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PREFACE TO THE ENGLISH EDITION.

IN undertaking an English translation of my book “The Dis-
furbances of the Visual Functions,” Mr. Maenab has not only
earned my own thanks, but I trust also the gratitude of many of
the profession in his own country ; for the view of such a collective
exposition as it contains is easily dimmed by reading in a foreign
langnage.

May the book gain some friends, and prove a useful guide to
the study of pathological optics.

W. LoEMANN.
Munich, Easter, 1913,



TRANSLATOR'S PREFACE.

Proressor Lonmany's many articles on the psychologieal
problems connected with vision, and the splendid work accom-
plished in the laboratory at Munich, will at once commend this
book to any student of the subject with which 1t deals.

In undertaking the Tnghsh translation, I have attempted to
leep as close to the original as is consistent with the differences in
the two languages, and have been greatly assisted by the fact that
Professor Lohmann, who is quite a master of our langunage, has
undertaken to revise the Fnghsh proofs.

Our literature is so poor in works on this subject, that there 1s
considerable difficulty in finding words which express the meaning ;
[ have been compelled to coin some words the exact meaning of
which I trust will be quite clear from the context. I trust that the
use especially of the word “librate "—borrowed from the astro-
nomical term—as applied to retinal images, will not be found un-
justifiable, and that my choice of psychological technical terms,
which has been made with great care, will meet with the approval
of the psychologists, to whom this book should strongly appeal.

Interpolations, not appearing in the original and made for
greater definiteness of langnage, are indicated by the letter (T). In
the work there are several quotations from English writers, in each
of these cases 1 have referred to and reproduced the original, e.q.,
the song of the blind flower girl in * The Last Days of Pompe,”
and that interesting quotation from Cheselden in Chapter II.
Havelock Ellis's translation has been used for the quotation from
Heine which appears in Chapter XII, but for the other quotations
from this and other authors [ have given my own rendering. The
inherent difficulties of the subject, entailing as it does a knowledge
of ophthalmology, psychology, optics, and the technical language
used in each of these subjects, must be the grounds of my apology
for the degree which I feel my translation falls short of the
original.

AncUs MACNAB.
London, 1913,
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DISTURBANCES OF THE
VISUAL FUNCTIONS.

CHAPTER I

VISION, AND THE ORGAN OF VISION: THE
SIGNIFICATION OF VISION,

Viston: Its Turee ELeMeENTs.—The term “ vision ™ is applied
to a complex act, which on close analy ‘115 can be divided into three
very distinctive phases: A ‘“ physical ” phase, concerned with the
rays of light emanating or reflected from a visible object, their
refraction and foenssing :,n form an 1mage on the wvisual sorface ;
a purely lﬂnmu](}-ru.ﬂ phase, consisting in the transformation
of the hght stimulus into a nerve ]Tllplliﬁth and 1ts propagation
to the brain. These two factors alone will not indace H-fht, they
must be supplemented by a third and important * psychic ” element
before percipient vision results.

In ftig, 1 the act of vision 15 sc lmmtimllv rL]"rre*;entLd the
‘ physical " phase is shown green, the * physiological " red, and the
‘psyvehie ™ represented by black and blue lines.

(1) Tur Puavsican PHase ¥ Vision.—Everything relating
to the formation on the retina of the image of an outside object,
in particular the dioptric properties of the eve, belongs to the
physieal phase.  In order that surrounding rays of light, conveying
mformation to us from i]|1|111u]d.t.uﬂ or luminous ul:p:uh, shall be
ntilized to their full in thtm“ vlf-.mn H n-umm-r station—the eye
—of extremely efficient and .1||l:1u]11|.1l,£= design has been Inrwnlmi

Critical consideration leads us to the eonclusion that primarily
a centralized end organ may not have been plmulcd for the per-
ception of light, but ‘that the visual organ in 1ts present form is the
result of a gradually increasing a:la,pt,.ttlfm

To enable a Inghly ump]c organism not only to receive
impressions of |Eﬂ‘hl. but out of the profusion of light around to
appreciate differences in position from the reflected |I;_:] t of objeects,
sensory elements must be developed which are themselves separate
and diserete ; and, if these elements lie on the surface of the body,
each must be connected to the central organ by a nerve-fibre,

Such supposititions pereipient elements, being specialized and
delicate cells, cannot naturally be scattered over the whole surface
of the body. If they were arranged as a flat surface, even though

1
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F1g. 1.—Diagram of the act of vision.

