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but also in convexity. This is evident when we
are the follow two lenses, the thickness of which
not be more a s 1 fraction of
Let one of the lenses, A, be hom

have the refract index n”, the index of the
ing medium beir i, while the other lens,
core or nucleus more convex than the sur
of the index n", the supe al layer having an index #’,
intermediate between n and »”. If »’ is now very nearly
equal to 7, we have practically a lens of the same index
as that of the lens A, but of shorter radius of curvature,
and hence of short al length. If »', however, i
very nearly equal to #", the lens B will be I‘l.lLI ically
the same strength as the lens A4, but never le Hence
no matter in what ratio the index increases as we ]wrnccwi
toward the nucleus, the lens gains thereby in strength.
The special advantages of this stratification over a homo-
geneous lens is the more regular refraction of rays very
obligue to the ax s has been shown mathematically
by Hermann.®* Thereby the images of objects situated
laterally from the :1xi< rvf the eyeare not di ted as they
would be when proj >d by a glass ler The actual
refraction of the exci »|l human lens was found by Helm-
holtz in two measurements to be equal to that of a homo-
geneous lens of the same curvature, but with a refractive
index — 1.4519 and 1.4414. But in his latest estimate
(1874) he adopts 1 1 as the more nearly correct average
total refractive index of the lensinits normal attachment
during life.

93. Curvature of the Ocular Surfaces.—The curvature
of the surfaces cannot be measured with accuracy in the
dead eye, on account of the altered tension of the
ball. In the living eye the curvature can be calculated
from a measurement of the size of images reflected from
the surfaces. T cornea, for instance, s asa ]mliihwl
convex mirror, pr ing diminutive imag
behind its surface. ze of such an in 2 is to haif
the rad of curvature of the mirror as th e of the
uh}m»t to the distance of the object from the cornea.
The size of the image is most conveniently measured by
means of Helmholtz's ophthalmomete This consists of
a telescope, in front of which there is a thick plate of
glass with parallel surfaces, which has been cut in two,
so that the line separatir two halves exactly bisects
the field of the te 1L~\_ul‘n~: The two plates can be turned
on an axis vertical to the line of separation. As long as
the two plates are practically one, that is to say, lie in
one and the same plane, objects are seen through them
in their natural shape; but when the two plates are
turned in opposite directions, the objects appear
into two halves, which are displaced laterally in oppos
directions, in proportion to the rotation of the -l.nu
The explanation of this displacement has been ;:1\-,“ in
Section 3. Foractual use the ophthalmometer is directed
toward the observed eye, at a distance of several metrs
and the images of two lights, one place B
of the telescope, or, rather, the ideal line uniti the 1\\ o
lights, are observed as reflected from t a. The
two lights ar course, placed in the pr rtion of
the line sepa 12 the glass platesof t

1 7 & SCTew ur
7, until the two hs
open space occ
uh-[nul degree of T
ness of the j , the extent of d
: the size o £ an be calcul
radius of curvature of the cornea be
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ddle portion of the cornea, has b
in different eyes from 7
mm. being the meos
n f 1 betwe
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while toward the periphery its shape approaches that
an ellipse, the major and minor axes of whichare
other in the rs about 9 to 10 or 11. The poste
surface of the cornea is found in the dead eye to be nearly
oncentric with the anterior surface. This fact, in cor
jon with the rather slight differe nce in the indices c
ornea and aqueous humor, allows us to regard the
eous humor, and vitreous body as one optic
10mogeneous medium, bounded by : zle surface

