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482 MR ERNEST E. MADDOX.

tropic one deviated inwards! I believe, however, that a great many
eyes with minor degrees of hypermetropia would be found to devi-
ate outwards, and that if this were duly estimated some of those
difficult cases might be more readily relieved which are so gensitive
to any disturbance of the requisite relation between convergence and
accommodation,

The psychical factor furnishes an oceasional difficulty in the observa-
tions when there is a constant expectation of seeing the hidden point
appear. It may be guarded against by registering the position of the
outer as well as the inner border
of the blind area in both records,
which thus mutually correct each
other, since the same mental effort
which might prematurely bring the
hidden point into view when one
border is being tested would do the
very reverse when the other is
under trial. Moreover, if the re-
corded breadth of the blind area be
found equal in the two observations,
before the deviation and after if,
the coincidence is reassuring as
to the exactness of the records,
Variations in the shape and size
of the “disc ” in no wise affect the
experiments, since the same definite
point in each border is taken as
the index of deviation. The shape
F1g, 3.—AcB was the optic angle he- Of the curved end of the box is

fore the right eye deviated. AdRB,is such that each movable aperture in

the optic angle after deviation; it any part of its range still throws a

is less than before, hy the angle of tiny and distinct image upon the

deviation ¢Bd. A s TR P

" retina instead of a diffused one ; for,
as Donders has said, “in the emmetropic eye the whole curvature of *
the retina lies in the focal surface of the dioptric system.” The
image is about ;% th the size of the aperture, so that the latter being
half a line wide its image is about [J}sth of an inch in width.

! T am indebted to Mr Brudenell Carter's * Defects of Vision ™ for the fact
that Hansen has recorded a few instances of ““central defect,” though Mr Carter
had not identified them (1877, p. 141), and says: ‘“ In every case of myopia the
tendency of the visnal axes would be towards divergence, and in every case of
hypermetropia the tendency would be towards convergence as soon as the con-
trol exercised by the demand for fusion was withdrawn" (p. 138). To Hansen
then belongs the first notification of the fact that in ““a few persons " an excluded
eye diverges with the ordinary tests at reading distance. I think, however, the
camera will show that instead of being a rave exception, this is the normal con-
dition, though not the invarinble one. Doubtless Hansen’s cases were, in one
sense, really exceptions to the normal, in that the degree of deviation was large
enough to be detected by the ordinary methods,










CONVERGENCE AND ACCOMMODATION OF THE EYES, 485

we remember that, if double images are produced artificially or
by disease, it is impossible for the mind to tell to which eye
‘each image belongs—whether, therefore, the visual axes are
crossed or not, and whether convergence needs to be increased
or relaxed to bring the images together.

By Hering’s theory, convergence is a single effort, exerted in
equal amount in each eye.

It is also clear that impressions from both eyes are neces-
sary to maintain the supplementary factor in convergence con-
nected with the abhorrence of double images. When, therefore,
the obstructive in the experiment
is placed before the right eye,
and vision 1s confined to the left
only, this common effort ceases,
and both internal recti receive
correspondingly diminished im-
pulses from the converging
centre,.  Were this all that hap-
pened, e.g., in my own case, each
eye would deviate outwards 2}1°
as represented by the dotted
lines in fig. 2. As a matter of
fact, however, the active one
remains sbationary, :ﬁxing the yye, 3 A.—Convergence of the visual
central aperture, while the uncon- EL'[‘;]‘-::EH if frm' t.]u\', ]ﬂ,ﬂ; IIJ._:l'::ILL_L'I'Ufi'T‘. Ii.!:i

effected by the converging innerva-
trolled one moves outwards 5°. tion; but they are jointly deflected

. : to the right hand cross by the rang-
This can be proved by com- ing innervation; in accordance with

mencing the experiment with bot/s  Hering's theory.

lateral apertures in their respective blind areas, when it will be
found that if the stop is pushed to the right, although the right
lateral aperture comes into view, the left one remains hidden
the whole time; if the stop be pushed to the left the left aper-
ture appears while the right one continues hidden, showing clearly
that in each case it is the seeing eye which continues stationary,
and the excluded one which deviates, Another innervation,
therefore, distinct from that of convergence, must come into
play to keep both the eyes from deviating equally. This is
found in that centre whose ordinary function it is to turn both
eyes to the right, and which, therefore, presides over the internal






















