted to this distance. If we now cause any one to
3
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look into such an optometer and to determine when he sees the wire

Fig. 14.

N
N

R

T
! I’,b

single, we shall in general obtain a distance to which the person
casily accommodates his vision, but this distance wiil not correspond
to either the nearest or the farthest point. This is looked upon as
the mean distance of distinet vision. But to this we must not attach
too much importance, {for such a mean distance does not exist, or at
least it has a very wide range; this appears when a number of
determinations are made, for example with Stampfer’s optometer:
the same person mever obtains, even under the same circumstances,
similar results, and where circumstances differ, the results vary very
much, Ounly when a person has learned to control his power of
accommodation, and can voluntarily bring it into the condition of the
highest action and of perfect relaxation, can we with such optometers
successively determine his farthest and his nearest point of distinet
vision. But such voluntary control of the power of accommodation
is acquired only by great practice. Ordinary individuals accom-
modate for their farthest point only when they actually look at a
distant object, and for their nearest only when they very distinctly see
an object approaching, whose diminishing distance they meanwhile
observe and follow in their imagination. Then, by the effort actually to

-60 -



INFLUENCE OF CONVERGENCE. 35

see the object distinetly as long as possible, the greatest possible tension
of the power of accommodation is excited. Such

an approaching object is the frame above de- Fig. 15.
scribed, while in the optometer, the distance of |
the object not being known, no stimulus to K
tension is created.

If greater accuracy be desired, as in observa-

tions intended for the solution of scientific 1 /
guestions, it is advisable to employ another in- N /
strument, which shall be described in treating of \_5
the relative range of accommodation.

The partial dependence of accommodation on
the convergence of the lines of vision has already
been alluded to. In the determination of the i
nearest point this should be borne i mind. 5
Theoretically we should, in order to be able to
. institute a comparison, always determine the near-
est point at the same angle of convergence, as the
farthest point is examined with parallel lines of
vision. This would, however, be attended with
great practical difficulties, and, as I shall hereafter
show, wonld moreover lead to wholly incorrect re-
sults. The only thing required in this respect is,
that in all the cases where the nearest point lies i
farther from the eye thean 8¢, the determination
should be made with the use of such convex i
glasses, that the nearest point should be brought
to about 8” from the eye. It will then be neces- 5
sary to calculate at what distance the eye should
have been brought into this state of accommo-
dation without the use of the convex glasses.
The calculation is not attended with any diffi-
culty :—Let # be the distance of the convex
lens ¢ (Fig. 15) from £ : T the focal distance of 4.
the convex lens, P’ the distance from p' to Z
The rays proceeding from p" when refracted
through the lens 77, assume a direction as if
they came from p. 'The eyeis therefore accommodated not for p” but
for . The distance P’ from the point p to the lens is now found
by the simple {formula :—

AT

2
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1 1 1

The " distance P of the nearest point is = P’ + #—An example
will llustrate this. With a lens of 12" focal distance (F = 12), re-
moved 3” from % (z = &) the point ', situated 73" from the lens, is
accurately seen. We therefore find the distance P' from

e ———

to be 20 from the eye, and P is therefore = 20°5 inches.

Lastly, I would here state a method of expressing the ranges of
accommodation by the lengths of lines, which exhibits at the same
time the commencement and termination of the range of accommo-
dation, that is the mearest and farthest points of distinct vision.
Above parallel lines, situated at equal distances from each other
(Fig. 16), let numbers be placed, expressing the distances of distinet

Tig, 16.

2 22 22 2% 3 3% 4 4B 6 8 12 24 oo

vision, and in such an order, that the distance between two lines may
everywhere represent an equal range of accommodation, for ex-

ample, It is evident that in Fig. 16 the differences of the

7R
distances from line to line always amounts to 2%1 of the range of

accommodation ; this is true from oo to 24, from 24 to 12, from 12
to 8, &c. ; for
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1 11
24 T 24
1 1 1
12~ 24 24
1 1 1
8§ 12 24

ete.

A single horizontal line now immediately shows the extent and
range of accommodation. In Fig. 16 three such lines occur.

L. represents a person whose farthest point of distinet vision lies
ab an infinite distance, his nearest point at 4". Iis range of accom-
modation 1s

and is expressed by six lines distance, each of 2—14—1 of this range of

1
T

IL. has likewise his farthest point at aninfinite distance, his nearest
at 6 inches. His range of accommodation is

111 expressed by ;i

accommodation, consequently Q,% =

6 © 6 4
IIT. has his farthest point at 6 inches (he is therefore near-sighted)
his nearest at 8 inches, His range of accommodation is

1 1 _ 1.

, 36 8
corresponding to four lines distance

41

R

1t need not be demonstrated how easily observations may in
this manner be registered. ~We shall hereafter have much occasion
to employ this method in exhibiting in print the several anomalies of
refraction and accommodation.

-63-



38 DIOPTRICS OF THE EYE.

NOTE TO THE FIRST CHAPTER.
FIRST PART.

DivPTRICS 0F TILE EYE.

1. Literature.

In order to give an idea of the necessity of accommodation, the eye
has hitherto been regarded as a simple lens, with a positive focus. This
has been, so far, sufficient for our purpose. But if we wish o go more .
deeply into many questions relating to the refraction and accommodation of
the eye, we shall require more accurate knowledge of the dioptric system of
the organ. This knowledge is a necessity, to enable us to form an idea
what range of accommodation is obtained by definite changes of the crystal-
line lens, and how each range of accommodation may be expressed by an
imaginary lens, applied to the eye. It will hereafter be serviceable to us in
the right understanding of many other questions.

I shall therefore endeavour, in a simpls manner, to give a satisfactory
description of the dioptric system of the eye. Those who are not deterred
by the higher mathematics, may consult Moser (Dove’s Repertorium der
Physik), who has applied to the eye the theoretical investigations of Bessel
(Astronomische Nachrichten, xviil, No. 415), and Listing, who, in his
Dioptrik des Auges (Wagner's Handwirterbuch der Physiologie, Bd. IV.,
p- 461) has followed the mode adoepted by Gauss (Diopérische Uniersuchun-
gen, Gottingen, 1841) ; lastly, Helmholtz, who in his Physiologische Optik
(Karsten’s Allgemeine Incylopedie der Physik, 1° Lief. Leipzig, 1858),
has, together with thorough explanation, made the whole theory more

generally accessible.
II. Refracting surfuces in the Lye.

In the eye three refracting surfaces are to be distinguished, whose curva-
tures may be assumed to be spherical.

1. The anterior surface of the cornea, approaching to an ellipsoid, with
the apex in the middle of the cornea, The radius atthe apex, which defines
the focal distance, amounts on an average to something less than 8 milli-
métres. The slight thickness of the cornea, and the almost perfeet paral-
lelism of the outer and inner surfaces, together with the slight difference in
refracting power of the cornea and aqueons humour, justify us in con-
sidering the system as if the aqueous humour extended to the anterior
surface of the cornea. For the cornea and agqueous humour we have there-
fore to assume only one refracting surface of nearly 8 millimgtres rading
of curvature, and with a refracting proportion of 1-3366, found by Sir David
Brewster for the aqueous humour.

2. The anlerior surface of the lens, 3+6 millimetres from the anierior sur-
face of the cornea, with o radius of about 10 millimétres. In accommoda-
tion for near objcets, this surface approaches to about 3-2 millimétres from
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the anferior surface of the cornea, and diminishes in radius to about 6
millim&tres. .

3. The posterior surface of the lens (or the anterior surface of the vitreous
humour), 7-2 millim&tres from the anterior surface of the cornea, and with a
radius of 6 millim&tres during accommodation for distance, of 56 millimatres
when looking at near objects.

The lens is, however, no homogeneous mass, but consists of layers of
refractive power, increasing towards the centre. In the lens itself, there-
fore, innumerable refractions take place from layer to layer, which cannot,
nevertheless, be separately traced. Consequently, we caunot regard the lens
otherwise than as formed of a homogeneous substance, and the question then
is, what index of refraction we ought to ascribe to this substance. For
a long time physiologists assumed an index, the mean of that of the
nueleus and that of the periphery, notwithstanding that Young (On the
Mechanism of the Eye, in the Phdlosophical Transactions for 1801, vol.
xeil.,, and in the Miscellancous Works of the late Thomas Youny,
edited by G. Peacock; London, 1856, vol. i, pp. 28 and 29) had already
shown that, in consequence of the laminated structure of the lens, with
refractive power increasing towards the centre, an index must be adopted,
greater even than that of the nucleus. Subsequently, the same was observed
by Senff (see Volkmann's article Seher in Wagner's Ilandwdirterbuch fir
Plysiologie, Bd. III., Abth, 1), to whom the honour of having first made the
observation is in general incorrectly aseribed. The subject is onme of im-
portance ; for it is only by taking this higher index of refraction into account
that we get rid of the paradoxical result, that in a well-formed eye parallel
incident rays should be brought to a focus behind the retina. The co-
efficient of refraction is now fixed by Listing at 1-456.

As a conclusion from these considerations, we may repeat, that in the
dioptric system of the eye three refracting surfaces are to be distinguished.

1. The anterior surface of the cornea.

2. The anterior surface of the lens.

3. The anterior surface of the vitreous humour.

The index of refraction of the vitreous humour differs so little from that
of the aqueous humour that we may consider it as equal to it.

III. Cardinal Points.— Their Object.

In a compound dioptric system we can successively follow the refraction
in the different surfaces, each time determining from or towards what
point originally parallel rays converge. Thus we find, lastly, the situation
of the focal point after the last refraction. But in order also to determine
the point of union of rays falling upon the first surface under different
degrees of convergence or divergence, and to find the magnitude of the
dioptric images, a separate caleulation would be necessary for each case.

For this purpose a particular method has been adopted. Optical mathe-
maticians seek, namely, for a given system of refracting surfaces, certain
fixed poiuts, called cardinal points ; and the knowledge of these is sufficient
to enable us to construet and calenlate the situation and size of the images of
given objects. The conditions are :—1st, that the system be centred, that is,
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that the centres of curvature of all the refracting surfaces lie in a right
line, the axis of the system: 2ndly, that the rays intersect the axis at only
small angles. The first condition appears to be amply fulfilled by the
structure of the eye, as the second is by direct vision, that is by looking
nearly in the direction of the line of vision.

The situation and signification of the cardinal points are best understood
by studying them :—.4 in the case of only a single refracting surface; B for
a biconvex lens, with two refracting surfaces; Cfor a combination of these
two into a compound system, such as the eye is.

Fig. 17. A.—REFRACTION BY A SPHERICAL SURFACE.

1V.— Cardinal Points.

In Fig. 17, let % be the central point of the
spherical surface %, on which, parallel to the axis
A A’ rays of light fall, ¢ b and o' ¥, coming
from the medinm with index ', and passing into
the medinm with index »”. If %” is > #/, the
parallel rays unite in the axis nearly in a point,

*the posterior focal point ¢% The distance % ¢”
= F¥, that is, the posterior focal distance is found
n” Py
" —n
wherein p the radius of the surface of curvature
is=hbk
If on the same refracting surface, but in the
direction from .4’ to 4, rays fall, which in the
medinm with index »” run parallel to the axis
(they are in the figure represented by dots), these
. algo unite nearly in a point in the axis, the an-
terior focal point ¢'. The distance 4 ¢’ = F,
called the anterior focal distance, is found by the

by the known formula ¥ = oo la,

formula, )
rP="2P 10
- n
| The formulas 1 @ and 1 & obtain only for rays
. Yl which run close to the axis. As such they are de-
& V0 ducible in a simple mode.

In Fig. 18, ¢ b is the incident ray; & the point
of incidence ;

% b v the normal on the spherical surface at the
3 % point of incidence;
b ¢ the refracted ray, bent towards to the nor-
x malbk%;

abv is the angle of incidence, x = 4% %, and

thus corresponding to arc % b;

¢” bk is the angle of refraction 8, and if we draw d % parallel to b ¢”, we
have the angle b % d, eorresponding to the are d b;

!
i
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%k d is the angle of deviation, y = « — 8. Fig. 18.
The relation of each of the focal distances
fg” =F and % ¢’ = I, to the radius 1 & = p -
is now to be found. T
For small segments &% d and % ¢” b may be
regarded as rectilineal triangles, They are
in this case uniform and rectangular in Z.
Consequently
kh:p”"h=arc hd:archb.
pidV =u0—0:a.
For small arcs we may substitute the sines,
and thus alter the above formula into
I¥:p =sin ot sina—sin g
Then the law of refraction is, as experience
teaches, the following :—
n' sina = n” sin B. M
Consequently, if we substitute the value of
$7 « in our proportion,
FI p = n” . 1” nl
Y n -
P P =
The relation of F" to " is, moreover, easily "
found. The ray &’ b, running parallel to the
axis in #,” is bent from the normal bv, and
proceeds as b ¢l. By this deflection the
angle of refraction v b ¢'—= 3’ becomes greater i
than the angle of incidence «'==a. How- -,
ever, the law of refraction must here also '/ ;
find its application, and thus the propor- o
tions remain the same, as immediately ap- ™
pears by considering ¢’ as the incident, and 3
b o as the refracted ray. There is a general &
law, of which we shall hereafter often make A
use ; it is this: if a ray, proceeding from a
point, passes through an optical system, in
order fo come to a second point, a ray from this second point will, vice versd,
be able to reach. the first point, only by following precisely.the same route
in an opposite direction. As the angles of deviation are proportional* to the
angles of refraction, we here obtain
bo'h:bo"h=vba:¢”"bk,
that is, for small angles,

(/)ll

(/‘L g
a!

Now as o F”’z'y 1Y
»
we have =1 — ......1¢e
n
L
But, = P
= =n"

* Because they are very small, and therefore proportional to their sines.
—S. H. .
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therefore, p
F=
Morcover n’ — n
H f L —
F - ‘F - 7 S P
n n
=F4p..ic.ien.. 1ld.

If we regard »’ as unity, we obtain »”, the symbol of the relative index of
refraction with respect to the air, and we obtain
, p
o=t
ﬁ'lf
B =T
Thus we recognise four cardinal points in the axis:—
¢', the anterior focus.
%, the point of section of the spherical surface with the axis.
%, the centre of curvature.
¢”, the posterior focus.
From the distances between these points flow the following values :—
h ¢, the anterior focal distance I
% ¢", the posterior focal distance .
‘We further distinguish-—
k¢ as Gy &k ¢" as G”,

then : = p=I"....20
G'=F—p=1I". ...2¢
G =G"4p..... ...2d
G F o 920

FEF

V.—Conjugate foci and relation between magnitude B of the object, and
magnitude 8 of the image.

Having ascertained these values, we can, by a simple construction, find
both the econjugate foci and the relation between the magnitude of the object
and that of the image B : §.

Let ¢’ (Fig. 19) be a given point of light ; if we wish to find its image:

From ¢ proceeds: 1. The ray ¢ % j, which being directed to %
coincides with the normal of the refracting surface, and passes through
unrefracted ; 2. the ray ¢ &, whick, as being parallel to the axis, after
refraction passes through ¢”. 4% the rays proceeding from ¢’ unite in ome
point. Consequently, where two rays, proceeding from ¢, cut one another, is
its conjugate focus. This point is j°, and ; is therefore the image of the
point of light 7'

The points of an object, which lie in a line perpendicular to the axis, are
also in the image situated in aline perpendicular to the axis, Consequently,
the image of the point of light 7isin s, The object ¢ & = B will therefore
have an image 3, the magnitude of which is 5 5.

It is of importance to prove this last proposition. From the point of light
¢ (Fig. 19), proceed, as we saw, two rays, the direction of which we know ;
the ray 7' 5/, and the ray 7" & ¢, in whose point of interscction lies j the image
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of 7. To find this, we draw the perpendicular sd at a point of the axis

arbitrarily taken, provided only that the perpendicular cut the two rays ¢ j

and 0. We thus obtain two pairs of
similar triangles, ¢” 2 b and ¢” s e, and
kidand % s d; moreover, hbis—¢7.
The said triangles give us now the sub-
joined proportions :—
" h:hb=¢"s:scand
ki:hb="Fks:sd,
consequently, N
" A o
s¢= l—————"%ﬁf;’:} Pond sd = lzb;:?,_s
we see that s ¢ will be = s 4, if
9’s ks e
o"h T ki

This is evidently the case, if the point
s is removed towards j. The situation
of the point j is therefore determined by

i h=ky: ki

On the perpendicular from 7, we have
s e==s d, and here, therefore, the ray
passing through % crosses that passing
through ¢”. This is the case for every
value of % b or ¢ ', which ferm does not
occur in the proportion. Every point of
the perpendicular j;, therefore, has its
image on the perpendicular 2+, Q. E, D.

*

Fig. 19.

P

In the above figure,

L ¢u =" -
ko' = G = P,

If we now call the conjugate focal dis-
tances, measured from A, 27 =j and
h j= f, and, measured from %, ki=g"
and % j = ¢”, we obtain, in place of,

p"Jio'h =hfike, ... 4
the proportion
gu_ G . Gl = ,{/”:.(/’,
and hence directly
. el ﬂll
y = — (Ba
Or’ yl gll__ g' Gll =G’ gll
gl gll — GI y// = yl GII

gu (gl — G’) = gl o

g”=§rcfig(’;,.....3)b

In place of the proportion 4 we may equally write

jw__lnf:_z;w=_1;';+f1_.1?f/:f+1;w_1:lf.
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Hence follows,
fl f// — f' T, + f” F_ T F f” F + R = f” FY— 7 e + B
f,f/l _,f/ F// "'f” _F/ =0
f' (f/’ — Fll) — f” FI fll (f/ — F/) — f, Fll
_ j)f _Fl , fV Fas
j"-f,_:F,-,-....?:c) f'—f’?lf—‘-’e'd')
In the same figure we find still two pairs of similar triangles,
ivkand Zj'j
and 7 b g” and ¢ j 5.

Fig. 20. Hence we have two proportions, expressing the rela-
tion between the magnitudes of ohject and image,
namely,

JIJtd =kj:kiorB:B=yg":¢ ....(4a
and
Jiitd =¢"jip"horBiB=f"—F:F*, ... (40b.
The first is applied above, in Figure 10. Of the second
we shall hereafter make much use.

N V1—dpplication to the Eye.
W All that has been brought forward is applicable to the
- refraction of the rays through the cormea. If, there-
\7:/ fore, the crystalline lens be absent (aphakia), no other

formulas than those above given need be used.
The principal point lies on the anterior surface of the cor-
nea, the nodal point 8 mm. behind its apex. The radius
\ of the cornea being 8 mm. (compare 1 @ and 1 &) we find

—_
yA
&

8 X 13366 10-6928

I - _ . . 1y
F, = 1.3366_ 1 = 03366 — 31 692 mllhmétres.
8 8 rs
E F = = = 23692 millimétres.
\2 13366 —1  0-3366 millimetres

Herewith are also given ¢ = I and ¢’ = I*" (Com-
Q. pave 2 a and 2 d).
~ The above Figure (20) shows the situation of the
cardinal points in such an eye,

In the normal eye, refraction through a biconvex lens
is combined herewith. We shall now investigate the
cardinal points of such a leus,

B.—RIFRACTION THROUGIT A BICONVEX LENS.

VIL—With the exception of the axis-ray, all rays are
refracted in a lens,

It has above been shown how, by the determination
of four cardinal points, the position, as well as the
magnitude of the dioptric images, formed by a single refracting surface,
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may be constructed and caleulated. The question is, whether we can also,
for a system composed of various refracting surfaces, find such points,
and whether we can likewise make use of the same in the determination of
the size and position of the dioptric images.

In the eye there is a biconvex lens, which, just as every lens, has two
refracting surfaces. We shall therefore examine the question specially
with respect to a biconvex lens,

Does a lens possess a nodal point in this sense, that all rays directed
thereto pass through unrefracted ?

A lens possesses such a point only when the nodal points (the cen-
tral points of curvature) of both surfaces coineide. This takes place
only in a lens having the form of Fig. 21; the two surfaces of curvature
are at b, and A, deseribed for this lens from the point %, and every ray
directed to this point, as ¢ b and o' ¥, therefore coincides on both the anterior
and the posterior surface with the radius. Such a lens is not biconvex,
but convex-concave,* and with a negative focal distance.

In every other form of lens every ray is refracted, except that which
coincides with the axis. This is easily demonstrated. In Fig. 22 %, is the
centre of curvature of the anterior surface 4, and %, that of the pos-
terior surface 2, Now if the ray « & be directed to %, it is not refracted
on the surface %, ; but arrived at ¢, it is bent from the normal ¢ v, and
proceeds in the direction ¢ d. The same is true of the ray o' ¥, which,
directed to %,, at 0’ passes through unrefracted, but at ¢/ is bent from
the normal ¢' o'y and proceeds as ¢’ d'. Every ray, therefore, which is not
refracted at the one surface, deviates at least at the other from its direction ;
and all rays which, while they ave in the lens, are not directed to %, or %,,
are refracted at both surfaces,

In a lens, therefore, no nodal point exists, to be classed with the nodal
point of a simple refracting surface, of such a nature that all rays directed
thereto should pass through unrefracted.

VIIL. Every lens has two nodal points, &' and %", to be found both by
construction and by calculation.

For every lens two points may be determined, 2’ and %”, which stand to
each other in such a relafion, that every ray direeted before the first refrac-
tion to A’, appears after the sceond refraction to proceed from %", being at
the same time parallel to its primitive direction.

These points are the nodal points of the lens, the first &’ and the second
k" (Fig. 23). The ray a b, before the first refraction directed to %', appears
after the second refraction to proceed as ¢ d from %, while ¢ d is also parallel
to a b,

The points %" and %" are easily found for every lens, both by construction
and by calculation.

Let %, (Fig. 24) be the centre of curvature of the surface %, %, of

* English writers would say coneavo-convex, with a positive focal
Iength.—S. H.
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the surface %#,, Let an arbitrary normal %, v, now be drawn on the sur-
face h,, and parallel thereto the normal %, v, on the surface %,. Let a
ray of light, moreover, be imagined in the direction 3, b,, proceeding in the

] Fig. 22.
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lens, then the angles formed by this ray with the two parallel normals %,
v, and %, v, will be equal.

If the angles be equal, the deviations which the ray 3, b, undergoes af
b, and &, will also be equal, and as these deviations take place in opposite
dirvections, 4, ¢ is parallel to @ b, The points %’ and %", to which @ 5,
and ¢ b, (respectively before and after the refractions) are directed, are there-
fore the nodal points of the lens.

In order to esleulate the position of these points, first seek the point o,
where the ray & b, cuts the axis; if the radii % b, =p, and 7%,
b, = p, are parallel to cne another, the triangles %, b, % and %, &, 2,
are similar.
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Consequently pihyby=p,th, b,
As, moreover, the triangles &, b, 0 and %, b, ¢ are similar,
hyb ihio=0b,:h,0;
and, consequently, priho=p,ihyo0;
that is, the distances from %, and %, to o are proportionate to the radii of
curvature p, and p, of the refracting surfaces %, and %,. If the two radii
of curvature are equal, o will therefore lie midway between 2, and &,

If the point o be determined, we can easily, by caleulation, find %" and 4 :
they are, in fact, the points whereon the rays which in the lens pass through
0, or proceed from o, are directed without the lens—in other words, they are
the images of o.

All the rays proceeding from o (Fig. 25), as 0 b and o ¢, are, after refrac-

Fig. 24.

Fig. 25,

g
PPN

tion at the anterior surface %,, directed to i’, the rays o ¥, and o ¢
to %”. Consequently %' and o are the conjugate foci by refraction on the
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surface b, ; %” and o those for refraction on the surface %, Both are cal-
culated according to the formula 3 ¢, it is therefore sufficient to apply
this formula to one of the two surfaces.

For the anterior surface of the lens (Fig. 26) &, ¢’ is = F, B, ¢” = F*

and &, o=f". For h k'=j" we now find
Fig.28. °

Fig. 26. |

(ﬁ/’
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[l f
f ’ =-Ff_{" fll )

In this formula f”—F" has given place to F”— f", because the point of
light o lies between %, and ¢,” (compare Fig. 26), and %’ is therefore a vir-
tual image. In like manner, & is found for the surface 7, of Fig. 25.

We have called % and %" the images of o. They are really so. Were
there a little point in o in the lens (Fig. 25), it would, seen through the
anterior surface of the lens %, appear to be in ¥, and, seen through the
posterior surface Z,, in ",

Now if the rays proceeding from o (Fig. 27), are, after refraction on the
anterior surface %,, at b and ¥’ directed as b @ and ¥ & to ¥/, after refraction
on the poslerior surface %, as ¢ d and ¢’ ¢ are directed to 4%, the rays a d
and o' &', which before the first refraction are directed {o #, pass in the
lens through o; and appear, after the second refraction as ¢d and ¢ d to
be derived from 74, ¢ d being, moreover, parallel to @ & and ¢ d' to «'%. The
points found %’ and /4” therefore correspond to the definition of nodal points
above given.

1X.—To make use of the nodal points.

Of these nodal points we can make the same use as of the single nodal
point (centre) of a single refracting surface (compare Fig. 10), with this
difference, that between a point (Fig. 28) ¢ and its image j/ we have to
distinguish two rays of direction: the first, namely, ¢ #, and the second
%" 7. These are, however, parallel to one another, and the angles = and
B are therefore equal. Consequently, the image j; is seen from % nnder
the same angle, under which the object 74’ exhibits itself from %. Xor the
magnitudes of the object ¢ ¢/ = 13 and the image 5.7/ = 8 we therefore find :

B:B=gk:ik.

If the object lies at a greal distance from the lens we may set down
& == %", and the formula then becomes:

B:B =gk :7¢ %, whence the posterior nodal point results as sole
nodal point, and we have to do with only one ray of direction.

X.—Optical centre.

The point o (Fig. 28, compare also Fig. 25) is known under the name
of optical centre. Usually we assume that the rays directed to this optical
centre, pass through unrefracted. The formula

B: B =jo:7ois then applied.

We have already seen that this is not perfectly correct.

For thin lenses, with a long focal distance, this method, it is true, gives
rise to no notable error. But for thick lenses, with a short focal distance, the
deviation may be considerable, and the two nodal points must be taken into
caleulation, If ejther object or image be situaled at an infinite, or at least
at a very great distance from the lens, wo may for these lenses, too, assume

4
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one nodal point, namely, that on the side of the shorter conjugate fo
distance (Compare 1X.),—but in no case the optical centre.

XI.—Every lens has two princgpal points, I and I’

As a lens has two nodal points, it has also two principal points: If th
exists only one refracting surtace, the refracted ray is directed to the sa
point of that surface as the incident, and from this point, where the refract
takes place, we calculate the principal focal distance as well as the conjug
focal distances. The prineipal point lies then in the surface of curvati
If there be more than one refracting surface, a ray is after the last
fraction evidently no longer directed to the point, where it underwent -
first refraction. But we can, however, find two surfaces, perpendicular
the axis, which stand in such a relation to each other, that the r
before the first and after the last refraction are directed to exactly co
sponding points of these two surfaces. This is, in fact, attained,
the two surfaces are images of one another, of equal size and like dir
tion (situated on the same side of the axis). The two surfaces which fu
these conditions, are the prineipal surfuces, and where they are ecut by -
axis, lie the principal points. From the first prineipal point 7’ the anter:
from the second %” the posterior focal distance is calculated.

XII.—Mode of finding the principal poinis.

To find the principal surfaces, we must in the system, for example i)
lens, determine in what position an objeet must be, in order to form simi
images on both sides, these are then, also, images of one another, and the
fore represent the principal surfaces. We immediately see that in a bic
vex lens the place sought must be found, between the two refracting s
faces, in the lens, The magnitude of the virtual images, formed by each
the surfaces of an object situated here, we find by the formula (4 8),

B:B=F —f:F"

In this each surface is considered, as if the other were not present.

Now in Fig. 29 let %, ¢, = F,” be the posterior focal distance of ¢
surface %, in glass for rays falling parallel in the direction 4’4 on
by ¢1" == F\*, the focal distance of the surface %), likewise in glass. N
if an object be at s, shy =f;" and sk ==/f,". If the images are of equal si
then since

B:B=F —f": Fy
and
B:B=F"—jf":F*

21/ : an =f1fl . Flll ..... (b)
must hold, which signifies, that in order to find the point s, %, A, must
divided into two parts, proportiomal to the focal distances 7 ¢" =.
and hl ¢1” = Flﬂc B
The correctness of this result appears immediately from the constr
tion {Compare Fig. 30).

the formula
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Fig. 30.
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Each surface is here again considered, as if the other were not present.

The ray drawn from ¢,” to s, becomes, as derived from the second focus
of 7, atd as b a, parallel to the axis, likewise that drawn from ¢,” to ¢/, in
b'asb’a’. The distances from 5 and &’ to the axis are therefore the magni-
tudes of the images of the line s s/, and these, %, and ¥ }, assumed
as vertical to the axis, are equally large, when %, %, is divided propor-
tionally to the focal distances, Then, since ¢.” s’ and ¢,” &' are prolonged
to & and b proportionally, they will therefore in o and & again have come
to similar heights above the axis, just as was the case in .

If we now know the position of the point s, we find the positions of
its images by the same formula 3 ¢,

FI 3
r=#77,

according to which the position of the nodal points from o is determined
(Compare VIIL).

XIIL.—Signification of the principal susfaces.

The signification of the principal surfaces is this, that each ray, for example,
a b ¢ d (Fig. 31), after the second refraction as ¢ d, is directed to a point of

Fig. 31.
K &

/T\

A

/]

G

17 ', removed as far from the axis as the point of A’ /, to which the raya b
before the first refraction was divected. And that this must be the case,
appears when we see that the ray in the lens passes through ), and re-
member that all rays passing through s' at the one side of the lens appear
to come from ¢, and on the other side appear to come from ¢”.

X1V.—Condition for the coincidence of the principal points and nodal
pornts.

In alens bounded on both sides by the same medium, for example, air
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(W' = n"), s and o coincide, and therefore also %’ coincides with ', and 2”
with % (Fig. 32).

Fig. 32.

AT
<L

The point s is, namely, found by dividing the axis of the lens, into
two parts, which are as the focal distances belonging to the principal
points ; the point o, by dividing the same axis into two parts, proportiona
to the radii of curvature of the two surfaces. Now, sinece the focal dis-
tances are proportional to the radii of curvature, the division of the axis
is in both cases the same, and therefore o and s coincide, The same must
be true of their respective images, £’ and #’, and 7’ and A",

XV,—Condition for the non-coincidence of the principal and nodal points.

On the contrary, when the lens is not bounded on both sides by a medium
whose refractive coefficient is equal (»' Z #™), s and o no longer coincide

and therefore the images %" and %* (of 0) no longer coineide with %’ and 4
(those of s).
For the principal points, also when #»’ Z #"”, the formula still finds

application : s lies always at the point where the distance %, &, = D, is
divided proportionally to the principal focal distances. Then, namely, the
two images of s ¢' continue, as a glance at Fig. 30 immediately shows, of

equal size,

. - n¥ : .
Now, in proportion as —. becomes smaller, the second focal distance 2 ¢,”
7

of the surface %, becomes longer, and s’ approaches more and more
to /', whose focal distance %, ¢," has remained unaltered. Iastly, if
::7,—= 1, %, ¢, is infinitely large, and s therefore lies in %;. Then

two images of s are no longer formed, bubt s coincides with its image
in the point A;: the lens is changed into a single refracting surface, of
which I have in IV. shown how to recognise the cardinal points.

While in the case that #" becomes greater than #, the point s is removed
forward, the point o deviates in the opposite direction, backwards. This

appears already from the fact, that, when -%,, has become =1, and con-
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sequently only one refracling surface has remained, s comes to lie on the
surface of curvature %, and o, on the contrary, in the centre of curvature
ky (Fig. 83) (compare Fig. 17). It must, however, be more nccurately

Yig. 33.

@ ’ @ ) @lll
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= 727 S 2 ;’
90 i \ N
!
I .

proved, and at the same time shown, how the position of ¢ may in this
case also be found.

In Fig, 34 rﬁ”’_ is much smaller than %— as it thence appears, that the

v L]
focal distance of rays, parallel in the lens and refracted on the posterior
surface, as %, ¢’ = F,, is three 1imes greater than that of the same rays
refracted on the anterior surface, as % ¢.= F}’; while the radius of cur-
vature A, &, is only 1} times greater than A 7.

If we draw from the point @, situated in the focal surface of %,, a ray @ b ¢,
directed to %;, this passes through at & unrefracted to ¢. If, moreover,
we draw in the lens a second ray ¢’ ¥, parallel to ab ¢ and directed to %,
and prolong this to ¢ in the focal surface of s, we have in the lens two
parallel rays b c andi’c’. All the rays parallel in the lens now unite in
each of the focal surfaces into one point, whence it follows that abe is
refracted at ¢ and proceeds as ca’; &' &' ¢’ refracted at ¢ continues in the
direction ¢’ . Now it appears that at the surface %, the ray ¢? passes
through unrefracted, the ray #'c, on the contrary, experiences a deviation,
¢ @ b= y,; that, on the confrary, at the surface %, the ray ¢’ &' passes
through unrefracted, but b ¢ undergoes a deviation = ¢a’' b’ = ..

Now, the deviation of rays, parallel to & ¢, increases on the surface 4,
between & and ¢, regularly from zero to y,; on the surface A, between
b and ¢, from zero to y,. Between? ¢ and V' ¢, therefore, lies a ray parallel
to both, which, at the two sides, at 7, and %, has an equal deviation, It is
evident that we shall have found this ray, if @ ¢ is parallel to &’ ¢, or, in
other words, if the angle ea  is equal to ¢ a’d". For that purpose let us
consider the triangles @ ¢ and @'’ ¢ : these have the side @ b parallel to o ¥,
ae parallel to o' ¢, finally, b e parallel to &' ¢, because both are perpendi-
cular to the axis. They are consequently similar, and therefore

be:¥ed=ab:al,
but because @b has the same inclination, with respect to %, ¢, that o'’
has with respect to A ¢', We may write,

be:le = hl ¢'1 : 7&3 Sblg = Fll H F2,-
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Finally, because the three lines /&' ¢’¢”, ¢ 0 e¢” and X, ¢ b @ are parallel,
kioilyo=¢e"a:d¢e,
and as ea—eband =10
kyoikyo=be:bd =F'T,.

The point o is therefore Jound, by dividing the distance b, I, between the
centres of curvature of the two surfaces into two parts, proportional fo F
and Fy, or (compare 26 and 2d) fo the focal distances G\ and Gy be-
longing to k, and k.

This expression is the more general: it is applicable to all cases, and
therefore also in the case where %" = #/, for which above (VIIL) another
expression was found.

Now, if the point 0 be known, the positions of the fwo nodal points #’
. and %’, the images of o (as well as that of the two principal points % and 2/,
the images of s), are calculated according to the formula 3 ¢, as is pointed out
in VIII. By construetion 4’ and %* have already been ascertained in Fig. 34.
The anterior nodal point Z lies, namely, where the ray ae, prolonged
as a right line (dotted), should cut the axis; the second %, where the ray

o should cut it, Tvery ray, which before the first refraction is directed
to ¥, is after the first refraction directed to o, and after the second refrac-
tion to %, and is again parallel to its original direction.

XVI.—Foci.

It now remains to define the foei of a lens (Fig. 35).

For this it is necessary to know the thickness of the lens %, &, = .D, and
the focal distances of the two surfaces separately.

The foei of the surface %, lie in ¢/, and ¢,"; those of %, in ¢/ and
¢2’. Let us call the focal distances %, ¢’ and %, ¢,” F’ and F"; the
focal distances %; ¢, and %, ¢,” are £, and F,”.

They are found according to formule la and 15, If rays now come in
the direction 4 4/, parallel to the axis, they are at the surface %, refracted
towards the point ¢,"; if they arrive at &, their focal distance s ¢,” is
= F" — D. Here they are again refracted at a surface with focal dis-
tances ;' and ZFy'. They Will therefore unite in ¢", and %, ¢“ will be
found according to the formula 3 d.

The second principal focal distance, which is caleulated from the second
principal point %, is now I = 1k, ¢" +- fip 4"

In like manner we find %, ¢/, by letting the rays fall, parallel to the axis, -
in the direction 4’4 on Ay, and undergo a second refraction at the surface
h,. Moreover, F*is =L, ¢' + &, I

If the first and last média be similar, 7" = »/, then & == 7, and there-
fore needs not to be separately sought. Of this the proof is simple.

For, let 2 ¢" be found = F”" (Tig. 36), then from the point @, situated
in the posterior focal surface, let two rays proceed: the first & 4”, directed
to the nodal point, is at the other side of thedens in (#/, as 4’ &, parallel to
a b"; the second @ b ¥, proceeding from the same point a, must in (»’ be
parallel to @ %, and since it in (#” is parallel to the axis, it must in (2’ cut
the axis in the anterior focal point ¢',
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As in the triangles o 27 b and ¢’ ¥ X, &' ¢ is evidently parallel to a b,
end ¥ ¢ to o &', and, moreover, 2’ b = %' ¥, the two friangles are equal
and similar, and %' ¢’ = A" ¢', that is F* = F".

XVIL— Reciprocal dependence of the position of the prineipal points and
nodal points in reference to the foci.

Jn §§ XIV. and XV. it was shown, in what manner, when =* is Z ',

and, consequently, the principal points and nodal points do mot coincide,
these points may be separately found. This was done in order to exhibit
clearly the signification of these points, and to afford a proof, that in a
compound dioptric system points are to be found, having the already
explained signification of prineipal points and nodal points. Now we
may proceed from this signification, to show their reciproeal dependence
in position, whence it will appear that the foci being known, from the.
position of the nodal points that of the principal points, or wice versd,
mey be deduced. .

‘We may remember that for a single refracting surface, where only on
principal point and one nodal point exists (Fig. 17),

In agreement with this we shall show, that in a compound dioptric
gystem,

Ko =1I¢" thatis, " = G”...... 5a
b L cenlde
Wo' =k ¢, thatis, " =G .... 50
4 [— /.‘&'_‘_.

B =P 6 d.

It is first to be proved that %' ¢’ = &’ ¢".

The ray a b (Fig. 37), cutting the axis in the anterior focus ¢, falls
upon the first principal surface in &, and now runs in (#” as ¢ ¢ parallel
to the axis. All rays, in (»' parallel to b, unite with @ & in the same
point & of the posterior focal surface. Vice versd, therefore, every ray pro-
ceeding from d runs in (#’ parallel to « b.

One of these rays, namely d ¢, is in (»" already parallel to @ &, and
must therefore in »', as &' ¢, continue parallel to a b, that is, to itself.
Now the distinetive mark of the nodal points is, that rays, in (n” directed
to 47, in #’ are directed to % and parallel to themselves.  Consequently,
where d ¢ cuts the axis, lies 2%, and the point of the axis, whereon o' ¥
is directed, is #. Now it immediately appears that the triangles ¢ o
and /' d ¢" are equal and similar, and consequently,

B¢ = I ¢/, thatis, G' = F ....., 5a. QE.D.

It is at the same time included in this construction, that

F =N
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For ¥’ I ¥ ¢’ is a parallelogram, and ¥ ¢’ %’ 2" a rectangle,

Therefore A/ W =0 ¢ =i ..ceeveeenn. 50
Now, if &' 2" = W &', it follows further that
M=K,
and since

k’ ¢’ =Nk Ky
¢ll — )‘&lf ]cﬂ' + ]f: ¢
/c ¢’ is = k' ¢”, that is, = T" ,.... . 5.
Moreover, we see that ¢, &' and %' have a relation o the direction of
the rays in (n'; ¢, 2" and %* to the direction of the rays in (»”.

XVIIL —The principal focal distances are proportional to the coefficients
of refraction of the first and last media.

In order to prove this important proposition, we must make use of a
well-known law, which connects the magnitude of the images with the
divergence of the rays, independently of the position and the foeal distance
of the refracting surface.

In Fig. 38, let ¢ be a point, j its image, % the refracting spherical surface;
consequently, ¢4 = f and &5 = For small angles / b may be regarded
as perpendicular; and if this perpendicular be short, the opposite angles
hib=aand b 4% =q are inversely proportional to their distances from
% b

Consequently, fla =F“da" .. ... 4.
Moreover, we know, that
Fll 4 —_ Fl’

—1;-.,— f— —g,—' and E =f’ 7
By multiplication we obtain :
B nﬂ F“[f— f’l — Fﬂ =fll —_— F”

. — = -

e e naa. 2cand 4 5,

5 I i I
Now likewise (as follows from 3 ¢),
fll fll 1“/[’
Vil '
fll _ B ”;”
consequently, B W
This value, placed in the above equation .4, gives
Bra=gBa"d........ 6 a,

which formula expresses the law above mentioned.

Let us now consider a compound dioptrie system (Fig. 89), in which the
object, ¥ = B, is equal in size to its image j7 = 3. In arder to con-
struct this, let us first place the nodal points 4’ %, and draw the line ¢ #/,
and 4”7 parallel to it = #'7. At some distance from %' 4" let us now place
RE=FF. Al rays, proceeding from ¢, unite in ifs 1mage J'; one of
these rays, namely ¢ b, proceeding from ¢ palallel o the axis, shows the
position of the posterior focal point ¢"; and as b A" =7.¢ =/, the triangles
7" ¢" b and f ¢" #/ are equal and similar, consequently A” ¢” == ¢°7, or
M o' = 4 "4, that is, F" =1} f'.
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Likewise the ray j/¥', proceeding from ;' parallel to the axis, shows, where
it cuts the axis, the position of the anterior focal point in ¢/, and in like
manner it appears, that ' ¢’ =} &' ¢, that is F'=3 f.

Let us now consider the ray, which, proceeding in the direction ¢ from
7, arrives in the direction 7%”j inf, but on its way, refracted at various
surfaces, has so many times acquired another unknown direction. We
know only the angle #//¢==«, which it forms before the first refraction
in the medium with index (#/, and the angle j 2’ j = a,,, which it malkes
after the last refraction in the medium with index #,,, with the axis.

In the first place it appears that — — —'Z; .

&

For, since ¢ 7 = j 7, the little angles opposite each are inversely

proportional to their distances from ¢7, orj. Consequently:
« g

- 7

o t
and since, in the supposed case,
F1= %fl and _sz —— _}fu,
F/t ffl @ Fn
F= ol =
Secondly, we shall show that

=L
J—I

a __ @

S N
Let us call the angles, which the ray proceeding from ¢ under the angle
«, and arriving at 7 under the angle a,, in its coursc successively malkes
with the axis, o, o, «”, ete. With the magnitudes of the angles the
magnitudes of the images also every time alter: let the magnitude
of the image in the first principal surface be S8, and that of the series of
images after each refraction B’, 8, ete.; lastly, in the second principal
surface, after the last refraction 8, = 3. Now, as two successive images
may each time be considered related as object B to image S, we may
apply the formula (6 a).
Bwa=pn",
to the series of images, formed in the compound system, and thus we obtain
gnae=pn"d
ﬁlf ?afl al — ﬁlll 71”1 a'll

ete.
‘Whenee follows:
Bwae=0y ty ap;
and as B = fn
S0 W e = Ny gy OL
a o
&y (L
Now if, as we have above shown for the particular case,
& G4 1
—— = _—, S0 4lsO
P F/ ? EH
a3 n
= — Q. B, D.
F T

and whieh, of course, holds good for all cases.

-87-



62 DIOPTRICS OF THE EYE.

XIX.—dpplication to the erystalline lens.

All the foregoing may be applied to the erystalline lens. In the non-
accommodated eye the radius of the anterior surface (Fig. 40 4,) is abont
= 10 mm. ; that of the posterior surface 4, = 6mm.; its thickness 2, A =
3.6 mm. ; and the coefficient of refraction is stated to be, for the lens
1455, for the vitreous and aqueous humours 1-:3366.

Hence the cardinal points are to be calculated. The optical centre o
lies (36 X 6:6 4 10 =) 1'35 mm. from the posterior, and therefore (3-6
— 1-35 =) 225 mm. {from the anterior surface of the erystalline lens, From
this optical cenire let rays pass forwards into the aqueous humour, and
baclkwards into the vitreous humour, and calculate (according to formula
3 ¢), from what points in the lens they shall appear to proceed. These
points appear to be # situated at 1-4927, and # at 1-2644 mm. from the
posterior surface of the lems, and therefore less than  mm. from each
other. By the method pointed out in XVI., we calculate 2, 9”, and add A" %,
then we have the posterior prineipal focal distance 2” ¢ = F* = 43-707 mm.,
and to this the anterior is equal, hecause the vitreous and aqueous humours
may be considered similar. Therefore, also, &’ and & coineide with A’ and 7.

Our knowledge of the erystalline lens, however, leaves much to be de-
sired. Probably the index of refraction is somewhat too great, and thus
the focal distance as assumed is too small.

The use which may be made of our knowledge of the six cardinal
points, in the determination of the magnitude and position of the images,
is included in the foregoing, but will be still more evident when we shall
have studied :—

C.—REFRACTION TIROUGII A COMPOUND SYSTEM, CONSISTING OF A
SPIERICAL SURFACE AXD A BICONVEX LENS,

XX.— General indication of the cardinal points of the eye.

The dioptric system of the eye consists of a spherical surface and a bi-
convex lens. We shall at once make the cornea and crystalline lens, with
which we are now aecquainted, the foundation for finding the cardipal
points of this compound system. Let system 4 (Fig. 41) represent the
position of the cardinal points of the cornea; system B that of the lens;
system C' that of the eye. The distances are taken as they oceur in a
well-consiructed eye. System C must be found from the systems 4 and

_B. Trom the diagrammatic representation which the figure gives us, we are
divectly led to, the conclusions: 1. That the prineipal points and nodal
points in systém (' cannot coincide, for, just asin system .4, the first and
last media, (' and (»”, are dissimilar. 2. That as the nodal point of system
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4 nearly coincides with % and & (or % and %) of system B, ¥ and 4 of
system €' come to lie nearly at the same height, at least undoubtedly in the
posterior part of the crystalline lens. 8. That while the principal point &
of system 4 lies on the anterior surface of the cornea, and the principal
points 2’ and A’ of system B lie in the lens, at 57073 and 59356 mm.
behind that of system 4, those of system C' must fallin the aqueous humour.
4. That -by the combined action of 4 and B the focal distances %’ ¢’ and
k' ¢" in system C are much shorter than in system 4 and system B.

XX1.—Caleulation of the position of the principal points in the eye.