The lius of curvature of the anterior f
lens has been found to vary between 9 and 12, and
ceptionally even 14 mm.; and that of the posterior sur-
face between 5.5 and 6.5. The images reflected from
these surfaces are so faint, on account of the small differ-
ence in the refractive indices of aqueous humor and lens,
that the ophthalmometer can be used to advantage uul_\'
with sunlight. The apparent size of these images re

i a correction, for the cornea and aqueous humor act

gnifying lens, interposed both in the path of the
rays from the object to the reflecting surface, and, again
between the latter and the ophthalmometer. In the
of the images reflected from the posterior surface of the
lens, the substance of the lens must also be taken into
account as part of the magnifying system. It is ne :
sary he to know the distance from the cornea to the
anterior surface, and from the latter to the posterior sur-
face of the lens in order to calculate the radii of curva-
ture. The posterior surface of the lens acts as a . concave
mirror, giving an inverted and very small image

24, Distances between the Pe_rfﬂ'tiaﬂ'q Surfaces Tht: dis-
tance of the anterior surface of the lens from the cornea
has been determined according to various methods by
Helmholtz and his pupils. By means of a focussing
111'1(10“_“11(- with graduated screw, or by means of the
ophthalmometer with the aid of movable lights, it was
lmrmd how far the rim of the iris appears behind the
cornea and the true position of the pupil was then calecu-
I;m-(l from the known refractive power of cornea and
agqueous humor. Values between 3.2 and 4 mm. have
been found in different eyes. Helmholtz adopted 3.6
mm. as a sufficiently accurate average to use in his dia-
grammatic eye. The distance of the posterior sur
the lens from the cornea can be measured only b
plicated methods t d on the observation of the pa 3
between the reflection from the cornea and that from the
posterior surface of the lens, and by taking into account
the influence of cormea, aqueous humor, and lens
stance on the rays. It has en found to appro
very closely to 7.2 mm., *h gives 3.6 mm. ¢
average thickness of the lens (while the eye is not
commodating). The lens taken out of the eye incre
in thickness on account of elastic retraction, as will
explained in the section on Accommodation.

25. Diagrammal ye.—We learn thus that there are
noticeabl ifferences in the optic constants of normal
\_“\'f‘\ so ti two eyes, both emmetropic, are not ne

ler 1l in construction. But within the latitud
of emmetropic -y es > deviations of the different figures
from the average counterl e each otl so that the
object, the formati F sharp in 2 an -»hjm'rc
in the plane of the retina, is equally From
numerous measuremer made ]
Helmholtz has structed the
eye, corresponding t«

opic eyes:
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gure plus the distance of H" from the cor-
nea gives us 22.834 mm. as the optic axis from the an-
terior surface of the cornea to the sensitive plane of the

FiG. 2043.

retina and adding to this number the thickness of the
sclerotic coat, viz., 1.3 mm., we obtain about 24.1 mm.
as the length of \Iw eye lull Anatomical measurement
has shown the e ye :ball to vary between 22.5 and 27 mm.
in length, 24 to 24.6 mm. being the most common limits.
Unfortunately anatomical measurements refer
mostly to eyes t refractive state of which was not de-
termined during life. The diagrammatic eye of Helm-
holtz and the position of its cardinal points are illustrated
amplified twice.
ize of retinal ir and
: influence of ses on sight in fact, alme all
> problems not r to the changes durir com-
lation, we can arrive at results sufficiently
taking as a basis the simplified diagrammatic eye of
i which the lens is omitted. It consists of a
ing surface, represen he cornea with a
internal me-
has a refrac-
i eal with but one
in the plan ' the cornea and but
centre of rvature of the
length is 15 mm
s likewise the len
advar tages Dot posses
but also va 1s faults wi