192 MR ERNEST E, MADDOX.

the macula, or, more correctly, the macula approaches the image, for
1t 1s the eye which moves and not the point.  While this is going on,
the two stationary apertures
appear to be getting nearer to
each other, for the cerebral
centres are unconscious of the
divergence, and make mno
allowance for it. The images
do not appear to meet com-
pletely until each falls upon
the median wvertical meridian
of its eye. It is well to begin
the experiment with the aper-
tures at some distance from
each other, and after allow-
ing a short time for them to
approach naturally as far as
they will, to push the right
slide inwards, and let the
observer say when they come
into the same vertical line. In
this part of the process the

i@, 4.—1Tue divect method. Each lmmn- : . .
ous point throws an image on the fovea of €€ Temains stationary while

the eye on the same side, so that both the i{mage is moved, on to its
tmages are mentally referved to the plane median vertical meridian.

which bisects the ¢ POV eI ZenCe, L .
bise wngle of convergence The dlﬂlﬁgﬂt‘. would be

something like this:-—

Q. What do you see ?—4. Two bits of light.

(.. How far apart7—4. An inch or two.

@. What happens? (pushing on the right slide slowly).—4. The
right one is moving to the left,

. Say when they are guite together, that is, when the right point
comes to be exactly below the left.—A. Now !

This concludes the observation. The real interval between the two
points, automatically recorded by the graduated scale at the base of
the box, has only to be read off to give in degrees the relative diverg-
ence of the eyes. This method dispenses with the use of prisms and
the fallacies which attend them ; it saves the trouble of special
measurement, and gives an angular instead of a linear record, which is
therefore always ready for comparison. It is equally available by
daylight or artificial light.

But the best practical evidence of its efficiency is afforded by
the ease with which it reveals the physiological prevalence of
relative divergence in near vision, while the ordinary methods
have only hitherto detected the grosser pathological exceptions.
I may not be acquainted with all of them, and therefore cannot
indicate the reasons of their failure, but I think I can suggest













496 MR ERNEST E. MADDOX.

direct method. The camera ensures uniformity in the distance
of the object from the eyes without the trouble of measurement ;
1t needs less intelligence in the patient, and gives an automatic
angular record. The double prism, however, would I think be
found useful for rough analysis at areater distances. The

Fic. 5.—Side view of the right eye and the double prism. The false images seen
by the right eye are dotted. The central one is seen by the left eye.
radical difference between Von Graefe's test and the camera is
that in the latter a separate object is used for each eye, while in
the former the same object is reduplicated by a prism., The
camera also not only reduces the desire for single vision, but
aholishes it altogether when the lower of the two lateral aperbures

1.'1- Irf'"l ._'Iﬂ f'}-ll

=
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Fig. 6.—To illustrate how relative divergence is measured by the double prism.
A 1s the only device on the card, and is seon by the left eye; B and C
are false images of it, aud ure scen by the right eye. In this instance 5° of
deviation are seen recorded. If the two lowest arrows are made continuous by
rotating the prism, the middle one points to fwice the divergence, for as C
moved to the right, B moves equally to the left, A of course remaining
stationary, The arrows would all but touch the lines above them when
the card is held at the appropriate distance of 10 inches.

is used in conjunction with the central one, so that the eye
takes a position determined solely by the converging effort which
1s associated with the accommodation,

Lo it










































H66 MR ERNEST E. MADDOX,

as in a frame, must fall on the left fovea centralis or point of acutest
vision. The encircled image therefore is referred—where all foveal
images are referred—to the line which bisects the an gle of convergence,
But the other aperture has been placed so that its image appears to be in
the same line, or rather slightly below it it therefore must fall exactly
above the right fovea, on the median vertical meridian of the right
refina. Since each image falls on a median vertical meridian, it
follows that if the apertures themselves were separated by an interval
equal to the intercentral distance, the visual axes would be parallel ;
if the interval were greater there would be relative divergence, but
as ib is, the interval is less, showing relative convergence,