Green = ** Physical * phase of vision.
Hod = ‘Transposition of lght stimulis into nerve impulse and its propagation to brain
{physiological pliasa).

Blue = Hepresentation
Black = Production

} Payehological phaze
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VISION, AND THE ORGAN OF VISION 3

collected at one area, a very limited visual power would result,
almost useless for orientation.

Nature, which with sparing hand often achieves so much, here
shows the escape from such a dilemma. Consider the complex eye
of nsects. We
see how 1t 1s pos-
sible, by a convex
disposition n the
arrangementof the
zensory elements,
to widen out the
visual horizon
even ol a minute
aren. When we
imagine the radiat-
ing eylindrical
visnal elements to
be produced out-
wards, these di-
verging lines will
In a measure in-
dicate the extent
of the feld of
vision.  Such a
complex eye 15 represented in fig. 2 (from Exxger, “Die Physio-
logie des facettierten Auges 7).

Amongst the .‘ntitlnpud:n besides this complex organ, *‘ the
facetted eye,” just relerred to, the so-called ** stalked eye  occurs.

Fig. 2.—Fve of Sqnilla manliz (KExxeR).

Fia, 3. —S5talked eye (HERTWIG),

Nature thus shows us a second way mm which a look-out station
with a free view in all directions can be formed in a minimum
space.

Fig. 3 is taken from Hertwic's ** Liehrbuch der Zoologie,” ¢l is
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a thickened portion of the chitinous envelope, which has lost its
brown colour and acts as a lens; gl a number of transparent cells
forming a vitreous; r the retinal cells which on their peripheral
ends carry the rods in contact with the vitreous, and at their other
ends pass into nerve-fibres,

The sensory layer in this case is no longer convex, but must be
concave, for from the dioptric properties of the eve the refr action
is such that the rays collected from the outside are diverging when
they fall on the sensory epithelium. These rays can only be
uniformly and eompletely utilized when they are received upon
a spherical surface arranged around the nodal point of the dioptrie
systein.

The principle of the camera
obsenra furnishes in the eve
of Nautilus quite a different
method of forming an i1mage.
The anterior part of the eye
forms a screen in which 1s a
small aperture; through this
ravs of light pass to form an
inverted mage on the opposite
side of the interior of the eve
(fig. 4).

Let us now glance at a sec-
tion of the human eye (fig. 5).
The various parts are here shown

Fig. 4.—The eye of Nautilus very clearly. The chief inno-

(BALFOUR). vation, in comparison with the

stalked and Nautilus eye, i1s the

circular musele, the corpus ciliare. By its action, through the

elasticity of its capsule, the lens is enabled to vary its refractive

power, and thus the eye can be [ocussed either for distant or near
objects.

This development of the visnal organ has arnsen fto meet
developing needs, but we must not therefore conclude that the
evolution of the human eye has taken place along these hines. The
Wiirzburg zoologist, BovERI, traces the organ of vision up from
the single pigmentary visual cells secattered through the neural
canal of the whole orgamism as in Amphiorus lanceolatus; just as
we bave done with the origin of the light sense. Many weighty
opinions are opposed to this view.!! A uniform version of the
evolution of the eye throughout the animal world presents great
difficulties. PiUTrER® takes the opposite view, and sees in the eye
a beantiful example of ** polyphyletic ”* development.

The general characteristic—sensitiveness to lighti—leads to the
formation of visual cells, But the supply of L(Jun{rctmg links and

| F.g., Kemen: *Die Entwicklungsgeschichte des Wirbeltierauges,” Klin,
Mosnatsbl, f. Awgenleilk., 1906,

* Perrer: ** Ovganologie des Auges
Aungenheilkunde.” Ind ed.