instrument whi

almoscope. \\ h= n the refraction is emmetr
of the a, it is very nearly so als
i I s due to the curvature
the retina (compa
curvature of the
ructure of the lens preve
ich ord v spheric hom
case of th.r s situ-
ly from the axis of the system.
be al lenses do not col-
those rays which are very
oblique t t e the refracting surface far
from C : T]ns -;-n- rical aberration is shown in
Fig. 2027. the eye it is almost wholly obviated by
the elliptical shape of the cornea and the stratification of
the lens. The iris, moreover rves the purpose of a
diaphragm, so that the extreme marginal rays cannot
ordinarily pass through the pupil. 3 =
p watic Aberration.—The chromatic aberration
y e to colored rings around images other-
It is due to the fac t that the index
of refraction is not the same for waves of light of differ-
ent length. Hence there is necessarily a slight separa-
tion of the different colors when mixed or so-called white
light is refracted byalens. The eye isnot free from this
defect; it possesses it to about the same extent as if it
consisted of water. If either end of a sharply defined
spectrum be observed through an achromatic telescope
the other end appears diffuse until the adjustment of the
telescope (or of the eye) isaltered. The difference in ad-
j ment corresponds to about 1.5 to 2 dioptrics; that
to say, an eye forming a sharp image of an objec
emitting violet light, requires an additional convex lens
of some 75 to 50 focal length, in order to brir the
less refrangible red rays into a focus upon the retina.
Ordinarily we are not conscious of this defect, becax
the eye is adjusted for the middle and brightest portion
of the spectrum, viz., yellow and green to blue, while
the red and violet rays form circles of diffusion around
the 3 which blend, and thereby diminish in di
tinctness of color, being, moreover, much bright
than the sharply defined image which they T
But we can see these colored circles of diffusion quite
distinctly on looking at some bright object, while cover-
ing one-half of the pupillary aperture with an opague
en, for by thus cutting off half of the pencil of light,
revent the blendin f the color rings, and the ob-
hows then a blue edge on one side and a yellow
in on the other. The chromatic aberration is also
noticeable on observing a luminous point through
lass, which absorbs the middle part of the spec-
trum, whereupon we see either a red point surrounded
by a blue halo, or a red margin around a blue point of
light, according to the re tive state of the eye.

30. Imper ntring.—The optic system of the eye
is not perfectly centred. centre of the cornea coin-
cides, indeed, with the vertex of its ellipse; but the
major axis of thise ].Jlm for an angle with the visual

that is to :;n' the line of the
X n an observed po ]h{ throu
the .1H<L;1 }---‘-‘m— to the centre of the retina.
line dev toward the nasal side of the corneal
i 1 rd) to an extent of fr ® to B°.
n of the corne i
ve some eyes a false =

Still no noticeable deficienc sight can
d to this want of g : 2

atism.—More seriou -fects are those

s in 2 [ the refrac

| ly the refra
it assumpti
true b

1e plane of the
axis in order to
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eye. On measuring with the ophthalmomet r the corneal
radius of curvature in the horizontal, and th

vertical meridian, the two radii are found to differ from
each other to a trifling extent even in the most

eves. More commonly, but not always, the rac
smallest in the vertical meridian. The two meridiar
presenting the greatest discrepancies are not neces 1
horizontal and vertical; they may have any inc

A difference of 0.1 mm. between the radii of two merid-
jans at right ancles to each other separates the focus of
one meridian from that of the other to the extent of about
0.3 mm. Differences of 0.01 to 0.05 mm. in the radii are
the most common. The cornea is hence the segment of
an ellipsoid with three unegual axes. As a result, the
focal length is not the same in any two meridians of un-
equal curvature, and hence the points of an object can-
not be represented by points m the images j-mnui in
such an eye. If in Fig. 2044, 4, we represent the

soid cornea with the horizonts 11 meridian % A having
greater radius of curvature than the vertic al meridian
¢ v, the focus in the former meridian 7 2 must be farther
off than f o, the focus of the vertical meridian. If we
place a sc n successively in the positions numbered 1,
9 3, 4, and 5, the image of a distant ]mnu would appear
as shown in an exaggerated manner at B, 1, 2,3, 4, and 5