If we now wish to determine the situation of %" and /” in system C, we
have nothing else to do (compare XIL) than to seek for the point s, and to
caleulate the positions of the two images from this point; the two images
are then the principal points 4’ 2 of system C. Now the point s lies be-
tween % (system 4) and %’ system B: and indeed at distances proportional
to the principal focal distances of each of these systems. Tor this being
the position of s, the image of the perpendicular s &' (Fig. 42) formed
by the cornea (), is of equal size with the image formed by the crystalline
lens . The magnitudes are easily found by construction (compare Fig. 30).
In Fig. 42 A ¢“ is the posterior focal distance F, of the cormea, %’ ¢’ the
anterior I7 of the crystalline lens. Supposing the crystalline lens away,
the cornea forms an image of s s’ = h a; supposing the cornea away, the
lens forms an image of ss' = /' @, These two images % ¢ and %’ &’ are of
equal size (compare XII.), when

'8 sa=¢8§:sd,
in which case
ho":hs=MN¢' 1 ls,

At the same time it appears that the point s lies where % 4, and not
where 2 /* is divided proportionally to the focal distances %¢* = F,” and
W ¢t = 19’ ; for already from the point a, siluated in the surface 4, the
ray ¢” ¢ is continued as o' & parallel to the axis. Iurthermore, it appears
that if the first system 4, as well as system B, had two prineipal peints,
the distance between 2* of system 4 and ¥ of system B must be divided
proportionally to the focal distances, in order to find the peint s.

Now, in the eye, % lies in the curve of the cornea, %/, on the contrary,
57073 mm. behind the cornea; Iy is == 31'692, F; = 43-707 mm, Con-
sequently s lies 57073 % 31:692 : 31692 + 43-707 = 2-399 mm. behind the
cornea, that is, 57073 — 2:399 = 3:3083 before the anferior principal point
of the crystalline lens. The position of theimages of s we now further find
ag ¥ and % (system C), according to the formula (3 ¢}«

. ., 2399 x 23692 _ . . :
The position of A’ = 516029399 = 19403 behind A (the anterior

3-3083 x 43+707 -
surface of the cornea), and the position of 2’ = 5707 — a 55088 — 3:5793

before the posterior prineipal peint of thelens. This lies 5:9356 mm. behind
the cornea, and consequently, 2’ at 5 9356 — 3:5793 == 24563 behind the

anterior surface of the cornea,
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XX1I,—~ Caleulation of the posilion of the nodal points in the eye.

In order to find the positions &’ and A" of system C, we should remember
(VIIL), that they are the images of the point o, which divides the distance
between the nodal points of system 4 and system B (compare XV.and
Fig. 41) inlo two parts, proportional to the focal distances Gy* and G’
belonging to the nodal points.

The focal distance belonging to %, system A, is ¢* &k = ¢' &' = 23:692.
The focal distance belonging to %, system B, = 43:707. Moreover, & lies
at 8, &’ at 57073 behind the cornea. Their mutual distance amounts to
2:2927. This is to be divided in the proportion of 23:692 and 43-707. We
2:2927 x 43707 __ ..

43707 3- 23692 1-4867.
So much does o lie behind 7' of systemn B, and consequently,
57073 4+ 1-4867 = 7194 mm., behind the cornea.

The image %', formed of o by the cornes, is found a$

g————?ggg i ;igi = 6-057 behind the cornea.

The image 7, formed of o by the erystalline lens,
lies at ig,;g?[ _T_ iigg; = 14376 behind the second principal point of the
crystelline lens, and consequeutly 1:4376 -}- 59356 = 7-3732 behind the
cornea.

The distance %' %" of system C'= 7-373 — 6957 = 0'416 mm. = the dis-
tance ' 2* of system C.

If we first determine the position of the foci, that of the nodal points
will follow without separate caleulation.

B o= N &
and
=N
which has already been proved (XVIII. and XVIL).

now find

XXIIL— Culeulation of the position of the foci in the eye.

L'astly, the focal distances of system C are easily caleulated.

Parallel rays, refracted by % of system .4, converge to the point ¢, situated
at 31-692 behind the cornca. On their way lies system B, and of it they
meet /4’ at 5-7073 behind the cornea, that is, while they converge to a point
situated 31°692 — 57073 == 25-9847 behind #. Calculated from 7% I'* of
system B3 is = 43'707.—We therefore find (according to form. 3 d) the pos-
959847 x 43707 _ .. .

550847 4 4307 — 028

behind 727 of B, and consequently 16:296 4 5936 = 22:23 behind the cornea,

that is, 22:231 — 2+83563 = 19-875 mm. behind %, of system C. The pos-

terior prineipal focal distance Z'“ of the cye therefore amounts to 19-875 mu.
5

terior focus ¢” of system Cat
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To caloulate the anterior focal distance, we start from rays parallel in
the vitreous humour. Refracted by the lens, these converge at 43-707 be-
fore 7/ of system B ; consequently they arrive at the anterior surface of the
cornea at 43707 — 57073 = 379997, and are there refracted at

23692 x 379997 ,
31-692 1 379997 — 12-918
before the cornea, that is, 12:918 + 1:9408 = 14-8583 before 2’ of Syst. C.

Fig, 43.
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The anterior principal focal distance I/ of the eye therefore amounts to
14:8583 mm.

A similar separate caleulation is not, strietly speaking, necessary for 7,
because we may apply the formula & d.

XXIV.—Review of the position of the cardinal points in the eye.

‘We are now. enabled to combine in a table the positions of the car-
dinal points, first separately of the two component systems of the eye,
system -, the cornea, system B, the lems; and subsequently of the com-
pound system C the eye itself. We have prefixed the computed position and
curvature of the refracting surfaces, and represented the values found, in
their true magnitude for each system in a diagram (I'ig. 43). Abovesystem D
is placed a scheme of the form of the lens and of the position of the cardinal
points in the eye accommodated for near objects. The line C C represcnts
the position of the cornea; VN that of the retina. The lengths are given
in millimgtres, and the position is caleulated from ‘the anterior surface of

the cornea. The refractive coei‘ﬁments are assumed as 17(,)7— for the aqueous

and vitreous humours, and for the crystalline lens.

‘We have placed the values Whlch obtain in accommodation for near objects,
next those for the eye in a state of rest :

Accommoda- | Accominoda-
tion for tion for Near

Distance. Objects.
Radius of curvatvre of the cornea . 8 8
Radius of curvature of the anterior smface of the lens 10 6
Radius of ecurvature of the posterior surface of thelens | 6 55
Position of the anterior surface of the lens . 36 32
Position of the posterior surface of the lens . 72 72

The refracting numbers, represented by the
diagram, are the following :—

Anterior focal distance of the cornea . . . . . .| 23692 | 23-692

Posterior focal distance of the cornea . . . . . .| 31692 | 31-692
Focal distance of the lens . . . 43707 | 33-785
Distance of the anterior principal pomt "of the lens
from its anterior surface., . . 2:1037 | 19745
Distance of the posterior punclpal pomt of the lens
from its posterior surface . . 1:2644 | 1-8100
Distance of the two prineipal pomts of the lens from
each other . . . e e e o o o 002283 | 02155
Posterior foeal distance of the e) @+« « . « . . .| 19875 | 17756
Anterior focal distance of theeye . . . . . . . {19875 | 13274
Place of the anteriorfocus . . . . . . . . .]12918 | 11241
Place of the first prineipal point. . . . . . . .| 19403 | 2:0330
Place of the second principal point. . . . . . .| 23563 | 2-4919
Place of the first nodal point. . . . . . . . .| 6957 6:515
Place of the second nodal point . . . . . . . .{ 7378 6974

Place of the posterior focus . . . . . . . . .} 22231 | 20248
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Hence it appears, that &' ¢/ =" ¢", k' I = I I, I ¢/ = }h* ¢, and F' n”
= I n'; that is, 108 F’ = 77 I (compare X VII, and XVIIL).

XXV~ TUse to be made of the knowledge of the cardinal points.

After we have learned the cardinal points in the eye, it remains to show
what use is to be made thereof, in order to find by construction the course.
of each ray, and the situation and size of the dioptric images.

For the sake of clearness, we take, in the following figures, all measure-
ments at double the size of those in the eye, and the mutual distance of
the two nodal and of the two principal points as somtewhat greater than it
really is. The line C C represents the anterior surface of the cornea, V' 7~
the anterior surface of the vitreous humour. .

Let us briefly recapitulate (compare Fig. 44): 1, That every ray, for

Tig. 44.

| ;« : \
! @” ' (o
- ’ ¢ v ‘
e : :
T
.zi’ 5 ]l: sl ‘k"-' ;‘u ()J)u »
a, \5 ‘ .: \

|

example a b, which in the first medium (#’is directed to %, in the last
medium (n“ is parallel to its primitive direction, but is directed to £%. 2.
That every ray, for example ¢ &, in (=" is directed to a point (d') of the sur-
face 4 d*, removed as far from the axis 4 A’ as the point (¢') of the surface '
¢, to which it, as b’ ¢, was directed in the first medium: that is, ¢’ ¢'is parallel
to the axis. 3. That all rays which are parallel in (#, for example e band a' ¥/,
unite in one point in the second focal surface ¢“¢ (and indeed in the axis in
the point ¢/, when they are parallel to the axis). 4. That all rays, parallel
in (", unite in one point in the anterior focal surface ¢’a, and if they are
parallel to the axis, as e d" ¢’, in the point ¢

By the application of these rules we can of each given ray in (', ascertain
its course in (»”. 'What deviations it undergoes at the several refracting
surfaces, we do not in this mode trace. The lines, therefore, represent only
the course of rays, so long as they are in the air (4, or in the vitreous
humour (. To denotc this they are dotted between the cornea Emd the
yitreous humeour, where the ray leaves the course of the line,
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Now let a ray, b (Fig. 45) in (2, be given; it is desired to ascertain

Fig, 46.

Fig. 43.
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its course in (»”. This object can be obtained in two modes. First, let the
ray be produced fo the first principal surface, whichit cutsin ¢; the ray will
thus in (#" be direoted to the point of the second principal surface, corre-
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sponding to ¢, that is to d (rule 3). Let the ray now cuf the anterior focal sur-
face in b, All rays, proceeding from , are parallel in (#” (compare 4) ; the
direction of one of these rays, b #, is known, for it continues as &” ¢ parallel
to its primitive direction ; but we thus need only, proceeding from d, to draw
a line parallel to % or &’ ¢: to find the direction of the line d ¢, which the
ray follows in (»”.—We may equally make use of rules 1 and 3 to find the
course. All rays parallel to ab unite in the posterior focal surface ¢” into
one point. Of one of these rays o' ' &' we know the direction, which,
namely, continues as 4’ ¢ parallel to & &’. Where this ray cuts the focal
surface ¢”, the ray @ b must also cut the focal surface, and the line de
drawn from d therefore gives the direction of the ray a b in (2",

Let a point 7 (Fig. 46) be given: it is desired to ascertain its image .
For this purpose it is necessary only to determine the course in (n” of two
rays proceeding from ¢, and to see where they cub one another. The ray ¢4
passes as &’ b through the vitreous humour (compare 1), the ray ¢ «, parallel
to the axis, cuts the axis in the posterior focal surface at ¢” and intersects
% bing. In g, therefore, the image of ¢’ should lie, if the vifreous humour
extends so fax: its virtual image lies there,

XXVI.— Caleulation of the position and magnitude of the dioptric tmages
of the eye.

From the foregoing constructions it appears, that the eardinal points of
a compound system being known, the position and magnitude of the
dioptric images of the eye are to be ealeulated according to the same for-
mul, as in the case of a simple refrasting surface.

. N ¢’ =1¥"¢" (Fig. 47) is the anterior focal distance F' = G,
I ¢"== k' ¢' is the posterior principal focal distance F* = G.

Fig. 47.
|
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Let ¢ now be a point of light, 5 its image, then
Wi=f
W f = f
Bi=g
kf=g¢".

According to the formula (3 & or b) we can now calculate the position
of j, if # or ¢ be given, and vice versd (according to the formula 3« and
3 ¢) the position of ¢, if /* or ¢” be known.

Of this formula we shall here malke use, in order to calenlate at what
distance g (reckoned from %), the diagrammatio eye, accommodated for near
objects, sees accurately. .
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In this eye (compare XXIV.) ¢” lies 20-248 — 6-974 == 13-274 mm. be-
hind %”. Consequently G” = 13-274. The retina lies 22-231 — 6974 =
15-257 mm. behind &”. Hence g’ = 15257, @ = 6+515 4 11:241 = 17-7586.
Now we find ¢ = ES:%” == 1136-6 mm. == 5047 Parisian inches. This is
the nearest point of distinot vision ; the farthest (diagrammatic eye, accom-
modated for distance) lies at an infinite distance. This range of accommo-
dation of 1: 5047 corresponds to that of the age of about 20 years.

In the eye the two nodal points lie so close to one another, and in
ordinary vision ¢ is so mueh larger than ¢, that, just as in a single refract-
ing surface, we may draw the lines of direction of the object immediately
through the posterior nodal point, without taking the anterior into con-
sideration. The magnitudes of object and image are therefore propor-
tional to their distances from the posterior nodal point 4. In the diagram-
matic eye the last distance amounts to 14-858 mm. Now if the object lies
14-851 métres from the eye, the image is a thousand times smaller than
the object.

XXVII.—Comparison of R and P, deduced from measurements on the eye
and optometrically determined.

In XXVI. we calculated the farthest and nearest points of distinet vision of
the diagrammatic eye. Now Dr. Knapp has in four eyes, from the radii of cur-
vature and the position of the refracting surfaces, together with the two limits
of accommodation, caleulated the position of the cardinal points, and thence
deduced the nearest and farthest points of distinet vision with the range of
accommodation. Now it was extremely important to see how far these
results of measurement and calculation agreed with those of the simple
optometrical investigation in the same persons. The result is, that in three
of the four persons the agreement is as great as could be expeeted in the
difficult and complicated mode of determining the surfaces of curvature.
There was found (compare Arehiv f. Ophthalmologie, Bd. VIII. 2. 138):

Accommodation determined by

Measurements of the Optometrienl

Burfaces of Curvature. Investigation,
L 1:6-207 1:3953
I1. 1:4-227 1:4-064
I1T. 1:3-883 1:4-248
Iv. 1:3-581 1:3-214

If it were necessary, we mighf in this agreement find a fresh argument
in favour of the view, that the accommodation depends exelusively upon
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an alteration of the system of the crystalline lens. TIf no further argu-
ments are necessary to this end, this agreement establishes the correctness
of Dr, Kunapp’s measurements.

SECOND PART.

RANGE OF ACCOMMODATION.

XXVIII,—Foundation and definition of the range of accommodation.

The measure of the range of accommodation must be connected with the
change which takes place in accommodation in the eye. If the power of
accommodation depended, as was formerly supposed, on a prolongation of
the axis of vision, the numerical expression of the range of accommodation
should be sought in the amount of this prolongation. The alteration which
takes place in the eye in accommodation is, however, of a wholly different
nature, and is confined, as we have seen, to the system of the crystalline
lens: the anterior surface increases considerably in convexity, and at the
same time advances more forward, the posterior surface becomes a little
more convex, without going backward, and with these complicated modifica-
tions the position of the cardinal points of the lens, and, at the same time,
that of the cardinal points of the whole eye, is altered. The chief point, there-
fore, which presents itself is: the shortening of the foeal distance of the lens;
that is, as if the crystalline received the addition of a positive lens. Now
from the focal distance A, of such an auxiliary lens, is the range of accom-
modation to be determined, and as the power of a lens is inversely propor-
tional to its focal distance, the numerical expression of the range of accom-
modation becomes 1:.4. We can by investigation determine the distance
R of the farthest point 7, and the distance P of the nearest point p, both
reckoned to the eye. From these distances %4 must be deduced, and if the
position and radius of curvature of all refracting surfaces of the eye, in
accommodation for » and for p are not known, we have no other data. Now
we have assumed 11,- —_ % = ‘2 . Rays, namely, proceeding from the
nearest point of distinet vision, shall appear to procced from the far-
thest point, when (P and R being reckoned to the cornea) they are re.
fracted by a lens ! with focal distance A (compare formula, p. 28). Thus, if
such a lens be placed immediately before the cornea, it represents the range
of accommodation so far, that without the lens the rays proceeding from »,
with the lens, those proceeding from p, come to a point upon the retina. But

. 1 1 1. _
by this the expression PR Tyl not yet justified. The lens, namely,
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which is added to the eye in accommodation for p, lies #n and not before
the eye, and it thus produces other modifications in the position of the
cardinal points than accommodation for near objects, Moreover, with the
difference of position a difference of focal distance of the auxiliary lens

will be combined, and consequently —jlz = —_IF — % is by no means the

lens, which the erystalline of the eye adds to itself in accommodation for p.
The question therefore is, whether we may consider this formula as the
numerical expression of the range of accommodation.

Evidently we here deal only with proportional magnitudes, The formula
must serve us, fo compare reciprocally the different values of the range of
accommodation under various circumstances. Now if the alteration of the
crystalline lens, although not altogether equal, be at least sufficiently pro-
portional to ".%17 = IIT_ —11?, this formula fulfils all requirements and re-
presents also the changes in the eye. It shall be shown that this is actually
the case.

XXIX.—Determination of the range of accommodation by the focal distance
of @ lens, with s nodal point situated in one of the nodal points of the
eye.

In XXVI. the distance ¢ from the first nodal point to the object, for
which the eyes were accommodated, was caleulated from the position of
the retina and of the cardinal points in given eyes. Vice versd, we may
from ¢ and ¢” deduce the position of the cardinal points of the system.
We start from the formula (3 5).

4 7
g,,— +§: =1, and since,

‘ql
if :-57— =n,
G =n G,
we have o
” 4 n
AR LTS |
¢+9
1,11
n ' g Gn
y gny
¢ gty
@ — grr q:

—gnty

Knowing G” and ¢", it now immediately follows, what lens the eye has
added to itself, to be accommodated to the distance g In this we suppose
that the modal points of the eye have continued unaltered, which, as is
evident from what has been above advanced, is the case, when the infinitely
thin auxiliary lens stands in the vitreous humour and its nodal point
coincides with the posterior nodal peint of the eye, or stands in the air,
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its nodal point coinciding with the anterior nodal point of the eye. We
start from a system represented in Fig. 48, system A, whose posterior
focus == ¢ lies in the retina ¥ V. In this system the foci change, and in-
deed so (compare system B) that the image j of the point ¢ now comes fo
lie in NNV, where, in system 4 the focus ¢” lay. The question therefore is,
what is the focal distance L” of the auxiliary lens in the vitreons humour,
which should remove the posterior focus from j to ¢”. Evidently this lens
must make the rays, which, arrived at & converge to 7‘, converge to ¢”.

# 4 (/4 y ' 1 1
Now %” ¢’ =G s ]f”‘] =g Consequently .-G——:;T —_— g L” Therefore the

auxiliary lens which changes system 4 into system B is -— 1

LII
The question is, further, in what relation does %,, e stand to ¢’
(=%"¢). As we have seen
1 + }_ -—1._-
e g Gn
Consequently, 1 & n__ 1_
gy g e
1 _]_ 7.
¢ ¢ g
Henece it appears that 11—7,_ % Consequently, to bring an eye which is

accommodated for infinite distance, to the distance ¢/, an auxiliary lens of

v/ =% focal distance is required. If R be mnot infinite, we may suppose
that an auxiliary lens% was already present, and that in accommodation

for the nearest point an auxiliary lens of; is required, in which case the

difference between these two auxiliary lenses 2 7) - TE expresses the range of

accommodation. We thus obtain, as a general formula,

and if Re=w

=P
The formula B, in agreement with our formula, makes the range of ac-

commodation dependent on the factorl—i - 11»2 But we have assumed
1_1

i=p }i’ and find

consequently
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The focal distance of the lens required, placed in the vitreous humour, is
therefore » times shorter than was assumed in the formula for the range of
accommodation,

‘We may, however, also suppose the auxiliary lens to be situated in air,
and its nodal point to coincide with %’ of the eye. It is indeed true that
there is no air in #; but a system might be constructed, whose cardinal
points should have the same position as those of the eye, and wherein air
should really be present in . Moreover, there are lenses (although zot in-
finitely thin) whose nodal points lie without the mass of the glass, and of
such we therefore may suppose, although they are placed before the eye,
that the nodal point coincides with the anterior nodal point of the eye.
Buf apart from this, we may imagine the eye away, and the auxiliary lens
placed in air, its nodal point coineciding with #. Refracted by this lens,
the rays are altered as to their direction. We may now suppose the direc-
tion to be prolonged backwards, and that the rays already had this direction
when they fell upon the cornea. If, therefore, 2 be the distance from the
farthest point to Z', P that of the nearest point to #, L' the required foeal
distance, then

and L= 4.

The focal distance of the lens may therefore be » times greater, when in
air, than when it is present in the vitreous humour. The correctness of this
is easily seen. In order to make the focal distances of the eye accommo-
dated to the farthest and nearest points equal, the auxiliary lens, standing
in air, must displace the focus of parallel rays coming from behind from 4

s 1_ 1 1_ 1
to.G : it must be T=F 74

If it be in the vitreous humour, it must displace the focus of rays coming

from before from ¢” to G“. 1t must therefore be
1 _ 1 1 __=n 7 7

—_— e T e e T L 0

XX X.—Comparison of the obtained formula _{1_1 = % —_ _1!%_ with the results

of observation.

In the foregoing consideration (XXIX.) it was assumed that, in accom-
modation of the eye for p, while the focal distances beecome shorter, the nodal
points maintain their place unaltered. System .4 (Fig. 49) should be
changed into system B. In both systems %' ¢’ must be = n %" ¢, that is,
G' =7 G”. In this is included that the principal points A’ A4” likewise
change their position. In fact A’ ¢’ must be = 4" ¢" and A" ¢" = &' ¢'. If
we call 77 the approximation of ¢” to £, that of ¢’ to A’ will be =n 7. Now
in order that ¢/ &' = ¢“ %, &' must vecede, and the amount of this recession
=nij—ijorij (n— 1) is pretty considerable.

Hence it appears, that the change produced by placing an auxiliary
lens with its nodal point in the nodal point of the eye, differs not in-
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considerably from the change in accommodation for near objects. Yet
in this the prineipal points are scarcely displaced backward, the nodal

Tig. 48.
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points, on the contrary, advance pretty considerably, and the anterior focus
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at the same time acquires a different position (compare systems C and D of
Tig. 43).

It therefore appears doubtful whether the change in focal distance which
the crystalline lens undergoes in accommodation is nearly proportional to
the focal distance of the supposed auxiliary lens, that is to the value of
A in the :f'ormu]a.:lZ = }T —_ 113 This we must therefore investigate. We
employ for this purpose the diagrammatic eye assumed by Helmholtz, and

the results of the measurements obtained by Knapp in four eyes.

Tocal Distance of the

R | LR o 1 111
11 Visd B A A
Distance. By oxumity. =_Zf—jj_j;‘l_‘ A—FP REla 4
Iy, Ip.
L. 38:176 31:971 1:196-7 1724 | w| 1:172:¢ 0-8763
I1. 37-706 29-222 1:1299 1186 | w| 1:118:6 0-9132
IIL 41449 30°944 1:1221 109-16 | | 1:109-16 | 0'894
Iv. 43-133 30939 1:112 10097 | w0 1:100:97 | 09016
@| 1:1366 0918

Diagram-
matic | p43-707 | 33-785 1:148-8 1366
Lye.

+

It appears that the value I%‘E : -12, it is true, is no fixed coéficient, that
consequently no perfect proportion exists between the caleulated auxiliary
lens, corresponding to our formula of the range of accommodation, and the
actual alteration of the crystalline lens, but that nevertheless we come

sufficiently near the truth in assuming that the erystalline lens in accom-
modation has received the addition of a lens, having 196 of the power of ;;,

the focal distance of which consequenily amounts to ]90 A. This result is

not without importance. The formula % — % = %1 thus becomes more than

2 mathematical fiction, it acquires a physiological signification.

§ 37. If we observe that the change in the lenticular system consists
almost exclusively in the application of a positive meniscus to the anterior
surface of the crystalline lens, we readily arrive at the conclusion that an
auxiliary lens, placed before the erystalline, should alter the cardinal points
of the eye in such a manner as actually takes place in accommodation, and
should therefore most accurately express the range of accommodation. This
last we can casily test. Let, namely (Fig. 50), ¢” be the posteriox foeus
of the cornea €' C for rays proceeding from the farthest point; p for rays,
proceeding from the nearest point, then the puxiliary lens / must make
the rays converging to p' converge to ¢”, before they reach the crystalline
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lens. If d be the distance from the principal point % of the auxiliary lens of
1 1 1
ISF=a F—d

For d let us put two millimétres. It is true, the anterior surface of the
erystalline lens lies farther removed from the cornea; but the auxiliary
lens /, which in a certain sense places itself before the erystalline, has the
form of a positive meniseus, whose prineipal points are situated in frontof the
convex surface, and the infinitely thin lens, which is supposed to contain the
meniscus, must, in order to have such an action, stand iu its second prineipal
point. Now, in the diagrammatic eye, the radius of the cornea = 8 mm.,
the focal distances of the cornea F' == 23'692 and 7 — 31-692 mm. ; p lies, in
accommodation for near objects, as we have seen, 136-6 mm. from the nodal
point, therefore 1366 — 6'5 =130'1 mm. (= #’) from the cornea.

The focus g/, of rays proceeding from p consequently lies at

(f = f"__."p)
w . 91692 x 130-1 _ ..
S = Tap1 o360z = o0 1O
The rays proceeding from the farthest point » converge in ¢~ at 31-692;
those proceeding from the nearest point p in p at 3875 behind the cornes.
At 2 mm. behind the cornea, therefore the distance of the points of con-
vergence amounts to 29692 and 3675 mm, To direct rays converging at

e 29-692 x 86-75 .
36-75 t0 29692, an auxiliary lens of ———77‘-6%8—* == 155 mm, is necessary.

the cornea, & ¢" = I, A p = f* then

We may make the same calculation for all the four eyes measured by
Knapp. Tn doing so, we should come nearest the truth, by taking into ac-
count, in each particular case, the found radius of the cornea and the depth
of position of the crystalline lens, DBut if we start also from fixed focal
distances of the cornea, the anterior surface of the lens being situated at
2 mm. from the cornea, the auxiliary lens found by calculation comes really
very near the alteration of the crystalline. This appears from the following

numbers :
.1:Fo o Vi
_ 1 1 Apoesterlor | P, Foeusofthe 11 :(F"— Q) — 1:( 4
- E, - Fy =1: Sf(i:?}edcotm::?f °°2233if$rrr'ﬁ’£§ f:fo' ( ) (f
L. 196-7 31692 [ 1659 3697 1966
1L 129- 31:692 | 112-5 40-15 133-9
III. 122-1 31692 | 1033 41-22 121-9
IV, 112 31692 95-06 4221 1135
Diagram-
matic 148-8 31692 | 1301 38475 156
Eye

It thus appears, that an infinitely thin auxiliary lens, placed 2 mm. be-
hind the cornea, in the four eyes measured by Kunapp, almost exactly corre-
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sponds fo the alteration of refraction of the lens. If it were now desired to
express by such a lens the range of accommodation, a table may easily be
prepared of the value of f” for the different optometrically-found values of
p- Buf in fact it must be ealled an accident, that in the assumption of a
position of the auxiliary lems, unaltered at 2 mm. behind the cornea, so
much agreement is found, The position has, in fact, a very great influence.
If, for example, the auxiliary lens lies at 4, instead of at 2 mm, behind the
cornea, the numbers change—

1966 172-9
133:9 1183
121-9 into 107-8
1136 100-6
155 136-3

Therefore it is not strange that the diagrammatic eye does not answer
when d is assumed = 2 mm. In this case d should amount to about 2§. In
the second eye, also measured by Knapp, some deviation appears. In both
instances this is to be ascribed principally to the fact, that the anterior
surface of the crystalline lens lies more deeply, and thus the distance of
2 mm. for the auxiliary lens is not quite sufficient.

Hence it appears, that if it were desived from r and p to calculate the
auxiliary lens at the erystalline, we must likewise determine the place of
the anterior surface of the crystalline, and this involves a difficulty of time
and means, without leading to more accurate knowledge than is attainable

" by the application of the simple formula.z =35 Wekeep therefore

to this formula, which for the determination of the range of accommodation
supposes only the optometrical determination of p and r (caleulated to the
nodal point at about 7 mm, behind the cornea), and thus recommends itself
for practical utility. I1f we wish to know what auxiliary lens has been

applied to the crystalline, we multiply the result obtained -_% by the coéffi-

cient 0°9. We thus come certainly very near the truth. The influence of
ametropia, and of the use of spectacles and eye-glasses on the range of ac-
commodation, shall hereafter be examined.
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CHAPTER IL

DEFECTS OF REFRACTION AND ACCOMMODATION IN
GENERAL.

§ 6.—~D1STINCTION BETWEEN DEFECES OF REFRACTION AND OF
ACCOMMODATION.

Hirgrrro the defects of refraction and of accommodation have
been more or less mixed up one with another. This confusion was
an impediment to the clearness of description, which in this depart-
ment particularly, is absolutely necessary to the correct appreciation
of the subject. The ideas of refraction and of accommodation must
therefore in the first instance be accurately distinguished from one
another. It will then not be difficult subsequently to recal the con-
nexion, so far as may be necessary, between the two.

By refraction of the eye, we understand its refraction in the state
of rest ; that is, the refraction which the eye possesses in virtue of its
form and of that of its component parts, independently of muscular
action, independently of accommodation. The term, therefore, applies
to the refraction of the eye whose muscles of accommodation are
inactive or paralysed (for example under the influence of atropia), to
the refraction also of the dead, but as yet otherwise unaltered eye.

To begin with refraction, in the condition of relaxation proper, the
eye possesses a power of accommodation. The farthest point of dis-
tinct vision, therefore, corresponds to the state of rest of accommoda-
tion. Now, so soon as the action of accommodation occurs, the eye
becomes adjusted to an adjoining point, and it is by diminution of
this active operation that it is subsequently capable of seeing a more
remote point. Hence, accommodation for an adjoining object alone
is an active operation (compare §8). The stronger this action is,
the nearer is the accurately seen point. Accommodation is, therefore,
the voluntary action whereby the eye becomes adjusted to a nearer
point than s the case tn the state gf rest of accommodation.

Hence it appears, thai, refraction is dependent on the anatomical
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condition of the component parts of the eye; accommodation, on the
contrary, depends upon the physiological action of muscles.

With regard to refraction, we call the structure of the eye normal,
when, in the state of rest, it brings the rays derived from infinitely
distant objects to a focus exactly on the anterior surface of the layer
of rods and bulbs; in other words, when parallel incident rays unite
on that layer (in ¢* Fig. 51). The farthest point of such an eye lies af

Fig. 51.

"

2

7

g

C

an infinite distance. If convergent rays are also capable of being
brought to a focus, the eye possesses something which it does not
need : for from all objects proceed divergent or ab most parallel rays.
If on the contrary, the farthest point lies not at an infinite, but af 2
finite distance, vision is indistinct throughout a great part of the
space. Consequently the rgfraction of the media of the eye at rest
can be called normal in reference to the situation of the retina, only
when parallel incident rays unite on the layer of rods and bulbs.
Then, in fact, the limit lies precisely at the measure ; then there exists
emmetropia (from #perpos, modum tenens, and &y, oculus)., Such
an eye we texm emmetropie.

This name expresses perfectly what we mean. The eye cannot be
called a normal eye, for it may very easily be abnormal or morbid,
and nevertheless it may be emmetropic. Neither is the expression
normally constructed eye quite correct, for the structure of an emme-
tropic eye may in many respects be abnormal, and emmetropiv
may exist with difference of structure. Hence the word emmetropia
appears alone to express with precision and accuracy the condition
alluded to.

Emmetropia then is met with, when the principal focus of the
media of the eye at rest falls on the anterior surface of the most ex-
ternal layer of the retina (compare Tig. 51). This is the
simplest definition.

The eye may deviate from the emmetropic condition in two re-

spects: the principal focus #” of the eye at rest may fall i frouns of
6
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82 DEFECTS OF REFRACTION AND ACCOMMODATION,

(Fig. 52) or behind (T'ig. 53) the most external layer of the retina.

In the former case divergent (dotted in Fig. 52), in the latter con-
vergent rays (dotted in Tig. 53) come to a focus on the retina. Inthe
first case, therefore, in the condition of rest, objects are accurately
seen which are situated at a definite finite distance (Fig. 52 ¢); in
the second they are atno distance accurately seen, for the rays in
falling upon the cornea must, in order to unite in the retina, already
converge towards a point situated behind the eye (Fig. 53 4). In the
first case the farthest limif lies wi#Zin the normal measure: the
measure is too short, and the condition might, therefore, be called
brackymetropia. In the second case, the boundary lies éeyond the
measure, and I have, therefore, called this state Aypermetropia.
Hence it is perfectly clear, that brachymetropia and hypermetropia
are two opposite conditions.
The definitions are now extremely simple : the posterior principal
focus ¢” of the media of the eye at rest falls :—
in BMMTTROPIA on the most external layer of the retina ;
In BRACLYMETROPIA ¢ fiont of ,, »
in IIYPERMETROPIA belind 5 s 5
In order 1o express that the eye is not emmetropic, we may use
the word ametropio (from duerpos, extra modum, and &y, oculus).
Brachymetropia and hypermetropia are both, therefore, referrible to
ametropia.
Brachymetropia is evidently nothing else than myopia, and it
appears preferable {o use the word myopia, as being an established

- 108 -



MYOPIA AND HYPERMETROPIA. 83

term. The word brachymetropia was formed only in contrast to
hypermetropia, to which expression I thought it right to adhere.

Hence it is evidenl that myopia and hypermetropia are opposite
conditions. That myopia is of very frequent occurrence, and is to be
considered as an important condition, has long been admitted. Still
more common, however, and more important in its results is hyper-
mefropia, which has hitherto been for the most part either over-
looked, or confounded with other states.

L repeat, what, in consequence of its importance, I have already
put prominently forward, that myopia and hypermetropia are the
opposite conditions of ametropia.

From the definitions given of anomalies of refraction, it has been
shown, that the distance R of the farthest point of distinet vision
15 the foundation on which they rest. The shorlening of the focal
distance, whereby adjoining points become accurately visible, is the
work of the muscles of accommodation. Under the maximum action
of these muscles the eye is adapted to the distance P of its nearest
point. Now we found as a numerical expression for the range of
accommodation %: ]1?._ 1R The range of accommodation di-
minishes, as shall hereafter be more particularly pointed out, with
advancing years. At the same time R may remain almost unaltered,
and P thus becomes greater. The result of this is, that in the emme-
tropic eye the nearest point is at a certain period of life removed so
far from the eye, that more minute operations can no longer be well
performed with near objects. This condition of the eye is called
presbyopia.  Preshyopia therefore exists, when, in consequence of the
wnerease of years, with diminution of the range of accommodation, the
nearest point has been removed too far from the eye.

Tormerly writers were in the habit of contrasting presbyopia with
myopia. Apparently this was quite correct. But in myopia only
near, and 1n presbyopia only distant, objects can be distinctly seen. In
myopia they found ¢ the mean distance of distinct vision” to be
sibuated too near the eye, in presbyopia too far from it. Thus they
would feel obliged, while they either overlooked hypermetropia, or
confounded it with presbyopia, to place myopia and presbyopia
directly against one another, to regard them as deviations, similar in
nature, but opposite in direction.

On closer examination it appears, however, that such opposition is

illogical. The fact is, that both in an anatomical and in a physio-
2
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logical point of view, myopia and presbyopia belong to very differcut
categories. Myopia is based upon an abnormal construction of the
eye; presbyopia is the normal condition of the normally constructed
eye at a more advanced period of life. In myopia the power of ac-
commodation possesses the normal range ; presbyopia on the contrary
is based upon diminished range of accommodation, as the natural
result of advancing life. Myopia, finally, vests upon an abnormal
siluation of the faréthest point of distinet vision; presbyopia, on the
other hand, on an alicred situation of the nearest point. Solittle are
myopia aud presbyopia opposite conditions, that they may both occur
simultaneously in the same eye. An eye, for example, which can sce
accurately only from 20" to 147, is at the same time myopic and
presbyopic : the farthest point of distinct vision is situated at too
short, the nearest point at too great a distance.

Hence we may consider it to be fully proved and demonstrated :—

1. That myopia and hypermetropia are to be regarded as opposite
conditions.

2. That it is illogical and unpractical to contrast myopia and
presbyopia with one another.

With respect to presbyopia, this state 1s no anomaly, but rather
the normal condition of the normally constructed, emmetropic eye, at
a more advanced period of life. Were presbyopia an anomaly, it
should not be looked upon as an anomaly of refraction, but of ac-
commodation. It should not be classed with myopia and hyperme-
tropia, but, on the contrary, with the disturbances of accommodation.
As, however, it is no disturbance, but a diminution of the range of
accommodation, it must be ireated of in considering the influence of
the time of life upon the eye.

Accommodation is, as we have seen, based upon a change of
form of the lens, produced by contraction of the internal muscles of
the eye.

Hence it follows, that anomalies of accommodation may be
dependent :—

. On disturbance in the lenticular system.
6. On disturbance of the internal muscles.

Of the disturbances in the lenticular system the condition of total
absence of the lens, which I have termed aplatia, comes almost
exclusively under observation.

The disturbances of the muscles of accommodation are of a very
varying nature. Principally we shall have to distinguish :—
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1. The weakness which not unfrequently manifests itself by definite
phenomena after different exhausting illnesses.

2. The more or less complete paralysis, which, probably without
exception, is connected with a similar condition of the M. sphincter
iridis, and often occurs only as a part of the paralysis of the oculo-
motor nerve.

8. The spasm, which occurs much more rarely than the paralysis,
and, like the latter, is based upon a direct or indirect abnormal ac-
tion of the nervous system.

Besides these rare forms of spasm, we shall observe, as a very ordi-
nary phenomenon in hypermetropia, a persistent increase of contraction
of the muscles of accommodation dependent upon habit. This sub-
ject shall, therefore, be treated of in speaking of hypermetropia.

Moreover, it is here to be noticed in general, that the condition of
refraction exercises an important influence on the ordinary use of the
range of accommodation, and consequently upon accommodation
itself. The modifications so produced cannot be separated from the
states of refraction on which they depend, and they therefore come
with them wnder consideration. For this and other reasons it was
necessary to give an idea of the subject of accommodation, before
passing to the deseription of the anomalies of refraction.

Trom the foregoing, it appears that our principal distinetion is based upon
the situation of the farthest point of distinct vision. Thus we obtain a
classification of the anomalies of refraction, which of itself excludes a con-
fusion of the latter with the anomalies of accommodation.

The question naturally arises, whether a classification resting on the
nearest point of distinef vision, that is upon P, may not also be observed.
On 2 little reflection it will, however, be seen, that this would lead to con-
stant confusion of the anomalies of refraction and of accommodation. In-
deed P depends upon both factors, both on the refraction of the eye at rest,
and on the range of accommodation. Consequently two eyes, in which P is
similar, may, with respect to refraction and accommodation, present great
differences : it is only necessary that the differences compensate one ancther
in the two factors. A myopic eye with a small, and a hypermetropic eye
with a great, range of aecommodation, may have their nearest point at the
same dislance as an emmetropic eye, with an average range of accommoda-
tion. Now, if they were classified according {o their nearest point, all these
different eyes should be referred to the same category. Moreover, how
should we, on this basis, determine the catogories? It should evidently be
done quite arbitrarily. We should, for example, distinguish—-

A category with P less {han 27,
4;”’
Slf’

1 th) 1

EH LA 1
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ete., or choose other arbitrary numbers. Lastly, the same sye should, in pro-
portion as the power of accommodation diminished, belong each time to a
different category. This is enough to prove that a classification of eyes,
based upon the shortest distance of distinet vision, is entively unpractical,
and almost leads to the absurd. A classification according to the mean dis-
tance of distinet vision, which it has been attempted to make by contrasting
myopia and presbyopia, is an illusion ; for a mean distance of distinet vision
does not exist, and what does not exist is certainly not to be defined. (Com-
pare relative range of accommodation.)

Ou the contrary, a classification founded on the greatest distance of dis-
tinet vision is simple and logical. With the knowledge of R we perceive,
in the first place, whether an anomaly of refraction exists. Taking the
time of life into consideration, we can, moreover, thence nearly determine
what P ought to be; and if P does not actually correspond thereto, we may
infer the existence of an anomaly of accommodation.

§ 7. Causes oF tus Drrpcers or REFRACTION IN (GENERAL.

In defining the anomalies of accommodation, their cause is at the
same time assigned. Foralthough very different morbid conditions or
morbid processes, may give rise either to paralysis, or to spasm of the
muscles of accommodation,—we know that, iu the flist case the phe-
nomena are always dependent on diminished or wholly arrested, in the
second on involuntarily exalted action of the muscles of accommodation.

On the cause of - the anomalies of refraction, on the contrary, the
dioptric definition laid down does not throw any light. They
are defined simply as disturbances of connexion in the relative
position of principal focus and retina, On what anatomical or
physiological deviation these disturbances ol comnexion may depend,
is thus left undecided.

This would seem to be the place to treat of this subjectin general.
However, we here state only what is the rule. Deviations, of a
peculiar nature, which occur only sometimes as exceptions, will come
under consideration first in speaking of each of the anomalies in
cetail.

The rule is expressed in the annexed three figures. Tig. 54 is an
emmetropic, Fig. 55 a myopic, and Fig. 56 a hypermetropic eye. It
immediately strikes us, that in the myopic eye the axis of vision is
longer, while in the hypermetropic eye it is, on the contrary, shorter,
than in the emmetropic. Mo this almost exclusively it is to be
attributed, that parallel incident rays in the myopic eye, come to a
focus in {ront of, in the hypermetropic, belind the retina. Of this
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difference 1n length of the axis of vision we can even in life satisfac-

g, 55,

OO
=

torily convince ourselves. Thus if we cause the axis of vision 1o be
as strongly as possible directed outwards, we shall observe the slow
alteration of the arching of the oval myopic, and the rapid change of
the direction of the arching in the anteriorly situated equator of the
hypermetropic eye. Moreover, the olher axes of the myopic eye
appear to be longer, while those of the hypermetropic are shorter than
those of the emmetropic eye.

Myopia and hypermetropia might also be supposed to be dependent
on many other causes, Anomalies of refraction might depend upon
the curvature of the different refracting surfaces (compare p. 88), as
well as on the relative coefficients of the refraction of light. Theories
have not been wanting in reference to this subject.

The opinion has in the first place been rather generally enter-
tained, that in myopia the cornea is more convex. So far as hyper-
metropia was known, it was supposed to be connceted with too great
flatness of the cornea, which was positively assumed to exist in
presbyopia. And on external inspection it would really appear, as if
in myopic individuals the cornea was more convex, while in those
who are hypermetropic and presbyopic it is flatter than in emmetropic
persons. This appearance proceeds from the fact, that in myopia the
iris and the crystalline lens lie far belind the cornea, while in hyperme-
tropia and presbyopia they are situated nearer to it. An observer is
still fuither misled to assume a dilference in the curvature of the
corneq, as in a myopic subject the entire globe of the eye is more
prominent, while in the hypermetropic it is more sunk in the orbi,
as 1s often seen. But in truth, the curvature of the cornea m ame-
tropia does not essentially differ from that of emmetropia, and the
time of life also exercises scarcely any influence. Numerous mea-
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surements of the curval radius of the cornea have satisfied me on this
point. They have shown me that, quite contrary to what it was
thought should be expected, the cornea at an advanced period of life
rather becomes a little more convex, and that in the extreme degrees
of myopia, on the contrary, a somewhat flatter cornea is met with.
Moreover, the radius of the cornea of both eyes of the same indi-
vidual seemed in general to present no difference, or at least a much
less difference than usually oceurs between cornese of different per-
sons ; while, lastly, the vadius (as well as the whole eye) is in women
somewhat shorter than in men. )

Though in ordinary myopia the cornea is not more convex, it is
evident that, ceferis paribus, a greater convexity of the cornea must
give rise to myopia, and we shall hereafter see that in diseases of the
cornea myopia is occasionally produced in this way.

Moreover, it naturally occurs to us to consider the principal focal
distance of the lens as a cause of anomalies of refraction. In con-
nexion with it both the curvature of the refracting surfaces and the
coéfficient of refraction may come under notice. In advancing years
the lens becomes externally especially firmer, and thus the coéfficient
of refraction of the outer layers appears to increase. If this actually
takes place, and if the coéfficient, of the cortical layers thus approaches
more to that of the nucleus, the focal distance becomes greater (com-
pare p. 39). On this the diminution in advanced life of the refractive
condition of the eye appears really to depend. But beyond this no
facts exist, which give us a right to assume, that definite changes in
the focal distance of the crystalline lens usually occur in definite
anomalies of refraction. In some measurements of the surfaces of
curvagure of the lens from eyes of myopic persons, after death, I
found no deviation; it would rather appear as if, in strongly hyper-
metropic individuals, o flatter lens were to be expected. Delermina-
tions of this kind during life take up a great deal of {ime, still they
ought to be made. Of the eyes measured by Helmholtz, as well as
among those measured by Knapp, there was by accident one myopic
eye. The values found by these obscrvers do not indicate that the
lens in myopic subjects should present a shorter focal distance; nor
do the results of {he removal of the lens in myopic palients lead 1o
this conclusion, as shall be more fully shown in trealing of aphakia.

Now if the lens in myopic individuals evidently lies (compare Fig.
55 with Fig. 54) in gencral farther {from the cornea than in emme-
tropic persons, the focus of the dioptric systew must in the former lie
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<

even somewhat deeper than in the lalter; and it is in spite thereof,
that in comsequence of the elongated axis of vision, myopia exists.
In hypermetropia, the lens being situated more anteriorly (com-
pare Fig. 56 with 54), must, ceferis paribus, bring the principal focal
distance nearer to the cornea; but, the axis of vision being much
shorter, the principal focus still lies behind the system. In both
cases, therefore, the anomaly of refraction is rather compensated
than promoted by the lenticular system.

As to modifications in the coéfficients of refraclion nothing is
known. From a theoretic point of view we must say, that the index
of the cornea and aqueous humour being greater, and that of the
vitreous humour being on the contrary less, the principal focus should
be removed forwards (compare p. 39).

The final result, therefore, remains what we laid down in starting:
that myopia usually depends upon an elongation, and hypermetropia
upon a shortening, of the axis of vision.

The measurements of the radius of the cornea were made with the assist-
ance of the ophthalmometer (compare p. 17). They were recorded in the
Verslagen en mededeelingen der Koninklijle academie van Wetenschappen
(Reports and Communications of the Royal Academy of Sciences), Afd.
Natuwrkunde, D. xi. p. 159, and subsequently in the drehiv fi Ophthalm.,
B. viii. The principal results are here appended :—

1. The radii of the two eyes of the same individual are in general nearly
equal, In the statisties, therefore, when two eyes of the same person were
examined, only one mean eye was taken into account.