Moreover, if, while the apertures are still kept in position, both eyes
be made to observe distant objects through them,
the images none the less appear superimposed ; the
amount of convergence attached to distant vision re-
mains unaltered, whether one eye or hoth is used.!
Since the natural outflow of energy from the con-
verging centre when the desire for fusion is absent is
a delicate comparative index of the accommodating
energy, this fact shows that the activity of the accom-
modating centre is no greater when both eyes are
used than when vision is confined to one, and corro-
borates the statement that accommodation is the work
of a single innervation affecting hoth eyes equally at
the same time. The object thus seen by the right
eye, through the lower aperture, is one which really
lies in a space to the /left of the object seen by
the left eye through the higher aperture, Thus,
if in figs. 7 and 8, @ and b are two
distant oljects, « is seen by the
right eye through the lower
aperture, and & by the left eye
through the higher one. TFig.
9 shows that for this to occur
the visual axes must eross some-
where between the camera and
the distant objects, This eross-
ing point is at anaverage distance
of about 112 inches from my
OWN eyes,

Another glance at figs, 7 and
8 will make it evident that for
the same ohject (b) to be visible
by loth eyes, the lower of the

Figs, 7and 8. —Objects d RN Tt ] Vi
(t, b) seen throngh WO apertures must be drawn

the apertures of the away from its apparent position just under the
camera, other to the right. Let this be done till < 2" is
visible in both apertures, the acfual distance between them will

-
L
g, 9.

I This presumes the ]lnﬁim-.-::q[nr] of eves ﬁf'g-.-[u”] refraction,










































580 MR ERNEST E. MADDOX.

increased. Why, then, if to attain this play central connection
must in part be overcome, is there any such connection at all ?
It 1s a great saving of the reflex fusion-effort.

It is evident that geometrical considerations must precede the
physiological study of the subject of oblique vision.

() Accommodation.—Apart from any connection with con-
vergence, disproportion between the accommodative requirements
of the two eyes is brought about by the slightest deviation of
the point of fixation
from the median plane.
Fig. 11 illustrates this
when any flat object is
looked at, as in reading
a book. The prolonga-
tions of the visual lines
on the distal side of
the line AB repre-
sent the disproportion,

Fig. 11. Thus, when both eyes
are looking at “w,” the object is nearer to the right eye than to
the left by the distance #u, and so on.  Every departure of the
point of fixation from the middle line lessens the required
accommodation in the opposite eye, while at first it increases
that of the eye of the same side till the fixation point has tra-
versed a distance op equal to half the intercentral distance,
after which it falls through a similar interval pg to the original
amount, and then continuously diminishes. But the centres
for accommodation are so intimately connected that one eye
cannot accommodate more than the other. When variations,
therefore, exist either in the refractive power or requirements of
the two eyes, “that eye has the bright image which attains it
most easily at the expense of the other” (Donders). They do
not split the difference ; if they did so there would be diffusion
circles in each eye. Since accommodation with normal refrac-
tion implies positive effort, that eye which is farthest from the
ohjeect, and can see it with least effort, determines the accommo-
dation for both. Fig, 12 therefore represents “the line of equal
accommodation” for near vision, in whatever point of which the
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which bisects the angle of convergence is the one to which
hypothetically objects upon the macule should be mentally
referred, Whether, in fact,
they are so physiologically
remains to be proved. The
line 1s obtained by uniting
the point of binocular fixa-
tion (¢, in fig. 14) to the
posterior point of the circle
(b). The position of this
posterior point shifts, of
course, with every variation
in the size of the circle;
the line ¢b itself is inclined
to the median plane by an
angle which measures the
obliquity of vision, since it is equal to the angle which each
visual axis has traversed in looking from the anterior point of
the circle (o) to any other point in it (¢). This angle, therefore,
represents the “ranging” work to be done in looking at any
such point. T do not say the ranging effort, for, as before men-
tioned, effort is often disproportionate to work, owing to greater
resistance or other disadvantages. A certain evolution of nervous
energy from the converging centre produces a definite angular
deflection inwards of both visual axes, and similarly an effort of
a ranging centre produces a definite deviation of both visual axes
to the right or left. The nervous impulses perform angular
work, if I may so say, as far as vision is concerned, and there-
fore we may assume that it is by angles that the mind judges of
the work done in estimating the projection of the field of vision ;
but since the judgment is based solely upon the ¢ffort put forth,
any diserepancy between effort and work would show itself in
angular misjudgment, unless by habit the mind had come to
associate a certain degree of effort with the work it usually per-
forms, instead of with the work it should perform compared with
a smaller effort. Such allowance is no doubt made, in whole or
in part, except for unusual obliquities. Were “effort” and
“work " exactly proportionate in both the converging and
ranging innervations, all objects seen by the fovea of one eye or