2 3 45

7

3

B Olo

F1G. 2044,

of the same figure. The refraction by such an ellipsoid
cornea can be imitated by means of an ordinary spherical
lens, to which is added a cylindrical lens, the segment of a
cylinder, thereby introducing a difference in the refrac-
tive strength in the two meridians, of which one is ]n,u.d
lel with, and the other right angles to, the axis of the
cylinder. This defect of the eye is known as the regular
astigmatism (from e, privative, & iypa, a point)
There are very few, if any, eyes entirely free from it.
When the inequality in the refraction of two meridians
ceds the strength of about one-half to one dioptric,
it may necessitate correction by means of cylindrical
glasses (see under Astigmatism). As the ult of 1
lar astigmatism, lines of different inclination are
seen equally distinctly. If, for instance, the eye be ac-
curately emmetropic in the horizontal meridian, while
ATPEr CUurvs of the vertical meridian brings the
s behind the retina in the latter meridian, then only
1 lines at infinite distance will be sharply defined on
ina, while the more a line approac llL‘ T.]le horizon-
tal direction, the more d ‘Il 1se will be its
Tlu- m(m‘n rence with i >
A discrepancy between
two mm'iti ans ;mlnmmng to less than half a dioptric does
not interfere with sight to any pr al extent.
Astigmatism gives rise to such slight imper
of retinal image ays”
around stars and other
to optic inequalities in t iffere f the lens,
whereby some of the rays are ~.l«:ﬂ<-r:- from > path
which they would pur in a perfec is i
ular astigmatism does not exist after
removed.
32. Musce Volitantes. —Few, if any, eyes
times see flyir specks, so-called musce :
They appear in the form of transparent rows of beads or
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-oups of granules, or simply shadowy streaks floating
about when the eye is moved. Theyare due to the pres-
ence of similarly shaped objects floating in the vitreous
body, cells and -groups of cells, and shreds of membranes,
transparent, but of an index of refraction slightly differ-
ent from that of the medium surrounding them. Their
rims hence cast shadows similar to those of a glass ball
between a light and a screen. These shadows are most
marked when the rays of light are par allel in the vitreous
body, when the source of light is in the anterior focus of
the eve. We can observe them well by using as source
of light a pinhole in an opaque screen ‘held ¢ l(m to the
eye and toward the sky, or on looking into a microscope
When the attention has once been called to them they
may continue to annoy nervous persons, mentally rather

tically. These shadows, even if inconvenient,

ot indicative of any disease.

Ametropia.—The last and most important imper-
fection of the is the not uncommon want of harmony
between the rth and the anatomical length of
the eyeball, the refr ive defect known as ametropia.
We have seen thai the radii of curvature, the distance
from cornea to lens, the length of the eyeball, and per-
haps even the refractive indices, may vary within certain
limits in different eyes. It is only in the more fortunate
instances that the ideal result, viz.: the coincidence of
the posterior focal plane with the position of the retina,

obtained, while in many eyes, otherwise healthy,

es of distant objects are formed, either in front of
the retina, constituting myopia, or behind the retina, the
condition of hypermetropia. In either of these two cases
the retinal images of ant objects are blurred in pro-
portion to the distance of the retina from the focal plane,
and in proportion to the size of the pupil. The lower
degrees of ametropia may be due to an unproportional
curvature of the corneal and lenticular surfaces, while
the length of the eyeball is normal: but when the anom-
alies of refraction reach any high degree, the eyeball is
found, not merely relative 1\ but absolutely too long in
myopia, too short in hy permetrop ;

“While emmetropia-is the most fc rtunate refractive con
dition, it is not necessarily thL most common. Statisties
show that in the upper c f schools, and especially
high schools, in European countries, from one-third to
one-half, and sometimes even two-thirds of the eyes are

1ted, and some five to ten per cent. are far-

! In this country the figures are a little more
favorable, as regards the frequency of emmetropia.
Fuller details of these statistics will be given under the
heading Myopia.