2. The radius in the line of vision p® amounted in mm. to—

Maximum, Minimum, Average.
Inmen ........ 8396 ........ (4 T 7-858
In women ...... 8487 ........ 115 ... L. 7799
3. As to the influence of time of life—
In 79 men, average p = ................ = 7-858
5y 20 ,, under 20 years, average ........ = 7932
, 51, . 40 o e = 7852
, 28 ,, above 40 ,, g eeeeeees = 7-819
L 11, ., 60 b eeeins == 7809
In 38 women,average p© ... = 7-799
55 6 ,, under20years ........ ..... = T'720
5, 22, , 40 ,, average ........ = 7799
s 16, above40 ,, 3y e = 7799
w 2 s 00 g eeereaen = 7607
4. As o refraclion—
s ( In 27 emmetropic persons,  p° = 7785
S { ys 25 myopic " e = 7874
™ \,, 26 hypermetropic ,, by eeeeenen = 706
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Average.
g (In 11 emmetropic persons, p° ........ = 7719
R 12 myopie ” g e eeeaes = 7867
=\, 15 hypermetropic ,, b eeereees = 7767
5. Influence of the degree of myopia (M)—

M. greater than 4, p® ... ...l = 7930
E’; e 5y sy Ty g ereeeseeeeeans = "7-829
= ) L, less 99 T sy e eeaes = 7867

(Emmetropie ........ N = T7-785)
g (a0 greaterthan 3, p° .............. = 7935
8 {a less O R = 7780
= (Emmetropie ......cocoveiiun.. .= 1719)
6. Influence of the degree of hypermetropia (11.).

H=3to4 p° .o = 7935
dlp=mtod 5 e = 8010
Sy =%t0d o e = 7989

(Emmetropic ........ccooiiiiiil, = 7-785)
g(H=dtodh  p° riiiiiiiiinn = 7-876
g{, =gorunder, , ................ = 7-692
(= -

b (Bmmetropic ........ ..ol = 7719)

§ 8. DIAGRAMMATIC REPRESENTATIION OF THE RANGE OF ACCOM-
MODATION, AND OF THE ANOMALIES OF REFRACTION AND ACCOM-
MODATION,

In § 5 we have seen what is to be understood by range of accom-
modation. We described the faculty of accommodation as the .
power of the eye to add to ifself a positive lens, and the strength of
this lens was for us the measure of the range of accommodation. We
farther showed, that the focal distance of this auxiliary lens was im-
mediately found by ascerfaining the distances from ihe nearest and
farthest points of distinet vision to the modal point of the eye.
These distances we called P and R, and the range of accommodation
was then :—

1 1 1,
ATPTR
If %& be the range of accominodation, A is the focal distance of

the auxiliary lens, which the eye is capable of adding to itself.

All this is very clear. But it was still a desideratum, by means of
a drawing, to make it easicr. An attewpt in this direction sue-
ceeded beyond expectation, Not only can wein a diagram express
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EXPLANATION OF THE DIAGRAM. 91

the range of accommodation, proportional {o the length of lines,
but the beginning and end of the lines at the same time show p and
7, and thus at once make us acquainted with the degree of myopia
and hypermetropia of the eye so represented. A glance at the ap-
pended table will demonstrate this. The lengths of the thick hori-
zontal lmes represent the ranges of accommodation. Above the
slighter vertical lines the distances from the eye, at which acule
vision takes place, are moted: the numbers exhibit (in Parisian
inches) the distances whence rays must diverge, in oxder to come to
a focus on the retina. The explanation of a couple of these lines
may serve to elucidate this.

The first transverse line represents the boundaries and range of
accommodation in a child of twelve years. The latter begins at oo,
that is, at an mnfinite distance, and terminates at 22“. This indicates
that the distance of the farthest point R = oo, while that of the
nearest P = 24°. The eye is therefore emmetropic, and has a range

: 1 1 1
of accommodation of 57— o= g3
the first line. s =

The fifth transverse line represents the boundaries of accommoda-
tion, and the range of accomntodation of a young man, aged sixteen.
The farthest point lies at 18, the nearest at 23, inches from the eye
(R =18, P =23). He is therefore, in the first place, near-sighted,
and his near-sightedness is of thal degree, that it may be corrected

All this is seen at once from

by glasses of —Il—s (that is of 18" megative focal distance).

Such glasses give, to the rays derved from infinitely remote
objects, a direction as if they came from a point 18" from the eye.
1
15
Now if, moreover, the nearest point lies at 22, we find as the range of
accommodation 5 1_13 = % All this is included in the fifth line.
3 - .
The principle involved in this diagrammatic representation is
this, that by the mutual distance of two vertical lines a definite

Therefore, the degree of myopia is also expressed by %8’ M=

1.
range of accommodation is each time expressed ; for thus 57 1 here
assumed.  If we mow begin ai co, and reckon to the left, we find :—

: 1
above the first line 1 : 24, corresponding i:c)§7L range of accom-
modation.
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92 DEFECTS OF REFRACTION AND ACCOMMODATION.

above the seecond line1:12 ........... 2 X 5171«
, third 1 S ... 3% 5
» Sixth 5, 1: 4 ... "'GXB—IZE
,» seventh ,, 1: 8%, ... .. 7x 21—1
ete.

The difference between the range of accommodation of two ad-
joining lines is, moreover, always = -%4 ; for example :—
1 1 1 1 1 1
T— T =57 57 — & = 57, ¢le
_ 6 8T 24,51 BT
If we now have the nearest and farthest points united by a trans-
verse line, we need only to reckon how many intervening spaces

of vertical lines the latter runs through, in order to ascertain how

much X §1& the range of accommodation amounts to. The first

transverse line passes through nine intervening spaces, and therefore

9 1 . .
represents o = g3 range of accommodation; the sixth, runs
3

through eight intervals, corresponding 1o E-% = -::3—L range of accommo-
dation, etc.

From this representation it is now very plain, that as much power
of accommodation is necessary to come from an infinite distance to
8", as from 8’ to 4" ; as much, to come from 6" to 4" as from 4" to 3',
ete. Ina word, the distance of each pair of vertical lines corresponds

1 . )
to the same ( = g7, | tange of accommodation, and therefore in order

to come from one to the other, the same action of the power of accom-
modation is each time required, that is, the eye must each time add

. " 1
to itself a positive lens of o4

Moreover, we obscrve, that also 1o the right of oo vertical lines
oceur, above which numbers are placed. These all belong to the
domain of hypermetropia. The numbers show, namely, m Pari-
sian inches, at what distance behind the eye the incident rays
must converge to a point, in order to unile upon the retina. The
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EXPLANATION OF THE DIAGRAM. 93

eighth transverse line therelore rcpresents the eye of an hyperme-
tropic person. In total relaxation of its accommodation, the rays
must, in order to unite upon the retina, converge at 24 inches behind
the eye. In order to see accurately at an infinite distance, the indi-

vidual will therefore require glasses of Elz_ﬂ’ with which parallel rays
acquire the convergence just mentioned. This hypermetropia is con-

sequently neutralised by glasses of 14 ; in his eye a leus of L ffmlls

too short, and therefore we deﬂne the degree as H = §111 With the

strongest possible tension of the power of accommodation, the same
eye sees accurately at the distance of 43", from which point the rays
must therefore in this case diverge, in order to come to a focus upon
the retina. The range of accommodation of this eye therefore reaches,

. 1 .
in the first place, to o order to come to oo, and, moreover, to

2
4}—4, in order to come to the nearest point of distinct vision. Ii is
‘5
therefore
1 1 1
2T 1T
In accordance with this result, we see that the transverse line ex-

tends over six intervening spaces, corresponding to range of

24~ 4
accommodation.

In an hypermetropic condition of the eye the distances are nega-
tive, that is, they lie behind the eye. Therefore we also find in the

table to the right of oo, 1: 24, etc., marked ; and therefore, too, in
the formula for the range of accommodation %—T—l{ =%i’ the terms

are negative, so far as the distances expressed by P and R lie on the
negatwe side. In the example above adduced of the eighth trans-
verse line, this was the case with R.

The formula therefore became

i ( - 1_) =1
P R/)TA
and consequently the range of accommodation must be calculated as

1 1 1
i 24 and not as — Ry
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The other eyes, represented in the table, need no further explana-
tion. The above has, however, fully shown how to-deduce from the
transverse lines the nature and the degreé of the ametropia, as well
as the range of accommodation.

It need not be remarked, that by the method here described, we
can rapidly and easily vegister a series of eyes, whose accommodation
we determine, and that on a definite principle we can easily compare
with one another cases classified in this manner. We shall hereafter
repeatedly make use of this method.

The range of accommodation is etpressed by the dioptric power of an in-
finitely thm auuh'uy lens, which is supposed to be placed in air, fmd to
have its nodal point in the anterior nodal pomt of the eye.

I have chosen the same mode of expression for the different degrees of
myopia and hypermetropia. To this T was led by the following reasoning :—
If we could place in the hypermetropic eye a positive, in the myopic eye a
negative corrective lens, these might thereby be converted into emmetropic
eyes. The optical power of the required lens therefore represents the degree
of ametropia. With the knowledge of R the lens is given, In the emme-
tropic eye, R is = w; in the myopie, B is a finite magnitude; in the

hypermetropic eye this magnitude is negative. In both ecases jla" is the

dioptrie power of the infinitely thin lens, which, placed in ajr, and having its
nodal point in the anterior nodal point of the eye, should make the ametropie
eye emmetropic, without altering the situation of the nodal points (compare

1
p. 783 et seq.). Consequently, 7 is the numerical expression of the ametropia

itself. The myopic eye has a lens of -11—3- too mueh, the hypermetropic has a

lens of —11?. foo little. 'We may therefore consider myopia M., in reference to

emmetropia, as a positive, hypermetropia IL., as a negative condition. There-
fore, too, as the newa.tive isincluded in the word hypermetropia, we need not

write = — R’ but for the salke of simplicity we may use the expression

H= -1—2’ as well as A — :[E

Against this method of expressing the degree of ametropia by the dioptric
power of a lens, the objection may be raised, that in ametropia the dioptric
system is, by a corrective lens, by no means made similar to that of the
emmetropic eye. Ametropin does not, in faet, depend upon a deviation in
the power of the erystalline lens, but rather on a deviation from the normal
length of the axis of vision. With a positive lens we therefore obtain, in
hypermetropia, a stronger dioptrie system with a shorter axis of vision ; with
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a negative lens in myopia we obtain o weaker system with a longer axis of
vision.

This objection is not without some foundation. Still, what applies to
range of accommodation does not hold good for ametropia,—that it is in the
eye actually represented by a lens. Nevertheless, I have not hesitated to
use this measure also for ametropia, In the first place, it recommends itself
by its practical utility : not only is the degree of ametropia thus easily found
by the definition of R, but with its expression is at the same time given the
focal distance of the glasses by which it may be neutralised. In the second
place, no other measure is possible. Were we, in order to fix the actual
deviation, to take the length of the axis of vision as a measure, we should
. be met with the difficulty, that during life it cannot be directly determined,
and, could we determine it, it would not afford an immediately practical in-
dication. Desides, nothing is easier than to calculate the length of the axis
of vision, which about corresponds to different degrees of ametropia, and
thence to make tables such as shall be found in the Chapters which treat of
Myopia and Hypermetropia.

Thus I consider the method I have pursued to be fully justified. It is,
indeed, new only in form, not in reality. What I term M = '.l% would for-
merly, if it were desired to express the degree of myopia, have been described
as @ degree of myopia, for which glasses of B — x Parisian inches’ negative
focal distance are required, tn order to adjust the eye for parallel rays. The
value R — = still needs some explanation. R is the distance from + to the
nodal point #. Consequently the corrective lens is supposed, in ametropia,
to lie in %', as well as the auxiliary lens, which expresses the range of
accommodation. This is done on purpose, in order to admit of the distances
of distinet vision of ametropic and emmetropic eyes being compared with one
another, and registered in fthe same diagrams. If it be desired to neutralise
the ametropia by an actual corrective lens, that is, by an eye-glass, we must
always talke into account the distance 2 between the nodal point of the cor-
rective lens and the nodal peint of the eye, as shall hereafter be more fully
explained.

A not unimportant question still remains to be solved. The range of ae-
commodation we have set down as = —11.; - % We found, however, that
the actual change of the erystalline lens is not quite equal thereto (compare
p.76¢tseq.). Now the query arises, whether the length of the axis of vision has

1 1. .
nfluence on the value of P @in other words, whether, on a given change

of the erystalline lens, a difference in range of accommodation shall be found,
according as the eye is emmetropie, myopie, or hypermetropic. The question
is easily investigated. We take the diagrammatic (schematisch) eye of
Helmholtz, in accommodation for distant and near objects, as our basis, and
caleulate R and P, and thence deduce the range of accommodation for diffe-
rent supposed lengths of the axis of vision.
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Length of the] It P 1 _ 1

axis of vision.| in millimétres. P T
Lmmetropie - - - - 22231 ) 13662 | 1:136'62
Myopic - - - - - - 25'231 118-31 65:056| 1:144-5¢
Hypermetropic - - - 20-231 — 177 505°73 | 1:131'11

Hence it appears that an equal change of the erystalline lens produces,
where the axis of vision is longer (myopia), a less, and where the axis of

. 1 1
vision is shorter (hypermetropia), a greater value of 5 — . By caleulat-

ing the eyes determined by Knapp, I obtained the same result, The differ-
ence is, however, but slight. 'With the supposed lengths of the axis of vision,
R was, for the myopic eye = 4; for the hypermetfropic eye = — 6”; so
that the myopia amounted to %, the hypermetropia to }; and with these
high degrees of ametropia the deviation in the values of % - % amounted
only, in the case of myopia, to about 6 per cent., and in that of hyperme-
tropia to 4 per cent. For practical purposes these differences present no
difficulty.

In this comparison of ametropic eyes with emmetropic, we started from the
supposition that the dioptric system of the former agrees with that of the
latter. This is, however, not quite correct. In general the crystalline lens
lies, in the hypermetropic eye, closer to the cornea, in the myopie, farther
from it. Now a change of form of the crystalline lens will have less influ-
ence on the distance of distinct vision, in proportion as the lens is situated
farther behind the cornea (compare p. 62 ¢f seq.). Consequently this influence
will be less in the myopic, and greater in the hypermetropic eye, than in
the emmetropic. In this we have therefore a second reason why a definite
change of the crystalline lens shall represent in the myopic individual a
less, and in the hypermetropic, a greater range of accommodation than in
the emmetropic. Now if, notwithstanding, a greater range of accommeda-
tion be found in myopic than in hypermetropic individuals, the inference is
evident, that the former can produce a much more decided change in their
crystalline lens than the latter.

§ 9, CLINICAL DETERMINATION OF AMETROPIA IN (FENERAL.

As we have already seen, and as shall hereafter more fully appear,
both myopia and hypermetropia exercise a great influence upon the
function of vision, and both are closely connected with numerous affec-
{ions of the eyes of a different nature. Hence it is, that the ophthalmic
surgeon must make it a rule, in every patient who applies to him, to
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determine the refractive condition of the eyes. But in acute inflam-
matory affections, it is quite allowable in the first instance to defer
the determination; though, when the inflimmation gives way, it
ought not, even in such cases, to be neglected. T have long been
accustomed to note this of all my patients: in the lists in the
Ophihalmic Hospital a special column is provided for the purpose.
I have in numerous instances found the great advantage of this
rule.

The determination itself is effected, after some practice, with
rapidity and cerbainty. Two methods have been employed. The
ficst consists in testing the power of vision with glasses of known
focal distance. The second in the determination of the refractive
condition by means of the ophthalmoscope.

I. For the employment of the first method we require, in the first

1, .
place, the necessary glasses from — 50 o and from — 50 to — 55

the second place, the necessary objects for testing.

The pairs of glasses are kept loose in a box, with a spectacle-frame
in which they can be placed.* It is also convenient to have a black
plate of metal of the same size as the glasses, which, placed in the
frame, closes one of the eyes; by closing the eye with the finger, the
accuracy of vision is easily lost for some moments, so that we cannot
make the examination of this eye follow immediately upon that of
the other.

The most suitable objects are letters and numbers. Dr. Snellen
has drawn up these in a regular system, and has thus supplied a want
which had long been felt. The principles kept in view by Dr.
Snellen are the following :—

1. Detached, separate letters, black on a white ground, in irregu-
lar sequence.

2. The letter, large Roman, square, the vertical strokes being %,
the horizontal 4 of the breadth of the letter.

* Paetz and Flohr, opticians, unter den Linden, Berlin, supply such boxes
with the necessary positive and negative glasses. The boxes contain, more-
over, prismatic and coloured glasses, with a spectacle-frame. Jaeger’s
spectacle-frame, prepared by Kraft und Sohn, mechanicians, Vienna, Stadt,
Karrnerstrasse, 1043, im Biirgerspital, is convenient, in which the rings
eontalmnm the glasses are movable, admitting of their distance being so
regulated that the patient ean look nearly thwucrh the centre of both
glasses.

7
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3. Exclusion of some letters which are much more difficult to dis-
tinguish than others.

4. Ascending magnitudes from I to CC, the magnitude being
proportional to the number, so that CC is two hundred times larger
than I; XX ten times larger than IT, ete.

5. The several magnitudes distinguishable by a sharp eye, in good
light, at the distance of so many feet as the number amounts to.
Thus IT at 2 feet, VI at 6 feet, XX at 20 feet, etc., all seen at simi-
lar angles (of 5 minutes), are equally easily distinguishable by the
eye exactly accommodated to the distance.

By the application of these principles great advantages are ob-
tained. In the first place, the existence of ametropia is at once
apparent, when, with respect to the power of distinguishing, the pro-
portion hetween distance and magnitude is destroyed: for example,
if a person sees I at 1 foot, II at 2 feet, and cannot see XX at 20 feet
distance, myopia exists, ete. If he sees XX at 20 feet, and does not
see I at the distance of 1 foot, the ncarest point lies at more than 1
foot from the eye, etc. In the second place, we can immediately
with perfect accuracy determine the sharpness of sight. e who,
having his eycs properly accommodated, distinguishes XX only at

10 feet, instead of at 20, has a sharpness of vision S =%g

= %, when

he distinguishes JII at 1 foof, his vision is § =1 when he

3 2
sees C at 20 feet, itis S = T%% =%, etc. He who distinguishes C,
LX, XII, IIL, only at the distance of 1 foot, has his vision equal re-
1 1 11
100 60’ 12 8" °
In the examination for the determination of ametropia, we have
to do only with R, and for this purpose we cause the patient to look
at the distance of about 20 feet; while on the card intended for
distance (as card 2 appended to this work), even CC still occurs, thus

spectively to te.

it appears applicable as far as 8 = Tlo- If S be still less, we bring

the card nearer to the eye; finally, reckoning the fingers may be con-
veniently substituted for distinguishing letters.

For persons who cannot read, we may substitute reckoning vertical
strokes. By this method, however, it is difficult 1o obtain results,
and they are, moreover, not capable of comparison with those ob-
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tained with letters. It is therefore better to teach such patients lo re-
cognise a couple of letters and a couple of figures, which is easily done.

The mode of quickly recognising the ametropic condition, is best
learnt by means of practical instruclion. We must here, however,
endeavour to give some gencral indications on the subject. For this
purpose let us assume a clinical point of view. Minuter details will
be given in treating of the several forms of ametropia and modified
accommodation.

A PERSON AGED TWENTY PRESENTS IIMSELT.

The question is :—does ametropia exist ? We give Lim small print
—1I to IV of Snellen’s {est-types fo reard.

A Ile reads 1T without difficulty at o distance of from 6 to
12 inches; IL at the distance of 2 feet., We in the first place
infer, that his power of vision is sharp, secondly, that he is either
emmetropic or at least but slightly ametropic. We show him
XX at 20 feet, He reads it likewise. Is he then emmetropic? is
still the question,

1. Fith — 4:—[5 he dves not see XX at the distance stated, belter de-

fined ; he is not myopic.  Tith 41(—) he sees the lelters fuinter, loss

black, although somewhat larger : he has no manifest hypermetropia.
May Le, nevertheless, be hypermetropic? Zafent hypermetropia
might exist, which, so long as accommodation is active, cannot
appear. This way manifest itsell only after the instillation of sul-
phate of atropia (gr.1 to dr. ii), paralysing the accommodation; if
1t exists, the eye should now see much more sharply at a distance with
i«lﬁ, perhaps even with 2%14 or -11_6

Must we then, in order to satisfy ourselves of the existence or
non-existence of latent hypermetropia, in each of our patients, pava-
lyse the power of accommodation by means of atropia? By no means ;
this ought to be done only when there is reason to suspect hyperme-
tropia, and even then we should warn the patient, that, for some days,
impairment of vision, particularly for near objects, with dimness, and
probably with intolerance of light, will remain. When, therelore, are
we justified in assuming or suspecting in a youthful individual the
existence of latent hypermetropia P We may assume it when mani-

fesi hypermetropia exists; a portion is then always latent through
2
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the action of accommodation. We may with great probability
suspect it: 1, when convergent strabismus is present; 2, when
there are complaints of asthenopia; 3, when P is much too great for
the time of life. If, for example, the person examined at the age of
20 years says he cannot read accurately at the distance of 6, we
shall in 19 cases out of 20 detect latent hypermetropia. As shall
hereafter appear, it may then become desirable to give him glasses.

R. If with — 4—10 ke sces more accurately at o distance, he is very
slightly myopie.

3. If with @% he sees as accurately as without glasses, there is
manifest hypermetropia. Let us take glasses of higher power:

?%6’ 3%’ ete. Solong as he continues to see equally well, the mani-

fest hypermetropia is not corrected. The highest glasses, with which

he sees accurately, indicate the degree. If he still sees accurately with

2_,1@’ his manifest hypermetropiais = 5121 In this case we should also

determine the total hypermetropia (manifest 4- latent), after para-
lysis with atropia.

B. Hereads] best at 6", No. 1L at 9", both, indeed, much nearer, but
not farther off. From 6" and 9’ reading becomes somewhat more difficult.
The dilemma is : either myopia or diminished sharpness of vision. At
20 feet distance he does not see No. XX, nor XTI, nor LX, which last
are three times larger than XX. Myopia almost certainly exists.

We try with — % Now he sees much more accurately and reads

No. XXX or even XX at a distance of 20 feet : the myopia is proven.
Its degree is, however, not exactly known. Why did we try glasses

of — %? Because the farthest point, at which tolerably acute vision
still existed, lay at about 9°. By attending to this, we come tole-
rably near the degree of M. If he sees with — %, the parallel rays
acquire a direction, as if they came from a point situated 9" in front

of the glass. By comparison with glasses of — —i,- it appears, that

with the latter he sees still more accurately; with — %-not better
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than with — ;’ with -110 decidedly less accurately. M. therefore exists

3

C. He cannot, or at least cun only with difficulty, read No. L (or
even laryer letbers), at whatever distance the book be field. His time
of life excludes presbyopia. Bub three cases are still possible: there
exists either diminished accuracy of vision, or H, or paresis of accom-
modation. Where the pupil is freely movable, with normal diameter,
the last is almost with certainty excluded. The shortest way is,

however, immediately to make him read with 1% Spectacles with

these glasses should always lie on the oculist’s table. 15 is in very
many cases the first number which he triesin order to arrive quickly
at a conclusion. If with Il() No. I be read at 12 inches, even at 16"
I* (=1}) be read : we can no longer suspect diminished accuracy ¢
vision, and H has become very probable. At the distance of 20 fuct
X1, is distinguished, also XXX, but XX, on the contrary, is not.

r

But with 3}6 the patient sees them more accurately ; with 21—0 he distia

guishes XX, with i% he still sees them as well ; with 115 the letters

begin to be diffused : the existence of H and indeed of H = 1—16-is

thus established : Sisat the same time perfect. If positive glasses pro-
duce a considerable improvement, but if none can be found, with which
XX is distinguishable at 20 feet, H is complicated with diminished
sharpness of vision, as often is the case. In eitherinstance, the total H
should now, by the artificial production of paralysis, be determined.
Had paresis of accommodation existed, without II, the naked eye
should have seen accurately at a distance, and even weak positive
glasses should have diminished the accuracy of vision with respect to
remote objects. The condition would have been immediately distin-

guishable from H from the fact, that with 1% at more than 10" the

letters would have become somewhat dilfuse, and consequently Tt
could not have been read at 16”. Where complication with diminished
accuracy of vision exists, examination of the media and of the fundus
oculi with the ophthalmoscope is necessary. In I this investigation
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is frequently negative, although the accuracy of vision is diminished.
Not unfrequently astigmatism is at the same time present, the con-
sideration of which I must defer to a subsequent chapter.

D. Tie patient reads 11, or at least IV and VI at 3', 4", or 5
Jrom the eye, but not at a greater distance. Here either myopia with
diminished accuracy of vision, or a high degree of hypermetropia
exists. 1If he reads No. VIII at  feet, it can searcely be anything
else than hypermeiropia. If ab a distance he sees only LX, with

glasses of %, No. XXX with those of élesswell, 1t 1s lypermetropia,

and indeed Hmw = % 5 a portion is still latent. Had myopia existed,

with greatly diminished aceuracy of vision, the patient would have seen
worse ab two feeb distance, and, what is decisive, the vision of remote
objects would have diminished with positive glasses ; with negative, on
the contrary, it would have increased. Why in high degrees of H letters
of a delinite size are seen better very close to the eye than at a distance
of 1 foot, shall be explained in the Chapter upon Hypermetropia.

L. He says he can see quite well and accurately, particularly at o
distance, but that his vision 1s also good for near objects. But the eye
soon becomes tired ; close work e cannot keep up. This is astheno-
pia, to be treated of, in detail, in a separate chapter. Iere I may
just observe, that in the great majority of cases H is the ultimate
cause of it, We should try whether the patient can read at 6, 57,
and 4”; whether it is difficult or not. We cause him to look to a
distance : weak positive glasses of 4}-—0, 3%’ cte., improve or at least
do not diminish the accuracy of vision. Thus the presence of H is
demonstrated, and it now remains only to determine its increase by
artificial paralysis (the latent H)., But sometimes, notwithstanding
the existence of asthenopia, the letlers at a distance are rendered

somewhat diffused by weak positive glasses, for example of leﬁ Canwe

thence infer the absence of H.? By no means, it is almost certan
that latent IT exists. We must, therefore, in such cases determine P,
and afterwards have recourse to artificial paralysis of accommodation.
Should it thus appear that no Il exists, ji— =—%) — % will be found
particularly small, and we thus come to the question of paresis of
accommodation, which is infinitely raver than .

All these cases hang upon the determination of R. With it the
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CLINICAL DETERMINATION OF AMETROPIA. 103

existence or non-existence, and at the same time the degree of ame-
tropia are given, Moreover, we could in the simple manner already
described determine the nearest point ; with it the range of accom-

.1 1 1. : : :
modation == — T, 18 known. With the increase of years it
diminishes (compare the Third Chapter, p. 126), and vision is conse-
quently considerably modified. Therefore it was necessary in the
foregoing examples to suppose a definite time of life, and we chose a
young man of 20 years. It will be advantageous to bring forward
some persons of more advanced age.

A MAN AGED FIFTY PRESENTS IIIMSELT.

A. Ingood light he easily recognises No. IT at 20, and even at 24
inches, No. I' doubtfully at either distance, No. I not at all. At the
distance of 16 feet he recognises the letters of XX. The accuracy of

vision is therefore practically perfect. With @16 he sces less accurately

at a distance, hut near objects with much greater ease. Our conclu-
sion is: there exists only Pr, and for close work he had already
been obliged to use spectacles.

B. He cannot read without spectacles. Fven ten years ago he
began to experience difficulty ot his work. At a distance, however,
he then saw accurately, but now he sees less sharply : No. XX he does
not recogmise, at the distance of 20 feet, No. XXX doubifully, and
the lctters are not black, We may be nearly certain, that in this case
Pr has been superadded to H. With 1}0- he reads No. I at about
12", closer with greater difficulty : the accuracy of vision is perfect;
the existence of H has, properly speaking, been already proved by

1

seeing at 12" with glasses of To- Let us determine it by looking

S o 11
at o distance ; with 5p Viston is acute as well as with v with 5
1t is less good. H exisls = 3—10 At fifty years of age the latent H

. . L 1
1s very trifling; we need not determine it. Glasses of 30 Y be

constantly worn by this palient; for reading and wriling something
stronger is required.
C. “He has always had exccllent sight, saw distant and remote
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104 DEFECTS OF REFRACTION AND ACCOMMODATION,

objects exceedingly well, boasts conceitedly of his eyes, but has for
some weeks observed that he no longer sees at a distance so accurately
with the right eye.” He reads 1 from 6" t0 12", No. IL. at 2, but not
No. IIL at 8 feet distance. We infer near-sightedness. The patient
denies it ; is surprised that he cannot recognise Nos. XX and XXX at
a distance, and still more that he accurately distinguishes them with
glasses of — 316 The eye with which he could still vead, but could
see less accurately at a distance, appeared to be affected with a trace
of cataract.

These examples may suffice to point out in general the mode
of looking for ametropia. As important for the first indication,
I shall add onmly, that many hypermetropic persons complain
of asthenopia ; myopics for the most part know, that they see com-
paratively less accurately at a distance ; that, moreover, the first have
usually a shallower, thelatter a deeper eye-chamber, while, lastly, the
age for presbyopia affords an indication.

In the determination of R with the aid of glasses, the distance #
from the glass to the nodal point % of the eye is neglected. In using
glasses with a long focal distance & has less influence ; but when those
with a short focal distance are employed, # must be taken into account.
If we have to do with positive glasses, # must be deducted from the
focal distance ; if with negative, it must be reckoned with it. This has
already been explained (pp. 32 and 35). Thus, if myopia be neutralized

by glasses of — %, andif y =1, M = %— ; if hypermetraopia be cor-

rected by glasses of ]8:’ and if # — 14, then H = %

The influence of # may also help us in the determination of the
degree of ametropla. If, namely, an equally accurate or even
a more accurate image was obtained with the glass employed, by
moving it fmrther from the cye, the negative was too weak or the
positive too strong. We thus know what glass we should sub-
sequently try. It might, perhaps, be supposed that we should have
only to determine with the glass first tried, 2, and to take its value
into account. This might, however, lead to an incorrect result. My-
opic individuals, in fact, will often prefer to hold a glass, though it is
too strong, close before the eye: the image is then larger, and by
some tension of accominodation they prevent its being diffused.
Therefore we 1nust, as a final determination, with the myopic always

-132 -



ASCERTAINED BY THE OPHTHALMOSCOPE. 1056

try what is the weakest glass, which, held close before the eye, gives
a defined image. In the hypermetropic we run less risk in taking a
great value of # into account; but it is better in this case also, to
make the final determination with a glass, which, held close to the
eye, gives defined images. In high degrees of myopia, and where
uncertain answers are given, the uvestigation is often shortened by

.. ) 1
ascertainine the influence of weak classes, for eaample, of — and
2 2 g PLes 40

1 .
—= 30 alternately held before the stronger negative glass placed in
the spectacle frame.

II. Inthe second place, we may in a certain sense determine more
objectively the refractive condition by means of examination with
the ophthalmoscope. The great inventor of the instrument has not
only pointed this out, but has also communicated the application of
this method. It may be explained in a few words. According to
well known laws, the rays proceeding from a point of the retina, re-
fracled by the media of the eye, shall have, on entering the air, a
direction similar to that of the rays which, falling on the cornea,
unite in the same point of the retina. If M exists = ESE’ the point
r, whose emitted rays unite in the retina, lies 8" in front of the nodal
point, and in the same poms » will the rays emitted by the retina,

converging in front of the eye, unite. If II exists = 1—%, there unite

upon the retina rays, which, converging to a point 7, situated 10" be-
hind the nodal point, fall upon the cornea; and, vice versd, the rays
emitted by the retina, having reached the air, are diverging, and appear
to have proceeded from the said point. Lastly, the emmetropic eye at
rest, which has its focus for parallel rays in the retina, gives to the
rays proceeding from the retina, when they reach the air, a parallel
direction. Consequently the eye of the observer, in order to see
accurately a non-inverted image of the retina of the emmctropic
eye, must be adapted for parallel rays; on the contrary, it must be
adapted for converging rays, in order aceurately to distingwish that of
myopic persons; and for diverging, in the case of hypermetropic
individuals., Therefore, if the observer knows the condition of his
eye, with which he sees accurately the retina of another, he can
form an opinion as to the refractive condition of the observed eye. It
is best to practise one’s self in voluntarily seeing with accommodation
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106 DEFECTS OF REFRACTION AND ACCOMMODATION.

for one’s farthest point (ascertained by investigation), and to try what
glass we must place before one’s eye, so as accurately to see the
vessels in the retina of another. In order to be able to bring the most
different glasses before the eye, I have had a 1ing made on the oph-
thalmoscope, adapted to hold the glasses of the spectacle box. My
eye is emmetropic and is accustomed, in the use of all optical instru-
ments, to adapt ifself for parallel rays. Now, if I need a glass of

— %; to sece a retina accurately, myopia of %— exists ; if for this

purpose I require a glass of 110 H of 110 is present. Some correc-
tion, negative for M, positive for H, is necessary, both for the distance
betiveen the observing and the observed eye, and for that between the
glassand the observing eye (pp. 32 and 35) ; but if weapproach as much
as possible, this may be reduced to about 1”: by introducing this cor-
rection, thelefme, in the above quoted examples, M may have been
= —1— and H = 9 Moreover, in the alteration of the distance between
the observmg and the observed eye we have a means of estimating
whether we should try a stronger or a weaker glass.—1If the eye of the
observer be ametropic, the degree thereof is easily taken into account.
If, for example, the same glasses as above had been necessary for an

eye with M = 1 the eyes cxamined should have given M = % -

18
1 1 . 1 1 o o
5 = 1§ H = 7+ 5= % Vice versd, where the same glasses

113 the M found
1 1 1 1
should have amounted to— -l,- l 5 = the o= 5= 5= 15

were required for an observing eye with H =

In observing with the ophthalmoscope in the inverted image the
estimation is more difficult, because the influence of the objective
glass to be held before the eye and the position of the image cannot
be well defined. High degrees of myopia, however, manifest them-
selves immediately, as, without holding a convex glass before the
observed eye, we see the inverted retinal image stand before this eye.
So far as we can determine the distance from this image to the eye,
we know also the degree of myopia.

I have thus given the principles of the determination of ametropia
with the aid of the ophthalmoscope. Generally speaking, this method
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Is inferior in aceuracy to the determination of vision with glasses of
known focal distance. 1. It is for many observers difficult, in the
use of the ophthalmoscope, entirely to relax their power of accommo-
dation : if they are not cerfain of this, the method is inapplicable to
them. He who, on the contrary, has by practice attained so far
that he can not only wholly relax his power of accommodation, but
also justly estimate the degree of voluntary action, can very often
usefully employ it. T know this by my own experience.

. Without producing paralysis of accommodation, we are never
perfectly sure that we determine the refraction in the condition of
rest, :

8. It is sometimes difficult, at least when strongly negative glasses
are required, with a narrow pupil accurately to see the vessels of the
retina.

4. The vessels which lie at different depths in the ﬁblouq layer
afford no perfectly correctly situated object for estimation.

5. Moreover, such a vessel is not a suitable object to determine
with precision whether we see accurately. Consequently, the method
in each case requires a great degree of attention.

6. The determination in the line of vision, which it chiefly con-
cerns, is for the most part difficult of execution, because the place of
the yellow spot is not well seen, or our estimation of the accuracy of
sceing it is particularly difficult.

If this second method, therefore, is not equal to the first in
accuracy of results, it nevertheless deserves our attention, because it
1s applicable in cases where the first wholly or partly fails us. This
is, in the first place, true in all young children, likewise in the blind,
and even in high degrees of amblyopia, where the knowledge of the
relractive condition is sometimes of great importance. Further, by
this method we can better and more casily ascertain the degree of
ametropia for indirect vision than by the first: in many instances I
have by it alone succeeded in satisfying myself that the myopia for
Indirect vision was less than when the patient looked in the line of
vision. Besides, the want of fixation of a hypermetropic eye ex-
amined with the ophthalmoscope, sometimes gives rise to more
complete relaxation of the power of accommodation, whereby hyper-
metropia, latent in trials of vision, may manifest itself, Finally, this
method may be of great use in simulated ametropia.
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NOTE TO CHAPTER II.

In the commencement of this Chapter much stress was laid upon the neces-
sity of drawing an accurate distinetion between the anomalies of refraction
and those of accommodation. Each eye has a definite refraction; according to
this the first distinction is to be made. Now, whether the eye be emme-
tropic or ametropie, in either case it has a power of accommedation, and
this may be normal or abnormal. Abnormal accommodation is, therefore,
as independent of refraction as any other disease of the eye.

In my work upon Ametropia and its results (Ametropie en hare gevolgen),
Utrecht, 1860, as well as in my papers in the Archiv f. Ophthabnologre,
B. iv, vi., und vii., I had prominently put forward, as the basis of a correct
deseription and of a scientific explanation, the distinction just alluded to.
Stellwag von Carion now thinks (Zeischrift der k. k. Gesellschaft der
Aerzte su Wien, 1862) that I should have mentioned his merils respecting
this point. I am quite prepared to do so. ‘

In his Essay, entitled die decomimnodationsfeliler des Auges, to be found
in the Sitzungsberichte dev Laiserlichen Alademie der WWissenschaften,
Mathem. - naturwissenschaftliche Klasse, B. xvi., pp. 187-281, he calls
natural visual line (naidrliche Sellinic) the line of accommodation, to
which the eye in absolute inactivity of the muscle of accommeodation is
adapted. His natural visual line is, therefore, the farthest point of dis-
tinet vision, considered as a Czermackian line of accommodation. * Inas-
much as the degree of the greatest possible accommodation-pressure, which
the eye can exercise,” he says. “in every case is limited, so must the natu-
ral visualline determine the position of the nearest point of distinet vision,
that is, of the nearest final point of the shortest line of accommodation”
(p. 200).

“This degree,” he continues, *“of the available pressure-exciting power
of the muscle of accommodation, on the one side, and the natural visual
line on the other, are, therefore, the factors which determine the absolute
visual distance of the eye, the length of the line connecting the farthest and
the neurest points, as well as the position of the latter in the elongated
optic axis. But the length and position of this line constitute the measure
according to which alone the form and degree can be determined, wherein
the dioptric part of the visual function deviates from the normal propor-
tions. It is, therefore, evident that the defects of accommodation of the eye,
from @ scientific point of view, can be divided only into those depending
upon anatomieal disproportions of the whole eyeball or of the several light-
refracting media ; further into those, caused by limitation of the function of
the musde of accommodation ; and, thirdly, into those depending upon both
causes.” In this is, in fact, contmned the first indication of a distinetion
hetween the anomalies of refraction and the disturbanees of accommodation.
Nevertheless, the hint was lost upon Stellwag von Carion just as it was
upon others. He immediately adds: *BSuch a division, however, renders
treatment difficult, and prevents a proper view of the subject under consi-
deration,” Had he tried it, perhaps he would have seen, that his second and

r’
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third class (in order not again to mix up accommodation and refraction) must
be reduced to one, comprising the anomalies of accommodation i general,
independently of refraction, and perhaps he would then also have strictly
adhered to the ideas of myopia and hypermetropia, or would, at least, not
have included them among the defects of accommodation. But he adopts a
quite different (more practical ?) method. He opposes presbyopia to myopia,
and subsequently passing over to hypermetropia (N.B., by him termed hyper-
presbyopia)}, he begins by calling the latter a higher degree of presbyopia.

I regret not to find in Stellwag’s work the merit to which he thinks he
has a elaim. Those of my readers who take an interest in the matter will
please to consult his treatise. They may pass over the less successful
mathematical introduction (eompare with reference to it: Zehender,
Anlettung =z Studium der Dioptrik des menschlichen Auges, Erlangen,
1856. p. 166), which deterred so many, myself among the number, from
the earlier perusal of this essay.

The diagrammatic sketch of the anomalies of refraction and accommodation,
in which the commencement and termination of the lines represent # and p,
and the lengths of the lines the range of accommodation, I first applied in
the Nederlandsch tijdschrift voor geneeskunde, 1. 1L, 1858. The idea of ex-
pressing the range of accommodation by a lens of definite focal distance, is
to be met with so early as in the masterly work of Young (Phelosophical
Transactions, 1801).
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Furrzr DEVELOPMENT OF TOE DIFFERENT MEANINGS OF RANGE
OF ACCOMMODATION.

§ 10. Relation lebween accommodation and convergence of the visual
lines; Meaning of 1 4,9f 1 : 4, and 9f 1 : A,. So far as the range
of accommodation for both eyes extends, the state of accommodation of
the eye corresponds to a definite convergence of the visual lines. Thus
the emmetropic eye, with parallel visual lines, is accommodated for in-
finite distance; withaconvergence at 8”,for a distance of 8’, &c. Unmis-
takably, therefore, a connexion exists between convergence of the visual
lines and accommodation, to which Porterfield® and John Muellert
already directed attention. Both these observers, however, appeared
to assume, that this connexion is absolute and causal ; that a definite
convergence is necessarily attended with a definite accommodation, and
admits of no other; it was thought that only beyond the limits of ac-
commodation a greater or less convergence was possible, to which the
accommodation, respectively for the nearvest and farthest point of
distinet vision, should then still correspond. Now this is incorrect.
Fiven Volkmann showed,f that also within the limits of the range of
accommodation such absolute dependence does not exist, and 1§ gave
further proofs of this by simple experiments, which were capable at the
same time of determining the degree of independence. The ex-
periments were made partly with convex and concave, partly with
weak prismatic glasses. It is easy to convince one’s self that both
eyes together, as well without as with slightly ‘concave or convex
glasses, can accurately see an object at a definite distance, and that,
consequently, without change of convergence, the accommodation can
be modified. ~With equal case, we observe that, in holding a weak
prism before the eye, whether with the refracting angle tumed in-

* 4 Treatise on the Lye, Vol. I, pp. 410 ef seq. Edinburgh, 1759.

T Vergleichende Physiologie des Gesichtssinnes, 1826, p. 216,

I Neue Bedtrdge zur Physiologie des Gesickissinnes, 1836, p. 148,

§ Hollindische Beitrige =u den anat. u, physiol. Wissenschaften heraus-
gegeben von van Deen, Donders u. Moleschott, 1846, B. 1, p. 379.

’
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wards or ontwards, an object can be accurately seen with both eyes
at the same distance, and that, consequently, the convergence may be
altered, without modifying the accommodation. When, therefore, it
is required for the sake of distinet vision with both eyes, the con-
nexion between convergence and accommodation can be, at least
partially, overcome. I early stated the method of determining how
far the independence existed. Some time afterwards it was applied
with the requisite accuracy.®

The question is very simple : it is only necessary to know R, and
P, with parallel visual lines and with a series of couverging degrees
(to the maximum), and these we find, by a calculation from the
nearest and farthest points, discovered by means of different convex and
concave glasses. For accurate determination, however, a special opto-
meter is required, which shall be described at the end of this section.

The results of the examination of the emmetropic eyes of a person
aged 15, are represented in the annexed Figure (57).

Fig. 57.

b
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At different points of the diagonal Z %, intersection takes place
between the transverse lines, before which, in Parisian inches,

* Conf. Mac Gillavry, Onderzockingen over de hoegrootheid der Accomino-
datie. Diss. inaug., Utrecht, 1858.
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the distances are placed; and the longitudinal lines, under which the
degrees of convergence of the visual lines corresponding to the dis-
tances are noted. The mutual distance of the visual lines of the two
eyes in the parallel state amounted to 284", in which case (compare
the figure), at a distance of 12, a convergence of 11° 21/ at a dis-
tance of 6%, a convergence of 22° 50, ete., exists. The line p, p, p
represents, in the consecntive convergence, the course of the nearest
point, the line 7 7, that of the farthest point. The dots in these
lines are the points determined by investigation.

Now the figure shows that the eyes here supposed with parallel
visual lines can accommodate from infinite distance up to 11", with
22° 50’ convergence from aboul 12" to 4°.16, ete. At p,, where the
line of nearest points cuts the diagonal % %, we attain the shortest
binocular distance P, of distinct vision. With still stronger con-
vergence, for example, 467 88, the line p, » remains under the dia-
gonal £ &, so that accommodation can no longer take place for the
point of convergence which here lies only 87 from the eye: the
nearest point with that convergence lies, namely, as appears from the
figure, at about 8”.8. The absolute nearest point p lies somewhat
closer still, and in fact at 3”.69, but for this a convergence of about
70° is requirved, that is at a distance of about 2”.  'With this maxi-
mum of econvergence all space for accommodation is lost, and there-
fore the lines p, p, and 7 7, cut one another.

From the foregoing it appears, that in every one who has two
sufficiently equal and movable eyes, we may distinguish :—

1. The greatest distance of distinct vision R, (in figure 58 as oo
ab 7).

2. The shortest binocular distance of distinet vision P, (in the
figure = 8.9 at p,).

3. The absolute shortest distance of distinet vision P, with the
maximum of convergence (in the figure = 3".69 at p).

4. Relatively shortest distances of distinct vision P, al each given
oconvergence (for example, in the figure at 22° 50, P, = 4".16).

5. Relatively greatest distances of distinet vision R, at each given
convergence (for example, in the figure, with 22° 50" convergence,
R, = 12").

By the determination of these several distances, three different
meanings with as many values of accommodation are to be obtained.

I. The absolute,
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1 1 1

AT PR
IL. The binocular,

11 1

4, B R
I1L. The relative, )

1 _1_1

AT P R/

1

They are all to be deduced from Fig. 57.

Now in the foregoing sections we spoke only of the adsoZute range
of accommodation, comprising the accommodation from the absolute
farthest point r to the absolute nearest point p, for each eye in par-

1 1 1
AT 8369 - 369

The binocular comprises the accommodation from the farthest
point 7,, for both eyes at once, to the nearest point p, for both eyes
at once. In the emmetropic eye, 7, coincides with #, and the bin-
ocular range of accommodation, to be deduced from Tig. 57, is con-

sequently,

ticular: in the figure this is

1 1 1 1
A, T 839 » T 89

Finally, the refative is the range of accommodation over which we
have control at a given convergence of the visual lines. It represents
the degree in which accommodation is independent of convergence,
and is, for every convergence, measured by the distance between the
lines p, p, 2 and 7 . On referring to the figure it now appears
that, with increasing convergence, the relative range of accommoda-
tion becomes at first greater, then less, until at the maximum of con-
vergence, where the lines mentioned meet one another (in g) it is =
0. On consulting the figure in detail we see that, with parallel

visual lines,

1 1 !
AT1IT T » 11
and that, with a convergence of 11° 21,
11 1 1
A, T 583772 576

1
3

: 1
already attains the maximum, Throughout some degrecs = now

: S0 B
continues nearly unchanged, at the couvergence of 22° 50" 1t 1s

8
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diminished to and at the binocular nearest point, with a con-

1
6‘,1:
vergence of about 38°, still amounts to —%

It is of importance further to observe, that the relative range of
accommodation consists of two parts: a positive part and a negative.