" in Grire-Siamsca’s “ Handbuch dex
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transition forms between simple cells sensitive to light, and the
organs of the human or anumal eve 15 more or less sport for un-
trammelled fancy.

Historicarn.—The philogophical gemus of great minds had long
striven to elucidate the physies of vision. The explanation of most
of 1ts 1>r0|:iu|1|s-: was, however, a product of that period of intel-
lectnal progress which we ecall the “ Renaissance,” the ** classical ™'
age of learning.

The ancients held the view that the seat of vision lay in the
lens, and in complete agreement with this was their fallacions 1dea
of cataract—a membrane which had sunk down between the ins
and the lens: a fluid which had run down, coagulated, and covered
up the lens. Hence, too, the name cataract (a waterfall). This
ancient view remained until the Middle Ages. 'T'he sixteenth
century first saw the sun of knowledge shine into this dark region
of 1gnorance, and clear indeed was th, light shed by Jomaxxes
KEPLER'S writings.!

Franziskvs Mavronvers (1494-1577), the learned Abbot of
Messina, described in pregnant contrast the lens of the eye (the
(:l'llj.hi:!.]} as the collecting lens of Nature; and the glass lens, the
spectacle glass, as the chrystal of art. Ile, however, had no
knowledge of the refraction of rays in the eve; he believed that
the lens brought the ravs together in some way or other to form
a truncated visual }_:-nalmd whose basal surface rested upon the
outside world, and whose smaller apex lay on the optic nerve
extension,

Frrix Proater (1536-1614), a doctor of Basle, showed clearly
that the chryvstal of the eyve was a lens which formed images of
outside objects upon the retina. He was of opinion that the
retinal images were thus magnified.

In 1610 Jonaxxes Kerner wrote his great work on the

“ Dioptries of the FEye,” and provided a scientific basis for the
physical phase of vision; he gave the mathematical and physical
proof of the path of hght rays and the formation ef 1mages in the
eye-
" Our present knowledge, dating from KEPLER, shows that the
rays of hght which fall upon the eye are, by means of its refractive
media (especially cornea and lens), so bent as to form a small
inverted image of the outer world upon the retina.

KerLer's new hypothesis of vision did not displace the ancient
view without a struggle, and further proofs were brought forward
to support the mnew doctrime. Well known is the interesting
historical demonstration of the inverted rvetinal nmage generally
attributed to the Jesuit father, SCHEINER.?

Pursning the historical sequence of the facts bearing on the
science of vision, we must note a most interesting discovery which,

! Higscurers @ Geschichte dey Avgenheilkunde ” in GrRAFE-Siu1sci’s ~ Hand-
buch der Augenheilkunde,” 2nd ed., Bd. xiii, 5. 204, ef soq.
! Vide HIRSCHBERG, foc. eil. 3310,
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in such a marvellonus manner, interrupted the steady advance of
knowledge ; T refer to the discovery of the blind spot by MARIOTTE
(1666).

Blind Fortune did not drop this knowledge as an unearned gift
into the lap of the IFrench physicist; it was, indeed, the result of
exhaustive research. His anatomical studies had shown MARIOTTE
the excentric position of the optic nerve entry, that it was not
at the posterior pole, the spot opposite to any point of fixation,
but lay laterally in the interior of the eye. MarioTTE then
asked himself what would happen if the hmage of an object fell
directly on the optic nerve head ? IHis investigations established
conclusively that this spot was blind. The pioneer then concluded
that, if the site of the optic nerve entry, where the neive-fibres are
massed together, be blind, then the fibres themselves cannot be
sensitive to light, and the choroid must be the visual layer in the
eye.
[t was only in recent times that fuller knowledge of the retina,
more especially through the exhaustive work of H. MiLLER, led to
the correct view, that excitation must occur in the outer layer of
the retina in the rods and cones. MULLER In his argument made
use of the visible movements of the intra-ocular shadows of the
retinal vessels, which occur when a source of light 1s moved slightly
on the sclerotic (1854).

Accommonarion.—The power possessed by the eye of altering
its focus, and by which, at will, either a distant seene or a printed
page can be sharply reproduced in the eye, 1s called accommodation.
The most diverse views have been advanced to explain this power.’