84. Refraction during the Growth of Eye.—In the
infantile eye all the dimensions are, "ou smaller
than in the adult organ. The shorter axis of the eyeball
is, however, proportionate to the shorter radii of curva
ture of cornea and lens, so that emmetropia can exist.
Indeed, during childhood there are more emmetropic
eyes than in adult life. The eyes of babes, however, are
most frequently far-sighted, as shown by ophthalmo-
scopic examination. Jaeger formerly asserted the con-
trary, having found 78 eyes myopic out of 100, and but
5 accurately emmetropic in new-born babes. He seems
to have been misled, however, by the accommodated con-
dition of the infantile eye, for later observers, who
paralyzed the accommodation by n of atropine, have
uI’ll\ ed at different results. Thus 3 found but 11 eye

ic, 17 emmetropic, and 72 hypermetropic in 100
eyes of infants. Bjerrum* noted 61 hypermetropes, 23
emmetropes, and 3 myopes on examining 87 S.
Horstmann ® found in 50 new-born infants 88 far-sighted
eyes, 10 emmetropic, ‘n‘l but 2 short-sighted eyes. In

50 children, of the age of one or two years, 84 eyes were
far-sighted, 10 nc yrmal, and 6 short-sighted; while in 50
children, four > years old, hypermetropia had di-
mmmh« d il- 7 ing es; myopia had increased to 13

13 ¢ emmetropic. These figures show
zlm. the ref action increases ordinarily as the child ad-
vances in years. During the years of school attendance
this growth leads, in many instances, to a myopic refrac-
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elastic body kept stretched by its attachment 10 the an-
ml] ir licament, as an elastic hoop would be flattened by
the traction of two cordsattached at two oppe e points.
Relieved of this traction
the lens increases in con-
y ar becomes more
rlobular, t
removed

> more (

ant 1 thicker than wl

uring the

effort
contracts

the choroid forw
has been shown
sen and Voelkers, by
movements of a cedle
put through the
sclera and choroid
on sending an
electric current
through the cili-
ary muscle in the eyes of
animals and in a human
eye just extirpated on
punt of disease. The
ular, ring-shaped mus-
lar fibres of the ciliary
1.. ly on contracting cause
the ciliary processes to
project further toward
the centre of the pupil,
which movement of the
processes is favored by
the above-described trac-
tion on the-choroid and
consequent relaxation of
its anterior insertion. In
eyes in which a sufficiently exte ment of the iris
has been removed by the opera of iridectomy, and
through the translucent intact iris of albinos, this ad-
T f i »sses toward the centre of
the pupil has bee ectly rved. Since the
ligament of th s .uhulunlmmn ciliary pr
esses the crowding ring-shaped structure
into a narrower space necessarily relaxes the cir-
cular band stretched across the aperture within
this ciliary ring. iinh the lens is permitted to
g i to the tension of its own
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AT poi
glassof 4 D s

’ ¢ : ‘rom
childhood on, t i > lens in 1Ses,
i Hence
ensc Jl!'}}"T retra
yvouth, tl
relaxes the annuls igament.
accommodation sinks thus from beyond ten 111- ph
during childhood, to zero toward the
Donders has constructed a diagram (F'
numerous o vations, '\'in’c-h illa
a graphic manner. The heavy line (
sents the refraction of the eye at rest As before state <1
the emmetropic eye becomes slightly ll\pwi‘nl tropic
advanced ag I ~lmmr>l\ from an ttening n»r
the lens or : 1 of its refractive lex.
range of accommodation extends fr the heavier
of passive refraction to the line indicating ti
treme active adjustmer e eye. The figures at
ive 2age 3 rs; those at theside the (active
issive) adjustment in French inches (or expressed in
rics on the right side Occs asion ‘;H v deviations are
from this standard declin Thus, among
the writer has seen : ‘nm]vnmn. seventy vears
who could read the finest ht ine
nce. He had a slight myopia an i
less than 1 D, so that this a 1odative range
as still a trifle over 4 D, a very unusual s unt for his
Exceptions of the opposite kind, ¢
ymmodative range normal to tl
., are always due to disease of the
nent of the health
3. Innervation of the Accommodative Apparatus.—The
its nerve supply from the third
1l nerve or - oculi, which sends the motor root
the ciliary ganglion, whence issue the ciliary nerves
un.e h penetrate the sclera. It is a common clinical ob-
: tion to find paralyses of other branches of this
nerve accompanied by paralysis of the mechanism of ac-
COmMMmy n. }.\m riments b v Trautvetter  have shown
that the fibres of accommodation run in the trunk of the
motor oculi in pigeons, w in other animals the resu 1u
In dogs, Hensen and Voelkers h-
1p to the floor of i y
hown by the resi