The diagonal £ # represents the convergences of the visual lines : the
part situated above this diagonalis the positive, that situated beneath
it is the negative. The first represents what, reckoning from the
point of convergence, we cen accommodate still nearer, the latter
what we can accommodate still farther off. For example (compare
I‘ig 57): the emmetropm eye is, under a convergence of 11° 21, that
is at 12’, in ordinary vision accommodated for this distance of 12°;
but the accommodation may, with the same convergence, be made
more tense, for a distance, namely, of 5:33", and it may likewise be
relaxed to distinet vision at a distance of 72”. The first 1s evident,
since with negative, the second, since with positive glasses of definite
strength, at the distance of 12°, with both eyes at once, accurate
vision can be attained. At 11° 21, therefore, p, £, is the positive,
k, v, the negative part of the relative range of accommodation. They
are calculated as

o1 11
the pOblthG - ﬁg‘ 1‘2“—~ g_‘é:

I T
the negative = 75 — 75 = 1z

so that at 11° 21/, in the case investigated, we find
1 _ 1 + 1 1
A, 7967 1447 576

that is, as above.
A glance at the figure now shows further, that in the emmetropic

eyeat oo (parallel visual lines) 1%_ is wholly positive, that, with in-
1
creasing convergence, the negative part rapidly increases, soon also

at the expense of the positive, and that at 36° convergence :&- has
1

become entirely negative.

The distinction here made already acquives practical importance
from the fact, that the accommodation can be maintained only for a
distance, at whick, in reference to the negative, the positive part of
the relative range of accommodation is tolerably great.

1
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1t is not in every one that we can satisfactorily determine the ranges
of accommodation corresponding to different degrees of convergence. For
this purpose two freely moveable, accurately.seeing eyes of nearly equal
refraction, and equal accommodating power, are in the first place required,
and, in addition, some talent for observation. Each of these requisites was
perfectly met with in the person aged fifteen, who supplied the data for Fig.
57. The determination requires special care. As object we may take
wires, which are to be finer in proportion as the point to be defined is
nearer to the eye. Accurate results may also be obtained by the use of little

1,

holes (from 2]_0,1:0 gl in diameter) in a black metal plate, with a back-

ground of dull glass turned towards the clear daylight. Soon the accom-
modation for the holes is no longer perfect, they lose their round form and
rapidly emit rays. With different glasses of known positive and negative
focal distance, at different degrees of convergence, the greatest and least
distances of distinet vision are now to be determined. At the same time,
in order to obtain correct results, care must also be taken that the distance
of the glasses from the eye shall remain unalterably the same ; lastly, that
at each degree of convergence the axis of the glass shall nearly coincide with
the axis of vision. In order to fulfil these conditions, an optometer has
been constructed (Fig. 58), partly in imitation of that of Hasner, Edlem

Fig. 58,
0. A s
e o - _ 7%
o =
Z <
=2 = %
P TR

y

von Artha (Prager Vierteljahrschrift f. praktische Ileillunde, 1851. B.
xxxii, p. 166). Ouroptometer consists of a horizontal, oblong, quadrangular
board B B, placed on a stand S. The board is nearly five feet long,
nine Parisian inches in breadth (compare partieularly Fig. 59, representing o
part of the board); it possesses three parailel grooves s & 5% in which, by
means of a couple of copper handles (% /), a well-fitting rod, z, with per-
pendicular bar can be inserted, bearing the wire-optometer o, or the plate
with fine openings. The mutual distance of the two external grooves
amounts to 283", and therefore corresponds to that of the parallel visual
lines ; if the object moves, as in Figs. 58 and 59, in the middle groove,
then both eyes contribute equally to the convergence. The one extremity of
the board has a noteh N for the nose of the person under examination; in
2

- 143 -



116 RANGE OF ACCOMMODATION.

front of his eyes are two half-rings » », supporting the glasses. Tach of
these rings is moveable in an arched groove (u «) (whose centre of curvature

Fig., 69,

~

(\

I

] &

£

lies in the centre of motion of the eye, while the anterior surface of the cornea
coincides with the crossed lines), present in the small microseopes 7 m, which

are applied at both sides. The position of the gyes is fixed by two wooden
rods (b b), which, drawn out at Pleasure, are fastened by serews under the

board, and against which the cheeks rest. The ring-bearing grooves are in two
copper-plates P P, which by means of the serews ¢ » can be brought to one
another and are kept separate by springs. The mutnal distance of these plates
is read off on the scale . During observation the distance of these plates
must correspond to the mutual distance of the two parallel visual lines. (This
distance can be determined with an ingtrument, described under the name
of visuometer by Alfred Smee (Z%e Eye in Health and in Disease. London,
1854), and constructed upon the prineiple Inid down by Hawkins, We make
use of a similar instrament: two short cylinders of small diameter are
moveable along a divided bar ; the head being fixed, one eye sees a distant
object in the centre of one of the eylinders; the second cylinder is now
moved until the other eye sees the same object in its centre. Each eye is
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then alternately closed a few times, in order to make sure that the object
stands in the centre of the eylinders, afterwards the person looks once more
with both eyes, and the mutual distance of the cylinders is read off
on the divided bar. This distance is then transferred to the plates P P’ of
the optometer). If the half-rings in the grooves @ @ be now placed at 0°,
the eyes see remote objects through the axes of the glasses placed in the
rings. In this position the absolute farthest point » and the nearest point
p, with parallel visual lines, are determined. With these determinations
we begin ; the optometer-object is taken away, and an object some metres
distant is employed, whether vertical black lines on a white surface, or an
opening of about 1 diameter, in a black plate turned towards dull glass,
according as a wire-optometer, or a plate with fine holes is thought prefer-
able for the determination at different degrees of convergence. We find »
with the weakest negative or the strongest positive glass, with which the
remote object is acouralely seen; on the contrary p, with the strongest
negative or weakest positive. It is only necessary, in addition, to take into
account the distance at which the glasses are from the eye; in this case,
where the object remains fixed in its place, the distance in question may be
modified as necessary, by pressing in, or drawing out, the rods b b from the
optometer,

If, now,  and p, the visual lines being parallel (compare Fig. 57), be known,
we place the object on the optometer, and determine, without glasses, the near-
est point of binocular vision p,; only in old people, and in high degrees of
hypermetropia are glasses required for the determination of 2. For the further
determination of »; and 1, at different degrees of convergence, I formerly—
(conf. Mac Gillavry, over de Loegrootheid van het accommodatie-vermogen (on
the extent of the power of accommodatlion), Utrceht, 1858)—placed the
optometer-object at such a distance, that it was seen at a convergence of
precisely 10° 20°, 30°, ete.; and removing eackh of the two rings re-
spectively 5°, 10°, 15°, etc., we found by experiment the strongest
positive and the strongest negative glasses with which the object could be
accurately seen at each of these distances. Apparently this method wassimple
and good ; but it nevertheless gave no aceurate results: by the long-con-
{inned trial, the muscular system for accommodation becomes fatigued,
and along with the sacrifice of much time, we obtain foo great a distance.
We acquire a sufficient number of points with much greater rapidity and
certainty by successively determining with some suitably chosen positive
and negative glasses, the nearest and farthest points, by moving the opto-
meter objeet, according to whose distance the lens-bearing rings must be
moved in the arched grooves. The distances thus give directly the conver-
gence at which vision took place, and by taking the glasses, whevewith this
was possible, into aceount, p, and r, are found for the convergence. DBy this
method I mark for each glass first the nearest, and then (if the distance is
positive and ocours on the optometer) the farthest point, and afterwards
wait a fow minutes before passing to the determination with another glass.
Lastly, the absolute neavest point p is sought. This is not unfrequently
attended with difficulties. In those who voluntarily converge very strongly,
it often succeeds best by looking with cach eye separately, while the other
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eye is covered with a dise, af the maximum of convergence ; in doing so we
may also use positive glasses. Where there is less mobility of the eyes
inwards, and in general in those who are strongly myopic, p coincides with
P2y OF the necessary convergence for p, is even not obtainable.

After this general description, the mode of calculation may be still more
accurately indicated in a couple of plain selected examples. Having deter-
mined » and p; with parallel visual lines, and p,, for which no caleulation

isnecessary, letusfind: with — T1§ the binocular nearest point at 6” from the

aye, that is with a convergence of 22° 60'; the question now is, what p, at
that convergence actually amounts to? We find: the rays from the
aceurately seen object diverge from a point situated 6” in front of the eye,

6” — 0".5 =5"5 in front of the glass. Refracted by the glass of — flﬁ’

they appear to diverge from a nearer point, namely :
1 1 1
. ( 53 TR =37
from a, point 377 from the glass, and therefore 3-77 + 0-5 = 427 from the
eye. With a convergence of 22°50' therefore ppy = 4”27, Let this distance

be noted on the fourth line, under which 22°50" stands.
A farthest point ) is notto be determined with — ]ié because the eye at the

same time becomes hypermetropic and » thus comes to lie behind the eye.

With %2, on the contrary, both 7, and p, are to be found at a certain con-

vergence. Let us begin with . -Let ns find with % the binocular nearest

point precisely at 8’, that is at2™5 fromn the glass. In front of the glass
therefore the rays diverged from a point 2.5 distant; refracted by the glass,
on the contrary, they appear to proceed from a point situated

(=)
26 127 316
3.16 before the glass, 3”.66 before the nodal point of the eye. With a con-
vergence of 3*, that is of 46° 38', p, lies therefore at 3".66.
Now, further let the binocular farthest point be found with the same

glasses = %2 at 8%, Thenece #, with a convergence to 8°, can be caleulated :

the rays diverge from a point situated 7°.5 from the glass; after having
passed through the glass, they diverge
1 1 1
(G-5=%
from a poins situated 20” in front of the glass, 20”5 before the nodal point
of the eye. We thorefore make, under the point where the distance of
8 cuts the diagonal, a dot corresponding to the distance of 20"5, It repre-
sents 7, ab a convergence to 8”. By making similar calculations with some
other glasses, we soon have dots enough to deduce p, p, p and »,, and thus
all questions respecting the range of accommodation in an individual are

angwered.
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§ 11. Difference of the relative range of accommodation 1: A,, ac-
cording to the refractive condition of the eye.

We closed the preceding section with a practical result, namely :
that accommodation can be maintained only for a distance, when, in
reference to the negative, the positive part of the relative range of
accommodation is tolerably great.

In connexion with this point it is of special importance to show,
that the relative range of accommodation in ametropic eyes is some-
thing quite different from that in emmetropic. The difference is of
a twofold nature. In the first place, with a given convergence, the
relation of the positive to the negative part of 1: A, is not the same;
in the second, the lines p, p, » and # #, have another form.,

We shall first treat of the relation of the positive to the negative
part of 1: A,. We may also thus express what we have said on
this point : the relative range of accommodation has, in reference to
the refraction of the eye, a totally different position with reference to
the line of the convergences % 2. Fig. 60 illustrates this in detail. This

Tig. 60.
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diagram contains the curves of the nearest and of the farthest points
in a myopic eye M, and in a hypermetropic H. Both require
further explanation. First as to M. The beginning of the line 7,
5%)’-; the farthest bino-
cular point 7, is found at 5°. Up to this distance, that is up to a
convergence of about 28%, 1 : Au is altogether positive. Now, how-
ever, a negative part is rapidly developed, which even at 84°
amounts to half the positive. So far 1: A, was always increasing,

shows, that we have to do with a myopia of

and here attains as a maximum, o7 while the total range of accommo-

dation amounts to 1: A = xr Henceforth, however, 1: A, di-

4"
minishes a little; but the negative part becomes, meanwhile,
greater and greater, and indeed up to about 50°, where, the
difficulties of convergence increasing, the farthest point begins so to
approach, that at about 58° it coincides with the point of con-
vergence. At this mawimum convergence still stronger tension of
accommodation is, however, possible, as the perpendicularly as-
cending line », p, here still representing about 1: A, = 1: 18,
shows. Hence we see, that in high degrees of myopia, at the maxi-
mum of convergence also, a certain range of accommodation still
remains, and the more so in proportion as the convergence itself is
more limited. Moreover, this diagram shows, that in myopia in the
domain of binocular vision, the negative part of 1: A is very slight,
On the contrary, the convergence is often very limited. Hence,
therefore, it follows, that én Zke Aigher degrees of myopin, the difficulty
of maintaiwing binocular vision does not procecd from tension of
accommodation, but rather from dificulty of convergence.

In those degrees of myopia where, as in the above diagram, Fig.
60, p lies closer to the eye than the nearest point of convergence of
the visual lines, p, is wanting and gives place to 7/, As binocular -

range of accommodation nothing else can be assumed than
1 _1 1

AR R
where R represents the distance from the point #= to the nodal
point of the eye.
We now pass over to the eonsideration of the hypermetropic eye
H of Fig. 60. Here we find, just as in the emmetropic eye (Fig.

57), p, p, p, as the curve of the course of the nearest points,

’
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and 7,, 7y, as that of the course of the farthest points, both in rela-
tion fo the convergence. But besides these, we find a dotted line
7¢ 7y ; the latter requires further explanation. Thus, as has already
been observed, the hypermetropic individual does not completely
relax his power of accommodation. In locking at a distance in
the case of a hypermetropic subject, aged 16, registered in

the scheme, the preference was given to glasses of zl—é above

stronger ones ; consequenily there existed glg manifest hypermetropia

H,, represented by the point 7,,. But after artificial paralysis of the
power of accommodation (by sulphate of atropia), glasses of %, at—zzl”
from the nodal point, were required in order to see accurately at a
distance, so that the total hypermetropia H, amounted to 7—15 Now
this is expressed by the point 7. Inthis state of paralysis the refrac-
tion remains, on convergence, unaltered ; we cannot, therefore, in-
vestigate where the farthest point, at different degrees of convergence
should lie, if the involuntary spasmodic contraction did not exist,
and 7, 7, p Is consequently only an imaginary line, connecting the
absolute farthest point 7 with the absolute nearvest point. It appears
that the total range of accommodation amounts to

1 1 1y 1

K*E“(‘@)‘B‘-@'
As to the relative, we see i6 is particularly great, diminishes tolerably
uniformly as the convergence is increased, and that its positive part,
which, when the visual lines arve parallel, is not inconsiderable, on
convergence to 9” (with p,) under an angle of from 16° to 179, be-
comes completely negative, and, moreover, remains negative. If we
reckon from the absolute farthest point 7, the positive part amounts,
the visual lines being parallel, lo only half of the negative; if we
reckon from the manifest farthest point #,, the positive part is at
first, it is true, greater, but we observe that even at a convergence
of 59 the relation is inverted. In connexion with the practical result
expressed above, we thus come to the conclusion, that with this degree
of hypermetropia, eyes cannot long consecutively accommodate them-
selves to the point of intersection of their visual lines. With still
higher degrees of hypermetropia, as shall hereafter appear, binocular,
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122 RANGE OF ACCOMMODATION.

and with the highest degree (absolute hypermetropia) even monocular
vision is never acute.

The foregoing applied to thé position of the range of accommoda-
tion, with reference to the convergence of the visual lines.—We must
now take the form of the curves into closer consideration.  Even in
Fig. 60, we see that the curves of M are concave upwards, while
those of I are convex upwards. If with this we compare Fig. 57,
it appears, that the curves for the emmetropic eye keep the mean be-
tween M and H.  The reason of this lies in the fact that, with
slight convergence, a myopic eye can accommodate proportionally
less; a hypermetropic, on the contrary, more (but also must so
accommodate) than the emmetropic. The diagram Fig. 61,

Tig. 61.
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will make this plain. Tt contains the curves of the nearest and
farthest points, as funetion of the convergence, both for the em-
wetropic eye T (the middle ordinary lines), and for the myopic M
(the dotted lines), and for the hypermetropic, H (the striped and dotted

: 1., . " . 1
lines) 7 Is order to facilitate comparison, assumed = e and
il
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the maximum of convergence is taken at 59° 207, The letters B,
M, and H are placed before the farthest points, as defining the re-
fraction ; H,, (manifest hypermetropia) stands before » the manifest
farthest point, Hi (total hypermetropia), before 7. the absolute farthest -
point. In other respects, the letters have the same signification as
in Fig. 60. Now the study of this diagram shows :—

1. That with parallel visual lines, the emmetropic eye can bring

into action about %, the myopic only 4]:—5, the hypermetropic, on

the contrary, -g of its total power of accommodation.

2. That, with slight convergence, the myopic eye can accommo-
date much less, the hypermetropic on the contrary, much more (but
also must do so) than the emmetropic. Compare particularly the
curve 7 7, which for the myopic eye at first runs nearly transversely,
for the hypermetropic strongly ascends.

8°. That with stronger convergence, the accommodation of the
myopic eye can still increase much, that of the hypermetropic only a
little.  'We see, with a convergence of 189, the curve p, p, p of the
hypermetropic eye keeping mearly a transverse direction, while the
curves of the myopic now begin decidedly to ascend.

The diagram will readily answer any further question which may
suggest itself; it appears therefore to be superflious to expatiate
at greater length upon the subject.

The difference ascertained is practically of great importance.
Thence it follows, namely, directly, that when the ametropia is neu-
tralised by glasses (» brought to o), the eye by no means becomes
equal to an emmetropic eye of similar range of accommodation. This
is easily deduced from the above figures. It appears still more dis-
tinctly on reference to Fig. 62, where the curves of Fig. 61 are re-
peated (as Ep and B, as Mp and My, and as Hp and Hr, and
Hz) butso that in all, » is brought to o0.* The diagram shows that
the neutralised myopic eye has its binocular nearest point at 16, so
that 1: A, amounts only to the fourth of 1 : A ; and that vice versd
{or the hypermetropic eye the binocular nearest point p.is nearly equal
to the absolute. Moreover, in the myopic, 1: A,, even at from 8° to

% Asshall appear in § 13, the reduction of the ametropia is not entirely
without influence on the form of the curves. This influence is, however, so
glight, that here it may be altogether disregarded.
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9% of convergence, becomes wholly negative; in the hypermetropic,
1: A is ab more than 80% of eonvergence entirely positive. Hence

Fig. 62.
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proceeds for both eyes difficulty in binocular vision, under moderate
convergence ; for the reduced myopie, because, under these circum-
stances 1t accommodates too weakly, for the reduced hypermetropic,
becanse it accommodates too strongly.

The cause of this difference is at once apparent; it is the result of
practice. The myopic eye has learnt to converge in a certain degree,
without bringing its power of accommodation into action in the
same proportion as the emmetropic eye. Thereby the binocular
farthest point (Fig. 61, Mr,), although seen at a tolerably consider-
able convergence, remains almost as far from the eye as the absolute
farthest point 247, But on the other hand, the eye has not prac-
tised itself with slight convergence, {o bring a relatively great part
of its accommodation into action, because it has had no necessity to
do so. The hypermetropic eye, on the contrary, found itself obliged,
in order to see accurately, even with parallel visual lines, to put its
power of accommodation on the siretch, and it has brought itself so
far in that respect, that it is no longer in a position to become com-
pletely relaxed, that at least on every effort to see, the act of
accommodation takes place involuntarily. As further, with increns-
ing convergence, a disproportionately great parl of the range of
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accommodation must always come into action, it is not strange, that
the relative range of accommodation has been considerably displaced.
That practice really may produce the difference just described, we
have the following proofs.
1. The use of positive or negative glasses has, even after the
lapse of a few hours, an influence on the range of accommodation of
the emmetropic eye. Fig. 63 exhibits the effect of practice in look-

Tig. 63.
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ing with negative glasses. It relates to a young emmetropic sub-
ject, aged R1 years, who with slight convergence can accommodate
somewhat less than usnal. The dotted curves represent the course
of his nearest and of his farthest points. After having occasionally
practised for some days with negative glasses, he obtained, by repeat-
ing the investigation, the linear curves, which, at least »”, », 2,
approach much more closely to those of hypermetropic persons than
the dotted ones. Had he continued the practice longer, permanent
confraction would, just as in the hypermetropic, have occurred, and
# would not have stood at oo. For some minutes after the removal
of the negative glasses, this was the case. On the other hand, the
use of positive glasses rapidly makes the power of accommodation,
with a certain amount of convergence, less: it is well known that,
particularly when positive glasses are used too soon, reading much
without their aid quickly becornes more difficult than before.

- 153 -



126 RANGE OF ACCOMMODATION.

. The relative range of accommodation is displaced in ame-
tropic individuals when they have for a long time worn correcting
glasses. That of myopics, as well as of hypermetropics, gradually
tends to that of emmetropics.

3. In the diminution of the range of accommodation in advanc-
ing age, even before proper preshyopia has begun, the curves of the
emmetropic eye approach to those of the hypermetropic. Fig. 64 is

Fig. 64,
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the faithful expression of the range of accommodation of an emme-
tropic individual agéd 44. For vertical lines he has a trace of hyper-
metropia, so that 7 is found beneath. Further, to convince one’s
self that, with the required practice, the curve p, 22 p especially
has approached to that of a hypermetropic eye, we need only observe
that with a convergence to 9°, nearly the maximum of accommoda-
tion is attained.

In the following Chapter, treating of Spectacles; and also in speaking of
ench of the forms of ametropia, I shall revert to the important distinetion
made in the foregoing section.
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CHAPTER 1V.

SPECTACLES AND THEIR ACTION IN GENERAL,

§12. Different kinds of spectacles.—In ophthalmic surgery different
kinds of spectacles are in use, which are employed for very different
purposes.

1. Protecting spectacles.—Of these we distinguish two varieties:
@, those which serve only to keep off the mechanical influence of
foreign bodics, dust, fragments of metal, stone, coal, ete. They have
nothing to do with the refraction of light in the eye, and call for no
further comment here.

b. Spectacles for warding off light.—These consist mostly of
coloured glass, green and especially blue, which is less hurtful to the
eye. Iu general, however, at least in daylight, the grey, so-called
neutral glasses, deserve the preferemce. The white sunlight, re-
flected by different objects in their particular colours, is the natural
adequate stimulus to the retina, and by good neutral glasses these rays
are tolerably uniformly diminished. The same end opticians formerly
attempted to attain (Fischer) by combining two glasses of comple-
mentary colours. It is desirable in every case that, so far as possible,
the whole field of vision should be uniformly obscured, which is
accomplished, with folerable accuracy by the use of large, round
glasses, resembling watch-glasses, but more perfectly by lateral flaps of
silk or some other semitransparent substance, or else by glass of the
same colour as the spectacles, the objection to the latter being, how-
ever, the increase of weight. The light falling in {rom the side has
a doubly unpleasant action, when eoloured glasses are applied in front
of the eye, for the Iateral parts are then seen by contrast in the com-
plementary colour of the glasses, and in the remaining part of the field
of vision the complementary colour appears still stronger as a secondary
image, so soon as the spectacles are taken off.  In persons aflected with
irvitation of the retina, or with photophobia in general, we may re-
commend the use of light-absorbing glasses, when these patients are
obliged to expose themselves for a certain time to a bright light. In
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the house, with moderate light, they ought to lay them aside. We
should not forget that these glasses when worn in the sun, become
healed in proportion to the amount of rays they absorb, and that
very dark glasses may, therefore, be considered to be specially
injurious to the eye. In women, moderating the light, when neces-
sary, by means of veils, is to be recommended.

IL. Stenopeaic spectacles, stenopeaic lorgnette, stenopeic apporatus.
~—>Slight obscurations of the light-refracting media, especially those
of the cornea, often produce great disturbance of the accuracy of
vision. The cause of this is to be sought not so much in the reflec-
tion or absorption of a portion of the rays, as in the diffusion of the
light passing through them. This is easily explained. TFrom the
entire field of vision rays fall on each local cbscuration, and from the
latter they spread farther in all directions through the whole eye.
Consequently in the region of the yellow spot also, an image is not
merely formed of the object lying about in the direction of the line of
vision; bub over this image is spread, wilh the existence of semi~
transparent spots, a uniform light, derived from the whole field of
vision. This diffused light is very disturbing. Indeed the differences
of illumination of the image formed by regular refraction are in con-
sequence much more faintly distingnishable. Just as in looking
through a real mist, the diffused light is added to the relatively weaker
mmage, and therefore also spots give the impression, as if one were
looking through an actual mist: the only difference is, that a mist is
more perceptible for more remote objects, and that misty vision, pro-
duced by a spot, affects all objects alike, independently of distance. It
is well known that obseurations produce much less disturbance, when
the eye, turned from the light, contemplates a certain object. If a pic-
ture or another object be hung against the pier between two windows,
and if it be illuminated through a window behind the observer, the
latter will see the object much more accurately, and with more con-
trast of light and shade when the two windows are closed than when
they are open. The explanation of this fact is to be found in the
foregoing. In both cases (supposing that the open windows throw
no light upon the object) the object sends, in an equal degree, vays
into the eye, which, regularly refracted, form a good image in the
region of the yellow spot; but if light falls upon the eyes through
the windows placed at the sides of the object, numerous vays proceed,
in that case, likewise from the illuminated spots over the image of the
yellow spot, which thus becomes covered as with a white crape. Eiven if
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there be no spots, some light is always diffused in the eye, and thus
even the normal eye will, especially if the time of life be somewhat
advanced, perceive, as it were, light crape, when, in the experiment
just described, the windows are opened. We know further, that
where obscurations exist, exclusion of the peripheric light with the
hand, looking through a tube, etec., increases the accuracy of the
images, Again, it is the warding off of the laterally incident light
diffusing itself from the spot throughout the whole eye, which here
acts beneficially, The practical rule hence deducible 1s this : % order,
where obscurations exist, to distinguwish with relative accuracy, let the
small portion of the field of vision, over which the observation is to ex-
tend, be properly illuminated, and let the remaining portion be Lept as
dark as possible. These reflexions on the injurious effect of obscurations
led me to the application of stenopezic remedies. Their object is to
cutb off the light which should reach the obscurations, and through
an opening to give, so far as possible, entrance only to the light
which is subjected to a regular refraction on the normal part of the
refracting surface. The narrow opening isinthem the essential part :
hence the denomination stenopeeic (from orevds, narrow, and émy,
a peephole). In order not to limit the field of vision more than is
necessary, the opening must be as close as possible to the eye, and
with a view still better to keep off all lateral light, it may be surrounded
with a wall widening like a funnel. The opening may in general
have the form and nearly the size of the clearest part of the portion
of the refracling surface corresponding to the pupil: it may, ac-
cording to circumstances, be round, oval, or slit-like. Rarely will
the diameter be less than a millimétre ; often it will amount to two
or more millimétres.

The stenopewmic apparatus, which is an indispensable item in the
ophthalmic surgeon’s means of investigation, is a very short cylinder,
furnished with a handle, open at one end and indeuted towards the
eye, and provided at the other with an opening, in front of which is
a diaplwagm, containing different smaller oponings of varions diame-
ters, and capable of turning round, so that cach of thesc openings can
be seen in turn. There are also stenopmic apparatus provided with a
slit capable of being widened and narrowed.* With the aid of this
apparatus we can examine whether the stenopeeic principle increases
the accuracy of vision, which is often of importance in a diagnostic

* They aie, as well as the stenopweie speetacles and eyeglasses, prepared,
amoug others, by Paets and Flohr, vpticians, unter deu Lindeu, Berlin.

9
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point of view ; moreover, we may acquire an indication whether it
may be advantageously applied, and what size of opening is the most
useful.  Of the result obtained we may then make use in prescribing
a stenopeic spectacle, or eyeglass. To spectacles for use in the
streets, the stenopeic principle is in general mot applicable, *as the
field of vision is too limited. On the other hand, such spectacles to
which the requisite glasses have been fitted, are sometimes very
serviceable for reading., The chief application of the principle, how-
ever, is to the stenopezic eyeglass. Many persons suffering from
opacity have recourse to it of their own accord, by warding off the
peripherically incident light with the hand, by voluntarily narrowing
the slit between the eyelids, etc., in order to increase the accuracy
of vision, but this object is always much more perfectly attained by
means of a stenopeic eyeglass.

If the part which has remained clear has an oblong form, a slit-
like opening will be most smtable. In general, it is a great advan-
tage in reading, when a horizontal slit effects the object ; this should,
therefore, always be tried. If the opacity is only on one side, we may
obtain a great advantage by making an ordinary spectacle-glass
opaque over the obscured part (for example, by applying a black
lacker). In general the simplest stenopezic spectacles are those in
which the preferable form of opening is left as the only part of the
glass not obscured, in which also by cpaque matter on the outside the
light incident from that point can be warded off. The glass may in
ordinary cases be flat, but otherwise according to the necessities of
vision it should have a certain focus. In some cases, among others,
after the extraction of cataract, I have found great advantage from
partially covering the glass with black. It is not uncommon, when
the flap-section was made downwards, for the inferior part of the
cornea to become somewhat turbid, particularly if the iris has
attached itself to the wound, or is even slightly prolapsed. The dis-
turbance is the greater, because the pupil too is thereby drawn
downwards, and probably the curvature of the cornea is somewhat
irregular, so that reading with an ordinary convex glass is attended
with great difficulty, or is even quite impossible. But it is in the
most surprising manner relieved, when the glass is covered to a defi-
nite height with an opaque black matter over which the eye sees,
while the rays which should reach the inferior non-transparent and
irvegular part of the comen, arc cut ofl. This mode of using the
olass limits the field of vision only inferiorly, and is therefore
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attended with no impediment whatever to reading, nor even to vision
in general.

Lastly, it may be mentioned (what has reference more especially to
anomalies of refraction), that the stenopewic eyeglass has also ren-
dered me very essential service in the highest degrees of myopia, parti-
cularly when the accuracy of vision had at the same time suffered
comparatively much., If it were only for this reason, therefore, the
stenopeeic apparatus ought not here to be passed over in silence. In
such cases vision of near objects, at least with one eye, is attended
with no other inconvenience than that the object must be brought
very near the eye, to 3" or less. But distant vision is extremely im-
perfect, and is comparatively little improved by concave glasses,
which correct the myopia. If, with their aid, the images are more
accurately seen, they at the same time become so much smaller, that
an amblyopic eye still distinguishes little, and is, therefore, by mno
means satisfied. Tn such cases then, a stenopwmic eyeglass with a
small opening yields very good service. It here acts in a well-known
manner, quite different from that treated of above, by diminishing
the circles of diffusion. It is manifest that, in imperfect accommoda-
tion, the magnitude of the circles of diffusion increases with the
magnitude of the base of the cone of light (the surface of the pupil).
Now in high degrees of myopia the pupil is usnally very wide, and
the disturbance in looking at distant objects is, therefore, relatively
very great. Precisely for this reason it is that a stenopeic eyeglass
produces so great improvement, If a myopic individual looks
through an opening of from $” to 1” in diameter, he distinguishes
at a distance as accurately as through glasses, which imperfectly
neutralise his myopia, and he has the advantage that the objects ap-
pear larger. If an emmetropic person wishes to convince himself
of this, let him hold a positive glass before his eye, so thal it
becomes myopie, and he will, on locking through an opening, obtain
the effect described, and can estimate the partial neutralisation of the
artificial myopia. In like manner we may also within the nearest
distance of distinct vision, by diminution of the circles of diffusion,
with the aid of a small opening, distinguish with tolerable accuracy,
and thus view small objects much nearer to the eye, that is under a
much greater angle. Iowever, in cither case we lose both in light
and in extent of the field of vision. As to light, we lose the more,
the smaller the opening is, and in myopia it is therefore offen ad-

visable not to have the opening very small, but with the stenopeié
2

L
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eyeglass to combine a glass, which parbially corrcets the myopia.
‘With respect to the extent of the field of vision we lose the more, the
farther the opening is from the eye. In combining a negative glass
with the stenopeic eye-piece, the patient will thercfore turn the
small opening towards the eye, when his principal object is to increase
the field of vision ; on the contrary the negative lens, when he chiefly
desires to obtain greater distinetness of vision.

II1. Prismatic glasses, prismatic spectacles—Prisms are used, in
order by refraction of the light upon two surfaces, to obtain the well-
known spectrum. The zmrrle, which the two refracting surfaces make
with one another, is the angle of refraction of the prism. Tor the
object mentioned a large angle is taken : most prisms are triangular,
and each of the three angles then amounts to 60° They are
usually made of flint glass, in order, with considerable declination, at
the same time to obtain a decided dispersion. For ophthalmological
purposes, on the coutrary, only slight declination is required, and we
therefore use prisms with a smaller angle of refraction, from 8° to
24° ; moreover, it is necessary to select a kind of glass, which, with
reference o its refracting power, presents but slight dispersion, for
example, crown glass. Such prisms are given in the boxes for
ophthalmological use, usually in sixteen numbers. The nwmnbers
from ITI. to XXTV. indicate the refracting angles, 3° to 24°. 1In
the position of least declination, the angles of declination, for the
low numbers, ave nearly the half of these refracting angles : for the
higher numbers, they are somewhat more. If we wish to know
these accurately, it is necessary to determine the deviations for each
glass separately.

The declination of the light by prismatic glasses is the cause why
objects, seen through such glasses, exhibit themselves in another
direction. Let 4 (Fig. 65) be a point of light, ¢ @ a ray falling at a

Fig,. 65.

e /LS\@\

on one of therefracting surfaces of the prism, this approaches the per-
pendicular v a, instead of continuing in the same direction z 4, and runs
as @ & id the prism; arrived at & 1t again alters its direction, now in
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passing from glass into air, declining from the normal ¢’ 4, and as de
reaches the eye O. Evidently, therefore, the point 4 is seen in
the direction 6 ¢, about in 7. In this, however, the more refrangible
rays, those on the violet side, undergo a greater, the less refrangible,
those on the red side, undergo a less declination. Henee proceeds
a disturbance by coloured margins to the objects, which is greater
in proportion to the strength of the prism, and which, precisely
in powerful prisms, it is hard to remove. In order to obtain
a declination without dispersion, the prism must be made achromatic
by being compounded of two prisms, C (Iig. 66) of crown glass,
T of flint glass, which, acting in opposition, com- Fie. 6.
pletely remove each other’s dispersion, but only 2
partially destroy each other’s refraction.  Such

achromatic prisms, however, soon become, when a

declination of some degrees 1s required, toe thick

and too heavy to be worn. This objection might

perhaps be partly met, by having the prisms very r
small (to have large prisms as eye-glasses is of

no use), because in order to see rather distinctly,

we must not look obliquely through the glass, but about at the angle
of least declination. So far, however, the achromatic prisms have
not yet come into use.

What led to trying prismatic glasses, was a declination of the
visual lines. The idea of making it possible to look with hoth eyes,
in spite of this declination, occurred first to my friend Krecke,
Doctor of Natural Philosophy, of Utrecht, whose idea I endeavoured
to realize and to explain physiologically.®* On experimenting with
the glasses, three remarkable phenomena immediately presented them-
selves. In the first place it appcared, that one feels involuntarily im-
pelled, by changing the direction of the visual lines, to remove the
double vision which has taken place. If we hold the glass with the
refracting angle mwards, then, in order to bring the double images
into one, stronger convergence is required, and this is immediately
almost involuntarily effected. On removing the glass, double images
again exhibit themselves, which, by diminishing the convergence, are
once more forthwith thrown together; only, if the prism has been
long held before the eye, a tendency to increased convergence con-
tinues for some time. In the second place it seemed, that the

* Nederlandsch Larncet, vitgegeven door F. C. Donders, G. L. H. Eller-
man en J. H. Jansen, 2¢ Ser. D. ITL, pp. 227 and 233, 1847.
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visual lines are usually capable of only very slight divergence, and
that they can scarcely decline upwards and downwards, even under
the pressure of the necessity of rendering the vision single. In
general the prism, when the refracting angle is turned to the out-
side of the eye, ought to be very weak, in order to allow
the observer still to see remote objects single; and the same weak
prism, when the refracting angle is turned upwards or downwards,
produces double images, which cannot be overcome. If, finally, the
observer has, after long-continued efforts, suceeeded in throwing into
one the double images standing (in the last case) above one another,
the double images which now arise on removing the prism, do not
immediately run together again. Thirdly and lastly, we can convince
ourselves of what has been stated above (p. 110}, that under the in-
fluence of a prisw with the angle turned towards the inside or out-
side, the observer can converge more or less strongly, without being
able to alter the tension of his accommodation.

These results, obtained with the aid of prismatic glasses, are of
essential importance for the physiclogy, and for many points in the
pathology of the eye. But beyond this, these glasses serve different
useful purposes in ophthalmic surgery, which, partly previously fore-
seen, have been, especially by von Graefe, practically tested. Thus
they may be applied in the diagnosis of different anomalies of the
muscles, and of the degree of these anomalies. Thus they may be
used to correct slight incurable declinations of the visual lines, out-
wards, upwards, or downwards, whereby confusing double images
are produced, or to remove the muscular asthenopia, depending on in-
sufficient power of the musculi recti interni. Thus we may further,
in paresis of a muscle, so far meet the disease by means of a prism,
that in order to make the double images which have been brought
near one another, run together, the muscles will become powerfully
tense, which, for the alleviation of the paresis, appears to be no matter
of indifference. Finally, what deserves to be here particularly men-
tioned, these glasses arealso of importance in anomalies of refraction.
They show, that hypermetropic individuals distinguish accurately with
greater ease, when they, looking through a prism with the angle
turned inwards, for the sake of single vision, can converge more
strongly, a fact by which the origin of strabismus, in conse-
quence of hypermetropia, is explained; and it will hereafter appear
that we sometimes advantageously apply the principle of the pris-
matic glasses, by modifying the mufual distance of either the convex

I3
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or concave glasses of spectacles, so that the eyes look through these
glasses at tie side of the axes, which, just like the use of a prismatic
glass, modifies the direction in which an object is seen.

Glasses with spherical swifaces, ordinary comvex and concave
spectacle-glasses.—Glasses, which modify the limits of distinct vision,
are called lenses. Of these we have two kinds, both of which are used
as spectacle-glasses: converging lenses (Fig. 67 /), which cause

Fig. 67 1.
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¢ d. A converging lens has its focal point gv on the other, a
diverging lens on the same side as that whence the rays come. The
first unites the rays into a real focus; the latter does not actmally
unite them, but causes them to assume a direction as if they had pro-
ceeded from the point 47, in which the prolongations of ¢ & and ¢ &
(the dotted lines) cut one another: hence this point is called also a
virtual focus. .

Besides the above ficonver lenses, we have, as converging lenses,
the plano-conver and the concavo-conver or positive meniscus “(with
shorter radius of the convex suyface), as well as, in addition to the
biconcave, as diverging lenses, the plano-concave and the connex-con-
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cave or negutive meniscus (with shorterradius of the concave surface).
The plano-convex and plano-concave have, for equal degrees of
power, the greatest aberration, and they are consequently to be re-
Jected as spectacle-glasses. The biconvex and biconcave answer
better. To the menisci the advantage is attributed, beyond these,
that, as Wollaston showed, the images suffer less, when the observer
looks obliquely (under an angle with the axis) through them, so that
the eyes can move more freely behind these glasses. They are there-
fore, also called periscopic (from wepiokomew, to look around)., How-
ever, we can also see satisfactorily in an oblique direction through
biconcave and biconvex glasses, provided they are not too strong, and
if high numbers are required, the periscopic glasses have again the
disadvantage of greater weight. Were it only for this reason, there-
fore, the latter do not unconditionally deserve the preference. 'When
we add that under some circumstances the periscopic glasses are more
liable to produce disturbance by reflexion on the concave surface
turned towards the eye, and that they are, moreover, somewhat more
expensive, we shall not be surprised that they have not wholly sup-
planted the biconvex and biconcave glasses.

Biconvex and biconcave spectacle-glasses are ground with equal
radii of the two surfaces. The optical centre o (Figs. 67 and 68)
Lies then in the middle of the lens in the axis A A,, Now the dis-
tance from the focus ¢* to this optical centre o is usnally called the
focal distance F.  This is, however, not quite correct; F is, in fact,
the distance from focus to préncipal point. TFor ordinary, not very
thick lenses, with equal radii of the two surfaces, that is, for the
ordinary biconvex and biconcave spectacle-glasses, this inaccuracy is
of no importance; but in the case of menisci, we must ascertain the
principal points, in order to know the position of the foci, and to
be able to take into account the distance from focus to principal
point as P.

The subjoined figures (69, a biconvex, 70, a biconcave lens ; 71, a

Fig. 69.

(P, ]L:I E}-n (-/)/l
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positive, 72, a negative meniscus), show, for these different forms of
lenses, the position of the first and second principal points 4, and 7,
and of the first and second focus ¢, and .. The rays which, parallel

Fig. 70.

(P ” M, L{)I

Tig. 71.

=
N>

1’ ;2
{” ﬁ: N (P’

to the axis, fall on the surface 1, have their focus in ¢ ; those which,
coming from the other side, fall parallel to the axis on the surface 2,
unite in ¢. TFor a lens standing in air %, ¢, is always = 4, ¢, both
=T, If now,as in Figs. 69 and 70, the two surfaces of curvature be
equal, the points % ¢ and %, ¢» will evidently lie symmetrically in
the axis. But if the surfaces of curvature be not equal, if even one
of them be concave, the other convex, as in Figs. 71 and 72, the points
% %, may have another position, and may even be external to the mass
of the glass, and the foci ¢, and ¢, will then also lie at different dis-
tances from the lens. It will be understood that, even for these rea-
sons, it is by no means indifferent which surface of these lenses is turned
towards the eye. In speaking of the influence of the distance of the
glass from the eye, I shall return to this point. The reader who
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may wish to examine more closely into the signification of the prin-
cipal points, will find the explanation thereof at pp. 44 and 50.

The power (the converging or diverging power) of a lens is inver-
versely proportional to its focal distance F. It may, therefore, be

expressed by %— for converging, and by — —i—‘for diverging lenses.
The value of ¥ we state, just as in the numerical expression of the

.range of accommodation, in Parisian inches: glasses of %, of — %:
etc., are therefore glasses of 6” positive, of 8" negative focal
distance, ete.

Besides the spectacle-glasses above described, there are others
with a difference of focal distance in the superior and mferior parts.
Franklin was slightly myopic and had little power of accommodation ;
for seeing at a distance he had need of negative, for seeing near
objects he had need of positive glasses. Now, as in looking af near
objects we look through the lower, in looking at a distance we Jook
through the upper half of the spectacle glasses, he combined two
halves, the one of a negative, the other of a positive glass, turned
the negative halves upwards, the positive downwards, and in this
manner provided very well for his want of accommodation. These
spectacles have, after the philosopher who first used them, acquired
the name of Franklin’s glasses. TRecently it has been attempted to
attain the same object which Franklin proposed to himself, by
grinding in the upper part of the spectacle-glass, the surface twrned
from the eye, with another radius. The glasses are prepared in Paris
under the name of verres & doudle foyer. Tig. 73 @ represents a

superficial view of such a glass (slightly positive above and strongly
positive below) ; & exhibits a section of the same. I stated only,
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what focal distance I desired for the upper and lower part, and found
that my directions were always accurately carried out, both when I
requested only a different positive or negative focus in the two halves;
and when I required a negative focus above, and a positive focus below.
In general these spectacles answered well. It is indispensable that
they be placed at the proper height before the eyes, so that in looking
at a distance the rays may fall upon the organ only through the upper,
and 1n looking at near objects, only through the lower part. It is
also necessary that the difference in the direction of vision be deter-
mined more by moving the eyes, than by moving the head. If the
pupil be opposite the boundary between the two parts, vision will, of
course, be very confused.

It is by no means a matter of indifference of what material the
spectacle-glasses are made. Flint glass and especially rock-crystal
are harder, and glasses made of them are not so easily scratched.
This 1s particularly a recommendation in the case of convex glasses
which are so much more liable to be scratched. Against the advan-
tage just mentioned as being possessed by flint glass and crystal,
must be set down the disadvantage of greater power of dispersion.
Hence it would appear that for strong glasses the preference ought
to be given to e¢rown glass. This is especially true of concave glasses,
and as to convex glasses of crown glass, their low price makes it
easy, if they are scratched, to replace them with others.

Achromatic glasses are not available for spectacles ; if glasses of
short focal distance be required, achromatism is attended with too great
weight, and if glasses of long focal distance be sufficient, even with the
use of crystals, glasses do not prevent the dispersion of colour.

Asthe ophthalmoscope is important for the objective diagnosis of defects of
the eye, soisa collection of spectacle-glasses for their subjective investigation.
Such glasses are at once indispensable, not only for the determination of
anomalies of refraction and accommodation, but also in many cases for that
of the accuracy of vision, so that without them the examination of the
functions of the eye is impossible.

The usual boxes contain :—

1. Twenty-eight pairs of biconvex glasses, namely of 2, 21, 21, 3, 3%, 4, 43,
5,53, 6,17, 8,9, 10, 12, 14, 16, 18, 20, 22, 24, 28, 36, 40, 48, 60, 72, and 100
inches positive focal distance,

2. Twenty-cight pairs of biconcave glasses of the same focal distances, but
negative.

3. Twelve (or sixteen) prismatic glasses with refracting angles of 3°, 4°,
59, 6°, 7°, 8°, 9°, 10°, 12°, 14°, 16°, 18° (or to 24°).

4. A frame with elastic rings, in which these glasses can be used.
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§. Some quadrangular pieces, 6 inches long, 11 inches broad, of different
shades of blue glass, eapable of being held before both eyes at once.

6. A glass of carmine-red, well adapted, in case of a false position of the
visual lines, to colour one of the double images.

On the convex and concave glasses the focal distances are inseribed with
a diamond. The same is the case with many spectacles met with in trade.

Fig. 74.

With respect to these last, how-
ever, we must not depend upon
the mark, but must always deter-
mine the focal distance by com-
parison with the standard glasses.
The method is extremely simple.
We examine with our own eye,
with what glass they agree in
diminishing or magnifying power.
As object we employ two slight
parallel lines. We hold the glass
tolerably far from the eye (about
a foot), and so far from the paper,
that we see the two lines accu-
rately through the glass. We
now hold the standard glasses for
comparison in the same plane with
the glass to be cxamined, and we
shall then be able to determine,
with sufficient precision, to which
of these it corresponds.
The direct determination of the
foeal distance of a glass is more
difficult. The simple measurement
of the distance, at which, behind a
convex glass, the solar image is
exhibited upon a screen, gives the
value only approximatively. The
same is of course true of the de-
termination of the conjugate
facal distances of a flame and its
image, whence the principal focal
«distance can then be caleulated.
Diflerent other methods arestated
which lead toamore correct result.
I obtained very aceurate determi-
nations by measuring the magni-
tudes of an objectand ofits dioptrie
image, both with the oid of the
ophthalmometer (compare p. 17).
As object I employed three smail

openings in a very thin blackened metallic plate (Fig. 74 P), behind which
was placed, in front of an opening in a large screen, the globe of a brightly
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burning lamp, This plate is fixed to the extremity of a flat copper ruler (4
A') resting on a pedestal, and furnished with an accurate scale, and on which
a small plate (x 2’), provided with a lens-bearer (I), is movable. This
little plate has at #* a nonius, with which the twentieth part of a line can
be read off. On the same ruler (A 4‘) a second plate (v y*) is movable,
carrying a small ring (). The centres of the two rings, and the centre of
the image (the threec openings in the plate P) lie in one horizontal line,
which must be so placed as to coincide with the axis of the ophthalmometer.
By adjusting the ophthalmometer consecutively for the three different dis-
tances, we can ascertain whether this condition is fulfilled. The axis of the
ophthalmometer being fixed they must appear, on moving the eyepiece, suc-
cessively and aceurately in the centre of the fleld of the ophthalmometer.