In 1619 ScHEINER first observed the contraction of the pupil
in foeussing near objects, an action closely associated with conver-
gence, and also, though to a less extent, with accommodation ;* this
was cousidered by some authors as the primary cause of elear vision
ab close range (e.g., Hannier, 1743, and Morroxn, 1831). But any
such elimination of diffusion circles, even by a considerable stopping
down of the pupil, 15 still insufficient to produce sharp vision.
Herumnonrz conducted an investication which proved this. [If,
relaxing the accommaodation, we look at a near object through a
fine hole made in a card, held close before the eye, the object will
appear hazy.

The now classical experiments of Youxa (1800) opposed a very
prevalent view (e.g., BoErmave, 1755) that alterations on the surface
of the eyeball produced variations in focus. Youxc placed the
cornea under water, and still proved the existence of accommodation
just as before; showing that increase in the corneal curvature
cannot be a factor. He also showed that the axis of the eye did
not elongate to any appreciable degree, as an eye which was fixed
at its anterior and posterior pole could accommodate normally. A

! Hermuorrz: * Physiologische Optik,” § 12,
! Lowsaxy: " Konvergenz- oder Akkommodationsverengerung der ]:"ll]_li"L"
bei der Naheinstellung 2™ Oplih, Gesell . 1908.
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somewhat prominent eve was directed nasally so that it was possible
to fix a small ring between the orbital skeleton and the posterior
pole of the eye, the position of the ring being controlled by the
appearance of the pressure phosphenes.

ScHEINER (1619) and Drescartes (1637) had suggested that the
accommodative ehanges took place in the lens, and the experimental
work of LANGENBECK, CRAMER and HermMmonrz confirmed this.
They proved that the lens altered its shape during accommoda-
tion, by observing a change in the relative positions of the image
mﬂm ted from the anterior surface of the lens and that from thc-
cornea, when a light was placed before the eye (PURKINJIE-SANSON
Hages).

If the diagram of accommodation (fig. 5) be examined, the theory
15 at once obvious.

When the ciliary muscle is in a state of rest, the tension of the
suspensory lhigament (zonule of Zinn) acting on the lens flattens
it to such an extent that, provided the refraction of the eye be
normal, parallel rays of light falling on the cornea are brought to
a foens on the retina (blue hnes in diagram). Rays from any
nearer point are divergent when they strike the cornea, and the
relractive power of the lens at rest is only sufficient to focus them
at a point behind the retina (blue dotted line). When, however,
the circular muscle contracts, the suspensory llgq.unm:l, wl'lw*-.
and the lens, by virtue of the elasticity of its capsule, changes its
shape and thereby increases its refractive power. The result of this
is that the divergent rays of light (blue dotted) ean now be brought
to a foens upon the retina (red lines in the diagram).

{(2) TrE PHYSIOLOGICAL PHASE oOF "'l.I.HI:JN.——Jhe images of
smrrounding objects formed upon the retina cannot be forthwith
passed on to the brain, because the optic nerve is not transparent.
The light stimulus must therefore be changed into a nerve impulse.
It 1s U\L]i‘lllLl‘n difficult to explain how this translation of stimulus
occeurs, as we naturally eannot observe its oceurrence under the
microscope. We have information gained by observations on the
material alterations in the retina of animals when subjected to light
stimuli; but to apply this knowledge to the processes of vision
itsell naturally yields no definite conclusion as to what extent these
oceurrences are accidental or essential to the process, and to what
particular step in the visual process they are to be related.

CHANGES IN THE RETINA INDUCED BY LitaHT.'—It is interesting
to note that Goethe® in his ** Chromatics ™ (Farbenfelire) considered
that some kind of movement must take place in the retina under
the mfluence of lf,th“ The appearance presented by the bright
crescentic moon, of belonging to a circle larger than the faintly
visible dise, was :ﬂc|:|.unr-(] |1_=, [;maths* by a (:nnttflc'h-:m of the retina
in shadow and an expansion when Ini:rill,h illumined. ‘\."n{- now,
of course, explain this phenomenon ])_1. “irradiation ” of light

1
a
=

S, GARTEX, in Grife-Simisch's “ Handbueh der Augenheilkunde,” 2nd ed,
Gorrde : ** Als Naturforscher,” Lecture by Dr. K. Magnus, 1906.
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VISION, AND THE ORGAN OF VISION 4]

beyond the actual image found, but quite recently changes have
been shown to oceur in the retinal elements under the mﬂuem,e
of hght.