inder the

In bir

is so it."‘mnh
cannot _vol ner moveme -
v:-\r..-n'.i. L ut th ther. But by optic means
which simulats c t of one or :}n ther movement
we can tempor. pture the association. Thus, wi
a given > nvergence for a certain fixe j
.\‘0 can orce our ves 10 ¢ eater accom iz
effort b glasses, or lax the
:U("!HTIE”“L spectacles. Simi
gence AsSoc
placing prism
in front of one
two movements
It is ev

a certain accom

nt
as the disturbance of i ion by optic means,
subserves the same purpose, ., distinet vision without
double images.
44, Movements and Nerves of the Iris.—On account
the association with the accommodation, the movements
the iris can be best discussed in this connection. The
1 :-; serves the purpose « ]»inr':i'_’m_ 111{‘;‘1}»4'11:.&-
of w m]x « vary ccording to necessity
i i nits being from 1 to 6 mm. diameter.
eX action pupil contracts with inecr
reby (mn'n.‘-J i both the fatiguing bri
tinal image and the width of any circles «
sion due to optic imperfections. When the light
tively feeble, a large pupil, on the other hand, per
\ brightness of the retinal images, while
les of diffusion do not blur the sight so
, on account of their feebler intensity The pupil
icts also with each accomm tive effort, thereby
diminishing the spherical aberration. which the ]mn.\im r
of the object an'l the increased convexity o
would produc Independently of external 1
pupil is very narrow during p and during
narcosis. The mechanism of this latter contraction is
not yet known. When the narcosis is intern :d by
any sensory stimulation, or by asphyxia, the 1m‘u indi-
ange by dilat
i iris are the ciliary nerves, comi
which, man, has three roots
li, the long root from
he naso f'th nerve, and the sy mpa-
thetic s ng th on along with its arteries
The motor oculi controls the sphincter muscle of the iris.
imental irritation contracts the pupil ; itssection,
accidental p allows it to remain f.]llluu !
lex pu;»lll_.l_\ contre 1 produced by Ii ith
_Lm':-u of the o] n11= ‘When the u];nn nerves
ed inactive by the normal play of the
and 11;.} remain in a state of moderate
citation of ¢ ic n however, con-

in those animals
ommon to both

dness, the two

> contraction bei
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ble to account satisfac mn]\ for the action of the sy
nerve on the iris. The view that these mner
the size of t yupil, through their s 1 upon
‘ular walls of the blood-vessels of ; s, is not
1pported by the y
: ward the eyeball is partly along the
the art partly a nastomoses which join
!1- anial nerve : f the syr
ve of the neck is f 1 ti
‘.\1;'!l=; its i i
can be >d thr rh the rami ymmunicant
t two ¢ ‘ the first tv lorsal nerves i
T reflex

i cord, and partl; 1 gata,
leflex dilatation of the pupil thr hi : channel
can be readily induced by any s impression through