We now first measure the magnitude of the object. As the veader is,
aware (compare p. 18), measuring with the ophthalmometer is accomplished
by doubling the image and reading off the degrees on the ophthalmometer,
when the double images are vemoved from one another by the breadth
of the object to be measured. Now no objeet is eapable of more accurate
measurement than three small points of light (Fig. 74 P...). Thus we can
very perfectly determine (method of Bessel, in use in astronomy), when, on
doubling(Fig. 75), 1’ of the one image (1’,2’, 3’) comes to stand exactly in the
centre between 2 and 3 of the other

image (1, 2, 3), and the distancez Fig. 75.

¥ 1s then measured as object. For ; 2 7 3 2 3
the same reasons we use three points - A . .
of light, namely, the three reflex < Y

images of three distant flames, when
we wish to determine from the magnitude of the reflected image, the radius
of curvature of the cornea, or of any other reflecting surface.

Now knowing the magnitude of the object, which we have been able to
measure aceurately by the method just described, we next seek the magni-
tude of the dioptric image formed of it by the lens, whose focal distance we
wish to ascertain. For this purpose we place the latter in the lens-bearer !
(Fig. '74), bring this to a distance from the object (the plate P) equal to the
double of the nearly known focal distance of the lens, and make the distance
» ! equal to I P, The ophthalmometer we have permanently fixed, after
having measured the object (the three small openings) in the centre of the
field. "We now move the eyepiece so as to see the ring  accurately, and we
shall then at the same time perceive the dioptric image of the three openings,
But the axis of the lens will then coincide, as it ought, with that of the
ophthalmometer, only when the diopiric image falls exactly in the centre of
the ring r. Hence we must take care to effect this, and precisely on the
accuracy with which this can be accomplished, depends the validity of the
method here pursued. While we see the dioptric image, we at the same time
observe, whether it coincides in magnitude with the object. In this case the
points of light will occupy the same place in veference to one another (I'ig.
75), as that at which the objeet was weasured, that is, 1’ will stand in the
middle between 2and 3. If it appears that the dioptric imageis larger, were-
move the plate z 2’ from P; if on the contrary it is smaller, we approximate
z &' 1o P, until the position of the images is precisely ihe sume as il was in
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measuring the object, When this has been attained, we have only with the
nonius z’ to read off the exact distance of the lens from the thin plate P, in
order to know the double focal distance of the lens. Indeed, when object and
dioptric image have the same magnitude, both are at an equal, and in fact
at the double focal distance from the respective principal points of the lens,
and if the latter be a biconvex lens, with equal radius of ifs two surfaces,
likewise at an equal distance from its optical centre. .

In the manner proposed we can conveniently make only one measurement
of the dioptric image. More accurafe results are obtained when, irrespee-
tively of equality of magnitude of object and dioptric image, the first being
known, and the lens being arbitrarily placed, we simply measure the latter,
and of different determinations take the mean. The magnitudes of the
cbject B and the dioptric image 8 are to one another as the conjugate focal
distances f’ and f“, whereof £, being the distance between the lens and the
vbject, is known by reading off.

Henee we find

7 'B
J'= B J’
aud, further, =/ I
J

If we repeat the calculations with some different values of S, the average
will be extremely accurate.

The foeal distance of concave glasses can be ascerfained with tolerable
accuracy, by selecting the convex glass, which when combined with the
concave, removes all effect of the latter., But in doing this, it is not a
matter of indifference which of the two glasses is turned towards the eye.
By the -above-described method I have, in connexion with Dr. Doijer, de-
termined the foeal distances of the spectacle-glasses (those with shorter
focal distances directly, those with longer by combination) in my box, fur-
nished by Paetz and Flohr at Berlin, and I found that the focal distinces
are all shorter than is stated. This isin great part to be attributed to the
fact, that the distances are expressed in Prussian inches, which are some-
what less than the French. If we calculate a2 reduction in the ratio of
15: 16, the deviation will be slight enough to prevent any practical incon-
venience, My proposal to make Parisian inches the basis of the formule of
the numerical values of the range of accommodation, of anomalies of refrac-
tion and of the glasses, is geuerally enough followed, to make it highly
desirable that boxes should be obtainable, the foeal distances of whose
glasses should be accurately expressed in Parisian inches. I feel confident
that Nachet et fils, opticians in Paris, will bring them into the market.

The nature of the material of which the glasses are prepared can be best
ascertained by defermining the edefficient of the refraction of light. In
order to caleulate this, according to the simple formulas (compare p. 40),
we must know the focal distance and the radius of the two surfaces of ecur-
vature. The mode of determining the focal distance, with the aid of the
ophthalmowmeter, has been aceurately explained. The same instrament may
serve for deducing the radiug of earvature from the magnitudes of the
catoptric images. The wethod is the same as that used for the determination

]
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of the radius of the cornea (compare p. 18). Ifin this mode we determine
the coeflicient of refraction, we shall find, that many lenses are considered
to be pebbles, which consist of flint glass, or even of simple crown glass.

§ 12. Direct influence on vision, of glasses with spherical surfaces.

‘When such glasses are held before the eye, they are to be considered
as an Integral constituent of the dioptric system of the organ. We
shall now, in the first place, consider the glass to be centred with this
system, that is, that the centres of curvature of its surfaces lie in one
axis with the centres of the surfaces of curvature of the eye. If this
be not the case, certain deviations will result, which we shall consider
at the end of this section.

Now the immediate consequences of placing a glass, with positive
or negative focus, before the eye, are these :—

1°, The greatest and least distances of distinet vision, P and R,
undergo a modification.

2°. The range of accommodation is altered.

8°. The region of accommodation changes in position and extent.

4°. The magnitude of the retinal images does not continue the
same.

5°. The determination of the distance, magnitude and form of
the objects, undergoes a change.

6°. Stereoscopic vision with two eyes suffers some modification.

T shall investigate and explain these results consecutively.

The direct influence of glasses with negative or positive focus
is +—

1°. The greatest and least distances of distinct wision, P and R,
undergo a modification. To prove this we need only follow the
action of the glass on the course of the rays of light.

For the eye O (IFig. 76) without a glass, let » be the nearest

Fig. 76.

point of distinet vision, then the rays p* £« and 2"/ 6 unite in the
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retina N. Now if the lens I be placed before the eye, the rays p, ¢,
and p, @, refracted by the lens, will acquire the same direction as
P ¢ and p 4 ; thatis, they will proceed as ¢ ¢ and / 4 and fall into the
eye, and will, therefore, in the same manner unite in the retina: p £ =
P, has therefore given way to p® £ = F°. The calculation is very
simple. Let I be the focal distance of the lens; @ the distance of
the lens {from £, then ¥ — # is the distance of the lens L from
P, and '
1 1 1
P TP P _=s
Thus we find P° — %, in which we have only to number % in
order to find P_.
In like manner R° should be found from the formula
1 1 1
R "T=F =4
1f Ti were a negative lens (compare Fig. 77), the rays p, ¢, £ and

Tig, 77,
L
I a
[ K'
=T “n_ﬁ"‘———h.¥ i ‘ _\ k

p, 4, 4, refracted by the lens, should have acquired the directions ¢ @
and 7 5, as if they had proceeded from P, and an accommodation for
the distance z % = P should, through the lens have given way to an
accommodation for ° £ = P°. In this case P° is found by the
formula ]:51?:0 — }? =p — 1__ x In like manner we find the modi-
fication for the distance R, and for that of every other point, for
which the eye is accommodated.

If we neglect the distance w, the formule become simplified

respectively to
1,1 _1 4 1 1 1
PHE=p ™ p p=p
But it is only in the use of weak glasses that this is in practice un-

attended with inconvenience. If in a presbyopic individual P = 24,
1

: 1 1
then with a glass of o P becomes about = T =y and

P° therelore = 8.

I
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If in a myopic, R = 10, then we find with a glass of — 1‘12’ neg-
lecting =, % = 1_1 L Ro= 60"; while the exact calcu-

0 12 7 &0’
lation, assuming # = }, gives, in the first case
11 1
P—z 335 T3 T 7044
Pr = 8444 ;
in the second case
1 1 1 1
Rz~ 9 12~ 456’
R = 46°1.

In these cases the values of Re according to the two calculations
differ too much to allow of our neglecting .

R°. The ramge of accommodation is allered—By the use of
negative glasses it becomes greater, by the use of positive, on the
contrary, it becomes less. Much more still does it diminish, with
reference to the actual distance of the objects observed, in using
microscopes and telescopes.

With respect to the absolute range of aecommodatmnl 117 ;‘)’,
1 1 1 1 1
it changes into = Hp P — p; Were= 5 Ro,then oshould

be == _:7 This is, however, the case only when we can leave # ouf of the cal-

culation. In this case the scheme of the accommodation (Fig. 78 a) with

Fig. 8.
1: &
9 5
, /
22 ¥ o
3 L i
P : /

4 yaidvi =L/ N

’/// //r: / Wl d
8 L1 ‘g‘ [} / T
1210 X p P

y P7 /'_'I
o4 A ) zalll A
[+-]
0° 11921  34°32' 5920’ "

M= g ! should by glasses of . #(or rather of — T3 at -L distance from %),

10
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simply be so altered, that the lines p! p2 p and r +* should fall only !, main-
y ppp 3

taining the same form, and should then be changed into Fig. 73 0.
We should thus obtain:—
11 1 _ 1 1 _ 1
AT PTRT 4T P ¥
This is, however, applicable only in slight degrees of ametropia, and with
the use of weak glasses, This may be seen from the following consideration,

We wish completely to correct the myopia of —:3—’ represented in Fig. 78 a,

therefore, to make the dioptric system emmetropie, by the addition of a lens.
Now, if 2 be = 2, this lens must be — 7. Then, in fact, parallel rays, re-
fracted by the lens, acquire a direction, as if they had proceeded from a point
situated at 72 inches in front of the L, and therefore 8” before £ (compare
Fig. 76), and Ro becomes = . .

Now what is P°, assuming that 7= i, and that P therefore amountsto
2%, asin Fig. 78 a 2

The caleulation shows :—
1 1 1

P 2= Po—z T3 % 1 305
P° — z = 305 and P° = 3-55.
1 1 1 1
Consequently —5= 555 " m T 3w
o1 _1
‘While A was = yig

and the absolute range of accommodation has therefore become greater. In
place of by simple reduction obtaining Fig. 79 ¢ (the same as Fig. 78 b) we
obtain Fig. 79 &.

1 Fig. 79.
2 a I b
1]
23 ¥ ]
3
o i =
“yd A
6 /// / I/' :"
3 t s A" . // A
y /|
12 % - 5 o
24 1—’—74%/ pd - )
/ ] / r L~

© 7
0° 11°211  34°35" 59920

What is the effect of the glass on the binocular range of accommodation ?
The binceular farthest point is by theglass brought toinfinity, therefore, R =
w. Inorder toascertain .P3 we must know where the line pg p2 p° shall cut
the line of convergence % #’. This should be discoverable only by an experi-
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mental caleulation. But in determining the relative range of accormmoda-
tion the farthest and the mnearest binooular points were also ascertained

with — %, and thence it appeared that this point (p? of Fig. 79 b) lies at

14*. The binocular range of accommodation of the reduced myopic eye

therefore amounts only to :~-
1 1 1 1

11
ABTFBTTETE 361’
cular range of accommodation of the myopic eye, without a negative glass

and is therefore much less than being the bino-

1 . .
(Fig. 78 a). However, b is still greater than in the simple reduction,

expressed by Fig. 794 (Whereby —= ilz)’ and this favourable circum-

gtance makes it at least somewhat easier to many myopic individuals, to
see near objects with a reducing glass (whereby R = o), than would have
been inferred from the impossibility of, witheslight convergence, bring-
ing into action a proportionate accommodation. Besides, the range of
binocular accommodation in reduced myopia usually proves considerably
more favourable than in the case represented by Figures 78 and 79.

The above is applicable in the use of glasses with a negative focus ; those
with a positive focus have precisely the opposite influence. The subject is,
in its further application, important enough to justify its illustration by an
example.

Let us suppose, that in a case of hypermetropia & = %3’ » at 127, there-
1 1
fore, 7=3 5 13 12 = 44
Through a glass of &1’ placed at half-an-inch from the eye, R° becomes
= oo and Pe is found as

1 1 1 1

R Vi TR v S

[Wrrind

Consequently P = 538,
1
so that, with Z = 75

1 1

4, has become = 5380
and the total range of accommodation is therefore decreased. In hyper-
metropia, however, the great advantage is always obtained by reducing

glasses, that the useless part of ;I_"l—, namely, that of the accommodation for
converging rays, isremoved. Moreover, the increase of the range of accom-

modation, by the reduction acts favourably on ';f“’ in so far that thereby the
2

too strong accommodation, peculiar to slight convergence, is partially
corrected.

The same influence which has here been spoken of is likewise exercised
2
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by positive glasses, when they are used by emmetropic individuals against
presbyopia, or as magnifying glasses (even by myopie persons). If the emme-
tropie eye, with i—: ‘-11, uses a magnifier of é, at 05" from the nodal point,
R, becomes = 3}
P° hecomes = 23,

1 1
“A° = 5ed

If the magnifying glass has only 1“ focal distance, —}1—0 becomes =

and

1
E)

is three times less than %l- Hence we see how much the range of accom-

that

modation is reduced by the use of a magnifier. The reduction is greater,

the farther the glass is held from the eye. With a magnifier = % and z =

1 L pecomes = with the same magnifier, # being = 3%, we find

1 .

? do 666

1 1
4° =10
less, on account of the stronger system, but eontinues greater, because the
eye is usually held closer to the lens.

In the use of the compound mictoscope we see an agrial image (formed by
the object-glass) through a lens (the eye-glass). This agrial image possesses,
as a simple caleulation shows, an extraordinary depth in relation to the slight
depth of the object. Since it, moreover, lies very close to the eye, and is
seen through a lens, the accommodation of the eye in relation to the difference
in depth, that we can see of the observed object, is reduced nearly to zero. The
great depth of the aérial image possesses, however, this advantage for mi-
croscopic observation, that of the object a definite surface is accurately seen,
and what lies only a little above or beneath appears very diffused, and
therefore has no disturbing influence.

In the use of teleseopes also, the accommodation of the eye is almost en-
tively removed. For with a telescope which enables us to see an infinitely
remote object, with relaxation of accommodation, we can, with the greatest
tension, see only at a very great distance; and this difference requires of the
eye without any glass scarcely any change of accommodation. Buf even the
accommodation, of which the telescope itself is capable, by altering the dis-
tance between the eye-glass and the object-glass, represents, in the diffe-
rence in distance of the objects whick are distinguished, only an extremely
slight range of accommodation. A simiple calenlation will easily show, that
an eye behind a telescope finds its accommodation almost entirely annihilatéd.
A positive lens, like the object-lens, forms images behind it, at a distaneco
varying from F'to . At the distance J lie those of infinitely remote ob-
jeets, at an infinite distance lie those of objects situated at the distance 7
before the object-lens. If a more or less myopic eye be now placed so far
behind the object-lens, that accommodating for 12, it .sees accurately
the dioptric image of infinitely remote objects, the objects, whose dioptric
images are seen with accommodation for P, will also lie at a tolerably great
distance. Consequently the range of acecommodation is very much limited,

With the stroﬁg lenses of simple microscopes ‘_,%o becomes still
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even by the object-lens alone. Now, this
limitation increases considerably, when the
eye looks in addition through an eye-piece,
and is thus much nearer to the focus of
the object-lens. If the eye-piece consists
of positive lenses, as in the proper te-
lescope, this is so close behind the focus,
that the images formed by the objeet-
glass of even rather remote objects fall with-
out the instrument, and thus vision will
extend only from infinite to very remote dis-
tances. If the eye-piece be a negative lens,
as in the Dutch telescopes, this is immedi-
ately in front of the focus of the object-lens,
so that the strongly convergent incident
rays through this eye-piece acquire a
(slightly diverging) direction, whereby they
come to a focus on the retina. Dut of less
remoteobjects the image lies so much farther
from the object-glass, that the rays reach the
eye-piece comparatively less converging, and
by this negative lens are, therefore, rendered
so highly divergent, that the strongest ae-
commodation is no longer capableof bringing
them to afocus upon the retina.
The reduced range of accommedation _1.,
&

in looking through microscopes and tele-
seopes may be calculated, when are given:

412 the range of accommodation.

I, the foeal distance of the object-glass.

I, the focal distance of the eye-piece.

z the distance from the object-glass to the
eye-piece.

y the distance from the eye-piece to % in
the eye.

It may suffice to explain this further for
the Dutch telescopes.

If the eye (Fig. 80, O) be adjusted for in-
finite distance, the rays a b and o' &’ falling
parallel on the object-glass 77, are, after re-
fraction, directed as ¢ d and ¢ d upon ¢;
rendered parallel by the eye-piece 7' #, they
now further impinge as ¢ f and ¢ f upon
the cornea, and unite after refraction on the
reting N, 'The relaxed emmetropic eye in
this manner sees, with the telescope, in-
finitely vemote objects. 1f the eye now ac-
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commodate itself for the point p, the rays ¢’ f7and e f, directed to p, come
to a focus on the retina. In order to acquire this direction, they must, as
¢, b, and 7, b,, have proceeded from such a point (¢, not visible in the figure)
in front of the objeot-glass 7 7, that after refraction through the object-glass
they are directed as ¢, d, and ¢, 4, upon 4. In the supposed poirt ¢ the
prolongations of &, 7, and b, ¢, intersect, and the point ¢ is therefore the
reduced nearest point of distinet vision. Consequently the distance from the
point ¢ to the nodal point % of the eye (O) is the reduced shortest distance

of distinet vision, which, since the farthest is infinite, is in this case = «, and
thus shows the reduced range of accommodation 1

In the telescope adjusted for infinite distance and emmetroplc eyes :

h ¢=1F,
ho=1F,
F""'Elr—_z‘j
Moreover,
ph=4d
b=z, ph=4—a

We now seek in the first place, &, j = J, according to the formula of the
conjugate focal distances,

We now know A j = J + ¢4, and caleulate % ¢ again according to the same
formula

—_— e —

Therewith are known
hidijte=th=a

and therefore also the reduced range of accommodation 1,
-3

3°. The region of accommodation aliers in position and extent.

By range of accommodation (accommodatie-breedée) we understand
a dioptric value, as being proportional to the focal distance of the lens,
which expresses the difference of accommodation for P and for R.
The region of accommodation (het accommodatie-gebied), on the
contrary, is only the expression of the distance between  and p, and
is thereforc = R — P. The accommodation rules this distance in
every direction, and we might therefore call it also the radius of the
region of accommodation. Evidently a completely different region
of accommodation may correspond to the same range of accommoda-
tion, and wice versd. If R = o, P = 6, the range of accommoda-

tion is X ; the region of accommodation on the contrary extends

from infinity to six inches before the eye. If R = 6, P = 3, the

’
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range of accommodation is likewise %— — %7 = -é':, and the radius of
the region of accommodation is reduced to 6" — 8° = 8".  There
is consequently no proportion whatever between range and region
of accommodation.

The above is sufficient to remind us what region of accommoda-
tion, in relation to range of accommodation, signifies. We now see
at once, that, while the absolute range of accommodation undergoes
only a slight modification by spectacles, the region of accommoda-
tion is quite altered by them. A myopic individual, for example,
with B = 6" and P = 8, whose region of accommodation has a

radins of only 6 — 8" = 8", sees through glasses of — =, placed

1
5__'%3
at 3" from the eye, # brought to oo, and p to about 6 his
range of accommodation has continued about the same, and his re-

gion of accommodation has become infinitely greater. A hyperme-

tropic person of 18’ with range of accommodation = —%, sees from oo to
1

(% —-f}s = 2—:14‘) 24"; through glasses of 71, at 3 from the eye, he
sees from %0 to not much less than 6, — again without change of
the range of accommodation, save only in so far as the useless % s
rendered useful range of accommodation. The presbyopic subject,
on the contrary, who, with a range of accommodation of §]Z’ has a
region of accommodation from oo to 24" from the eye, loses, by the
use of glasses of :214, a considerable part thereof : the accessory modifi-
cations being omitted, his region of accommodation is limited to
24" — 12" = 127, although his range of accommodation was scarcely
modified by these glasses.

The examples here given have certainly been sufficient, to deduce
the general rule :

that glasses increase the region of accommodation, when they
make # approach to oo, and on the contrary diminish it when they
remove # from co.

Hence it follows, that if for a certain object a definite distance of
distinet and easy vision was not usnally required, it would in general
be indicated to give myopic and hypermetropic individuals command
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over the greatest possible region of accommodation, by the com-
plete neutralisation of the ametropia, and thus to put them on a par
with emmetropic persons, Frequently, however, this cannot be done,
because for a definite object we must also attend to the distance of
the nearest point, as in presbyopic persons.

4°. The magnitude of the retinal images does not continue the same.

A comparison of the angles, under which objects, accordingly as
they are viewed with or without auxiliary glasses, exhibit themselves
to the eye, can without further determination, take place only so far
as the object at the distance at which it is, can be accurately seen
both with and without these glasses. To a certain extent this is
indeed very possible. An emmetropic person, for example, with
sufficient power of accommodation, can accurately see an object
situated at 8” from his eye, not only without, but also with glasses,

1 1

whether of 3 %~ 1o
respect to a mear, a hypermetropic with respect to a more remole
object. In all these cases we can easily satisfy ourselves, that
glasses with negative focus diminish the images, while those with
positive focus magnify them. The demonstration of this is very
simple. The relation between the magnitude of the retinal image

A myopic person can do the same with

Tig, 81.

Jjor g (Pig. 81), and the object ¢ ¢ or B, is dependent on the position
of the nodal point Z The more the latter moves forwards, the
larger does 8 become, in relation to B; the more backwards, the
smaller it becomes. What the eye can now do by accommodation,
that is, by alteration of its erystalline lens, scarcely displaces the
nodal point, because the latter lies in the crystalline lens itsclf.
On the contrary, so soon as an auxiliary lens is placed before the
eye, £ moves forwards, if it be a positive, backwards if it be a
negative lens,—and the more so for the same lens, according as
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the latter is further removed from the eye. The amount of this
displacement is easily calculated (compare p. 56 and p. 65). There-
fore, the retinal image is larger when the object is accurately
seen without tension of accommodation through a positive lens, than
when it is accurately seen without this lens by tension of accom-
modation of the eye; and on the contrary, it is smaller when, by
very strong tension, it still exhibits itself distinctly through negative
glasses.

With glasses of shorter focal distance (common magnifying glasses), the
amount of enlargement cannot be in this manner determined. The object
must then be held closer to the eye than it can be aceurately seen without the
lens, and the magnitudes of the images ave consequently no longer comparable.
In this ease we are, therefore, compelled to start from an accommodation for a
definite point, and to caleulate how large the retinal image under the cir-
cumstance is ; this magnitude we can then compare with that of the accurate
retinal image obtained with the aid of the lens, while the object is brought
to the distance of distinctness of the eye armed with the lens., In this com.
parison the enlargement now proves less, in proportion as the distance of
distinet vision of the naked eye is shorter; to this distance, in fact, the re-
tinal image is nearly inversely proportional, while, on the contrary, the
magnitude of the image seen with a strong lens increases but little in
proportion to the increase of the distance of distinet vision of the
unaided eye.

5°. The determination of the distance, magnitude, and form of the
oljects undergoes o change.

In order to demonstrate the influence which positive and negative
glasses exercise on our estimation of distance, magmtude and form,
it is necessary to trace, in what manner, without the use of glasses,
this estimation is established.

‘With differences in the distances, magnitude, and form of objects,
are connected peculiar modifications in the requisite movements of
the eyes, in the accommodation and chiefly in the retinal images;
and in the changes, which these undergo by accommodation, and
by movements of the eyes or of the head, and of ithe whole
body. It is exclusively from these modifications, that the mind is in
a position to form an opinicn as to distance, magnitude, and form.
This, however, forithe most part takes place spontaneously, quite in-
voluntarily, or at least without consideration. The rapidity of the
judgment, without wnalysis of the elemonts on which it is based, is
the resulb of praclice, partly of the individual, partly of his parents,
and is, In the latter sense, innate.
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In the first place, we observe that the estimation of distance and
that of magnitude are correlative. Three cases are to be distinguished.
1. We know the true magnitude of the object, and thence form, by
the magnitude of the retinal image, our opinion as to the distance ;
2, We know the distance and base thereupon our opinion of the
magnitude ; 8. Distance and magnitude are hoth imperfectly known,
and through reciprocal influence an idea is developed, which brings
both into connexion with one another, and thus at the same time
more accurately defines them. The connexion just mentioned
between our estimation of distance and of magnitude is particularly
striking when we project the ocular spectrum of a flame upon a
wall, in which case we suppose the flame larger, in proportion as
we withdraw from the wall, and smallerin proportion as we approach
it, notwithstanding that the retinal image of course remains
unchanged.

In order thoroughly to investigate how our judgment is esta-
blished, we must examine, what and how we are able to distinguish,
first under the simplest, and subsequently under more and more com-
plicated conditions of vision, whereby new means are eacl time added
to those already obtained, confirming our opinion with greater cer-
tainty, and sometimes modifying it.

The following are to be distinguished as conditions of vision :—

a. An eye, without motion, seeing figures in a plane, to which the
visual line stands perpendicular; &, the same eye, looking freely into
space; ¢, an eye with movable visual line looking on a surface or
into space ; &, an eye, by movement of the head or even of the body,
changing its place; ¢, two eyes at rest; £ two eyes m motion;
g, two eyes with movement of the head or of the body.

We should, however, be led too much into detail, were we fully to
follow out this scheme. We must confine ourselves to a succinct
and elementary development of the intricate question, and shall
also even pass over almost completely in silence the literature of
the subject, which has attained to a wholly disproportionate
extent.

Here, under 5°, we speak of our judgment in seeing with one
eye; under 6°, stereoscopic vision with two eyes comes under
consideration. 'We begin by supposing, that the figures are all si-
tuated in one plane, which is viewed only from one point with one
eye, whose visual line is perpendicular to this surface. Tu this
manner we have no means of directly judging of the true magnitude,
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1f this is not otherwise known to us. Itis only with respect to the dis-
tance that the consciousness of our accommodation gives some idea.
Tet a person, through a tube perforating a wall, so that he cannot
estimate its length, read print placed behind the tube; in this way
many will form a not very incorrect idea of the distance, and conse-
quently also of the magnitude. If we now place in the tube a weak
positive glass, so that less tension of accommodation shall be
required, the print will appear to the observer to be ab a greater
distance, and he will therefore suppose it to be really larger,
even though a print so much smaller has been substituted, that the
retinal image has retained the same size. If, on the contrary, we
place in the tube a negative glass, whose action can still very well
be overcome by tension of accommodation, the observer will suppose
that the print is closer to the eye, and the actual magnitude is thus
set down as less, even if a type have been taken so much larger, that
the retinal images, notwithstanding the diminishing influence of the
negative glass, have maintained the same size.

But if, on the contrary, the magnitude of the olbject be known,
the judgment in general yields from the consciousness of accom-
modation of the eye having taken place, and the object, seen
through a negative glass, is supposed to be more remote, because
the retinal image is smaller,—seen through a positive glass, on
the contrary, it is supposed to be nearer, because the retinal image
is larger.—Exceptionally, however, the consciousness of the required
accommodation comes into play, even when we look round in nature,
where there is no want of objects of known magnitude, and where
pumerous other means of deciding are at the service of the mind.
I observed this, many years since, in myself.* As a phenomenon,
namely, of diminished power of accommodation, in consequence of
the mstillation of a weak solution of belladonna, I saw all objects too
small, because I supposed them nearer to me, and Warlomont has
also communicated an example of the same.t In paresis of accom-
modation too, produced by other causes, the same has once occurred
to me. The determination of the distance from the accommodalion
required, appears to me hesides én looking with one eye to be accom-
plished chiefly through the fact, that the other (covered) eye, in
commexion with the tension of accommodation, alters ils convergence,

* Nederlandsch Lancet, 2¢ Serie, D. VI, p. 607, 1851.
1 dnnales & Oculistique, 1853, T. xxix., p. 277,
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in which alteration we,in looking with both eyes, possessso accurate
an aid in the comparison of distances.

In looking at objects in space, with one eye from one point, the
estimation of magnitude and distance for an infinite number of suc-
cessive planes can be effected in the same manner as above for one
Plane, and ypositive and negative glasses can also in the way described
modify our estimation. Thus, then, an idea of the form of a body
could be developed as well without as with the use of glasses.
Under these circumstances, however, the reasoning is often inverted;
we know the form, and thence deduce the relative distances of
different points.

This must be further explained.

Many objects have for us known forms, and on their distance it
depends, what the form of the perspective image on the retina shall
be. An example may illustrate this:—

Let the observer place himself before the middle of 2 square table
A B CD (Fig. 82I). In order to know how large A B and
C D are represented on the refina, we have only to draw lines from
the points A B C and D, through the nodal point Z of the eye,
which we suppose here to be placed afove the horizontal plane of the
table. We then find the respective magnitudes ¢ & and ¢ 4 on the
retina R. While the distance from A B to the eye amounts to the
double of C D, the image ¢ 4 is nearly double as large as « &.
The retinal image has therefore the form of Fig. 82 II. This
form leads us to infer, that the nearest edge of the table A B is
about as far from us as the table itself is long. If we now move
the eye from A B to C D, the accommodation required helps us in
our decision, and if we know the height of the table, the angle under
which the lines A Band CD are seen beneath the horizontal plane,
in which the eye lies, assists in determining our opinion as to the
distance. The same table, placed at double the distance from the
eye, gives another perspective image, in which ¢ b:¢ d =2 : 8
(compare Fig. 83 I), and in which the angles at @, 4, ¢ and &
deviate less from the right angles (II). We, however, consider the
dimensions to be equally great, and the angles to be right angles,
only because such is usually the case with tables, and we infer
that the length of the table amounts to about half the distance from
CD to the eye. If there be now only some object, whose true
maguitude or distance is known, this serves as a standard whence
to judge of all other objects, whose rclative magnitude and
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distance are inferred upon the same principle (the perspective
projection).
Fig. 83.

A

Fig. 82.
I

S
:
.

In the foregoing we assumed a knowledge of the true form
of some objects, and the direction of some lines or surfaces. This
knowledge, indeed, is scarcely ever wanting. In a room we see
surfaces, which we may consider to be mnearly horizontal or per-
pendicular, and numerous ohjects which present to us vertical and
horizontal lines. Trom the angles which these surfaces and lines
form on the perspective retinal images, we deduce our judg-
ment. In nature the ground we walk upon, the horizontal water
surface, ascending trees, houses with their frames and windows,
lastly, man himself, are sufficient starting-points. Therefore also we
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judge tolerably correctly even what is seen only with one eye from
one poin. -

Properly speaking our judgment can fail only through an
intentional arrangement. For example, the table (Fig. 8% ) would
have produced the same retinal image, if the edge A B had had only
,the breadth a B, but at the same time had been proportionally
raised, so as to make the edges @ C and gD coincide perspec-
tively with A. C and B D. Thus we can on one surface (a drawing)
represent a number of objects in perspective projection, of which the
retina then receives an image, such as the objects themselves would
produce, and if the effect of light and shade be added, this image
may be very deceptive, when seen with one eye from one point.
However, if the surface be not too remote, the consciousness of ten-
sion of accommodation will even still teach us, that all lies in one
and the same plane. Buf, moreover, these are artificial circumstances,
which do not invalidate the rule, #%at the form of the perspective
projection on the retina is sufficient to enable us to judge of the rela-
tive, and even of the absolute magnitude and distance, provided only
the magnitude or the distance of some object be known.

Now on this judgment, deduced from the perspective projection,
the use of positive and negative glasses exercises an influence. The
cause of this is easily seen. In fact, in using positive glasses, the
objects appear to us not only larger but nearer, and the distance in
depth between two objects, and likewise between two lines of the
same object, is thus shortened, there is, therefore, an enlargement of
the object with diminution of its depth; the reverse takés place in
the use of negative glasses. We can explain this still more fully. With
actual difference in distance of objects the angles, as we have seen,
change, and the proportions of the perspective images alter (compare
Figs. 82 and 83). But proportions and angles remain the same, when
by means of glasses the retinal images are magnified and diminished,
and we consequently suppose the objects to be at other distances.
The form which our judgment connects with the perspective image,
must therefore be different.

Most remarkable is the influence of the magnitude of the retinal
image on the estimation of the depth, provided that we know the
angles of a surface. If, for example, the latter be the horizontal quad-
rangular leaf of a table, the relation between depth and breadth will be
connected with a definite magnitude of the retinal image; in other
words, the estimation of that relation will be different, when the
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refinal image, retaining the same form, becomes larger or smaller.
A simple construction will demonstrate this. In Figs. 84 I, and
851, a & and ¢ @ are projected in the same proportion upon the re-
tinas R: they stand to one another as 2 : 3. As the adjoining retinal
images IT show, @ &lies lower than ¢ &, but still in the same proportion.
The retinal images, therefore, do not differ in the least in form,
and nevertheless we are compelled to suppose the relation between
length and breadth in the objects to be different (compare A B D C
of Figs. 84 I and 85 I), and on this relation, different for each
magnitude of the image, the distance at which we projeet it, has no
influence (compare Fig. 85 I. AB'CD with A'B'C' D). That we do

Tig. 85.
\ 1;’.___,__.-1 A’/
Fig. 84.
B o A
B’ c’
/ 13[ 4]
) o
D fol
pia
c‘:—-—,i
c (4
Y Zéf
R [3
Y +d
R
ca od

not connect similar forms of the objects (unless they lie in the same
plene perpendicular to the visual line), with similar forms of the refinal |
images, but of different magnitudes, cannot surprise us, when we see
on the other hand, that objects of similar form, but of different
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magnitude, do not give uniform retinal images (unless those, with
difference in distance of the objects, are also equally large). If we
place in the middle, or in whatever part we think well, of a quadran-
gular leaf of a table, a square sheet of paper, uniform with this leaf of
the table, the projected retinal images will be dissimilar: the differ-
ence in dimension of the superior and the inferior boundary will,
for the table, be relatively greater (for this relation depends on the
relative distance from the eye), and with it the four angles differ.

Hence, it most clearly appears, how positive and negative glasses,
which cause us to estimate the distance differently, and alter only
the magnitude, not the form of the retinal images, modify our esti-
mation of the depth. Hypermetropics observe this most distinetly,
who, armed with positive spectacles, see the objects larger, which
they before, through tension of accommodation, also saw distinctly,
but smaller, and most of all persons, who replace the lost crystalline
lens with positive spectacles. They suppose all distances to be less,
and therefore see objects less deep.

Myopic individuals experience the opposite influence, but some-
what less distinetly, because without the negative glass they did not
see remote objects accurately, and the comparison is therefore less
perfect. It becomes more evident when they take a too strong nega-
tive glass, which they, however, overcome by. accommodation ; and in
like manner emmetropic persons may in these experiments make use
of a negative glass proportionate to their accommodation. But the
phenomena appear much more striking in using the Dutch telescope,
for instance, when we look through an ordinary double opera-glass
with one eye, and close the other. Let us thus look at a small table as
above. The retinal image of course preserves its form: if the glass
magnifies »# times, the image is only # times larger in all its di-
mensions. But we see the table broader and shorter at whatever dis-
tance we endeavour to suppose it to be. Often we have difficulty in
supposing it to be short enough. Then it is, of course, too broad
behind: A. B (Fig. 83) appears to us larger than CD. This we
sometimes correct by, in cur thoughts, making C D rise a little; and
those persons also do this, who in aphakia wear a convex glass,
so that on flat ground they suppose they are running up = hill.

The phenomenon is particularly striking when we look with the
opera-glass at an ordinary book, lying at a short distance on the table.
The book immediately becomes square, although the retinal image
refains the same form, it often remains somewhat broader at the
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upper edge, loses this when in our imagination it acquires an incli-
nation, and the letters of the title are now broad and low, while be-
fore they were decidedly oblong.

If we now turn the opera-glass round : the retinal images, while
refaining the same form, have become diminished, and the dimen-
sions in depth, contrary to our former observation, are very con-
siderably increased ; even the leaf of the table and the hook appear
to become narrow above.

All this takes place inusing one eye.

The estimation of relative distances, in monocular vision, becomes
still more correct and certain when the head, or even the body moves,
so that the objects are seen successively from different points. In
this manner, in fact, a parallax is created between objects placed at
different distances, which apparently change their relative places,
whereby the relative distances even of simple free points can be
estimated.

6°. Stereoscopic vision with two eyes is modified.—From what has
been said under 5°, it is evident, that the estimation of distance and
of solidityof objects, even using only one eye, is tolerably perfect. This
must here be remembered, for the beautiful discovery of Wheatstone
has been found so important,* that it finally appeared to make us forget
what a single eye can do. Two eyes, however, can certainly do more.
At least when near objects are concerned, the solidity of the object
can be estimated with more certainty; we cannot, in binocular vision,
so easily be deceived by an artificial arrangement, and a peculiar

* Not to speak of the older literature, which is to be found everywhere,
that on binocular vision has of late years been increased by the following
great essays and works:—

Panum, Physiologische Untersuchungen tber das Sehen mit zwei dugen.

Kiel, 1858.

Recklinghausen, Netzhautfunctionen, drchiv f. Ophthalmologie, B. v. 8. 2,
1859.

Volkmann, Die Stereoscopische Erscheinungen in ihrer Beziehung zur
Lehre der identischen Netzhautpunkten, in Arckiv f. Ophthalmologie,
B. v. Abth. 2.

Nagel, Das Sehen mit zwei Augen und die Lehre von den identischen Netz-
hautpunkten. Leipzig und Heidelberg, 1861.

Wundi, a series of articles reprinted from the Zeilschrift f. rationelle
Medicin, collected under the title of Beitrige zur Theoric der Sin-
neswahrnelimang, 1862,

Fechner, Ueber einige Verhaitnisse des binocularen Schens, {rom the Abhand-

lungen d. k. s. Gesellschaft der Wissenschaften vii., Leipzig, 1861; and
numerous short articles, by Dove and others. in Poggendorf’s Annulen

11
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sensation of the solid is developed in us, which the monocular person
seems not to be acquainted with.,

This depends upon two causes.

The first is, that in connexion with the distance between the two
eyes, in fixing a definite point of an object, in which the two visual lines
Intersect, the retinal images of the two eyes are not equal and uni-
form, in consequence of which most points are seen as double images,
whose deviation corresponds, for every direciion, to the difference in
distance of those points. 'With this the idea of the solid arises in us;
but often, if all movement be avoided, and if no adjoining bodies guide
us in the estimation, confounding of the stereoscopic with the pseudo-
stereoscopicis possible: that is, the point seen under double images
may as well be nearer, as more remote than the fixed point.

The second cause is: the successive fixing of the different points
of the object (Bruecke). In fact we are perfectly conscious (at least,
if the movement does not run through large angles), whether, in
passing from one point to another, single vision requires more or
less convergence, according as the fixed point is less or more remote
than that previously fixed. At the same time, in examining the
object, that is, in runming through different points in different
divections, the two retinal images constantly change, and their
dissimilarity every time alters, which necessarily forces upon us a
definite bodily form, and almost makes us touch and feel—which is
precisely the characteristic of binocular vision. If, in fixing some
point, we already have a tolerably accurate idea of the position of the
point indirectly seen, which we now wish to fix, we even modify, with
the simnltaneous movement of the visual lines, the convergence
of the axes. If we miss this idea, we see the double images dis-
appear only when the visual lines have about reached the desired
point. We shall best satisfy ourselves of this, if by holding a car-
mine glass before one eye, it colours one of the donble images, and if
we now look in succession at points of light situated at different
distances. We then observe also, that with a rapid movement of the
visual lines, the required change of convergence is for a moment ex-
ceeded, and is then quickly corrected.

Now the use of comvex and concave glasses modifies the two
factors of stereoscopic binocular vision.

As concerns the first factor, we observe, that the glasses modify
the magnitude, and consequently the apparent distance, without
producing a corresponding modification of the difference between the
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retinal images of the two eyes. This difference decreases, accordingly
as the distance of the objects increases. While, namely, the angle,
nnder which an object exhibits itself, is inversely proportional to its
distance, the parallax of stereoscopic vision, and therefore also the dif-
ference between the two retinal images, are, at great distances, inversely
proportional to the square of the distance. If on the line £’ 7 (Fig.
86), standing perpendicular to the line £ #, connecting the nodal
points of the two eyes, two points ¢ and 4 be

moved without altering their mutual distance, Fig. 86.
then, as a simple caleulation shows, at great
values of % a, with respect to % £ and to o 4/,
the angle @ % &' is inversely proportional to the
square of Z «. Now, this angle is evidently the
parallax of the stereoscopic vision.

Thus it is proved, that the retina] images of the
two eyes differ less, accordingly as the distance
from the object is greater. With convex glasses,
and especially with an opera-glass, the object is
now seen larger and apparently nearer; but the
difference between the two retinal images appears
only equal to what it was in looking with the
naked eyes. Consequently the object exhibits,
in reference to its magnitude, too slight a depth.
The reverse takes place in the use of concave \
glasses, which exhibit the objects smaller, and \\
therefore apparently at a greater distance. Thus
the first factor is altered.

As to the second factor, it is dependent on
the first : the difference in the retinal images is
precisely that which requires a differcnce of \
convergence, accordingly as we view one or \
other point of the object, and therefore there is \
no necessity to treat separately of it. \

From these considerations it appears, that, in
the use of glasses, stereoscopic vision with two
eyes modifies our judgment in the same sense,
as takes place for each eye separately. An apparent magmfying,
namely, of the dimensions, perpendicular to the axis of vision, in
both cases, causes us to estimate the depth as relatively less, and

vice versd; on a diminution of these dimensions, we are led to
2
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infer a relatively greater depth. However, in this the modification
of the perspective projection for each eye separately is of much
greater importance than the modification in the binocular vision.

Attention must still be directed to a few subordinate points, relating to
the influence of glasses. I allude, in the first place, to the apparent move-
ment of objects, when the observer, by moving his head, passes from one
object to another. If we see, namely, through the glass, the objects under a
smaller angle than with the naked eye, we must turn the head to a compara-~
tively great degree, in order, by so doing, to direct the visual line alternately
to the one or to the other edge of the object, and thus the latfer appears
to fly before the movement of the head. On the contrary it comes in this
movement to meet the glance of the beholder, when the visual angle is
magnified, and therefore, in reference to the latter, little movement of the
head is required. If the same does not take place in moving the eye
behind the glass, this is to be aseribed to the fact, that a person, in looking
obliguely through the glass, no longer sees the object in the direction in
which it actually is, whereby the want of harmony between the magnitude
of the retinal images and the movement required to make them pass over a
point of the retina, is compensated: without this compensation, we could
not have said, on the preceding page, that the second factor of stereoscopic
vision lies included in the first. Finally, it deserves here to be mentioned,
in a single word, that glasses limit, if not the magnitude, at least the
symmetry of the field of vision; that behind glasses the movements of the
eyes are not free in all directions; and that by reflection on the fwo sur-
fages of refraction some light is lost.

In the above (under the 6th head), our views were based upon the doe-
trine of the identical or corresponding retinal points. Of late this has been
much disputed. It therefore appears necessary here to explain myself upon
this subject. In eyes whose visual lines exhibit no morbid deviation, the
existence of points which project the impressions received upon each other
into space, is not to be denied. In this sense the points in the same meridians
equally remote, upwards or downwards, to the right or to the left, from the
fovea centralis of the yellow spot, may be considered as sufficiently correspond-
ing. The identity, however, is not absolute. The images of two circles, of
somewhat different magnitude, the one received on the right, the other on
the left retina (whether through the stereoscope orby convergence), so that the
lines may coincide in the fovea centralis, project a circle, whose magnitude
is the mean between the two actually present. On the contrary, no matter
how the observer may draw the smaller in the larger, and what point he
may now fix, he will, with one eye, still always recognise the two ciroles,
and certainly see none of medium magnitude. 8o far Wheatstone was un-
doubtedly right, when his discovery made him reject the theory of the iden-
tical retinal points. So far, also, the statement made above, that every
variation in the form of the retinal images gives rise to double vision of the
points not falling upon corresponding parts, is to be corrected.

But the controversy of the identical points has been carried still further.
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Some began by wholly denying the mental projection of the retinal images
into space. This denial would not have been made, if observers had always
distinguished between two different things: the projection of the feld of
vision and the projection of @ point én the field of vision (Conf. Ueber die
Bewegungen des Auges, von T, C. Donders, in Hollindische Beitrige xu den anat.
und physiol, Wissenschaften, herausgegeben von J. v. Deen, F, C. Donders und
Jac, Moleschott ; B. 1. pp. 103 ef seq., 1848). The projection of the field of
vision depends on the position of our eye and the direction of the visual line,
which we assume to be present; and the assumption is tolerably accurate,
when the eye, in normal movement, is voluntarily brought into this position,
and the visual line has been voluntarily given this direction. In what part
of the, field of vision thus projected we prOJect a certain point, is, on the con-
trary, ’ determined by the place which its image occupies on the retina.

In this manner every projection in the norma.l condition is explained.
Thus it is also understood how, with accurately directed eyes, of which
direction the observer is conscious, corresponding points of the retinas project
the impressions received on each other. This may still continue under abnor-
mal cirecumstances. Inrecent paralysis, for instance, of a muscle, we estimate
thedireetion of the visual line incorrectly, and we consequently project the field
of vision, and with it each point of the field of vision, in a false direction.
We suppose that the deviating visual line intersects that normally directed
in the point that we wish to see. Consequently we project the image falling
on the fovea centralis of the deviating eye on the projected image
of the fovea centralis of the properly-directed eye. These two different
images thus appear to cover one another. If the deviation is not great, we
speedily find the directly-seen object of the properly-directed eye as indi-
rectly seen on the deviating one, and thus double vision is the result. But
in every case confusion arises also in direet vision, which becomes particu-
larly great, if accidentally a strongly illuminated part of the field of vision
forms its image on the yellow spot of the deviating eye. However, we
occupy ounrselves almost always with the more illuminated parts of the field
of vision, and the result thereof is, that in general the image on the yellow
spot of the properly-adjusted eye excels in clearness that of the deviating
eye. This malkes it easier to negleet the image of this last eye; and it is
very remarkable that this psychical abstraction, always increasing, is at-
tended with physiological torpor, that is, with want of sensibility.