VaN GENDEREN SrtortT (1884) first deseribed changes in the
cones of the retina as an objective fact. The internal segment of
these elements (myoid, KENGELMANY) becomes shorter and thicker
when exposed to light. These changes are particularly well seen
in those animals whose retine have, as well as cones, those other
end-organs called rods. In retinwe not containming rods [e.g., the
ring snake, Tropidonotus natrie (') | only very shght changes in the
length of the cones can be seen (KxGELMANN); the rods, on the other
hand, elongate under the influence of light, their movement being
opposite to that of the cones. This antagomstic action of the
two elements of the retina is related to the old idea of M.
Scnvnrze, that the cones serve for wision in daylight and the
rods in the dusk of twilight. The cones, which apparently are
not exeited by an :IHIIHIIII-LL]UTI of low intensity, give up the field
to the rods, w hn :h being more adapted for vision in dim light, then
take possession.'

These movements of the rods and cones are not visible in the
higher animals to the same degree as in the lower forms, and it is
questionable 1if they do oceur at all in man. GARTEN was, how-
ever, able to demonstrate a definite difference n length between
the inner segments of the cones in the periphery of the retina,
when adapted for hght and for shadow ; there seems also to be a

very slight difference in the length of the cones at the macula n
favour of the dark- adapted eye.

Another change in the retina produced by hght, which does
ocenr in man, seems to show that this opposed action in the two
end-organs can be assmmed to oceur in the human eye.

The well-known pinkish appearance of the fresh retina was
ascribed by BoLn (1876) to a pigment which lost its colour under
the influence of light. The so-called * visual purple ” is a photo-
chemical substance whose demonstration lends a certain probability
to the view that this or some siilar substance, which ean be
disintegrated by light, forms the connecting link between the light
stimulus and the nerve 1mpulse. This Visual purple is found
in the rods: the macula, where vision is most acute and cones
alone are present, is free from this pigment. The fovea, the
||11Pmtmt area for vision in bright light, is therefore inferior for

night vision ™ (s ('nt{}l]n} to tlmf-,(* parts of the retina which contain
the rods.

A correspondence can be shown® between the rapidity of bleach-
ing of the wvisual purple by different monochromatic (spectrum)
hights, and the “ scotopic ”” value of the retina, i.e., the lnminosity
value of a faint spectral band which after adaptation appears
colourless : and in this we have prcsumptivn evidence for the

! Fxker and JaxuvscHig : Ber. d. k& oakad. der Wissenscl,, Medh, cf, exv.,
Vienna.
! TreNDELENRURG @ Zeifschr. £, Psyel. w. Plhys, der Sinnesorg., xxxvil,
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“ duplicity theory ™ (v. Krirs) which M. Scnvrrze, already quoted,
would apply to the human eye (see Chapter V.).

Of other changes in the eye due to light we will here only
mention the variations in the retinal pigments (Born and Kitnuxg,
1877). These have been regarded as associated with the regenera-
tion of the visual purple, but apparently in animals they serve for
the insulation of the cones (FARTEN).

This short account of the objective changes in the retina due to
light leads to the conclusion—naturally not unreserved—that the
transference of the light stimulus into a nerve nmpulse is probably
a_photo-chemical process; and that the adaptability of the eye to
vision n the dark i1s due to -apr&-::ml retinal elements (the ﬂdh:l,
while the cones are concerned with vision in bright light.