any sensory nerve, at 1( ast \\]IE'L the pupil is not
1 by strong light, especially dur sleep and
ir.w'»mph—‘h narcosis. The pupil, indeed, is ve
to irritations of sensory nerves. It is not
this reflex dilatation is of any utility.
It has recently been asserted by Tuwim 7 that the
perior cervical sympathetic ganglion maintains a
tonus of the dilator nerves of the iris, independently of,
d even after, its separation from the central nervous
system. Although his experiments seem conclusive, the
tion should be further investigated, since this would
first instance known of tonic activity of nerves
maintained by a sympathetic ganglion.
The fifth cranial nerve is the sensory nerve of the iris
endowing it with very great sensibilit Irritation «
i contracts the pupil very ener, cally in some
, for instance the rabbit. Se
has the same effect, temporarily, the fibr
kept in a state of transitory irritation by the injury
occurs as well in certain other nerves. This influ
the fifth nerve upon the pupil does not exist in
ous animals. The observations in dise: that nerve
in man are too conflicting to be decisive. he study of
eye diseases attended with i ders it very likely
that in man the fifth nerve is : 1 T T e of
the iris, and that its reflex excitation conges
contracts the pupil mechanically by the engorgemer
the vessel This is also the most plausible explan m
of the intense ille contraction obtained on punctur-
ing the ar , which result does not occur on
operating on the dead v) e.
BsrioGRAPHY.—T > properties of the eye were
not understood until ., in 1602, evolved the
of optical 1'11.-7:'=|111-—1L:~ T The i
the various parts of I]n. : 4
elucidated by the Jesuit Scheiner in
linnc WETt -\1-'cw-<-i\--1_\' brought out
but it w mly after C
h« ati e . n of the cardinal points
IJI\}I[’ - suchungen,” G 1, 1841) that
tlu complete IiJ" v of the refract in the e -f-:wuin'f be
ne successfull;
uges” i1 ag Hnw'\\fm
\ 1853), tical selec
> older mea nents of the re ive indices «
eye by Choss by Brewster 1

urements of

physic

has pr
has pr

some of his former measurements and figure
cepts as > mearly representing > values «
dinal points the rage ey res whicl ]
have reprod 1 Extensive

measuremer 'Jur- CoTne ;1,

have also been made by ymalies of Ace
modation Refl ion, 1864) and by Maut
i schen Fehler

€ r I 1n
> der phys. c,” in .of (r‘m fe and
Saemisch Handbuch der ges: t cenheilkunde ”
1876), while i -tant recent ad are to be found
'l'l \H‘rll‘“ .r- '1._‘| E 1 .-.. y “\71. “Al‘:}l"
same work. V. ‘ > » treatise of Fick
in vol. iii. of Hermann’s “ Hz mw'hw h der ]"11\ siologie.” *
All of these works must be consulted for the complete
literature of the »ct. In the English langt
most extensive older treatise is the work by I
on “ Anomalies :commodation and Refraction”
which book marked quite an era in our knowledge
physics of the different refractive conditions of the eye.
ln connection with this latter subject the work of . g
Einstellungen d. dioptrischen ‘Apparats,” 1861) must
a.lm be mentioned
The mechanism of accommodation has been extensively
discussed by former autl , by whom, howev 10 facts
brought forth beyond those taught by every-day
observation. By some the accommodative changes were
referred to the variations in the size of the pupil, while
others even denied the existence of any accommodation.
The most complete mathematical discussion was-fur
nished by Th. Young in the “ Philosophical Tld‘l‘-di tions ”
of 1801, in which it was shown by experiments and by
deductions that the accommodation cannot depend on
any chs xcept those in the form of the lens. The
ntagl proof that such chang do occur w
furnished simultaneously and independently of
other by Cramer ( : slications in the Du
language, betwee | and 18: and by Helmh
Monatsherichte d. rliner Academie, February, 185
The mode of action of the ciliary muscle wa 3
lained by Helmholtz theoretically, and has since been
rmed «_\pwrinwm.i v by Hensen and V
i .1 he innervation of the accommoda-
perimentaluntersuchung 1
us der Accommod: W i
3 vol. x
ments of the changes in the ¢
accommodation, ;L.’)l‘l a
iciency were published by
1860, vols. vi. and vii.).+ O
of accommodation in health and di : is due mainly to
the researcl Donders (“ Anomalies of Accommoda-
tion and Re )
On the innerva
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but to indi-
> 1i y of different
way whenever, fm-zn anjy ause, suffici
e is upon the eye itself to make a rupty
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whenever the
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