So far the law of the identical points holds good. But now it happens,
particularly in cases of strabismus divergens, that we become conscious
also of the direction of the deviated eye. This is the case when one con-
linues to use this eye in its turn. In these cases, an object is still fixed
in general with the eye, whose museles act normally, If we now hold
a second object in the visual line of the deviated eye, and request the
person to fix it, the eyes somelimes remain completely at rest. The patient
can thus occupy himself alternately with the one or with the other objeet,
which respectively forms its image on the one yellow spof or on the other,
and he knows perfectly in what direction each is. In this case, it isin the first
place remarkable with what certainty he distinguishes with which eye he
vbserves anything : he who has two good, regularly-moving eyes, is not at
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all aware of this; we can ascertain in which eye we have muse® volitantes,
ouly by closing one. But, in the second place, it hence appears most dis-
tinetly, that in such a person the corresponding points have lost their mutual
relations. Indeed, whatimpinges on the two yellow spots is projected in very
different directions, and likewise what touches on similarly directed meridians
in points equally removed from the yellow spot. Now the reason why origi-
nally eorresponding points ave projected in different directions is elearly none
other thau that the whole field of vision is projected in another direction: the
projection of the different points of the same retina has, with respect to ene
another, continued the same. This relation alters only when the retina is
plaited or irregularly extended ; and I should not venture to assert, that
if the accuracy of vision were maintained, the projection should not again
by observation and trial gradually come to correspond to the actual position of
the objects. In treating of progressive myopia I shall revert to this point.
But from the foregoing thus much has appeared, that the deviation of the
visual line, produced by muscular anomaly, which originally gives rise to
false projection, may become known to us by experience, with which each
eye begins its independent projection ; and no further proof is needed that,
consequently, double images which, according to the theory of the identical
points, we should see intersected, may be changed into homolateral ones.
An organically necessary similarity of impression of corresponding points of
both retinas, which should lead to an equally necessary similarity of diree-
tion of projection, is therefors out of the question. Buf, nevertheless, what
we at first put forward remains true, whether it be congenital or the result
of practice, that in eyes whose visual lines exhibit no morbid deviation,
eertain corresponding points of the retinas project the impressions received
on each other info space.

The assertion, that by merely fixing a point with both eyes, confusion of
the stereoscopic with the pseudo-stereoscopie is possible, I have above noted,
after having also taken cognizance of {the most recent articles of Dove and
of Recklinghausen (Poggendorfl’s d4nnalen, B. 110, p. 491, and B. 114, p. 170,
1861). This is not the place to enter into the subject at greater length.

TIn the beginning of this section I stated, in investigaling the action
of glasses, that I provisionally assumed, that the axis of the glasses
coincided with the visual axis, This is certainly almost never
exactly the case. Tirstly, the glasses in a pair of spectacles are not
placed precisely so, that the distance of their two axes should be
exactly equal to that between parallel visual axes, and, moreover, in
being placed before the eyes they easily come fo stand somewhat
higher or lower than the visual axes; or the glasses, and therefore
also the axes, have, when the head is perpendicular, a certain inclina-
tion. Secondly, every movement of the eye immediately alters the
relation between the visnal lines and the axes of the glasses.

The question now is, what is the result of this doviation ?

In the first place, when the axis of the glass is pamllel to the
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visual axis, but is displaced in one or other direction, we obtain also
a displacement of the object seen through the glass. We satisfy our-
selves of this, by pushing a convex or concave glass before the eye,
so as to look always parallel to the axis, but alternately through the
centre, and through the edges of the glass. If the glass be convex,
the displacement occurs in the opposite direction to that of the glass,
if it be concave, in the same direction.

The explanation is simple. Let % be the centre of the surface at
%, representing the dioptric system of the eye,
¢ a point situnted in the elongated axis 4 /, this
point will then find its image in the axis, for ex-
ample in 7. If alens, whose centres of curvature
fall in the line Z 7, be placed before 2, the image y
of ¢ will also remain in the same line. If, on
the contrary, a refracting surface as %, with its
centre of curvature in o, be placed before 2, this is /
no longer the case. If weimagine, for instance, /

% % to be a reflected ray, this will, refracted at /
IS

Fig. 87.

N 4

%, deviate from the vertical » o, and proceed in
the direction 4’ ¢'; consequently a ray must, vice
versd, come from a point situated in the line,
for example, from 4, in order, after refraction
at #, to enter the eye as 2’ 4, and to proceed as i
% j. Evidently, therefore, a point, situated in -~
i, is seen in ¢, that is, displacement occurs in 1
the direction opposite o that in which the axis
of a convex glass is pushed before the visnal of )
axis.

Hence it follows, that, if the two convex
glasses of a pair of spectacles stand too close
to one another, the objects are for both eyes i
displaced more outwards, and thus Jess convergence is required ; the
reverse is the case, when the glasses stand too far from one another.
The opposite, of course, takes place, when concave glasses are in
question. In either case the change of convergence required is less,
the weaker the glasses are, and the less they are pushed to the side.
For many years I have advantageously made use of such eccentric
placing of the glasses, where otherwise, in insufficiency of one or
other muscle, combinalion with a weak prism was indicated. Nor
will it easily happen, that, in doing so, we cxceed the limits, whereby
the acuteness of the images suffers too much. If, however, we

/::d.
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desire to encroach as little as possible upon the convergence of the
visual lines, corresponding to the distance, we must, as has been cor-
rectly shown by Giraud-Teulon and Knapp, regulate the distance of
the glasses according to the reciprocal distance of the visual lines.
We have then, as Knapp has remarked, to attend particularly to
the axes of the glasses, for these do not always correspond to the
centre. In order now to find the axis, we have only to ascertain what
part of the glass we have to hold before the eye, in order to see a
vertical line, even when the glass is made to revolve, unrefracted as
well through, as under or above the glass, However, we need not
be too careful in regulating the axis. Whether, in order to see an
object, a little more or less convergence must be employed, is often
rather a matter of indifference; and if this is not the case, we
accordingly involuntarily regulate the distance between eye and
object. Against this no difficulty is to be expected from the accom-
modation : indeed, its limits, under the influence of the spectacles
selected, are not defined so precisely, that we could approve or dis-
approve of a slight modification of the convergence under which the
accommodation for a certain distance is required. We have only to
take particular care, that in spectacles worn out of doors, we have
not so short a distance of the ases of the concave, nor so great a
distance of those of the convex glasses, that in looking to a great
distance a divergence of the visual lines should be required, which
might easily cause difficulty. A difference in height of the axes,
which should cause a mutual deviation of the visual lines in a
vertical direction, we must above all avoid.

In the second place, as to looking through the glass under an
angle with the axis, we have already observed that thisis unavoidable
in the use of spectacles. The deviation thence proceeding is of two
kinds. In the first place, the object directly seen exhibits itself in
another direction than thatin which it actually is. A construction as
above (Fig. 87), modified so far, that the axis of the lens makes an
angle with the visual axis, shows this directly, This altered direction
is, as we have already remarked, of that nature, that the disturbance
in harmony between the angle under which we see a dimension
through convex or concave glasses, and the turning of the eye
required in order to traverse them, is sufficiently compensated : more-
over, this deviation causes no difficulty. Bul, in the second place,
the objects are seen less accurately. DBesides the ordinary aberration,
in fact, a new and very important one occurs. Of this we may con-
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vince ourselves, by looking at a point of light through a convex or
concave glass held obliquely before the eye, and, better still, by
receiving on a screen the dioptric image of a point of light formed
by an obliquely-placed convex lens. This image has a clear eccen-
trically-situaled point, whence the light spreads chiefly to one side
in the form of a fan, so that it reminds one of the appearance of a
comet, In treating of astigmatism I shall reburn to this subject.
Here it may only be remarked, that the diminished accuracy of
the images, especially when strong glasses are in question, renders it
imperatively necessary to attend to the direction of the axes. If
spectacles be used only for distance, the axes must be placed nearly
parallel and horizontally ; on the contrary, in spectacles used only
for near objects they require to converge proportionally, and to be
directed downwards. This, when strong glasses are requirved, pro-
duces a difficulty of making use of the same frame for every distance,
even in these cases, where the range of accommodation still admits
of the use of the same glasses. The inclination of the axes can be
sufficiently modified by placing the spectacles. But the convergence
of the axes cannot be altered, without bending the frame. There-
fore convergence must correspond to the mean distance, at which the
spectacles are used, whereby, during their use, a certain margin in
the convergence of the visual axes is least excluded.

NOTE TO § 12.

In this section we have spoken only of the immediate effects of convex
and concave glasses. 'What results are mediately produced by them, with
respect to refraction, accommodation, movements of the eye, &e., will be
better discussed in connexion with the anomalies in which particular spec-
tacles are indicated.

I have also thought it right here to pass over in silence the action of simple
and compound eylindrieal glasses. It is only in astigmatism that they are
applicable, and they will more properly come under consideration in the
chapter on this anomaly.

Respecting the different forms of spectacle frames, the desirable distance of
the glasses from the eye, the use of spyglasses for one and for two eyes, the
employment of reading-glasses, of magnifiers and of opera-glasses, &ec., some
remarks will be found in speaking of the different anomalies of refraction
and aceommodation, in connexion with which these instruments come under
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observation. In general, on thissubject, among other writings, the following
deserve to be compared :— )

Szokalski, in Prager Vierteljulrschrift, B. v., 1, 1848, and Smee, The Eye
in Health and in Disease, London, 1854, pp. 44, ef seq.

NOTE TO CHAPTER IV.

The chief literature on the subject of spectacles is fo be found in Ruele
(Lehrbuch der Ophthalmologie fir Aerzte und Studirerde. B. 1., p. 238,
Braunschweig, 18563). Spectacles are among the most indispensable instru-
ments for man. For many they extend the power of vision to an infinite
distance, and others should, for want of spectacles, at a certain time of life
see themselves completely shut out from the oceupations to which, in a busy
society, they are called. If we add that spectacles laid the foundation for
the invention of the microscope and telescope, whose mighty influence is
powerfuily exemplified in the development of most natural sciences, we shall
not view these simple instruments without respeet. The history of the
ordinary coneave and convex glasses, which we here have exclusively in
view, is somewhat obscure. Any who take a special interest in the matter
will find the most essential points briefly collated in the work on the Mjero-
scope by my colleague Prof. P. Harting. (See the German translation by
Theile, under the title of Das Mikroskop, p. 585, Braunschweig, 1859.)

‘W. Krecke, Ph. D., Vice-Director of the Royal Meteorological Observa-
tory, suggested the use of prismatic spectacles in strabismus. To his com-
munication I added my investigations of the physiological action of ihese
glasses (NVederlandsch Lancet, D. 1II., pp. 227 ef seq., 1847). Von Graefe
(drehiv f. Ophthalmologie, locis diversis) espacially showed how still more
advantage was to be derived therefrom, both in diagnosis and in treatment.

The use of stenopmic apparatus was introduced by me (compare van
Wijngaarden, over stenopeische briflen. Diss. inaug., Utrecht, 1856, and
Arehiv f. Ophthalmologie, B. 1., Abth. 2). It is true, that in mydriasis use
wag sometimes made of small openings; but it did not oceur to any one to
remove, by their means, the injurious effect of obscurations. How these
by throwing diffused light into the eye, disturbed the power of vision (com-
pare pp. 128, 129), was also first explained by me in Wijngaarden’s paper.
Theexplanation given is quite in harmony with the law developed by Fechner
for the semses in general (Ueber ein wichiiges psycho-physisches Grund-
Glesetz, Leipzig, 1859, and Elemente der Psycho-physik, Leipzig, 1860).

Green and blue glasses, for moderating the light, are highly valued. In
a work recently published by Professor Dr. Ludwig Boehm, of Berlin, under
the title' of Die Lherapie des duges mittels des farbigen Lichies, Berlin, 1862,
blue glasses, of different shades, are particularly recommended in numerous,
especially functional, disturbances of the retina.
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CHAPTER V.
THE EMMETROPIC EYE.

Tae emmetropic eye presents, both in its structure and in its fune-
tions, the standard by which the anomalies of refraction must be
estimated. As such the knowledge of the emmetropic eye must here
occupy a prominent place. But, in other respects, this eye, which as
little as any part of the body escapes the influence of age, must also
not be passed over in silence. The range of accommodation early
diminishes ; soon the accuracy of vision lessens, and lastly the emme-
tropia is converted into ametropia, giving way to hypermetropia acqui-
sita. The emmetropic eye, in its retrogression, in its yielding to the
advance of years, is our task. To the latter we are called, the rather
because art can protect the eye against the senile metamorphosis, and
by suitable means can help to maintain it in a position to discharge
its functions.

§ 13. Drrinrrion oF THE EnyMerroric Bye; tar DiaerammaTic
Exe; e Simprirmep Evr.

The emmetropic eye is that, the principal focus of whose dioptric
system is, in rest of accommodation, found in the retina (Fig. 88).

Fig. 88,

!ﬁ\ y)"

1A

_ _V\/

Of infinitely remote objects, which send out parallel rays, this retina
therefore receives accurate images, to be improved neither by convex
nor by concave glasses, and by means of its accommodation it sees
equally accurately at relatively short distances. No other refraction

of the eye is capable of giving to the region of accommodation so
great an extent.
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174 THE EMMETROPIC EYE.

That this condition is to be regarded as the normal, we have
already (page 81) shown. Singularly enough, for a long time the
opinion was rather generally entertained, that almost every eye is
more or less myopic; that at an infinite distance, apart from the
imperfect transparency of the air, it is only exceptionally that objects
can be distinguished under the same least angle of vision as at a
moderate or short distance. This opinion is an error. By far too
often does the eye deviate in the opposite direction from the stan-
dard, and can, with hypermetropic structure, bring converging rays
to a focus on the retina.

If the emmetropic eye is to be considered as the typically normal
eye, another question is, whether it is ab the same time the ordinary
eye, and whether, therefore, ametropia is the exception.

In an absolutely mathematical sense no single eye is perhaps to
be called emmetropic. In the first place, I have never met with an
eye whose focal distance in the different meridians was absolutely
the same ; in general, as shall be more fully shown in the Chapter on
Astigmatism, the focal distance is shorter in the vertical meridian of
the eye than in the horizontal. But, apart from this, here, if any-
where, we must allow a certain latitude to the rule. Slight degrees
T%()’ in which, at the distance of 10 feet
(=120") vision is still perfectly accurate, are almost always un-
observed. Slight degrees of II are in youth not even to be proved,
much. less to be reduced to their numerical value : indeed, whenever
a deficiency of refractive power exists in the eye, when in a state of
absolute rest, it is supplied by the accommodation. And even
if the eye in paralysis of accommodation should be emmetropic,
the tone of the accommodation alone effects a slight degree of M.
Consequently, the actually emmetropic vision requires, in a certain
sense, a minimum of I, and that minimum is capable of no accurate
taxation, because to the tone itsell a certain latitude, perhaps from
1,1
100 ™ 40°

In this sense, and it is practically the only correct one, the
majority of eyes of young persons are undoubtedly emmetropic.

TFinally, should the question be proposed, whether E is the most
desirable condition: as concerns myself, I should give the prefer-
ence to a slight degree of M, and I shall subsequently state my
reasons for doing so.

of M, for example M =

must be allowed.
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The emmetropic eye is dioptrically to be realized in various modes.
Apart from the possible differences of the coefficients of the refrac-
tion, a compensating action may take place between

a. The radius of the cornea: the less this is, the shorter is the
focal distance.

6. The form of the crystalline lens: the more convex its surfaces,
the shorter is its focal distance.

¢. The position of the crystalline lens : the more anteriorly it lies,
the more, ceferis paribus, has it a shortening influence upon the
focal distance of the whole system.

d. The length of the visual axis: it needs only to correspond to
the condition, resulting from 4, 4, and ¢, to make the eye in each
case emmetropic.

However, each of the factors mentioned, by itself presents in the
emmetropic eye, comparatively little difference. With respect to
the cornea, this is directly seen from a large number of measure-
ments.®  For the other factors it may be assumed for reasons, the
development of which would here lead me too far. Hence we are
completely justified in assuming a diagrammatic eye, and for the
sake of different calculations, starting therefrom. The values assumed
" by Listing were somewhat modified by Helmholtz, who considers
the crystalline lens to be a little flatter, and its position to be rather
more anterior. With these modifications I have adopted them at
page 67, where they are collated with those of the accommodated
cye.

Following Listing’s example,t we may go still a step further in the
simplification : it is, in fact, allowable to reduce the compound diop-
{ric system of the eye to a single refracting surface, bounded anteriorly
by air, posteriorly by aqueous or vitreous humour, and this reduced
eye, where the greatest accuracy is not required, may be made the basis
of a number of considerations and calculations. With this simplifi-
cation we can, with the greatest ease, form a satisfactory idea of the
magnitude of the retinal images, of the position of the conjugate
foci, of the extent of the circles of diffusion in imperfect accom-
modation, in astigmatism, &c., and of numerons other points.

The right to this simplification we derive from the minuteness of

* Conf. Verslagen en Mededeclingen van de Konirnkl. dlkademic van

TWetenschappen, 1860. D. xi., page 159.
| Dioptrik des Auges, in Wagner's Handworterbuch der Physiologie,

B, iv. page 493. Draunschweig, 1833.
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176 ' THE EMMETROPIC EYE.

the distance between the two nodal points and between the two
principal points of the dioptric system of the eye; this distance
amounts to less than one-fourth of a millimétre. It is evident that
neglecting this will cause only a very slight difference. We thus ob-
tain, besides the two focal points, as cardinal points, only one principal
point, %, and one nodal point, the latter being the optical centre, % :
that is, we retain simply the cardinal points of one simple refracting
surface (compare pp. 40-44), whose centre of curvature is 4, Fortui-
tously the radius of curvature for the human eye is 5 mm. ; the co-

efficient of refraction may further be assumed as % Hence resulls

such a simple position of the cardinal -points, that we can without
difficulty imprint them on our memory, and make many calculations
even without the use of fignres. To this I attach great importance,
because our ideas thus gain so very much in clearness.
' Fig. 89 represents the reduced eye in
its true dimensions.
% is the optical centre.
_ 2 % is the principal point.
* % k=5 mm., is the radius of curvature
of the refracting surface.
¢, is the posterior focus, that is, the
focus of rays, paralle] in the air (compare Fig. 90).
¢’ is the anterior focus, that is, the focus of rays, parallel in the
vitreous humour (compare Fig. 91).

Fig. 89.

Fig. 90, Fig. 91.

k ¢,=F is the posterior focal distance = 20 mm.,
% ¢=F, the anterior focal distance = 15 mm.

4

Therefore the coefficient of reflraction :—Z = g8 being=F :F =

20 :15.
The meaning of the reduction thus made is this: that for the

ordinary eye we substitute one with a cornea, whose radius of curva-
ture is only 5 mm,, while behind this is merely vitreous or aqueous
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humour, without 'crystalline lens, and with a length of visual axis
of 20 mm. Insuch an eye retinal images would have the same mag-
nitude, the same distinctness, and the same position which they ex-
hibit in the emmetropic eye with its cornea of nearly 8 mm. radius of
curvature, its crystalline lens of a little more than 48 mm. focal dis-
tance, and its visual axis of a little more than 22 mm., and it can,
therefore, really be substituted for this last.

That in the assumed reduction the system alters but little, we can
render evident by reasoning. In the first place, the cornea is the
principal refracting surface, where the rays deviate most: its focal
distance is 817, while that of the crystalline lens amounts to 43-7.
In the second place, in the crystalline lens the two principal points
lie so close to one another, that they may be united into a single
optical centre. If we now consider, that this optical centre of the
{ens lies about 16 mm., that of the cornea a little more than 14 mm.
in front of the retina, we shall understand that the effect of both is
combined in one point, situated 15 mm. from the retina. In order
now further to combine in one surface of curvature the dioptric action

of lens and cornea, the coefficient of refraction being %’ a radius of

curvature of precisely b mm. is required.

NOTE TO § 14.

The reduction assumed in round numbers scarcely differs from that found
by caleulation (see the method in Listing, /. e., p. 498) from the diagram-
matic eye of Helmholtz ; in place of the

calculated values, we assumed,
F == 15036 15
F,=20-113 20
b lo= 5077 » 5.

In connexion herewith we assumed, as coefficient of refraction, in place of

103, 1 ) o _
e —2(-5) = g’ which values stand to another — 308 :309, Listing’s dia-

grammatic eye differs, it is true, somewhat more from the round numbers ;
but still Listing has elsewhere (Beitrag zur physiologischen Dioptrik.
Gottingen, 1845) found himself justified in substituting the same round
numbers.

I now wish to show, by some examples, what use we can make of
the numnbers ascertained, in order to be able fo form a quile satisfactory
idea respecting several problems,

a. In the first place, a ray, directed to % (compare pp. 42 et seq., Fig.

: 12
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19), coincides with the radius of curvature, and thus passes through
unrefracted : let ¢ 7 be an objeet B, j 7 its image B; let % ¢, the distance
from the object to %, be ¢'; %7, the distance from the image to %, be g”.
Evidently now

Bif=yg:9"

We saw that 9= 15 mm. We have thus only to divide the distance g’ of
the object, expressed in mm., by 15, in order to find how many times the
retinal image is smaller than the object: a métre, placed at 15 metres
(15,000 mm.) distance, gives a retinal image 1,000 times smaller, and there-
fore one millimétre in size.

b. If the eye remains accommodated to infinite distance, the image 7 of &
point 7, placed at an infinite distance, falls behind the retina. How far does
it lie behind it ? In other words, how large is £, — F, == y? Above (p. 44)
we found the distance, % j, as

=t .

==

If we put f—F=¢

Then JS=C¢+ 5
and we may write f= ﬂ%_—{-ﬂ)’
x, F,
Jo=F,+=F
consequently f—IF = £, F,

In order, therefore, to find f,— I =y, thatis the displacement ofj behind
the retina, we have only to divide the fixed produect ¥, F, =20 x 15=300
by ¢, that is by the distance of the anterior focus {, to the object.
If the point ¢ lies 320 mm. from %, thatis 300 from ¢, its image § will fall
precisely 1 mm. (800 : 300==1) behind the retina. The point 7, situated at
1 metre in front of ¢, (1020 mm. in front of %), makes 7 fall only 0-3 mm.
(300: 1000 = 0'3), the point ¢, situated at 100 mm. from ¢, makes s fall not
less than 3 mm. (300:100 = 3) behind the retina. Thus we can easily,
without the use of figures, caleulate  for each distance of %.

c. If we thus know y, we can further easily find the diameter of the
circles of diffusion, and so obtain an idea of the degree of distinetness of
vision. In the reduced eye the matter is simple. A cone of rays, derived
from one point ¢, unites in j. On the retina, in ¢, this cone has yet
a certain section : that is, the circle of diffusion. The length ¢, j = y,
we have only to divide by the length of the whole cone, caleulated from
the pupil, in order to find in what proportion the pupil, as circle
of diffusion, is reduced.  'The distance from the pupil to ¢, we may
fix at 19 mm. Now if y =1 mm., the circle of diffusion is (1:19 + 1)

1

50 of the diameter of the pupil; with y=2 mm.,, we find 2-21, with

¥ =3 mm. 53—2, ete. The diameter of the pupil being taken at 4 mm,, the

diameter « of the circle of diffusion is in the first case = %, in the second ;1 ,
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in the third ]4—1 mm., ete. Evidently, with equal deviation of accommoda-

tion, the circles of diffusion become greater, and the accuracy of vision
consequently diminishes the more, the larger the pupil is,

To be quite correct, we should malke the position and the magnitude of the
pupil, as they manifest themselves as the image of the crystalline lens, the
basis of the caleulation. The influence of the crystalline lens is, however,
not great: with a true magnitude of 4 mm. its image of the crystalline lens
is 4:23, and a position of 3:6 mm. changes into a position of 8-713 behind
the cornea: with this the assumed distance == 19 mm. in front of the retina,
agrees.

If we wish to make the caleulations for Parisian inches and lines, we
may, in place of 5,15 and 20 mm,, put down 22, 66, and 88, which
values we can easily remember and use in the caleulations.

We, can, moreover, in reference to the reduced eye, form a very good idea
of the accommodation. In the first place, if we suppose this to occur through
an imaginary auxiliary lens situated in air, the latter has only to make
the diverging rays parallel: the focal distance of the auxiliary lens must
then be equal to its distance from the point for which we accommodate.
Thus understood, the imaginary auxiliary lens is equal to a spectacle-glass
correcting according to the distance. In this, however, the position of the
cardinal points changes in another mode than actually takes place in accom-
modation. If we wish to obtain the actually altered position, we must also
reduce the accommodated eye in itself. "We may assume:

9 =45 mm.

E =136
F =18.

Here, now, ¢, lies at 2 mm. before the retina: the visnal axis has,
in fact, maintained its length of 20 mm., and this must happen, because the
prineipal point has scarcely changed its position (compare p. 67). Onthe other
hand, % has approached to 2, as actually takes place in the accommodation.
‘We find the distance to the object for which this eye is accommodated to be
(13'5 x 18 =243, and 243 :2 =121'5) 1215 mm. from ¢, and consequently
139-5 from %, that is about 5, so that the reduced eye here assumed repre-

. .1
sents an emmetropie eye, using i

The caleulation of the altered position of & by thé use of glasses is rather
complicated. The method results from xv. p. 53, and xxii. p. 65. In the
section on aphakia we shall be obliged to make use of if, and therefore to
illustrate it with examples.

§ 15. Cenrer or MorioN aND MoVEMENTS. ANGLE BETWEEN
mHE Axis oF THE CORNEA AND THE VISUAL LINE.

It would be going beyond the plan of the present work, here to

enler into the whole doctrine of the movements of the eye. The
2
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great complexity of the subject, especially when taken in connexion
with binocular, stereoscopic vision, would alone be sufficient to deter
us from so doing.* But, besides, there is little application to be
made thereof in reference to ametropia; and only so far as they are
modified in ametropia, have we here to deal with the functions of the
emmetropic eye. As to the mechanism of the movements, a modifi-
cation with respect to two points is to be noted, whichis of importance
for our object: 4. with reference to the position of the cemtre of
motion ; 4. with reference to the extent of turning round the vertical
axis.

Respecting the position of the centre of motion numerous inves-
tigations have been made, among others by Volkmann, Mile, Burow,
and Valentin. These investigations yielded rather discordant results,
but as the eye does not differ much from a globe, and is in great
part contained in a globular cavity, these observers agreed that the
centre of motion should be situated about in the middle of the visual
axis. The discrepancy of the results obtained is attributable in part to
the methods of investigation employed, but in part, no doubt, also to
the difference of the eyes. Since, in fact, it was shown, that ame-
tropia depends principally on a difference in length of the visual
axis, it must even & priori have been supposed, that the distance at
which the centre of motion lies behind the cornea, should, in ametropia
undergo a modification, and I therefore thought it necessary to in-
vestigate that subject. The investigation took place in concert with
my friend Dr. Doyer, according to a method described at the end of
this section.

The results obtained in emmetropic individuals, are collected in
the subjoined table. The subjects were all men. D. signifies the
right, and 8. the left eye.

* Compare Ruete, Lekrb. der Ophthalmologie, Bd. i, 1848, S, 8.

F. C., Donders, Zur Lehre der Bewegungen des menschlichen Auges in
Hollindischen Beitr. 2. d. anat. und physiol. Wiss. 1848, Bd. i., von
van Deen, Donders und Moleschott.

Von Graefe in Archiv f. Ophthalm. Bd. i.

Meissner, Die Bewegungen des Aduges, dreliv fur Ophthalm. Bd. iii.

Fick, Zeitschrift f. ration. Medicin von Henle und Pfeufer, B. iv, und
v. Neue Tolge.

Wundt, drckiv f. Ophthalmologie, B, viii., 1862,

- 208 -



POSITION OF THE CENTRE OF MOTION.

181

Nos. of th contra oF miion | e et een
oreoma. | Age Eye. be&aﬁet&ﬁ?ﬁc co‘x;ﬁf{{tntlulx:%éhe
1 23 D. 139 6®
’ " S. 13:84 6°
2 23 S. 1372 §e
3 30 D. 1303 49
2 19 S. 1358 Ge
4 | 31 S. 13:49 3°5
5 34 D. 1327 go
2 1) S- 1‘1'04 6°
-6 30 . 1355 4°5
7 35 S. 13-58 G°
8 40 S. 18317 7°
9 43 D. 13-99 4°66
10 43 D. 13-32 395
»” ' S. 1319 395
11 50 D. 13-38 4°4

The length of the visual axis in emmetropic individuals is sup-
posed to be equal to that in the diagrammatic eye, namely, 22:231
mm. Now by the method adopted we found the distance from the
cenfre of motion to the base of the segment of the cornea; this
base being 2'6 mm. from the apex of the cornea, 26 mm. must
be added to the number obtained, in order to find the position of
the centre of motion behind the apex of the cornea.

The same determinations were made in ametropia. They will be
communicated in detail in the chapters upon H and upon M, where
the importance of these results in the production of strabismus
divergens and strabismus convergens will be shown. In this place
I give in the subjoined table only the averages of the results ob-
tained for emmetropic, myopic, and hypermetropic subjects.

Position of the Centre of Motion.
a b ¢ d e f
RBefore the ; Angle between
Length of ri I Behind th i
ofiel | Pomeer” poffusetiue  peceiner |idorthe it o
mm. mm. mm. mm.
1. B 2353 1354 : 999 = 57-32: 4246 177 59-082
2. M. | 2565 14:52 : 11-03 = 56-83: 4317 1-75 20
3. H. | 2210 1322 : 888 = 598 :40:2 2-17 7955

From this table it appears :—
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1st. That in the emmetropic eye the centre of motion is situated
at a considerable distance (1-77 mm.) behind the middle of the
visual axis.

2nd. That in myopic individuals the centre of motion is situated
more deeply in the eye, but also farther from the posterior surface,
and indeed so that in the eyes of such persons the relation between
the parts of the visual axis, situated before and behind the centre of
motion, is nearly the same as in the emmetropic eye.

8rd. That in hypermetropic eyes the centre of motion is situated
not so deeply, but relatively very much closer to the posterior
surface of the eye.

In the above tables a column, /] is assigned to the angle between
the axis of the cornea and the visual line. The subjoined figures,—Tig.
92, representing an emmetropic; Fig. 93,a myopic; and Tig. 94, a
hypermetropic eye,—are intended io illustrate the meaning of that
angle, and at the same time the position of the centre of motion 4.

Tig. 93,

I

”’ ﬁj\\}\ .

Sl e
AN

[

All are seen in horizontal sections, carried through the optic nerve, n.
T is therefore the innermost, E the outermost part of the eye.
The axis of the cornea, g a, cuts the cornea in the middle: to: this,
in fact, the apex of the ellipsoid of the cornea corresponds. Now
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this axis is by no means directed to the object fixed, which, as such,
has its image in the fovea centralis of the yellow spot 7. A line drawn
from the retinal image of the fovea centralis towards its object is the
visual line / 7, and this may be considered to cut the axis of the
cornea in the united nodal point 2. The angle, ' % a4, is therefore
the angle between the axis of the cornea and the visual line in the
horizontal plane. In the vertical plane this is usually much less, and
has no special bearing on our present subject. Now it appears that
in the emmetropic eye the visual line cuts the cornea to the inside
of its axis. This had already been ascertained by Senfl, and was
confirmed in a small number of eyes by Helmholtz and Knapp.*
We found it as a rule in more than fifty eyes. I had, however,
previously observed T that in myopic individuals the angle ' % 4, is
less than in emmetropic persons, and that in the highest degrees of
M the cornea may be cut by the visual line, even on the outside of
its axis. The investigation carried on with Dr. Doyer showed
further, that, contrary to what was observed in M, the angle 7' % «
is in H particularly large.

Hence, now, it follows, that in looking at distant objects, while
the visual lines are parallel, the axes of the cornea in emmetropic indi-
viduals diverge about 10°, still more in those who are hypermetropic,
but less in myopic persons, in whom they may even converge. This
gives, considering the position of the eyein emmetropic subjects to be
normal, in hypermetropics apparent strabismus divergens, in myopics
apparent strabismus convergens, which, when once one is aware of
it, is very evident, and countributes much to the peculiar physiognomy
of myopic and hypermetropic persons.

TFinally, as to mobility around a vertical axis, proceeding from the
position in which the axis of the cornea stands perpendicular to a
vertical surface carried through the centre of motion of both eyes,
the normal emmetropic eye can in youth turn from 42° to 51° in-
wards and from 44° to 49° outwards. In myopic persons, as will
appear, the movements are often limited.

* Knapp, Die Krimmung der Hornhaut, Heidelberg, 1859,
+ Verslagen en meded. der Koninkl. Akademie, 1860, D. xi. p. 159,
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NOTE TO § 15.

In the investigation of the mechanism of the movements of the eye, the
knowledge of the position of the centre of motion is a primary requisite, It
may therefore cause reasonable surprise, that in the numerous and elaborate
researches carried on of late years respecting this mechanism, the deter-
mination of the centre of motion should have attracted so little attention. If
observers started on the assumption, that the position of this centre had been
determined by previous investigations with sufficient aceuracy, they were
mistaken. In the first place, as Ludwig, among others, observed, the
methods employed left much to be desired; and in the second place, the
influence of the length of the visual axis upon the position of the eentre of
motion was wholly left out of consideration. Now if the latter was found, as
a result of ohservation, at a distance of from 11'9 to 14'1 mm. from the
ecornea, it was certainly extremely arbitrary hence to assume it as proved,
that the centre of motion must be situated in the middle of the visual axis.

Some years ago I thought I had found, in the measurement of the dis-
placement of a reflected image on the cornea, a simple and accurate mode of
determining the centre of motion.

In the first place I ascertained, with the aid of Helmholtz' ophthalmo-
meter (compare p. 17), the radius of curvature in the middle of the cornea.
Subsequently I endeavoured, from the displacement just alluded to of a
rveflected image, to deduce how far behind the centre of curvature the
centre of motion was situated. .

The reasoning was as follows : —if the centre of motion of the eye should
coineide with the centre of curvature of a spherical cornea, an image reflected
in the axis of this cornea would, on movement of the eye, undergo no change
of place whatever. If, on the contrary, the centre of motion, as was to be
expected, should lie behind the centre of curvature, then, on turning the eye,
the reflected image would be displaced in the same direction in space as that
in which the eye was moved, and this displacement, as a simple construction
shows, is the sine of the angle of motion, deseribed from the centre of motion
of the eye with a radius, equal to the distance between the centre of motion
and the centre of curvature.

From this reasoning it followed that we should have to measure only this
displacement at a known angle, in order, from the sine thus determined, to
find the radius, and with it the distance between the centre of curvature
and the centre of motion,

Now the angle was ascertained, by looking suceessively towards two
sights (visteren) in a horizontal surface.

It was, moreover, easy to measure the displacement of the reflected
image. Immediately before the opening, to which the eye, the head being
fixed, corresponded, a hair was vertically extended. If, onfixing the first
sight, the reflected image coincided with the hair, it appeared, on directing
the eye to the second sight, to deviate therefrom, and this deviation was
measured by making the double images, seen with the ophthalmometer,
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to separate so far, that the second image of the hair coincided with the first
of the reflected image. Further, by repeatedly looking alternately to each of
the two sights, the required distance of the double images could be still more
nearly, and, indeed, very accurately, determined, while at the same time, the
influence of slight movements of the head was excluded. The measurement
was accurate when, on quickly and alternately fixing the two sights, the
one image of the flame completely coincided alternately with the two hairs,
or deviated therefrom by an equal comparative quantity.

If the accuracy of this determination left nothing to be desired, there was
another diffieulty. The cornea is not a spherical surface. Its eurvature
approaches much more nearly to the ellipsoid, and the eccentricity of the
ellipse, obtained as a horizontal section, seemed great enough, to exercise an
influence upon the position of the reflected image. Professor van Rees had the
goodness to caleulate this influence, and it appeared, that in consequence of
actually established eccentricity of the elliptical meridians of the cornea, a
deviation arises, which, in the caleulation, may produce, for the position of
the centre of motion, a difference of 2, or even of 3-6 mm. Hence the appli-
cation of the method was very limited. Indeed, the ellipse of the horizontal
section must always be determined, and this determination requires so much
time, that it is difficult to apply it to a great number of eyes. The method
is here communicated, because in those cases in which the ellipse is deter-
mined, it is not unserviceahle in the control of other methods.

A similar method had, as I subsequently learned, been previously proposed
by Professor Junge, of Petersburg. His results, obtained in Helmholtz’
laboratory, were published by him in the Russian language. I became
acquainted with them from the manuscript of the German translation of his
valuable treatise. Junge’s method depends, like that above deseribed, on
the displacement of the reflected image of the cornea, in movement of the
eye. This displacement, however, he determined, by throwing the reflection
of the same flame, both with parallel visual lines, and at a certain con-
vergence of these lines, on the two cornem, and by measuring the mutual dis-
tance of the reflected images, in the two positions of the eye just mentioned.
Tn order to be able to use the ophthalmometer for this measurement, the
images must, by reflection, be brought close to one another, for which pur-
pose Junge made use of a sextant, He effected the determination on five
eyes with great accuracy. But the numbers obtained have not a correspond-
ing value, because he neglected to ascertain the eccentricity of the elliptical
section, and therefore could not apply the requisite correetion.

Subsequently I succeeded in discovering a method, in using which the
form of the elliptical section of the cornea has not to be taken into consi-
deration. In concert with Dr. Doyer, I have applied this method 1o a great
number of eyes. We were, in fact, not satisfied with knowing the position
of the centre of motion in the normal emmetropic eye ; we wished to inquire
what differences in that respect myopie and hypermetropic eyes exhibit.

The method consists in this :— That we determine how great the angles
of motion (with equal excursions on both sides) nuust be, in order to make
the two extremities of the measured horizontal dimmeter of the cornea
cotneide alternately with the same point in space.
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The horizontal diameter of the cornea was measured with the aid of the
ophthalmometer. For this purpose the flame of a lamp was placed perpen-
dicularly immediately above the ophthalmometer. The reflected image of
this flame in the cornea was seen through the ophthalmometer. A second
lamp, placed near the cornea, was covered towards the side of the ophthal-
mometer with a screen and served only to produce a bright illumination of
the cornea to be examined, By giving to the eye to be investigated a defi-
nite direetion, by making the patient look to a sight (we call this, moreover,
the primary sight), which was movable along'a scale,* it was not diffienlt
to make the reflected image of the flame placed above the ophthalmometer
fall precisely in the middle of the cornea. If this reflected image was really
in the middle, the reflected images on both sides in fact, by doubling,
reached at the same time the margins of the cornex now half covering one
another (compare Fig. 95; C the cornea, p the pupil, b the reflected image).

The result of this first investigation is
evident. The number of degrees read off on
the ophthalmometer, which was required to
make the reflected images fall on the margins
of the corne half covering one another, corre-
sponded to half the breadth of the cornea, or
rather to half the chord which subtends the
cornea.

A second measurement, in which the glass
plates were turned in the opposite direction,
served to verify the first, and at the same
time to avoid the error of collimation. In this manner we obtained, by
reading off the ophthalmometer, above and below, four measurements. Of
these four the average was taken.

A table expressly prepared now directly gave, from the ascertained
number of degrees, the corresponding magnitude, whereby, consequently,
the half-breadth of the cornea was known.

Af the same time, the position of the primary sight on the scale showed
what angle the visual line made with the axis of the cornea, assuming that
this passes through the centre of the cornea.

In order further to determine the arc which the cormea must describe,
in order to traverse the length of its own transverse diameter in space, o
ring was suspended before the eye to be examined, in which a fine hair
was perpendicularly stretched. It was now merely necessary to try how
many degrees (starting from the position in which the axis of the cornes
was directed on the cross of the ophthalmometer) must be sighted at each
side, in order, while the head was immovably fixed, to make each of the
marging of the cornea alternately coincide with the hair, The number of
degrees ascertained corresponded to the angle which the eye had described

* In front of the eye to be examined a horizontal graduated arc was
applied, with an arbitrary radius deseribed from the centre of motion of the
cye. In the middle of this are, in the direction in which the eye saw
the eross of the ophthalmometer, was the zero of the scale. Right and left
of this zero the degrees were numbered.
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from the centre of motion. If very soon appeared, that in normal eyes, this
angle amounted to about 56°. We therefore began each time with one
sight 28° to the left, to place another at as many degrees to the right of
the primary sight. The head was placed so, that on fixing the one sight,
the one margin of the cornea coincided with the hair; and it was tried
whether, on fixing the second sight, the opposite margin of the cornmea
corresponded to the hair. Only rarely was this exactly the case; but it
then, nevertheless, appeared, whether a greater or lesser are must be deseribed.
Accordingly, the two sights were removed from, or approximated to each
other, by an equal distance, whichk was repeated until at length the exact
coincidence of the margins of the cornea with the hair was obtained. By
making the eye look a few times in rapid succession alternately towards
the one and the other sight, the influence of movement of the head was
with certainty excluded.

The knowledge of the half-breadth of the cornea, and of the angle of
motion, whereby that dimension in space was fraversed, was sufficient
to determine the position of the centre of motion. The subjoined figure illus-
trates this. It represents a horizontal section
of the eye: o is the centre of the visual axis, or
rather of the axis of the cornea ga; Iis the yel-
low spot; II' the visual line, which in the
posterior part of the erystalline lens (that is, in
the nodal point) cuts the vismal axis. If we
now draw from the centre of motion 2 the lines
zy and zy' to the margins of the cornea, and,
morgover, the line i ' as chord of the cornea, we
obtain an isosceles triangle, of which the angle
y 2y is known to us. The perpendicular z
divides this triangle into two equal and uniform rectangular {riangles,
(the acute angle of which, and, moreover, the side of the rectangle yu
the half-chord of the cornea) are known by measurement. The second
side of the rectangle 2 » is evidently the distance from the centre of motion
to the base of the segment of the cornea. It is found by multiplying
the side of the rectangle y « by the co-tangent of the opposite angle
yxu, By adding to this the height wa = 2-6 mm. of the segment of
the cornea, we oblain the distance a x, that is, the position of the centre of
motion behind the anterior surface of the cornea,

In many cases, especially in myopie persons, the mobility of the eye was
too limited to make the cornea traverse the required space. In this ease
we used a ring, provided with fwo extended parallel threads, whose mutnal
distance was accurately determined. This usually amounted to 3:02 mm.
The sights were now 50 placed that the one thread coincided alternately
with the inner margin, the other with the outer margin of the cornea. In
order to know the space traversed, it was now necessary only to substract
the distance of the threads from the previously ascertained breadth of the
cornea, and this value was further made the basis of the calculation.

The results we have comprised in three tables. The first contains the
eyes of emmetropic individuals, the second those of myopie, the third those
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of hypermetropic persons. This distinetion was made in order to exhibit
the influence of the length of the visual axis. Above (p. 181), a fable was
given for emmetropic eyes; and, moreover, one containing the average of
the results obtained in E, M, and H.

We do not coneeal from ourselves, that after this investigation, much
remains to be done with respect to the determination of the centre of motion
of the eye. In the first place, we have not yet examined how far the
centre of motion may beregarded as a fixed, unalterable point. Our investi-
gations extend only to horizontal motion, and almost always to an equal
amount. We can therefore answer only for the accuracy of the direet
determination—that of the distance between the base of the segment of the
cornea and the centre of motion, in rather extensive movements in the
horizontal plane.

§ 16, AcurenEess oF VISION MODIFIED BY AGE.

'With the increase of years, the eye undergoes a number of changes
of different kinds. Some of these are recognisable on mere external
inspection, as the diminished lustre of the cornea and of the con-
junctiva, the smaller pupil, the changes of colour and less transparency
of the sclerotic and of the iris, the diminished depth of the anterior
chamber of the eye, the arcus senilis, etc. Some appear only on proper
anatomical examination: to these belong, among others, the warty
granulations of the structureless membranes, with secondary changes
of the retina, calcareous deposits in the posterior part of the sclerotic,
the peculiar metamorphoses of its anterior part, changes of the
choroid, atrophy of the musculus ciliaris, greater firmness and a
yellower tint of the lens, followed by turbidity of some layers, and
lessened transparency of the vitreous humour. Even before anato-
mical investigation can exhibit any trace of turbidity, the comparative
ophthalmoscopic examination of scund eyes at different periods of life
shows, that with the increase of years the perfect clearness and trans-
parency are lost, in virtue of which the fundus oculi of the child is
seen with such incomparable clearness.

‘With these anatomical changes, different disturbances of function
are combined. The principal of these are diminution of the accuracy
of vision and lessening of the range of accommodation. Both are to
come under our consideration : the accuracy of vision, because it is
not only the measure for the estimation of many morbid deviations,
but is also effectively diminished in most anomalies of refraction;
lessening of the range of accommodation, because, although no
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anomaly, it requires the interference of the oculist. We shall speak
first of the accuracy of vision. Lessening of the range of accommo-
dation shall be the subject of the next section.

We have already (p. 97) seen, that the determination of
the state of refraction must go hand-in-hand with that of the
accuracy of vision. We there became acquainted also with the
test-types of Dr. Snellen, the utility of which has become more and
more evident to me. In the place alluded to, T have also illustrated
by examples, how, by means of these, the accuracy of vision may be
determined. The general formula is very simple. The letters bear
as number the distance D, at which they exhibit themselves under
an angle of 5 minutes, and are recognised in normal accuracy of
vision. If we now determine the distance &, at which they are seen,
we find the accuracy or sharpuess of vision

d
S = ]—)‘
To this work is appended a table of Snellen’s, extending from XX to
CO. If the room does not adwmit of making the examination at the
distance of twenty feet, lower numbers must be added.* In order to
be able to estimate also extraordinarily good accuracy of vision, it is de-
sirable even, that the number in the table should go somewhat lower
than the number of fect, at which the observation can take place.

S=1 was assumed by Snellen as sufficient accuracy of vision. This
held good for young subjects. It was to be anticipated, and indeed
was already known by experience, that even without extraordinary
defects, the accuracy of vision at a certain age begins to diminish, In
order to be able to use it as a standard in morbid conditions, it was
therefore necessary that the accuracy of vision proper to each period of
life should beknown. This siubject has been recently investigated by one
of my pupils, Dr. Vroesom de Haan.t S was determined in 281 persons
from seven to eighty-two years of age, by means of XX of Snellen.

* The tables are now published also with English tests, under the title of
Test-types for the Determination of the Acufeness of Vision, by Dr. Snellen.
These are to be had from Willlams and Norgate, in London. Those with
French text may be procured. from Germer-Baillitre, in Paris; those with
German, from H, Pelers, at Berlin; those with Italian, at Turin, and all
these, with the Dutch, are to be had together from T. Greven, Bookseller,
at Utrecht. .

The publication was designed for the benefit of the Netherlands Ophthal-
mic Hospital, and was therefore made a monopoly.

4 Onderzockingen naar den tnvloed van dev leeftgd op de gezigtsscherple.
Diss. inaug. Utrecht, 1862,
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Placed at first ab too great a distance, the persons under examination
approached until they correctly indicated V, A, C, and I. These
letters are the most easily recognisable, and de Haan could confine
himself to them, because he usually had to make on each person
only one good trial, and therefore needed no ‘great variety. Subse-
quently I determined the relation between the distinguishing of all the
letters adopted by Snellen and of the four used by de Haan, found
that it was as b : 6, and reduced accordingly the S found by de Haan.
Tt is to be found thus reduced in Fig. 97. The lengths of the ordi-

Fig. 97.
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18:20
16:20 \
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12: 20 : I
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: 20
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nates represent the acuteness of vision proper to the subjacent times
of life: 20 is the mean of from 15 to 25 years; 80 that of from 25
to 30, etc. The value of S is given at the side as &: 20, 4 signify-
ing the distance in feet at which XX is recognised.