Rinraaxs's' hypothesis of colour perception must here be
mentioned. It is an attempt to explain the transposition of light
stimulus inio nerve impulse by definite conditions in the retina
showing analogies to Liermaxx’s colour photographv.® In this
process the imterference of undulations in the bromao-silver gelatine
film is produced by reflection, and thus a lamellar change in the plate
is induced, RAHLMAXN lmr:abnlﬂm a similar reflection in the rods
and cones; eolonred light therefore leads to interference undulations,
as the onter segments of the rods and cones are lamellar in
strueture.  On the other hand, it can be urged that these lamellse
are artifacts. GREEF® states that the interior of these outer seg-
ments is perfectly homogeneous in the fresh condition; but he
adds that this tendency to break up into dises 1s so Ipwtll"l..'t that
he had no doubt about * the lamellar enticnlar structure” of the
outer segments, and called to his mind the statement of Ravier
that lamellation presented a great resistance to the ncoming rays
of light.

(GARTEN stated as an objection that the retina reflects less light
than does the optic dise, but Binryvanx had already attempted to
refute this by demonstrating-that the reflex, which Garrex con-
sidered so important, was difficult to see, and with the ophthal-
moscope only visible in dark-complexioned pmple though with the
plane mirror it could almost alwavs be seen 1n the fovea.

The purely physiological phase of vision has not only to deal
with the transference and propagation of impulses, but also with
adaptation and contrasts; and besides these with the laws of
colour blending, which, hﬂ‘HFVPl. will merely be mentioned here
(see Chapter V1.). The adjustment of petwptmn which we term
adaptation (for f-:cul:npl.l} serves (o counteract the variations of
illmmination (day, evening, night), and has been already alluded
to along with the duplicity theory. This is further discussed in
Chapter V.

Another form of adaptation oceurs when we look through red

| E.q., Zeitschr. f. Augenheilk., xvi.

* Of. Di. Lenwaxs :  Beitrige zur Theorie u. Praxis der Farbenphotographie,”
nach L. Freiberg, 1906.

P Geeer in Geire-Siascen’s ¥ Handbuch der Augenheilkunde,” 2nd ed.
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gelatine spectacles; at first everything is red, but when we wre
“adapted” to red, we again see surrounding objects in their natural
colours.  Colour adaptation occurs when we look at a red paper.
T'he red gradually loses its brightness, changes its colour-tone, and
becomes yellowish. In a similar wny red, orange, and green turn
vellow ; indigo and violet turn blue.) This colour transition even
occurs in homogeneous hghts.  The two colours yellow (360uu) and
blue (460 pp) do not change their tone. The other colours of the
spectrum alter in the direction of yellow and blue, and away from
green  When the red spectacles are taken off, in the experiment
just alluded 1o, everything appears greenish. When the eye has
been exhausted of a i’..tlll.:llll this appearance of the complementary
colour—the so-called successive contrast—is also seen in the form
of simultaneous contrast if colonrs are n close contact, and is to
be looked upon as a physiological element in vision.

(3) Psycuic Puases or Vision.—While colonr perception by
the eye 1s mduced from a light stimulus and the essential
conditions are generally provided by physiological stimuli, the per-
ception of colour 1tself is a psychic phenomenon’® With the
colonr 1mpression called forth Dby the stimulus are associated
those representations which Herixg calls  memory-colours
(Geddchinisfarben), and thus the same percept is insured even
though swrronnding conditions vary. Clothes, whose colour has
been recognized by day, are viewed by artificial light, when to a
really unprejudiced eye they present quite another appearance,
and are seen in their “correct ” colours; we also speak of white
snow, even when the dusk of twilight has (.hE!,ﬂEI{"{I it to grey.

The psyebie element in vision is very obvious in the tnlhmm;_{
example, which HerLunontz gives in his * Physiological Optics.”
[imagine oneselfl to be n a brig ghtly lighted room ; nmpressions are
then accompanied by pu‘u.el[ul sensations. We find ourselves at
dusk in the same room, seeing only the lighter objects, and these
indistinetly.  Everything which we notice so fuses with our
munuu-pmtmu that we can readily find ohjects looked for. Iiven
in absolute darkness we can find our way in the room by virtue
of the memory of previous visual impressions. This example of
the reduction of the presentation-image **by an ever increasing
elimination of its sense elements to a pure re-presentation
image,” shows us the intimate connection between the purely
sensory and the purely psvchic in our concepts and ideas.