Fig, 14.
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CONVERGENCE AND ACCOMMODATION OF THE EYES. o8:

both, however obliquely, would be referred to the line which
bisects the angle of convergence, since its inclination to the
median plane would exactly express the angular impression in
the mind produced by the ranging effort. I find, however, that
if a large piece of card be held obliquely a few inches outside
and in front of either eye, with a mark upon its upper border,
looked at with hoth eyes, a finger passed up behind it generally
at first misses the mark to the oufside by nearly an ineh, showing
that the ranging effort is relatively so far greater than the work
it accomplishes that the mind estimates as if more angular work
were done, and mentally displaces the object from the median
plane by an angle greater than that of the line which bisects the
angle of convergence, and which only measures the work actually
accomplished, not the effort put forth to accomplish it.

In fiz, 15 the dotted arcs represent the line of equal accom-
modation, so applied to that ot equal convergence as to illustrate
the fact already mentioned, that within a certain degree of obli-
quity of vision the pro-
portion of convergence
to accommodation 1s
areater than in the me-
dian plane, while for
areater obliguity the
lJI'Dl".I['H"tuiﬂIl 18 I[EFE- 4“'1 b
the points dd, where
the two lines intersect,
the proportion between
convergence and accom-
modation 1s the same as
at O; within these points
convergence must be re-
latively increased ; out-
side of them relatively
lessened. The distance
of each @ from O is always exactly equal to the intercentral
distance of the observer.

The same figure shows how, in looking obliguely at any point,
the convergence and accommodation required may be compared
with that in the median plane, All that is necessary for any

=

Fig. 15.










































CONVERGENCE AND ACCOMMODATION OF THE EYES. 33

of the vertical column in which this angle is found then gives
the required displacement of each glass.

Suppose, for instance, it is desired to combine two prisms with their
bases towards the nose, each of 4° (according to the elinical marking),
with convex lenses of 5p. The eye runs along the column marked
5p till it meets with the ung___le 2%, and then upucucls finding that
each glass must be displaced 7 mm and that therefore the dlhtullﬂL
between the nptlml centres must be shortened by 14 mm.

If the pﬂtlL]ltb intercentral distance were 62 mm., glasses for
distant vision would be ordered, with a distance of 48 mm. between
their optical centres.

The shortening may be made either by approximating the
circular rims or by decentering the glasses in their rims, or, best
of all, by a judicious combination of both. The optical effect 1s,
of course, in either
way exactly the same
as if each lens were
split, and a prism of
4° were mserted and
cemented between
its two curvatures
(see fig: 17). The
displacement should
always be made by
approximating the

et Fic. 17.—A. The right eye is looking at a distant
El‘lﬂll'ﬂllﬂg metal object through a lens displaced inwards, 7im and

L : all, by a distance ¢ dceis the -:I'trct Ol Con-
LDETL e much as vergence. B is the same eye looking through a lens
can be done with- of the same focal length, but decentered in its rim

: : ; by the same distance 0 d. The dotted lines indi-
out 1nterfenng with cate the prism that wounld be eguivalent to the

e field of ﬁlii’l.-triﬂl'l, decentering, and the effect on conv ergence is the

’ game as with A.
leaving only the re-

mainder of the displacement to be obtained by decentering the
glasses in their rims, since this latter has always the disad-
vantage of increasing their weight, just as the insertion or
addition of a prism would do.

To combine prisms, with their apices towards the nose, with convex

different specimens of glass, the usual method of marking prisms is not very
satisfactory for exact purposes,  After consultution with Messrs Pickard &
Curry, they have now a quick method of testing the declinating angle of their
Prismas.

YOL. XXI. (N.8. VOL. 1.) o






