Astigmatism > % and ametropia were carefully excluded—the
latter so far that M > 51—0 and manifest H = 6% are not taken in.

At an advanced period of life, H = 2-]—() was still admitted, because

it may in great part be considered as hypermetropia acquisita. In
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each case the ametropia was corrected by a glass held close before
the eye. All eyes were carefully examined externally, many also
with the ophthalmoscope ; all without exception being so examined
in reference to which any suspicion of anomaly existed. If the
slightest defect were found, they were excluded.

In the first place it was ascertained, that the individual difference
is very great. Cases occur in which, after reduction, 8 = 1'6 to 1-7;
in youth very few where S is < 0-8. With this great individual
difference, it is not to be wondered at, that notwithstanding a rather
considerable number of observations, the line drawn for the averages
of each year of life makes many jumps. It is not until calculations
are made for each decenmial period that the course, as Fig. 97
shows, becomes more regular. Turther, we see that at the thirtieth
year, § is still almost unchanged; thenceforward, however, it
diminishes rather regularly, and at the eightieth year has de-
scended to about one-half.

The degree of dlumination is, in the determination, not without
influence. In order roughly to estimate this, in his observations
made on different days, de Haan each time determined the accuracy
of vision in himself, and found the limits to be 19+5 : 20 and 225 : R0.
As the observations for the different periods of life were divided
tolerably uniformly over the differences in illumination, the form
of the line of curvature was not perceptibly altered by a reduction
to uniform illumination. In general, in the experiments of de Haan,
the illumination was something better than it usually is in the ocu-
list’s study. It therefore appears that Snellen has, for practical use,
correctly selected the rule as 8=1, which in de Haan’s observa-
tions is a little exceeded for young eyes. Snellen’s idea is this:
that when in youth Sis =1, we have no reason to suppose the
existence of an anomaly. Moreover, the method is quite satisfactory
where we have to do only with the determination of the relative
accuracy of vision,

The canse of the diminution of the accuracy of vision with in-
creasing age rests on a double basis: it is, on the one hand, to be
sought in the media, on the other, in the apparatus of the optic
nerve. The first gives rise to less accurate images on the perceptive
layer of the refina; the second renders perception and conduction
more imperfect.

As to the media, even examinalion with the ophthalmoscope in
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general shows that with the increase of years they lose the great
transparency and homogeneousness in virtue of which the fundus of
the young eye exhibits itself with such striking clearness. The
cornea indeed changes the least, if we exclude the arcus senilis,
which, on aceount of its eccentric position, throws bus little diffused
light into the eye, and indeed less in proportion as the pupil becomes
narrower in advancing years. The crystalline lens, on the contrary,
by degrees reflects much more light, which, thrown anew on the
anterior surface of the cornea, returns partly into the eye: on focal
illumination, the separation of its sectors becomes more distinet,
its irvegular astigmatism increases, the polyopia monocularis, in
impetfect accommodation, becomes (notwithstanding the diminished
diameter of the pupil) stronger and more irregular, the colour of
the crystalline lens is yellower, and entoptic investigation exhibits,
over the whole, more disturbance of homogeneousness. The vitreous
humour also loses some of ifs perfect clearness, at least at an
advanced period of life; it becomes richer in membranes collecting
mto folds, in corpuscles and filaments, as both microscopic and
entoptic investigations have proved to me: in consequence of these
we have an increased number of musce volitantes. Finally, the
diminishing transparency of the retinal layers comes under notice.
The very appearance of the optic nerve proves that changes of its fibres
are not wanting. However, with respect to direct vision, this has,
while the bulbs of the fovea centralis lie almost naked (compare
p- 4), but little importance. The senile changes of the apparatus of
the optic nerve itself have been but little investigated, and it is difficult
to estimate their influence. The best known is the formation of vitreous
elevations, globules and groups of globules (warty granulation), on
the anterior surface of the choroid, in connexion with the limiting
structureless membrane of the same. The formation in question was
observed by Wedl,* then I accurately described it,and discovered and
represented the intrusion of the globules with pigment into the locally
atrophying retina. II. Mueller] considers these formations as simple
thickenings of the structureless limiting membrane of the choroid.
The function of the retina must suffer from them; they occur, however,
only to a small extent in the region of the yellow spot, and scarcely
before the sixtieth year, after which they soon become constant,
* Pathologische Histologie. Wien, 1858, p. 330,

t drehiv f. Ophthalmologie, B. i., Abth. 2, 1854, p. 107.
b Avelav f. Ophthabnologie, 1855, B. ii., Abth. 2, p, 1.

- 220 -



DIMINUTION BEYOND THE YELLOW SPOT. 193

Undoubtedly other less well-known changes in the retina, in the
optic nerve, and in the brain itself, come under observation as causes
of diminished acuteness of vision at an advanced period of life.

All the foregoing has reference to direct vision, thatis, to vision of
fixed objects. Outside the fovea centralis the acuteness of vision
rapidly diminishes, Fiven the surface, which at the same time is
seen with perfect acuteness, appears to be so small, that its image
does not occupy the whole fovea centralis. The diminution of the
acuteness of vision in the parts of the retina remote from the yellow
spot, has been investigated by Auberf and Forster.®* At a certain
angle (12°5 to 20°), they found that acuteness nearly inversely
proportional to the angle of deviation; at greater angles S dimi-
nished much more rapidly. Rather strange and unexpected is the
result, that smaller letters and numbers are indirectly distinguished
under lesser angles than larger ones: in other words, that in looking
ab near objects, S is, in the peripheric parts of the retina, greater
than in looking at some distance.

In different morbid states the acuteness of vision diminishes by no
means in equal proportion, in direct and indirect vision. Not un-
frequently the disturbance is confined to the region of the yellow
spot, with perfectly normal 8 in the peripheric parts of the refina ;
in other cases indirect vision alone has suffered, and even in the
periphery limitation of the visual field may oceur, without direct
vision having suffered. It is therefore of much importance to have
formed an opinion also as to the accuracy of vision in the lateral parts.
For practical purposes the observer possesses the power of comparison
with his own normal eye. On closing one eye, the observed eye
looks to the left and the observing eye to the right, or vice versd,
at each other, and taking care that the observed eye does not de-
viate, the observer now exhibits, about in the plane which is perpen-
dicular to the visual lines, in the middle between the observing and
the observed eye, different objects—his fingers, cut-out letters and
numbers, &c.—and thus by comparison in corresponding parts, he
soon estimates the degree of disturbance in the periphery of
the retina. In order to obtain accurate knowledge, we should be
able to follow the method of Aubert and Férster (4. ¢.).—Limita-
tion of the field of vision is determined by projection on a sheet

* dreliv f. Ophthalm., B, 111., Abth. 2, p. 1.
13
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of blue or black paper, as shall be more fully described in treating
of M.

In the foregoing, the method was stated of determining the acuteness of
vision for practical purposes. The formula § = j(; gives, however, neither

the absolute measure of the distinguishing power of the retina, nor mutually
comparable relative values. The absolute measure we shall learn imme-
diately, when we come to speak of the determination of the acuteness of
vision as a physiological value, That the relative values are not comparable,
Snellen (. ¢.) has already observed. If an image has double the magni-
tude, it has not at the same time double distinetness. This we should be
allowed to infer only in case the acuteness of vision was equal over the whole
retina, in case the larger letter, used for testing diminished S, was at the
same moment equally aceurately seen by the normal eye in allits parts. This,
however, is not so. Therefore, also, when the image must have double the
magnitude to be recognised, we cannot say that the acuteness of vision is
really reduced to half. Perhaps it would be correct to assume that
the aenteness of vision is inversely proportional to the number of percipient
retinal elements whiceh are required, ina linear dimension, to the distinguish-
ing of the image, But, on the one hand, this prejudges the question, whether
the accuracy of vision diminishing towards the periphery depends actually on
the greater distance from one another of the several percipient elements ; and,
in the second place, the principle could not be practically applied, in conse-
quence of the difficulty of determining the number of percipient elements,
Henoe the method adopted appears to me to be the only one available. The
objection we made, based upon the unequal value of the parts of the retina,
on which a larger image is formed, is in great part got rid of when we
consider that this larger image is not seen with immovable eyes fixed upon
oue point, but is inspected consecutively in its different parts by the fovea
centralis: the different impressions thus received by the most acutely
seeing part of the retina are then combined, in order thence to deduce an
idea of the form of the whele. The physiological value of the acuteness of
vision being an angular distance, it is evident that the values of § are to be
calculated as inversely proportional to the linear dimensions of the images re-
quired for the distinction, and, consequently, to the squares of their superficies.

In all times letters and numbers have been preferentially employed by
ophthalmologists in the investigation of the power of vision. A regular
system was, however, for a long time wanting. Stellwag von Carion* pro-
posed very useful letter-tests, on a good principle, Smee,{ too, in his often-

* Die .dccommodationsfehler des Auges, in Sitzungsberichie der Laiser-
bichen Akademie der TWissenschaften. Mathem, naturw. Klasse. B. xvi.,

p. 187.
{ The Eye tn Lealth and in Disease, p. 70. London, 1854.
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quoted work, adopted a series of letter-tests. Id. von Jaeger* conceived
that the ophthalmologist needs tests on a greater scale, and his well-known
Leseproben, although not based upon correct principles, were soon gene-
rally adopted. But the need of a better system, which should admit of
the acuteness of vision being expressed by a number, was still generally felt,
and Dr. Snellen has the merit of having supplied this want. Neither has
Giraud-Teulon been behindhand. He, led by about the same reflections,
has devised a similar system, which he lately laid before the Ophthalmo-
logical Congress at Paris.

In confrast to this determination of &, suitable for practical purposes, I
above placed the delermination of § as a physiological value. In the Hrst
place, the smallest angle under which the presence of any object is still re-
cognised, has been adopted as such. Thus, as Buffont already remarked, and
as has appeared most evidently from the determinations of ITarting,} this
smallest angle is determined by the illumination. To illuminated points on
a dark ground there are scarcely boundaries. Smallas such a point may be,its
image has, on aceount of the imperfeetion of the dioptric system of the eye, a
certain extent; and the question is now only whether this produces, on one or
more percipient retinal elements, a difference ({4 to 4;) of illumination from
the others sufficient to be distinguished. Small dark points disappear, on the
contrary, very rapidly through irradiation on a bright ground, precisely
because the difference of illumination of certain percipient elements thereby
beeomes less, and, if the illumination is very strong, relatively much less
perceptible. The question as to the smallest angle under which any objegt
is still to be seen, is thus governed completely by the degree of illumination,
and in a physiological point of view it has therefore no meaning. Itisa
very different thing fo determine the influence of the illumination on the
indistinctness of objects, with which Jurin§ and Job. Mayer| already
commenced. Nor is the investigation with a definite illumination devoid
of importance in a practical point of view (microscopical investigation), from
which view Harting (% e.) especially has worked it.

The first exact appreciation of the physioclogical question we find in Hooke's
work,§ e investigates the angular distanee required to observe two fixed
stars separately, and he found that, among a hundred persons, scarcely one
is in a position to distinguish the two stars, when the apparent distance is
less than 60 seconds. Subsequently, similar investigations were carried
on by Mayer,** and in our own time by Volkmann,{{ Ilating, tt

* Ueber Staar und Stuaroperationen, ete. Wien, 1854, The tests ap-
pended were subsequently published separately.

+ Ilistoire naturelle. T. IIL, p. 323. Paris, 1749.

1 Het mekroskoop, deszelfs gebruik, geschiedends en tegenwoordige toestund.
B. L, p. 87. Utrecht, 1848,

§ Lssay on Distinet and Indistinct Vision, 1738.

| Comment. Goetting, iv. 1754,

9 Hooke, Posthumous Works, 1705. #* Comment. Goetting. iv. 1754,

+t Art. Schen, in Wagner's Huandworlerbuck der Phlysiologie, Braun-
schweig, 1846, II1,, pp. 381, 335. 1t Le, pp. 97 ‘)et seq.
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‘Weber,* Bergmann + and Helmholtz,§ for the most parb with parallel lines
or with gauze, It is evident that, for two minute points of light to be
seen separately, the centres of their images must lie farther (about one and
a-half times) from one another than the breadth of a percipient retinal
element : if the said centres fall at both sides precisely on the boundaries
of the same element, this middle element alone will then receive as much
light as the two adjoining elements together, while, in order to see two sepa-
rate points, a less illuminated point must remain between two more illumi-
nated points, In using stripes and wires, not only the interspaces, but also
the thickness of the stripes or wires come under consideration, and in the
caleulation Helmholtz has therefore (Z.c. p. 218) assumed the angle, cor-
responding to the sum of a line and an interspace—that is, to the distances of
the central points of the two adjoining objects: the retinal elements must
then, at least, be less than the retinal images corresponding to this angle.
Harting and Bergmann have some measurements in which the angle thus
caleulated is less than 60 seconds. Almost invariably, however, it amounts
to from 60 to 90 seconds. By using the extremely thin cobweb filaments,
the angle in Harting’s experiments proved much greater (2 to 3 minutes)
than when metallic gauze with thicker filaments was employed. To this
cause, no doubt, it is also to be attributed that Volkmann, who made use of
cobweb filaments, found particularly high values. The cones in the fovea
centralis have, according to Schultze§, when shrivelled, a thickness of
0.002 — 0.0025, in the recent state probably of 0.0028 mm. at the basis;
according to H. Muellerj], of 0.0025 — 0.003. An angle of 60 seconds gives
a retinal image of 0.00438. This is equivalent to the thickness of one and
a-half rods, and therefore completely confirms, in connexion with what has
been above remarked, the hypothesis from which we started, that each
cone of the fovea centralis can sepavately project the received impression ;
the peculiar undulating curves, too, represented by straight lines, before
becoming accurately recognisable,¥ are explicable from this hypothesis.
Hence it follows also that each cone has its distinet nerve-fibre.

For practical use in those labouring under affections of the eyes, the
method here laid down for physiological objects is mot applicable, In
practice it is absolutely required that the person examined should give a
proof that he actually distinguishes, as is done by the naming of known
figures, letters, numbers, etc. I formerly endeavoured to attain my ohject
in this respect by causing the patient to determine what direction the
stripes had on a card, which was turned, behind the opening of a diaphragm,
around its centre. The distance at which the determination was every
time effected with precision should, as I supposed, present a very simple
measure of the aceuracy of vision. It appeared, however, that the inclina-

+ Verhandl. der Sachs. Gesellsch. 1852, p. 145.

+ Zeitschrift f. rat. Medizin. 3e serie, IL, p. 88,

i be,p. 21T,

§ Sitzungsberichie der niederrh. Gesellsch. in Bonn. 1861, p. 97.
| Naturwiss. Zeitschrift, B. 11, p. 217.  'Wurzburg, 1861.

¢ Compare Helmholtz, 4 ¢., p. 217, Fig. 102.
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tion of the lines had a great and insuperable influence on the distinctness
of their direction, a fact undoubtedly connected with irregular astigma-
tism, This cireumstance rendered the method useless.

The cause of the diminution of § with the advance of years, we have
sought partly in inereasing imperfection of the dioptric system. We have
spoken of the entoptic method of becoming acquainted with the changes
occurring therein. Of this method and its results it is the more imporfant
that we should here speak, because in treating of the morbid changes of
the vitreous humour, connected with extreme degrees of myopia, we must
again specially revert to it. The inspection of ohjects existing in our eye
we oell entoptic observation (Listing). In ordinary vision, only obscurities
which le close in front of the retina can throw circumscribed shadows on
that membrane. TUnder certain circumstances, however, irregularities
remote from the retina become definitely perceptible. This ocours, When
homocentric, and especially nearly parallel light, passes through the
vitreous humour. Such light we ob-
tain when, in ¢, (Fig. 98), about 13 Fig. 98.

mm. from the cornea, a very small
source of light exists, a dioptric or
catoptric image, or simply a very small

\
opening (of about 01 mm.) turned P ///F B B
towards the light: through the round N —
pupil rays penetrate, which form a \ /
cylindrical and sufficiently homocentrie \-/
bundle of light in the vitreous humour,
and cause an object B, to throw a shadow 3, upon the retina. Thus,
if we hold before the eye, at a distance of about 15 mm., a thin black
metal plate, furnished with a small opening of 0:1 mm., and if we look
through this opening towards the bright sky or the globe of a lamp, or if we
cause the dioptric image of a flame to fall into the opening, the retina re-
ceives a circle of light of the form, and of about the magnitude of the pupil,
without inversion, and therefore inversely projected, on which all irregu-
larities are represented. Particularly shadows which are formed, but also
diffraction-lines are to be seen thereon, and the effect of the refraction of
light by some corpuscles is also not to be mistaken. We can distinguish :

1. The muco-lachrymal spectrum, dependent on tears, mucus, fat globules
and bubbles of air, moving on the cornea; on the edges of the eyelids
pushed before the pupil, whose lashes are also accurately represented, we
see stripes, dependent on the layer of moisture.

2. The spectrum of the vitreous humour.—Particularly for the parts
situated closer to the retina, the light needs less to be homocentrie, and it is
therefore advantageous, in order to be less disturbed by the spectrum of the
erystalline lens (see 3), to take a somewhat larger opening. On an extremely
finely granular ground (optical effect of the granular layers of the retina
on the layer of rods?) every one sees with the greatest distinetness the
movable musee volitantes. We distinguish, a. Isolated litle eireles,—some
with dark, others with pale contours and bright in the centre, mostly sur-
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. . o 9 1
rounded with a slender ring, from E):lgto 1]% mm. in diameter, from T to

3 or 4 mm. from the retina. They appear particularly, and, it would
seem, from the under side, on a rapid movement of the eye from beneath
upwards interrupted by a sudden arrest, and they then again slowly de-
scend : in the horizontal direction they have little, in the vertical they have
13 mm. or more mobility, and alter but little their distance from the retina.
3_13 to 1_51)(—) mra. in
Lreadth, the slightest close to, the broadestand darkest more remote from,
the retina, all occurring at from } to 3 mm. distance from this membrane.
In the state of rest the same pearly string has for seventeen years always
existed unchanged in form nearly in the visual line of my right eye. The most
of them are, however, in vest, retracted upwards (apparently downwards), in
order with the above-described movement to appear again, twisting in various
-modes. ¢. Coherent groups of little circles of various sizes, some pale, some
darker, more opaque than the other forms: these are, in ordinary vision,
usually observed as musce volitarites. Many are connected with short pearly
strings, and move with these; some have the appearance of convoluted
pearly strings. d. Plasts, under the form of bright little bands, bounded by
two rather dark, but not aceurately marked, lines. They exhibit themselves
either as twisted fibres, or as parallel little bands, connected to one another
in some invisible mode, or as an irregularly rolled-up membrane of constant
form, They hover and move chiefly in a vertical plane, at from 2 to 4 mm.
from the retina. Besides this form, extended membranes oceur, some
situated close behind the lens, with plaits, which attain a breadth of

Q]jd—mm., some removed only from 2 to 4 mm. from the retina, with slighter

b, Pearly strings, from 1 to 4 mm. in length, by from

plaits of 61—0 mm , while at a distance of from 4 to 10 mm, from the retina,

none whatever are met with. They appear when the visual axis is moved
to the side, but especially on a powerful, suddenly-interrupted, movement
from above downwards. Hereupon the membranes situated close behind
the lens apparently rvise upwards, while, on the contrary, those situated
near the refina descend, so that in the visual axis they pass ome amother.
But we now often see the plailed membranes become more and more indis-
tinet, without its being evident that they recede from the field of vision,
and yet, on repeating the movement, they each time appear afresh dis-
tinctly. Hence follows what on aecurate study is more fully confirmed,
that these membranes have only apparently an extensive motion, and that
what, on superficial inspection, we should be inclined to look upen as a
movement of the whole membrare, is merely the continuation of the folds,
which on motion are formed at the periphery, and towards the extremity
of the membranes lose their defined form. The cause of the difference
in direction, in which the movement of the membranes and the propagation
of the folds take place, is to be sought in the fact of location, in front of or
behind, the centre of motion.—If we look with the pupil artificially dilated,
or hold the illnminating point close before the eye, so that we ean see toler-
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ably well at the side of the visual line, we observe that, particularly on
powerful lateral, suddenly interrupted movements, still more membranes
appear tolerably close behind the lens, which rarely extend to the visual
line, and here terminate with irregular points, sometimes torn off in rays.
Thesc membranes increase and become less transparent in advanced life,
especially where myopia exists.

Having, in the manner to be stated hereafter, determined the position in
depth of these different forms, I succeeded in finding, on microscopic exami-
nation, with Professor Jansen (Ned. Lancet, 2% Serie, D. 11, 1843), some,
and subsequently with Dr. Doncan, all forms in the v1treous:humour of the
human eye. ' In the investigation the vitreous bumour: -W@iﬁgg@ﬁfﬁﬂgﬂ@ﬂh
the hyalmd membrane umn;ured to a hollow glass; thewmp nudrhnigour
soon becomes flat, and viewing it from different sides, we can; ‘wat;lytolﬁmbl}
strong lenses, search it all. Of the muscw volitantes, which everi.iobe can
see entoptically in himself, I have not here reproduced the representa;tmns
They ars mmroscoplcally perceptible in the vitreous humour: . palepcells,
and débris of cells in a state of mucine-metamorphosis (Fig. 99 a, close to
the visual axis in the posterior part of the vitreous humour; 5, more laterally
in the vitreous humour). These correspond to the isolated circles described
under a. (. Fibres furnished with granules (Fig. 100), corresponding to the
pearly strings; we found them less generally than the large number of
those strings should have led us fo suppose. <. Groups of granules with
adherent granular fibres (Fig. 101), corresponding to the groups described
under ¢. 8. (Fig. 102) membranes, situated chiefly to the side, close behind

.
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the lens, numerous in the vitreous humours of old persons, eorresponding to
those described under d.

8. The spectrum of the crystalline lens—For observing this, more per-
fectly homocentric light, and therefore a very small opening, is necessary.
The whole circle is then less illuminated, and covered, as it were, with a
erape (Fig. 103, my right erystalline lens in mydriasis), We find here: a.

Tig. 103

Pearl-spots, tolerably round disks with accurately circumsecribed darker
marging, but brighter internally, nearly universally occurring in every eye ;
the majority are situated tolerably close to the surface of the erystalline lens,
in great part eccentrically placed, and therefore appearing only when the
pupil is artificially dilated. Examining at different times, I on each occasion
found others; they may be developed in a few days, and sometimes continue a
year or longer ; in general their number increases with the advance of years.
They are microscopically visible as large globules among the superficial fibres
of the lens, which they, as it were, push out from one another. b. Black, or
rather opaque spots, usually round, but sometimes of irregularly angular, or
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oblong form, not so common as the pearl-spots. Ihave also seen them, on
microscopic examination, rather superficially, as white, granular, opaque cor-
puscles, almost always in the boundaries of the sectors of the crystalline lens.
They appeared not to be dependent on fatty metamorphosis. ¢. A radiated
figure, more or less regular, usually with ramifications proceeding about from
the centre ; the rays exhibit themselves, sometimes as black, but ordinarily
as white lines with dark boundaries. If we remove the point of light from
the eye, these lines pass into the well-known rays, exhibited by a star
or point of light, for which the eye is not accommodated, and these cor-
respond again to the manifold images, under which a point, for example,
a fine white granule (such as of white-lead scraped off a visiting card),
appears within the bounds of distinet vision upon a darker ground (for
example, on black velvet). These phenomena are connected with the com-
position of the lens of so-called sectors, which, as Helmholtz showed, can
be very well seen with the magnifying-glass, with lateral focal illumination,
in the living eye. AUl these #rregularitics of the lens tncrease with the
time of life, and partly explain the diminished acuteness of vision.

Of all the entoptic objects observed, we can easily determine the position
in point of depth, according to a method, to which I was led by those of Sir
David Brewster and of Listing. Instead of looking through one, we look
through two openings of 0-1 mm., placed at from 2-5 to 3 mm. from each
other. Two cylinders of light (Fig. 104, a @', b ¥, and ¢ ¢, dd'), each in itself
homoeentrie, then penetrate the eye, under such an angle, that the cireles of
which a’ ¥’ and ¢’ d’, are the diameters, on the retina cover one another nearly
by half. We therefore see them as Fig. 105. In each circle the entoptie

Fig. 104,
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spectra are now to be seen. TFrom a point 1, situated in the plane of the
pupil ¢, the two entoptic shadows lie precisely in the middle of the two
cireles, in the circle o' ¥, at ¢/, in the circle ¢’ d, at ¥, and therefore precisely
as far from one another as the centres of the circles themselves: for each’
other point, situated in the plane of the pupil, the mutual distance of the
two entoptic shadows, although now falling in other parts of the circles, is
of course equal. On the contrary for a point 2, situated in the cornea, they
fall farther from one another, as 2’ and 2"; for a point 3, situated behind the
plane of the pupil, they fall closer to one another, as 3 and 3, as the lines
drawn from these points, parallel to the rays of the two cylinders, signify.
We now see also, without further demonstration, that the distance, ', of the
double shadows, is in the same proportion to the distance 1) of the entoptic
objects from the retina, as the mutual distance 4 of the centres of the two
circles, to the distance D from the plane of the pupil to the retina = from 18
to 19 mm. We have therefore only to project the mutual distance & of the
two centres (= the breadth of the uncovered part of the cireles), and that of
the double shadows, d’, of any objeet, in order to find for the same object, as

distance from the retina, ' = @ z 19,

The measurement of the projected images is most easily effected by
the method & double wue, in use in micrometry: looking through the two
small openings (which may for that purpose oceupy the place of the objeet-
glass in a microscope-frame) downwards on a mirror reflecting the light,
we can with the other eye project and measure the forms on an adjoining
sheet of white paper. In this manner the distances stated above were
determined. In Fig. 105 we see, in the two cireles of light, half covering
each other, as ¢/ and ¥, the centres; as 1’, 1, the double images of the muco-
lachrymal speetrum ; as 2, 27, those of pearl-spots; as 3, 37, those of dark
spots of the lens; as 4',4", those of the anterior, as &, 5", those of the posterior
folds ; as 6, 6, and as 7, 8, 9 and 10, those of smaller and smaller pearly
strings; as 11 those of greater, as 12 those of smaller, isolated cireles.
Taking into account the distance at which we project, we also find easily
the magnitude of the shadows, which, both on account of the diffraction-
lines and of the imperfect homocentricity of the light, prove somewhat
larger than the objects.

In conclusion, a word respecting the history of our knowledge of entoptic
phenomena. Dechales (Cursus s. Mundus Mathematreus, Lugduni, 1690,
T, IIL, pp. 393, 398, ete.), a Jesuit of the 17th century, saw, as being
highly myopie, his entoptic spectrurn in the eirele of diffusion of remote
points of light, and comprehended and described what he saw. He showed,
on correct principles, that musess volitantes, observed during ordinary
vision, must depend either on corpuscles situated near the retina, or on
morbid parts of the retina itself. The cbservation of the true motion of
musce volitantes by Andree (Graefe's und von Walther's Journal der Chir.
und Augenheilkunde, vol, viil., S, 16, 1825), Prévits (Mem. de la Soc. de
Phys. et d'Hist. Naturelle de Genéve, 1832, p. 244), Sotteau (Ann. et Bull,
de la Soctété de Méd., de Gand, vol. xi.livr. 9, 1842),and others, should have
been sufficient to solve the dilemma raised by Dechales; but, neverthe-
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less, the truths and errors, taught by Morgagni (A dversaria Anatomica, vi.,
Ann, Ixxv. p. 94, Lugd. Batav, 1722), were perpetually repeated. Since 1760,
as we read in Mackenzie (Edinburgh Med. and Surgical Journal, July, 1845),
observers had begun to study the muses volitantes both through a small
opening, and with the aid of lenses. Mackenzie himself gave a very credi-
table description of the muco-lachrymal spectrum observed in this manner,
and of that of the vitreous humour, but without making use of Brewster’s
method of determining the distance from the retina. Sir David Brewster
had previously, however (Transactions of the Royal Society of Edinburgh,
vol. xv, p. 874), by uvsing two points of light (the dioptric images of two
flames, towards which he looked through a powerful dioptric system), as an
experimentum crucis doubled the shadows, and thus given a direct proof of
the position of the objects in the vitreous humour producing musce voli-
tantes,and even made a calculation of the position of one of his museca voli-
tantes. This was followed by the treatise of Listing (Bedtrag zur physiolo-
gischen Optik, Gottingen 1845), who fully developed the theory, discovered
the spectrum of the crystalline lens, and dedueed the position of the objeets in
the eye from their parallax in the motions of theeye: thus, as is easily con-
ceived, the shadows of corpuscles, situated in the plane of the pupil, on move-
ment of the visual line, maintain their place in the circle of light, while those
in front of that plane thereupon exhibit a positive, those behind it, a negative
parallax, which parallax isgreater as the distance from the plane in question
is greater. Listing’s method is not very applicable to movable corpuscles.
That of Brewster presented difficulties in the projection, and the calenlation
was uncertain and troublesome, until I pointed out (Nederlandsch Lancet, 29
Serie, 1847, D. 11, pp. 366, 432, and 537, and Archiv f. physiologische Heil.
funde, viii. p. 30, 1849), that the centres of the two circles are nearly pro-
portional (the erystalline lens causes a slight modification) to the distance
between the pupil and the retina. In my method above deseribed, Iat first
projected on a white paper on which the sun shome, subsequently, with
Doncan (De corporis vitred strueturd. Diss. inang. Trajecti ad Rhenum, 1854),
I used the methode & double vue. The corpuscles in the vitreous humour I
had already partly found with my friend Prof. Jansen ; subsequently I had
discovered all forms with Doncan, who, under my direction, wrote his dis-
serfation on this subject; I have also repeatedly seen those of the crystalline
lens.—Elsewhere (Ned. Lancet, 24¢ Serie, D. iv. p. 638), L have also deseribed
how, by means of a lens with a pupil (an opening in a diaphragm) placed
before it, and of two little lights inthe focal plane of that lens, the pheno-
mena, which apply to our method, can be made visible on a screen.

Sir David Brewster closes his paper with the following striking words:
“ And this is but one of numerous proofs, which the progress of know-
ledge is daily acoumulating, that the most abstract and apparently trans-
cendental truths in physical science, will, sooner or later, add their tribute
to supply human wants, and alleviate human sufferings. Nor has science
performed onc of the least important of hor functions, when she cnables
us, cither in our own case, or in that of others, to dispel those anxieties and
fears, which are the necessary offspring of ignorance and error.”” These
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words are drawn from life. Every oculist by experience knows their
truth. “Few symptoms prove so alarming to persons of a nervous habit
or constitution as musece volitantes, and they immediately suppose that
they are about to lose their sight by cataract or amauresis.,” Often, alas!
this anxiety is even still kept up by ignorant practitioners. But nothing
is easier than to convince such gloomy patients, who have usually already
acquired some knowledge of the eye, that the seat of the phenomenon is to
be met with in the vitreous humour, and not in the mnerve: they readily
comprehend the signification of the double shadows by comparison with
an experiment with two lights, which can give double shadows of an object
on a wall, only when the object does not lie against the wall. Under what
circumstances complaints of musce volitantes may have a dangerous signi-
fication, shall be pointed out in treating of myopia.

I formerly wrote a detailed essay (Ned. Lancet, 2° Serie, D. 11) on the
employment of entoptic investigation in the diagmosis of defects of the eye.
Now that (thanks to the valuable invention of Helmholtz) the ophthal-
moscope is in our hands, the importance of the entoptic mode of examina-
tion for diagnosis is thrown completely into the shade.

§ 16. RaneE oF ACCOMMODATION, MODIFIED BY AGE.—PRESBYOPIA.
—H YPERMETROPIA ACQUISITA.

The refraction of the eye, and still more the range of accommo-
dation, become modified with the increase of years. The diminu.-
tion of the power of accommodation first takes place ; it is perceptible
long before the refractive condition of the eye in the state of rest
has undergone any modification : for the distance R of the farthest
point continues long unchanged, while P, that of the nearest point
of distinet vision, becomes gradually greater and greater. Thus
the range of accommodation diminishes.

The progressive removal of » is a fact of universal experience.
People are, however, generally of opinion that this retrogression
commences first about the fortieth year. But this is an error.
Not until about that time of life, under some circumstances, does
the retrogression of p make itself felt as a disturbance in the normal
eye, and therefore attention is then first directed to this so-called
weakness of the eye; bub already in youth—nay, even before
pubertj—p moves considerably back. This change affects all eyes
without distinction, as well the myopic (provided it be healthy) as
the hypermetropic and the emmetropic eye.

In the first place, it mayherebe asked,in general, how and from what
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cause it Is, that at so early a period of life, while all the funections, and
especially that of the muscles, are in a state of progressive develop-
ment, the power of accommodation, which depends upon muscular
action, already loses in extent? As it must be admitted, that
the ciliary muscle has continued normal, and is therefore still in full
force, we come readily to the inferemce that, at least in the
first instance, the diminution is to be sought exclusively in the
condition of the parts, which in accommodation are passively altered,
and by no means in the state of those whereby the change is actively
produced. Now the organ which is passively altered is the lens.
Is the early diminution of the range of accommodation —}—&—to be
explained from this? We know that at an advanced time of life
the lens is firmer than in youth. T think I may even assert that
the increase of firmness commences at an early period. Now, it is
in consequence of this greater firmness that the same muscular action

can no longer produce the same change in the form of the lens.
1t is therefore very probable that the early diminution of %( depends
thereon.

After the power of accommodation has considerably decreased, a
slight diminution of refraction gradually takes place. This appears
from the fact that now also » begins to remove from the eye, and
that, consequently, the posterior focus is transferred to a greater
depth in the organ, or even to behind the retina., But, as I have
already remarked, the diminution of refraction is not perceptible
until a late period of life. At the fortieth year, it has not at all, or
has scarcely commenced, and it is not until the sixtieth or seventieth
year that it is distinctly present in an originally emmetropic eye.
On account of the simultaneously diminished range of accommoda-
tion, the visual lines being parallel, the eye can then frequently not
be accommodated, even for remote objects, and a positive glass is
therefore required also for distance.

The doubt might be raised, whether the diminution in refraction is
not only apparent,—whether in all those cases in which, at 2 later
period of life, H is observable, an equal degree of latent I did not
already exist in youth. If this were so, the change should be referrible
exclusively to diminution of % We are, however, justified in de-

claring this doubt to be unfounded. Sometimes a certain degree of
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H is developed in relatively so short a time, especially when
traces of obscuration arise, and, as it appears, also in glaucoma, that
there is no ground whatever to assume the original existence of the
same degree of H. Moreover, I have in myopia also occasionally satis-
fied myself of the presence of a diminution of refraction. Finally, and
this in itself is convincing, at an advanced period of life H is much
more common than in youth. The guestion therefore is, on what
the diminution of refraction depends. Flattening of the cornea,
and lessened circumference of the eyeball, the visual axis of which
should thus have become shorter, have been suggested. It seems to
me more probable that the cause is to be sought in thelens. It is
generally known that, at a more advanced time of life the latter, toge-
ther with the iris, moves forward, and this renders the cornea appa-
rently flatter. But this displacement of the lens should in itself have
precisely the opposite effect, and should move the focus somewhat
forward. There must consequently be another cause, which, in
spite of this influence, lessens the refraction. This, if I am not
mistaken, is to be sought chiefly in & more uniform firmness of the
several layers of the lens. Even Thomas Young remarked, and
it has been more fully demonstrated by Senff, Listing, and others
(compare p. 39), that with the laminated structure, with refractive
power diminishing towards the periphery, the lens has a shorter
focal distance than a lens of similar form, and composed wholly of a
substance of the refractive power proper to the nucleus of the lens,
would have. If, consequently, with the advance of years, the outer
layers become more solid, a greater focal distance must be the
result. Now, the existence of this increase of solidity is evident
from the increasing reflection in advanced life on the anterior and
posterior surfaces of the lens, a reflection which is proportional to
the difference in refractive power between the outer layers of the
lens and the agueous or vitreous humour; and it is also capable of
being eslablished by analomical investigation. Buf, in addition to
this, in advanced life the lens appears to become flatter, on which
account, the radit of curvature of its surfaces, and its focal distance,
are increased.—I have satisfied myself (see p. 89) that the cornea
does not become flatter, and I have no reason to assume that the
visual axis should become shorter, except in the most extreme old
age. I therefore believe that the cause of the state of diminished
refraction must be sought in the above-mentioned changes in the
lens. In favour of this view is also the circumstance that the
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diminution of refraction at last goes hand in hand with the diminu-
tlon of the power of accommodation: indeed this points to a com-
mon origin, and we have above seen that the latter depends upon a
hardening of the lens,—The vitreous humour I have not compared,
with reference to its refractive power, at different times of life. It
is self-evident that, as its anterior surface is concave, an increase of
its refractive power must move the posterior focus of the eye dack-
wards.

As T have above remarked, the changes in accommodation and
refraction occur in each form of the eye. "We have here to subject
to 2 more accurate examination only those which take place in the

emmetropic organ.
Fig. 104 represents the course of the nearest p p, and of the
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farthest points s 7, and consequently that of the power of accommo-
dation in the emmetropic eye, ab different periods of life. The figure
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needs but little explanation. The numbers, to the left, indicate, as
before, the distance in Parisian inches, for which accommodation can
take place ; those, which are lower than oo, have, as in the previous
figures, a negative signification : they represent the distance at which
the converging rays, for which the eye is accommodated, come to a
focus behind the nodal point. The numbers placed above the figure,
indicate the age, expressed in years. On the lines p p and » r we
can, therefore, for each year of life, read off the nearest and the
farthest points of distinct vision, while, at the same time, the distance
between these two lines exhibits the range of accommodation; the

: D 1 .
distance between two transverse lines is again = - accommodation.

24
From the figure it directly appears, that, even from the tenth
year, at which the observation becomes possible, » approaches
the eye, and indeed with tolerably uniform rapidity, so that at the

thirtieth year % has fallen to abouf one-half what it was at the

tenth year. From this time the descent appears to take place
somewhat more slowly, but nevertheless to proceed incessantly
to the most advanced time of life. The course of the farthest
point is quite different. Up to the fortieth year it remains at
the same height; but from that time an extremely slow descent
occurs, the emmetropic eye becoming, af the fiftieth year, some-
what hypermetropic, which H at the eightieth year amounts to
from —Ql;]j to -11—0 This acquired hypermetropia may, finally, become
absolute, that is to say, that not only accommodation for divergent,
but even for parallel, rays becomes impossible. 1 have not un-
frequently met with this in persons at sixty years of age, who in
their youth probably exhibited no H whatever. This was inferred
when they did not before the forty-fifth year of their life, need spec-
tacles in the evening for minute work.

The course of » in the emmetropic eye was deduced from a great
number of observations, In Fig. 105 each observation is indicated
by a point, and the position of these points shows at the same time
that the deviations of the mean course are not particularly great.
And still these must undoubtedly be In part ascribed to error in obser-
vation; in some a slight degree of H may also increase the deviations.
In the preparation of this table,emmetropic eyeswere, for the most part,
used ; but also eyes, affected with a slight degree of M (=1:40
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or less), were- not excluded. These last even deserve to be pre-
ferred. Indeed, in these alone we have, without artificial paralysis
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of accommodation, sufficient security that the nearest point is not
influenced by a latent H, and we may safely assume that, with
these degrees of M, %{»is equal to that of the emmetropic eye. In
proportion to the M ascertained, p was of course reduced. Lastly,
I should observe, that when p appeared to lie at a greater distance
han 8°, it was always calculated from a determination, made with
the 2id of positive glasses. It was thus brought to the distance of
about 8. If this were not done, then, on account of the absence of

1 . .
convergence, - would, in advanced life, be computed too low.

On the diminution of refraction just described, and especially on
that of the accommodation, depends a condition which has becn
termed presbyopia, Pr. Presbyopia has been set down as synonymous
with farsightedness. By this we by no means wish to convey, that

14

- 237 -



210 MODIFICATION OF THE RANGE OF ACCOMMODATION.

the eye sees accurately ab a great distance, for of this the young
emmetropic and moderately hypermetropic eye is also capable. We
wish only to express the fact, that it cannot see near objects accurately.
In like manner we call a person near-sighted, not because he can distin-
guish small objects close to the eye,—for this too the young emme-
tropic eye enjoys in common with the near-sighted one, but because
he does not see well at a great distance.

I will not, however, dwell upon the incorrectness of the English
expression farsightedness. It is only the idea I would refer to,
and this deserves to be more closely examined.

In this respect I would first observe, that only that farsightedness
is to be considered as Pr, which is dependent on the diminution of

1% , as the result of advanced life. The very etymology of the word,

compounded of mpéopus, old, and &y, eye, indicates this, Were
we to term every impediment to the accurate vision of near objects.
Pr, paralysis of the power of accommodation should be placed in
the same category. Even H, so far as with it vision of distant, is
easier than that of near objects, should be comprehended under the
term, and we have made it clear enough to what great confusion of
ideas we should, by so doing, give rise. (Compare § 6). ZThe
term presbyopia 1s, therefore, to be restricted to the condition, in
which, as the result of the increase of years, the range of accommo-
dation is diminished and the vision of near objects is interfered with.

From this definition it appears, that Pr is really included in the
diminution of the range of accommodation dependent on advancing
years. Still Pr is the normal quality of the normal, emmetropic
eye in advanced age. It is, therefore, properly speaking, no more
an anomaly than are grey hairs or wrinkling of the skin. Were it
an anomaly, it should be much less one of refraction than of accom-
modation.

But where are we to place the commencement of presbyopia?
1f we consult the hine pp of Fig. 106, representing the emme-
tropic eye at different times of life, it appears that, from youth up to
extreme old age, p removes with tolerable regularity more and more
from the eye, and that, consequently, the vision of near objects
becomes progressively more and more difficult, A stop in the line
is nowhere observed.

Hence it follows, that in fixing a limit of Pr, we cannot
avoid being arbitrary. In the eye itself, no reason is to be found,
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NECESSITY FOR THE TERM PRESBYOPIA. 211

for making a definite distinction between presbyopic and non.pres-
byopic. Now, if the boundary be artificial, it must be conventional.

This, however, leads us to the question, whether it is necessary
to speak of Pr, and whether we should not rather confine ourselves
to fixing %—, in connexion with the degree of M or of H, where these
are found. Undoubtedly this mode would be scientifically satis-
factory. Nevertheless we should, in my opinion, meet with but
little response, were we to get rid of so generally known and ex-
tensively employed a word. I believe also that by so doing we
should confer no favour wpon practice. In practice, a word is
required, which may indicate the condition in which the eye, at an
advanced period of life, must, for ordinary close work, use positive
spectacles, and this word is presbyopia.

However, with all this the commencement of Pr is not yet de-
fined. That this must be done, is evident.

Our social condition requires that we should often be engaged in
reading, writing, or other close work. It is plain that the average
magnitude of the forms employed in such work, is closely connected
with the accuracy of the power of vision, and with the distance of
distinct vision for the normal eye. The same is true of the pro-
ductions of art and of a number of trades. What the human
eye, in the full power of life can do, has in general afforded the
standard for this. Before the general application of spectacles the
standard was undoubtedly different. If these instruments were
no longer to be obtained by all, a larger type in general should
replace that at present in use. The common employment of
spectacles has, therefore, exercised an influence on the limits of
distinet vision, with which we must allow presbyopia to commence.
The changeableness of these limits thus appears most prominently.
‘We have to investigate how long the eye fulfils the requirements
of the assumed standard. Even in the thirtieth year the normal
eye dislikes the small print, which the near-sighted person prefers
and youth does not avoid. Still, in the fortieth year ordinary type
presents no difficnlty whatever to the emmetropic eye. In the
forty-fifth year the notes, printed in smaller characters, are not un-
frequently passed over, and the book is in the evening probably
somewhat earlier laid aside. 'We now soon begin to observe, that
an object, to be very accurately seen, is removed a little further

from the eye; a clear light is also songht, rather for the purpose of
2
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212 MODIFICATION OF THE RANGE OF ACCOMMODATION.

diminishing the circles of diffusion, in imperfect accommodation,
by narrowing the pupil, than of obtaining more brilliantly illumi-
nated images. Oudinary occupations are, however, even in the
evening, still performed uninterruptedly without remarkable exer-
tion. But where minute matters, which now and then occur, are
to be accurately seen, comes the complaint, however unwillingly,
from the lips, that our eyes are mno longer what they were. The
binocular nearest point p, now often lies at about 8" from the
eye. At this point T have already placed the commencement of
presbyopia. I think too that I must now keep to it. In the
following §, however, we shall see, that this does not always, and
indeed not even in general, involve the nse of spectacles.

If we have agreed upon a defimte distance as the commencement
of Pr, this may serve also to fix the degree of the presbyopia. This
is done in a very simple manner. If, that is to say, p, be situated at
n Parisian inches from the eye, then, assuming the above men-

tioned limit, Pr = i— — % Thus, if p, lie at 16 inches, Pr
1 1 1 . . v _1 1 1 i
=371~ 18 if p, lie at 247, Pr - YRR T Tor ihis

1 1 . . .
ulusses of about-s——~ —are required, and, in the examples given,
: n

—
-~

glasses of -1% and 1—12 to bring p. to 8%, and so to neutralise the
2

presbyopia. I say, about, for with the increased convergence, s, has
somewhat approached the eye. But as, however, in presbyopia, the
relative ranges of accommodation have approached much more to
those of hypermetropia (Cowpare p. 126, Fig. 64), we may usually
leave this out of the caleulation. To be quite accurate, we should
be able to determine the degree of Pr from the glass, with which,
by means of direct experiment, p, is brought to 8. But, it will
be seen still more precisely in the following §, that the determina-
tion of the degree of Pr possesses only a subordinate value, on the
one hand, because the commencement of Pr is conventional, on the
other, because the accommodation complicales the condition, and
this, as well as the accuracy of vision, influences the practical
application: we should, therefore, take care to attach to the deter-
mination of the degrce of Pr the great imporlance, which is con-
nected with that of the degree of M and of H.

Thus far we have treated exclusively of the Pr of the emmetropic
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eye. But the hypermetropic and the myopic eye are also subject to the
same. The first must be called presbyopic, so soon as in the use of
glasses, which neutralise the H, p, lies farther from the eye than 8.
As to myopics, we hold to the definition given of Pr, and therefore
let this first commence, when the distance of p, amounts to more
than 8". Hence it follows that it is only to the slight degrees of M,
that Pr in the ordinary sense of the word, can belong, that with M
= %it is almost impossible, even with total loss of the power of
accommodation. To this we must add, that in the slight degrees of
M it occurs much later than in the emmetropic eye. Herein the
myopic finds a compensation for what he loses, with reference to the
vision of remote objects. The advantage is not small. Up to the
sixtieth or even the seventicth year of our age, not to need spec-
tacles, in order to see accurately whatever comes immediately under
our eyes, is a great privilege. This privilege belongs to a M of from

-}—0 to i%L’ in which degree the eye is not threatened with any special

dangers. With slighter degrees of M a good deal of this privilege
is still enjoyed. This is a condition which may well be envied by
emmetropic eyes. I never found a normal eye which participated
in the same advantage. Many persons, however, suppose that they
are so highly privileged. Almost daily it oceurs that at fifby-five
years of age the distance of p, lies at only from 8" to 107, and
spectacles are not yet thought of. Such people consider themselves a
lucky exception. Theyare extremely proud of their sharp sight. The
inquiry whether they are near-sighted is answered in the negative with
a smile of self-complacency. At a distance of twenty feet hang Snellen’s
" letter-tests : XX and XXX they do not recognise, XL not at all,
or scarcely ; L and LX are the first which are easily recognisable to
— 3]:(5 do they well
distinguish XX, or at least XXX, with accurate contours. Reluct-
antly they acknowledge themselves beaten. They are consequently
somewhat myopic! It is true they had always attached a wholly
different meaning to the idea of M. Tor the oculist it is, however,
important to have proved the existence of this slight degree of M.
He learns from 1t to recognise the unchangeable, the legitimate
amount of the range of accommodation attached to each period of
life, and he can sometimes also turn this knowledge to his advan-

them. Not untd they try glasses of — 5% or
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tage. Thus when we inquire into the hereditary nature of M, its
existence in the parents is often denied, yet almost in the same breath
1t is added, as a proof of their excellent sight, that up to their
fiftieth year, nay even longer, they still read and wrote in the evening
without spectacles, and—we know what inference is to be drawn.
If, on the other hand, a person comes to us, who in order to continue
his close work, in his thirty-fifth or fortieth year evidently has need
of positive spectacles, we shall almost always find, that a slight
degree of H lurksin him. If its degree were somewhat greater,
the difficulty would have earlier manifested itself more distinetly,
under the character of asthenopia.

The more I investigate the subject, the more fully I am convinced,
that at a given time of life the range of accommodation is an
almost law-determined quantity. If there are no favourable excep-
tions, the unfavourable are connected with definite defects, the com-
mencement of cataract or glancoma simplex,* exhausting diseases, and
paresis of accommodation. Of this we shall treat from a clinical
point of view, in the following Section.

NOTE TO § 17.

As was above remarked, an eye, affected in a higher degree by myopia,
ean never become presbyopic. It loses with the advance of years in range
- of aceommodation ; the nearest point recedes, and this may be the case even
with the farthest point; the physical changes which therewith go hand in
hand in the myopic eye, are similar to those of other eyes. But presbyopia
never arises : p, does not remove fo more than 8” from the eye. Hence ap-
pears anew the arbitrary, the conventional nature of the idea of presbyopia.
At first I was inclined to attach a more extensive meaning to the word pres-
byopia. 1wished to express by it the senile change affecting everyeye. The
change,” thus I reasoned, “indicated by definite anatomical properties, oceurs
in every eye without distinction. It gives rise fo disturbance in vision,and,
indeed, in each form of the eye, to one and the same disturbance, namely,
that the eye, whether unaided, or furnished with definite glasses, cannot, at
will, distinguish accurately at a great distance and close at hand. This dis-
turbance, peculiar to old age, deserves the name of presbyopio.”
From the scientific peint of view this reasoning is perfectly correet.

* See, on the meaning of Glaucoma Simplex, Bowman, in the British
Medical Journal, October 11, 1862.
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Only so long as presbyopia was opposed to myopia, this extensive significa-
tion could not be applied fo the former term; indeed, so long myopia
must exclude presbyopia, and in old myopic individuals, whatever degree
the senile change may have attained, the term presbyopia could not be ap-
plied. But now that this opposition has ceased, we readily see that the
myopio eye also may become presbyopic; and the idea of expressing the
senile change with diminished range of accommodation in every eye, without
distin¢tion, by the word presbyopia, occurs spontaneously to our mind.
Moreover, its etymology is in favour of applying a more extensive meaning
to the word presbyopia; indeed, since farsightedness occurs generally in
old people, it has been called presbyopia; still more correctly should the
latter term be connected with the state which is inseparable from advanced
years,

On the other hand : verba valent wsw. This has, finally, weighed more
with me than the demands of logic and of etymology. I considered that
practice has need of a word to signify, that without optical assistance ordi-
nary close occupations can with difficulty be carried on, and I should be
unwilling to propose another word fo designate this condition. I have
therefore retained the word presbyopia in its ancient signification. Only
the idea was refined. Strictly was everything eliminated from it which
belongs to hypermetropia or paralysis; the senile change, with diminution
of accommodation, was assumed as an essential requisite, and it was not
difficult from this point of view to fix the limits of the application of the
word presbyopia also to myopiec and hypermetropie eyes.

§ 18. TrEaTMENT OF PRESBYOPIA.

Diminution of the power of accommodation leads, as we have,
seen, to presbyopla. To this, at a certain time of life, the emme-
tropic eye is inevitably liable. In youth it sees small objects, by
preference and without perceptible tension, at a distance of about six
inches. At a later period this distance becomes greater, in spite of
powerful effort, in spite of more advantageous management of the still
existing accommodation, even at relatively less convergence. Thus the
time approaches that close reading and working ave attended with
difficulty. Presbyopia thus announces itself. Seldom do we hear at
the same time that work fatigues. The complaint is rather that vision
1s not accurate : the letters # and w are not easily distinguished ; the
numbers 3, B, and 8 are confounded ; a stroke is seen double, a poing
sometimes multiple, etc. If we place small print in the hand of
such a presbyopic person, he begins by holding the book too close
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216 TREATMENT OF PRESBYOPIA.

to his eye, and does not distinguish; he subsequently very patho-
gnomonically moves the book forwards and the head backwards,
seeks a bright light, and — reads. The bright light is a principal
point, not so much because the retinal images are by it more
strongly illuminated, but because the pupil contracts, the circles of
diffusion therefore become smaller, and the retinal images less
diffused.  Therefore, also the individual first perceives some diffi-
culty in twilight, unless it be particularly strong. Inconvenience
would have arisen even earlier, if the diminution of accommodation
had not been accompanied with diminution of the diameter of the
pupil. Thus also the small pupil of the old man makes the loss of
the power of accommodation lighter to him: to this he is indebted
for the fact that, even at distances for which he is not accurately
accommodated, he still distinguishes tolerably well. In full day-
light, in the open air, a person can often, even in advanced pres-
byopia, read ordinary type, and this always succeeds on looking
through a small opening. But much earlier, even before the
preshyopia manifests any disturbing influence, the small pupil is of
importance, because in reading and writing the accommodation even
then leaves something to be desired. To this T would expressly
direct attention. The fact is significant, because hence it follows
that in commencing presbyopia convex glasses are useful less by
correcting the accommodation, than by increasing the sharpness of
the retinal images. The eye already puts its accommodation rather
strongly upon the stretch (still more powerful tension has mo pro-
portionate effect) without any hinderance or fatigue whatever. Aided
by weak glasses, the eye continues the tension almost in the same
manner. The result is therefore, that the eye mow sees more
accurately : the letters become black, confusion ceases, and the
person rejoices in a distinctness of vision, of which he had almost
lost: the idea.

The correction, by means of positive glasses, tn the commencement of
the effort, of diminished accuracy of vision of ncar objects, is the
churacteristic mark of presbyopia.

From this, it may be stated in one word, the vision of hyper-
metropics is evidently distinguished. These obtain perfect accuracy
of sight, but only at the cost of so great a tension as they are not able
to maintain, and therefore they obtain it only for a short time ; weari-
ness of accommodation (asthenopia) ensues. In the hypermetropic
individual convex glasses aid the accommodation, in the presbyopic
they at first rather increase the sharpness of the retinal images.
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8o soon -as, by diminution of accommodation, in ordimary work
the required accuracy of vision begins to fuil, there is need of conver
glasses.  The test s, that with weak glasses of from 81-0 to ?}0, ot the
same distance as without glasses, the accuracy of vision is manifestly
improved. The opinion is rather general that we should refrain
as long as possible from the use of convex glasses. But is it not
folly to weary the eyes and the mind together, without any necessity,
condemning ourselves to guess with much trouble at the forms,
which we could see pretty well with glasses? We have here to do
with a prejudice which perhaps finds some support in vanity. It is
asserbed : practice of accommodation is desirable. Generally speak-
ing, this is perfectly true. To look alternately at distant and at
near objects, now to occupy one’s self with smaller, now with larger
objects, developes and maintains the {unctions of the eye. But we
forget that we were obliged to practise more and more, as years have
rolled on, and that by these efforts, increasingly necessitated by
the diminishing range of accommodation, the power of using, with
moderate convergence, a great part of the latter has already been
acquired.  The annexed Figures, 108 of a man of four-and-thirty
(Dr. Doyer), 109 of a man of four-and-forty (myself), 110 of an
emmetropic person aged sixty, compared with that of a person of fifteen
(Fig. 111) demonstrate this most evidently, And is it not &
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Fig. 109.
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priors to be considered absurd, at nearly fifty years of age, to com-
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Fig. 111.
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mence a more powerful gymmastic system than youth was ever
called to? '

Strangely enough! people have fallen also into the opposite
fault, Some have thought, by the early use of spectacles to be able
to preserve their power of vision: they have recommended and
employed “conservative spectacles.” If T am not mistaken, self-
interest had something to do with this recommendation. So long as
the eye does not err, and remains free from fatigue in the work
required of it, its own power is sufficient, and it is inexpedient to
seek assistance in the use of convex glasses. Light blue spectacles
also, which have been sometimes recommended as “° conservative
spectacles,” are, under ordinary circumstances, objectionable for a
healthy visual organ. Most eyes find their soothing influence
agreeable, and people are therefore readily inclined to employ them.
But, while they withhold from the retina the ordinary stimulus of
white light, they increase its sensibility beyond the normal, and
create a permanent necessity for their employment. Now a more
than normal sensibility is an Inconvenience, and at the same time
predefermines to disease.

Easy as it is to decide whether a necessity exists for the employ-
went of convex glasses, so difficult is it to establish rules for ascer-
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taining the degree of convexity required. This must, however, be
tried here. Tt is well known, that at first, while as yet scarcely any

disturbance has manifested itself, glasses of about 616 are usually

safficient, and also that, in proportion as the time of life advances
and the range of accommodation diminishes, stronger and stronger
glasses are required. It was therefore natural to arrange convex
glasses according to the time of life at which they become necessary.
'This old custom has been ridiculed, and in some degree with justice.
It 1s true that eyes differ too much, to make age alone the criterion
in the choice of spectacles. But, on the other hand, the regular
diminution of the range of accommodation, already pointed out (§
17) shows, that, in the case of emmetropic eyes, the time of life
may in general be taken as a guide. Only, the many circumstances
which modify the indication furnished by the time of life, are not to
be neglected. Besides ametropia, which occupies the first place, dimi-
nished acuteness of vision and morbid disturbance of accommodation
are to be noted, while, moreover, the nature of the work to be per-
formed has some influence. Of these circumstances we intend to speak
from a clinical point of view. DBut, in order to fulfil a practical object,
we shall premise the empirical result: what glasses are required at
different ages in emmetropia, with normal acuteness of vision and
accommodation, for writing, and for reading ordinary type.

Gl ired.
. AS5C8 require d ¢
Age. b ¢ Diﬁ%lslgltn{;(l:s?gn. -Rz P 2
In present E. In original E.

48 & & 14” 60" 10"
50 - 1'6 14” 40 12
5 5 'ﬂ!ﬁ 'glu ] ‘yl 3 OII 1 2”
58 i & 13° 22¢ 12¢
60 & = 18° 18" 12
62 & ! 13 14" 12
65 % ?ﬁ 12" 13 117
70 1 3 10” 10" 10
7 5 !|; BIE 911 911 9,,
Ird 1 ) ” ” ”
30 ; i o A

This table needs, perhaps, some explanation. Column & gives
the glasses required for B, proved at the moment; ¢for B in youth,
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and therefore for H acquisita at the time of observation; in both cases
the diminished acuteness of vision belonging to the time of life is
taken into account; & indicates the distance which is preferred for
vision with these glasses; ¢, finally, the space through which they admit
of acute vision, thatis, from R, with the least, to P» with the greatest
convergence ( i— = ]_E)l- — %) In general it should be observed,
2 2

that it is desirable to ascend 2but slowly with the numbers, to use
the first spectacles in the beginning, only in the evening, and to keep
these for day spectacles, so soon as stronger glasses are required
for the evening, and thus, every time that stronger glasses are
required, to continue using the former evening spectacles as day
spectacles—finally, that, while stronger glasses are necessary for read-.
ing, the weaker are often sufficient for writing, and are to be preferred,
since the person wearing them, being enabled to see at a greater
distance, can avoid the bent position, which is so injurious fo the eyes.

The above table Lolds good for emmetropic individuals. If
ametropia be present, it must be taken into account. Therefore
always, without exception, we should begin by determining the
refraction, and at the same time S, according to the method described
above (§ 9). With sufficient practice, this requires only a couple
of minutes. The result obtained supplies the preliminary indication,
which must then always be subjected to the control test. If the eye
he emmetropic, the control is effected with the glasses mentioned
above in column &; we ascertain, ab what distance 2 and 2% are
easily and by preference read, and we determine the space of —Al— by

2

causing the patient to read 1 or 13 as close as possible, and larger
type as far as possible. If we now obtain about the results to be
_ found under # and ¢ of the table, the glasses will usually answer. If
the distance be too short, the margin for distinct vision too small and
brought too near the eye, we must try weaker, and in the opposite
case, somewhat stronger glasses.

If we find H, both this and the Pr must be corrected. Let, at
1 1 1

iz T1g =7

mdicated. H = -3—0 at 55 years of age, indicates glasses of

3:16 _|_-§1-0 = %Z , ete. Just as in I, we must then in this case

62 years of age, I be found = 1% glasses of
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also further test, whether the glasses indicated are actually sufficient.
It will be easily understood that the rule here given for hyper-
metropic individuals, is applicable only to older hypermetropics,
that is to those who, when the H is nentralised, are presbyopic. It
is in great part H acquisita we have here to deal with; however,
also when H originally existed, the rule deseribed is fully applicable,
provided the time of life have reached nearly fifty years, and, there-
fore, the range of accommodation, and especially the latent part of
the H, be reduced. If H originally existed, we usually find—at
least thus far T have found it so—that at a later period the eye has
continued to employ too weak glasses. In a couple of trials we then
reach the required strength, What glasses, under different circum-
-stances, young hypermetropics need, shall be treated of in the Chapter

on H
How far Pr is compatible with M, we have seen above (p. 213).

IfrM > —é, Pr is, per se, excluded; but in slight degrees

of M it occurs at a later period. TFrom the foregoing table
it appears that in- emmetropic persons up to the 55th year
74%0_’ up to the 60th year glasses of 212— are suffi-
. . 1 1
cient, etc. Now, if M. Ofﬂ) , of 25
spectacles will be thought of first in the 55th and 60th years
respectively : indeed the glasses sufficient for these ages com-
municate to the eyein emmetropic individuals the degrees of M just
mentioned. Now where the myopia does nof wholly compensate the
more advanced time of life, it must in each case be subtracted. If,

glasses of

, etc., exists, the necessity of

for example, at 656 M = 1 exists, we shall, in place of glasses of

40
1 . . 1 1 _ 1
, as In emmetropic persons, ﬁnd glasses of "= 15°

13
55 sufficient. Generally speaking, I have found that myopies re-

r

1

quire convex glasses at a still later period than the degree of M
should have led me to expect, and that the glasses required for
emmetropics admit of a still greater reduction than that indicated
by the degree of myopia. In the above example, we shall often
i

ik The reason is,

have to give glasses, not of 2—1(3’ but only of
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that, on the one hand, in persons looked upon as emmetropic, a
trace of latent H easily occurs, while, on the other, the limited

Qi@), at which the de-

termination of M takes place, may make it appear somewhat too
slight. ' ,
We have now to estimate the circumstances, which, both in ame-
tropic and in emmetropic persons, may modify the degree of the
glasses required. As such we mentioned

a. A range of accommodation not corresponding to the time of life.
Those who are occupied almost the whole day in reading, writing,
or other close work, usually accompany their demand for spectacles
with the observation that their eyes have certainly suffered much, but
that they have also exacted a great deal from them. I hasten to set
such people right. Comparative observation has shown me that
much close work does not essentially injure the eyes, at least those
which ‘are emmetropic, and that the range of accommodation

diminishes scarcely, if at all, more rapidly under such circumstances,
" than it does in agriculturists, sailors, and others, who for the
most part look to distant objects. It is true that eyes predis-
posed to M, are, by much reading and writing, easily rendered
more myopic, but these occupations have no influence on the range
of accommodation. The sameis true of the frequent use of the micro-
scope, or of a magnifying glass, as is required in the work of en-

distance (for example, 20 feet, representing

gravers and watchmakers: the regular course of % is maintained

despite of much or little tension. But there are morbid conditions
which cause the range of accommodation, and sometimes also the
amount of refraction, to diminish more rapidly than usual. In the
first place, general debility, the result of exhausting diseases, is to be
noted. Premature old age, in general also deserves to be mentioned.
Of the influence of glaucoma I have already spoken. If a person
has quickly and repeatedly to strengthen his glasses, we should
suspect the existence of glaucoma simplex, and accurately examine
the tension of the eyeball and other points connected with this
affection. The commencement of cataract also appears to hasten
presbyopia, probably through more rapid hardeming of the crystal-
line lens interfering with its mutability of form. Emmetropic per-
sons are then apt to complain that they can no longer accurately
distinguish near objects, which is to be attributed partly to dimi-

- 251 -



224 TREATMENT OF PRESBYOPIA.

nished S, partly to more rapidly lessening %—, and they seck the aid

of spectacles. The morbid condition, which especially interferes
prematurely with the vision of near objects, is paresis and para-
lysis of accommodation. This is not the place to enlarge upon
this subject, the last chapter of this work shall be devoted to it.
Let it at present suffice to observe, that ordinary paralysis may
occur at any time of life, but more particularly in youth, that it
usually sets in suddenly, and that it is further characterised by a
tolerably wide, immovable, or scarcely movable pupil: it is, there-
fore, hardly conceivable that it could be confounded with true pres-
byopia.

1. e
Now where, from whatever cause, 5 s abnormally diminished,

stronger glasses are required than where -]—;iis normal. This Is
particularly true of a comparatively early time of life; but at a more
advanced age % is already, independently of special disturbance, so

reduced, that its action in the convergence, whereby the spectacles
produce accurate vision, has scarcely any influence, and that in no
case has binocular vision, with the use of the required convex
glasses, a margin of any extent. The knowledge of what
glasses are necessary follows in this case, where we have not
to take the accommodation into account, directly from the refrac-
tion and from the distance, at which we desire to sce. In order,
for example, to see at 12" (which is sufficient with tolerably

good 8), the emmetropic person needs glasses of L ; while with

12
1 1 1 1 . 1 1
M= 5 glasses of 1234 = 34 with H = o) glasses of 15 +
2171 = 1-8— are necessary. It is another question, whether these may

be used. To this we can in general ouly answer, that the sole diffi-
culty is when the morbid condition is such as to prevent tension of
vision. In incipient senile cataract there is usually no difficulty ; in
paresis of accommodation, fension of accommodation is, when the
acute period is past, even desirable, and thisis very much promoted
by glasses, whereby the distance of distinet vision remains somewhat
greater than the patient would wish ; bal in threatening glaucoma,
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prudence requires us to avoid tension of the eyes, and we are there-
fore recommended not to permit, unless exceptionally, the use of
spectacles with which the patient can read or work at near objects.

b. Diminished acuteness of Vision.—The distance of distinet vision
at different periods of life, estimated to be necessary, and therefore
to be obtained by means of convex glasses, is in close connexion
with S. Consequently with the increase of years, to which diminution
of Sis related, we find this distance lessen (compare the table). Where
morbidly diminished S is concerned, we can take this also into
account in the determination of the glasses: we can cause the
retinal Images to become greater about in the same proportion as
the acuteness of vision diminishes. This is fo be atfained simply by
means of stronger glasses. Not only do these bring the distance of
distinet vision nearer to the eye, but they also make the angle, under
which the object is seen, increase in a still greater ratio than the
distance diminishes (compare p. 152). They can thus render ordi-
nary close work still possible with diminished S. The question
however, is: may this means be employed ? We must admit that its
application is liable to great restrictions. In the first place, in acute
diseases of the eye, with diminished S, all tension is injurious, and
the eyes may, in the hope of improvement, be allowed to rest. And,
as to chronic diseases and defects, even in these diminished S cannot
unconditionally be compensated by stronger glasses. In general it
is to be considered that the limits, within which compensation is
possible, are rapidly attained through too great proximity, and that,
in proportion as we approach these limits, the survey of objects
becomes less, and the necessity increases, of keeping .the same
distance unchanged, beyond, or short of which, with the range
of accommodation still diminished by glasses and the comparatively
wide pupil, objects cannot be properly distinguished. A peculiar
weariness, in consequence thereof, soon makes itself felt. Moreover
the bent position acts injuriously, which, if the distance of distinet
vision is very short, cannot well be avoided. Where the accommoda-
{ion and refraction must be aided, convex glasses seldom give any
annoyance; but where the acuteness of vision fails, we must, so far
as practicable, rather meet the difficulty with larger objects than
with larger images, by abnormally diminished distance of the
objects. All this, finally, renders the cases rather rare, in which
the annoyance of diminished S can be met by the use of stronger
glasses. The latter is evidently unadvisable in chronic keratitis or

15
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iritis, and even in apparent tendency to inflammation; in deeper-
seated congestive affections tension is even to be considered dangerous.
It is connected with the least inconvenience in chromic opacity of
the cornea, in uncomplicated incipient cataract,* in congenital am-
blyopia from wunknown causes, and finally in disproportionately
rapidly diminishing acuteness of vision in advanced years—senile
amblyopia. 'We should, under these circumstances, recommend the
use of large type, and in general, occupation with coarser work ; but
if fine work cannot be avoided, the glasses required should be
strengthened so far, that the desirable degree of distinet vision should,
without too much effort, be obtained. That we must sometimes

* Cataract or opacity of the lens is divided into primary and secondary:
the latter is developed secondarily, in consequence of diseases of the fundus
oculi (chorioiditis, retinitis, ete.), extending through the vitreous humour to
the lens. The first is considered to arise independently and primarily in the
lens. The secondary nature of cataract we may infer, when the pre-
ceding disease of the fundus oculi is recognised, or when the field of vision
is limited or the power of vision has evidently suffered more than is
to be explained by the obscuration. To loock wupon all other cases as
primary is, however, an error. 'Where the characters, just mentioned, are
wanting, the cataract is nevertheless often secondary. I will'go so far as to
assert, that in comparatively young persons spontaneous primary cataract
very rarely occurs. Often we can, in the commencement, establish the pre-
sence of slight deviations in the fundus oculi ; not unfrequently also we find
turbidity of the vitreous humour, and rarely are the phenomena absent
which indicate a congestive condition, The primary disturbance need not
therefore inferfere mueh with the power of vision ; especially when if is
situated in the anterior part of the chorioidea, little or no inconvenience is
felt from it. But that in many eases some disturbance of the function of the
retina is connected with ity is shown by the improvement of §, which is very
often obtained in the commencement of cataract, by therapeutie treatment,
—and even by the discharge of the aqueous humour, without the opacity
of the orystalline lens (it has been very ingenvously admitted) undergoing
the least change. A practical observation may here be made :—Through
a certain charlatanophobia (sif venia verbo), whick made charlatanism to be
seen where it did not exist, many have thought they ought to refrain from
all treatment in the commencement of cataract. Now this is certainly not
for the interest of the patients. To think of solution or diminution of senile
cataract, appears to me, from a physiological point of view, an absurdity.
Other morbid changes of the lens give way also only in exceptional cases.
But bearing in mind the frequent complications, treatment is here often
desirable, and bygienic prescriptions are absolutely necessary. Therefore,
too, great caution is requisite with reference to allowing the use of convex
glasses.
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at a very short distance, for the sake of hinocular vision, have to
contend with the difficulties of convergence, will immediately more
fully appear.

c. The nature of the work to be performed.—Two points are here
to be distinguished. In the first place, the minuteness of the
objects, which renders it mnecessary that the work should be per-
formed close to the eye, and therefore with relatively stronger
glasses. For some work even the young normal eye is insufficient.
Minute drawing, engraving, watch-making, and some anatomical
operations, require the constant use of the magnifying glass, In other
work the eye must at least, with normal S,be still accommodated for the
distance of from 4” to 6”. Hence convex glasses are even early neces-
sary to render permanent accommodation for that distance possible.
But, apart from its minuteness, the nature of the work sometimes
requires a definite distance : in writing in large registers, in reading in
the pulpit, in the use of certain musical instruments, it is often desirable
that spectacles should bring the distance of distinct vision to one and
a-half or two feet, and therefore weaker glasses are necessary than
are given for writing, and particularly for reading. Guided by
sound principles, we very soon find practically what glasses fulfil the
object: an insuperable difficulty springs only from diminished §;
with this, as shall hereafter appear, we have to contend most in the
case of M. '

I have thus, I think, laid down the principal points which must
guide us in the choice of spectacles for presbyopic persons. Some
observations on the form of these auxiliary glasses may here not be
out of place. In general, oval glasses in a frame, with wings resting
on the ears, placed at a cerfain inclination, so that in work the axes
of the glasses coincide nearly with the axes of vision, are to be pre-
ferred. The nasal portion should have such a form, that in looking
at a distance, in the horizontal direction, the person wearing the
spectacles should be able to look over the glasses; and if this should
be attended with any difficulty, the rings might be flattened above
(the pantoscopic spectacles of Smee). Some men, from habit, wish
for round glasses, which we may safely allow: they are usually
old, quiet men, who, when they desire to look at distant objects,
simply take off their spectacles. Others are not at all content with
looking, thus unaided, at distant objects over their spectacles; they
prefer, as hypermetropics, wearing spectacles insufficient to read

with, and they do not see accurately over their reading-glasses; or
2
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they have at the same time M and Pr, and desire with rapid alterna-
tion to read through their spectacles, and to see distant objects,
whether 1n their office, or as teachers in a school, or in the theatre,
or elsewhere. This wish may be gratified by means of glasses
& double foyer. With these some express themselves satisfied ;
in the case of others, rays fall at the same time through both sur-
faces of curvature upon the eye, and these give them up again. I
found these glasses most satisfactory for presbyopic painters, who
require to look through the upper half, at a certain distance, at
persons or at nature, while the lower half is to bring the distance
of distinet vision on the canvass or on the paper. White Cooper®
states, that Sir Joshua Reynolds was much in the habit of using
such glasses when painting his inimitable portraits.

The stronger the glasses are, the more attention must be paid to their
mutual distance. Great accuracy is seldom required either in Pr—
where somewhat more or less convergence of the visual lines has so
little influence on the accommodation—or in youthful range of accom-
modation, which leaves a proportional space for the binocular. There-
fore, it is usually sufficient fo mention to the optician only when
either a particularly great or a particularly short distance of the
glass-bearing rings is necessary, and in the absence of such direction
to let the medium be used; in giving directions, let it be borne
in mind that the less the distance for which the glasses are to be
used, the closer they must be to one another. Buf, so soon as
insufficiency of the internal or external recti muscles in binocular
vision threatens to give rise to muscular asthenopia, it is of impor-
tance that the mutual distance of the glasses should not aggravate
this, but should rather counteract it. Now, less convergence of the
visual lines is required when convex glasses are placed nearer to one
another, and concave further from one another, and wvice wversd.
If, therefore, the internal recti muscles are insufficient, we should
take care that the axes of the convex glasses are closer to one
another than the visnal lines; in this manner we can, where strongly
convex glasses are necessary, very much assist the internal muscles,
and the images obtained are not perceptibly worse than those we
get with a similar effect through prismatic glasses, Whether
spherical glasses alone are sufficient, and how great their mutual
distance must be, we can ascertain best with the frame of v. Jaeger
(compare p. 97). If they are insufficient, we should give the com-
: * On Near Sight, ete. London, 1853, p. 201,
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binations with prismatic glasses, or perform tenotomy according to
the indications laid down by von Graefe.* Nearly always, where
strongly convex glasses are required to make binocular vision
possible at a short distance, it is desirable, by placing the glasses
comparatively near one another, to assist the internal recti muscles
of the eye. Where very short distances are concerned, the dissect-
ing spectacles, constructed and recommended by Bruecke,t with
convex prismatic glasses, come into operation. Besides the spec-
tacles, two kinds of Jlorgmettes are in use. Those ordinarily em-
ployed by ladies, where the glasses are at a fixed distance, are
attended with no inconvenience when it is necessary to look for a
short time, or to do anything for which both hands are not required,
for one is oocupied in holding the glass. But, for constant use, we
should at the same time give a pair of spectacles. The glasses of
the lorgnette may be somewhat stronger: during the short time
they are used, no injury is experienced, and the advantage is gained
of being able, when necessary, to distinguish smaller things. In
the so-called nipping spectacles, used particularly by gentlemen, the
distance of the glasses, determined by the thickness of the nose, is
usually too short. Therefore, if the glasses are strong, the person
wearing them sees with too slight convergence, unless the short
distance of the rings be compensated by the axes being placed to the
outside of the centre.

Reading-glasses, which magnify the visual angle, and are thus in
some cases useful, give at the same time to the rays proceeding from
a point a direction, as if they proceeded from a more remote point.
Myopics can therefore make use of reading-glasses only when they
come nearer to the object than the distance at which their farthest
point lies. The recession of the objects increases with the increase
of the distance between object and glass. So soon as the distance
is equal to the focal distance of the glass, the rays proceed in a
parallel direction, and the object appears to be af an infinite distance.
Thus far therefore emmetropics can, provided the accommodation be
totally relaxed, see through the reading-glass, and thus attain the
highest degree of magnifying power; simple presbyopics, who put
their accommodation little upon the stretch, always keep the glass
nearly at this distance, because they soon see less accurately when
the glass approaches the object. At what distance the eye is from

¥ Adrchiv, B. viil., Abth, 2.
{1 dyelhiv, B, v., Abth. 2, p. 180.
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the glass, is of little consequence: only the field of vision becomes
less, in proportion as the eye removes. If the distance between the
object and the reading-glass becomes greater than the focal distance
of this last, the rays fall convergingly into the eye, and it is in this
manner that hypermetropics, and especially hypermetropic pres-
byopics, make use with much advantage of a reading-glass, and by
its means obtain a high magnifying power.

In the use of reading-glasses binocular vision is usnally sacrificed :
the one eye looks through, the other close to the reading-glass, best
with nearly parallel visual lines; on account of their indistinctness
the images have no disturbing influence on the second eye, and the
spectator even fancies that he sees binocularly.

If no great magnifying power be desired, we can also see binocu-
larly through one glass, for which purpose the latter must then be
held closer to the object. In doing so less convergence of the
visual lines, and at the same time less tension of accommodation, is
required, than in looking at the same object without the intervention
of a reading-glass, and the object therefore appears, according to the
laws of stercoscopy, to lie further off. However, even in the com-
mencement of presbyopia, the tension of accommodation required is,
in “reference to the necessary convergence, quite too great, so that
binocular vision through the same glass is possible only for young
persons, and for older individuals, who are somewhat myopic. It
is best attained, even in incipient presbyopia, when we begin by hold-
ing the glass at first near the object, and then gradually remove it.
In general, however, 1t must be stated, that binocular vision through
a reading-glass is possible to presbyopics only when they are, in ad-
dition, aided by weak convex spectacles.* Consequently these glasses
in general serve only for monocular vision, and they are especially to
be recommended for the purpose of magnifying minute objects of art.
Tor reading their use is seldom advisable. They come, however,
under notice where diminished S renders a magnifying power neces-
sary, which is obtainable by means of spectacles only for a short dis-

* It may, in passing, be observed, that an emmetropic person (the myopic
and the hypermetropic, of eourse, also, when their ametropia is reduced) can
combine two figures stereoscopically through a reading-glass. The figures
must, however, lie closer to one another than for ordinary stereoscopy, and
as, with foo strong convergence, we see the image sitnated to the right with
the lett eye, and vice versd, the figures must also be changed, the left for
the right, and wice versa, if we wish not to see them pseudo-stereoscopically.
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tance from the eye. For the special purpose of reading, broad
glasses, ground above and below, are the most suitable, and in par-
ticular bicylindrical convex glasses, with intersecting axes, deserve to
be recommended: the dioptric action of these glasses (compare
Astigmatism) is nearly equal to that of spherical glasses; but they
are distinguished by the fact that they have the greatest field of dis-
tinet vision in the direction perpehdicular to the axis of the surface
turned towards the eye, so that by twrning the surface with vertical
axis towards the eye, we possess in reading the advantage of having
a good image over an extensive field in the horizontal direction.

No particular results are observed from the use of convex

glasses. It is, however, true, that when a person with still sufficient 1

A

in ordinary work regularly employs them—in other words, renders
himself myopie, the relative :}: will change, and be modified in the

same direction as in myopic individuals, and that, consequently,
1
A
culty in accommodating himself permanently for the distance of the
point of convergencé. TFor this reason also, I gave my opinion
against the so-called conservative spectacles, that is, against the pre-
mature use of convex glasses: they then soon become a necessity,
and hasten in emmetropic persons the difficulty of seeing accurately
at the distancein the point of convergence. Tven after a single trial
this may be observed, but of course it then soon disappears again.
In using optical instruments with one eye, we generally lay it down
as a rule, that in order to avoid injuring the organ, it must be re-
laxed to its farthest point. I have for many years kept this in view
in employing the microscope and in the use of magnifying glasses.
However, the idea of the proximity of the object easily produces a
slight convergence ; and if I have, avoiding all tension of accommoda-
tion, continued this for some time, I experience difficulty, on discon-
tinuing it, in accommodatingforthe point of convergence: this difficulty
continues longer, the longer I had, at a certain convergence, relaxed
my power of accommodation as much as possible. I cannot, there-
fore, recommend to the emmetropic to totally relax his accommoda-
tion in using the microscope, the less so, becouse by doing this, he
will soon find difficulty in applying, in measuring, the method & doudie
vue, which in so many respects commends itself to our adoption.

although + should not subsequently be changed, he will have diffi-

- 259 -



232 TREATMENT OF PRESBYOPIA.

Essential injuries to sight, which are often, with so much exaggera-
tion, predicted, I have never seen arise, even from an undue use of
convex glasses. On the contraxy, as will appear in the Chapter on
M, an inconsiderate use of concave glasses may be very dangerous.

NOTE TO § 18.

I have thought it well to exemplify the application of the precepts
I have laid down respecting the use of convex glasses, by some cases
taken from life. The reader will excuse me if this, for him, is quite
superfluous.

1. Commencement of simple presbyopia.—D., a clerk, aged 48, asks for
spectacles, because he begins gradually to find greater difficulty in distin-
guishing small writing in the evening, and sometimes makes mistakes in

figures. His work does not otherwise fatigue him. He has § = %{())— (he
sees No. XX at 20’ distanee), is emmetropic (sees XX at 20° not so well

through either 61_0 or — —éb) , and by daylight reads 1} with greater ease

at 16” than at 10”. He receives glasses of é, which give a space of from

77 to &, to use in the evening, and also by day in dark weather, and subse-
quently when he experiences difficulty, regularly. When the necessity has
become constant, the period will have approached at which the advisability
of strengthening the evening glasses must be considered.—After some weeks,
he states that he can no longer dispense with the spectacles in the evening.
‘We readily believe him, )
2. Moderate Pr,with a desire to see at more than the usual distance—~Mr,
R., aged 58, is emmetropie, has § = ;% and uses spectacles of Tlf_i’ which
give him in reading a binocular space of from 16”fo 11”. With these
spectacles he sees well, with the book in his hand; but his handwriting,
which, while he is lecturing, lies at 20”, he does not easily distinguish,
and his auditors are in a mist. He gets periscopic glasses of ;—4, with
rings flattened above, which he finds to meet all his requirements. He may
use the same glasses in writing and for ordinary reading by day. For

reading small print in the evening, his glasses of 11~6 are to be recom-

mended.
3. Advanced Pr, with H. acq. and dinvimshed S-—L,, aged 73, has
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I= 316’ S = ;—;, is fond of reading (“the only thing which remained to
him "), and cannot do so correctly with his speetacles, particularly in the

evening ; he is soon tired. He has glasses of -11—0’ which make P,nearly =

£,=13". He gets glasses of %, sees with them at 9”, and is quite satisfied.

Large print is recommended to him. With the ophthalmoscope we see,
when the axes of vision are directed downwards, traces of radiating opacity,
which, however, are not the cause of the diminished 8. I do not hesitate to
permit him the free use of the spectacles, nor shall I hesitate to give him
stronger glasses, when, with diminishing § and increasing H, the latter
shall be more agreeable to him.

4. Commencement of Presbyopia, with myopia.—Prof. 8., aged 56, cannot
sufficiently praise the excellence of his sight. I see admirably at a dis-
tance, read, write, and draw without difficulty, even in the evening.” ¢ Go
on,” is my answer. Prof. S., aged 62: ¢TI still usually see very well, but
the work is sometimes difficult to me in the evering. Should I also need
spectacles?” Hercads 1} by preference at 14’, deciphers it still at 18,

and therefore has § = about 15, on the contrary, without spectacles, only

1-57
16 o1 . 18 o
30’ and with 0 fo his amazement, 20" Was I then really myopic ¢

1 . .
He gets 50’ with a recommendation to use them in the evening. * These

glasses magnify, and at a moderate distance, for example %, I see by no
means so well with as without glasses.” T answer: “ That is unavoidable,
at 60 years of age we can with no glasses in the world see both distant and
near objects, but set the spectacles somewhat lower, so that at pleasure you
can see over them, or use rings flattened above.”

5. Shght H, requiring convex glasses before the usual age—Madame v. L,
complains : “I have done much work, and spoiled my eyes; Iam only 36
years of age, and I can no longer see anything in the evening.” ¢ Not
read?” O yes, but I can do no fine work, and reading also tires me; I
get terrible neuralgic headach, for which my doetor, and also Dr. K., the

homoeopath, have given me all sorts of things in vain.” She has § = -g%,
wi‘ch—‘sl—6 more easily still § = ;2)—%, and therefore Hm = 3_2. She will de-

rive benefit from glasses of 6_16 * Must I then use spectacles?” “It is

desirable, indeed necessary, even by day, particularly if you wish to be free
from your nervous headach. Besides, by the proper use of spectacles, when
you are zlone, you avoid fatigue, and you will now and then be able in
company to work af intervals without glasses.” “Is it nof the case that
I have spoiled my eyes?” ¢ Not in the least; the form of your eye is the
original cause of your requiring spectacles at a comparatively carly age.
Perhaps other instances of the same are to be met with in your family?”
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It is possible, but I had always such good eyes, and can see so far.
Can I do nothing to strengthen them?” ¢ Often rest is the chief thing.
Cool them now and then. Rub, if you choose, a little eau de Cologne
over the eyebrows, but put nothing into the eyes, and depend upon it,
the speotacles will cure your nervous headach.”

6. Pr, with M ; reading at more than the usual distance,—Madame U.,
aged 65, can in clear daylight still easily read good print. A is suspected
and found = glé, S=%g. She has spectacles of 2%, but these tire her,
and the letters are mnot black. R, is at the same time = 134, P, not
much less. Somewhat surprised at her statement, I request her to hold
the book in her usual way, She lays it flat on the table, holds herself
quite straight on her chair, and is thus at a distance of nearly 16, Evi-
dently for such use the speetacles were too strong; she required 313' which
gave her a space of from 17" to 15". TFor very small type she would do
well to use the stronger glasses. *“I never read small print,” was her
answer.

7. Rapidly decreasing accommodation, with incipient cateract.—Heer B.,
aged 45. His vision has for some time been less accurate than it was,
particularly for near objects, and he has used spectacles only at his work.
I suspect the existence of slight A, It appears, however, that the eyes are

emmetropie, with § =1 ‘Without spectacles he cannot read even III,

20"
for which, with perfect accommodation for 1' distance, only § = % would

be necessary. There is, therefore, evidently a very slight power of accom-
modation. The ophthalmoscope and focal illumination reveal radiating
opacity of the lens, partieularly inferiorly, with extremely slight granular
turbidity. Thns the diminution of 5 and of—jz
nervi optici is redder (capillary hypersemia) than is proper to the time of

life; the fundus is otherwise normal. With 515 III is easily read at 137;

», lies at the same fime at about 18“; p, at 10%. He must make only
moderate use of these glasses, avoid too much laterally incident light, be-
ware of a bent position, and to this end write at an inclined desk, take care
to keep his feet warm, avoid whatever can cause congestion of the head, cool
his eyes often with cold water, frequently rub a spirituous fluid strongly
over his eyebrows, report himself again at the end of six months, or sooner
if anything particular should occur. I say nothing of cataract; his eyes
are in 8 congested state.”

8. Rapidly increasing presbyopia with I acquisita, with glaucoma simplez.
-—Madame XK, aged 54, saw perfectly well until her 47th year; in her 48th
year she began to use weak spectacles for fine work in the evening; these
answered her purpose up to her 52nd year, she then got stronger glasses,
but now constantly requires still stronger, and even with them she does
not see with facility. She complaing of weariness and a feeling of pressure.

is explained. The papilla
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At present she uses %, and with them sees at 147 not much closer. This

great distance is explained by M 31_6’ which, in connexion with her accu-

1
rate vision at 47, is looked upon as acquisita. In any case, —y seems to be

very limited, However, §'is = g%, and is therefore very satisfactory. On

handling the eyeball, it feels too hard (7| on the right and 7, on the left
eye, according to Bowman). This indicates glaucoma simplex. With the
ophthalmoscope commencing excavation of the optic nerve is recognised, and
on slight pressure with the little finger arterial pulsation; there is no re-
striction, but in feeble light theve is less certain distinguishing of the
fingers in the inner part of the field of vision. The iris, the size and mobility
of the pupil, the depth of the chamber of the eye, and the sensibility of the
organ, are still normal; there are no coloured rings about the candles; the
subconjunctival vessels are perhaps somewhat dilated. I speak seriously
to her: “There is the commencement of a disease of much eonsequence, which
is sometimes rapidly, sometimes slowly developed. Artcan, however, prevent
it, for this I can answer. I shall expect to see you again in a month. If red-
ness or pain come on, come to me immediately, even if you are indisposed, for
by neglect, but by neglect alone, irretrievable blindness might be the result.
I shall give you a few lines for your medical attendant. Meanwhile you
must spare your eyes. Reading I will not absolutely forbid, but use a large
print, stop often, and immediately whenever you have any feeling of uneasi-
ness”” These words are the introduction to the proposal of iridectomy, which
at the following visit she has to expeet. Humanity urgently requires, that
prejudice and ignorance should no longer oppose the use of irideetomy in
glaucoma.
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CHAPTER VL
HYPERMETROPIA. H.

§ 19. Dioprric DEFINITION OF THE DIFFERENT DEGREES AND
Forus or HyYPERMETROPIA.

THE refracting system of the emmetropic eye has, as we have seen, in
the state of rest of accommeodation, its focus on the layer of rods and
bulbs of the retina: parallel rays, derived from infinitely remote ob-
jects, refracted by the media of such an eye, there unite in a focus
(Fig. 112 ¢”). The farthest point of distinet vision # therefore lies at
an infinite distance, that is, at the Hmit of our necessities.

7R
It

Fig. 112.

N

From this ideal state the eye may deviate in two respects and
become ametropic. The focus of the dioptric system may be situated
in, front gf, or belind the layer of rods and bulbs. In the first case
the ;aye is myopic (Fig. 118), in the latter it is Aypermetropic (Fig.
114).

Fig. 118,

Myopia is a condition which has been long observed, and has been
much studied. Hypermetropia, generally as it occurs, was, on the
contrary, until quite recently (though mentioned by Ware), almost

r“
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DEFINITION OF HYPERMETROPIA. 237
entirely overlooked, at least its nature and its results were not recog-

Fig. 114.

oy

nised. But once discovered and understood, it speedily revealed all
its mysteries, and gave us the key to a number of phenomena, whose
origin had, until then, continued enigmatical: thus the source of
asthenopia and of strabismus convergens was found in this anomaly.
We have, in the first place, here to treat of it in this section, particu-
larly from the dioptric point of view. From this point of view the
definition of T was given. It is also included in Fig. 114. Parallel
rays unite not on the retina, butin ¢”, that is, behind the retina. In
order to unite in the retina, for examplein 7, the rays falling upon the
cornea must already have a converging direction, as the dotted linesin
Tig. 114, which converge towards 7. The point which has itsimage
on the retina, is therefore not a true point, but an ideal or virtual point,
situated behind the retina (for example in ). Such points we do not
see in nature.* From each point of an object the rays always proceed
in a diverging, or at most in a parallel direction {when, namely, the
objects lie at an infinite distance), #zever in a converging direction.
The eye therefore has no need to be able to adapt itself for converg-
ing rays. All requirements are fulfilled, when it can bring tolerably
diverging rays to a focus on the retina, and af the same time can relax
itself to accommodation for parallel rays. If it can go farther than
this, it oversteps the measure, and is -hypermetropic, It possesses
something useless, and has thereby lost on the other side in what is
useful. In order to see remote objects, it must be actively accom-
modated ; and in bringing to a focus it yields, for equal range of
accommodation, to the emmetropic eye.

* Converging rays can fall upon our eye only when dioptric “surfaces, for
example, those of a lens, stand between the point and the eye. Moreover,
the rays proceeding from the fundus of a myopic eye, or of an eye accommeo-
dated for finite distance, when arrived without the eye, acquire a converging
direction.  Therefore a hypermetropic person can see with the ophthalmoscope

the fundus of such eyes accurately, and an emmetropic individual, in order to
do the same, must malke himself hypermetropic by means of a concave glass,
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The degree of H is easily expressed. It is equal to the quantity,
by which the relaxation of the eye can overstep the measure, and
this is found in the strongest positive glass, with which infinitely

remote objects can be accurately scen. If this glass amounts to zlo’

%ﬁ’ %, H is also 50 Tlﬁ’
the glass was removed 17 from the nodal point.

H may be divided into acquired and original. Of the acquired
we have spoken so far (§ 17) asit is developed by the senile changes,
in ihe emmetropic eye. As in the latter, it begins after the
50th year, the original hypermetropia must also, after that period,
gradually increase ; but only in the same slight degree in which it oec-
curs in the emmetropic eye. Under the head of ¢ acquired H,” we must
here provisionally include aphakia, that is, the condition in which
the lens has disappeared from the eye, or at least from the plane
of the pupil. That with such a state a high degree of H must, in
the ordinary form of the eye, be combined, needs no proof. To
this subject I must devote a separate section of the present
chapter.

Origimal H we divide into manifest Hm, and latent Hl. In my
first investigations respecting H, I encountered the difficulty of
accurately determining the degree of this anomaly. Thus an eye

1 . 111 .
g Or, more exactly still, 19’3’ 7 Siee

sometimes at first refused every glass stronger than Tlé’ while it soon

afterwards gave the preference to %, and subsequently again chose

Ilﬁ or even I}LI T assamed that hypermetropic eyes, obliged to put
their power of accommodation upon the stretch in order to see
remote objects, sometimes involuntarily to a