In fact our concepts are not induced merely by the visual
hnpressions of the moment, but necessitate the addition to these
of re-presentations of sensations; these we inadequately term
“factors of experience.” It is not always possible to separate the
pure sensation from the factor of experience, as the following
Hlustration will show :—

' KoenLNER : “ Stivungen des Farbensinns” 1912,

! VoEsTE : Zeifschr, 1. Psyeh, w. Phys. der Sinnesorg,, xviii,

Y HERING in Grare-Siviscen’s < Handbueh der Augenheilkunde,”  * Lehre von
Lichtsinn.” § 4.
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When I look at a portrait, drawn so that the eyes look at me,
and then walk about the room, I have the impression that the
portrait is always gazing at me. This fixed gaze of the portrait,
an easily proved empiricism, is not induced by reflexion, but 1s the
result of an overwhelming sensory impression.

The analysis of the fact that the factor of experience is so
important in vision, is by no means simple ; it presents a difficult
problem to the psychologist.! A relatively simple explanation is
provided by the hypothesis that the psycho-physical substance as a
result of i1ts activity suffers changes, and that residua previously
left behind are met with and have a modifying action on a new
=ense lt!ll‘.ili"‘:-'EilDﬂ

To produce a picture from the mdividual sensory stimuli of
the retina, we must have the component parts built up mto a
complex percept. Wirasex talks of a *‘process of production,”
and his meaning becomes clear when we consider how the same
form of stimulus in the same state of the eve can produce different

o L] ]

perceptions. For instance, if the arrangement of dots ® e e

be looked at various arrangements may be seen, suchas ® © ®

"—as—
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or .'/l\. or e—e——s» (I © -Il l . Buch a diagram as
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this can be “seen’ as either a continuous
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row of orof « >
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Fig. 1 1s an attempt to represent diagrammatically the psvchie
in vision; n it the black lines correspond to the *process of
pmduwun these meet the fibres associating and knitting together
sensory impressions (red) with memory images (blue), thus making
the actual conception possible.

ImrorTaNcE oF Visiox.—In examining the importance of vision,
we must take into account the relation of our eye to objects seen,
and also the relation of the objects to us. We have to answer two
questions : (1) What does sight convey to us regarding external

' Wirasew : ¢ Psychologie der Raumwahrnehmung des Auges,” Heidelberg,
1910,
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objects ?  (2) What influence has sight on our intellectual life
and comfort?

Waar poEs Steur CoxveEy 10 Us ?—The first question intro-
duces a much discussed philosophical problem, and ends in the
well-known question of objective existence. We either deny a
correspondence between our perceptions and the actnal objects,
and explain all sense perceptions as subjective phenomena and
sense delusions not actual realities; or we admit a conformity
between the world around as we subjectively find it, and as it
objectively exists.

In the latter case we speak of a * pre-established harmony ™
(EHrHART), and consider that a correlation between mind and
matter 1s shown becanse the power of mind is derived from the
same source as are the formsof energy in the world around.  (Huco
Wourr, in his “ Psychologie des lrkennens,” has recently discussed
this idea from the biological ‘at.illdi]ﬂlllh} [ will briefly give
[MMANUEL Kaxr's view of this question. IKaxT held that the forms
of perception (space and time) were a priori dogmas of a congenital
character, raising the sense impression to quite a new phnc
conception itself.

In contrast to such speculative answers to the problem of the rela-
tion between vision and the world avound, Henvuorntrz emphasized
the practical point, which appears when we consider that surround-
ing objects, by means of our sense impressions, become to us
;:.:,mbuls which, when we have learnt to interpret rightly, make
it possible for us to direct our actions so as to bring about desired
results.  Although the eyeis e *-.t-l-c'lllil_i,? nselnl pmulu.tll', it cannot
see at all distances, nor perceive all the vibrations of the ether.
In the same way we have no guarantee that human intelligence
might master everything which can exist or oceur.,

The common view of simple people that our vision says some-
thing about an object, has led to an unfortunate method of ex-
pression, which appears when we speak of ““red” cinnabar. To
a colour-blind eye cinnabar is not red; it is only in the ease of
a normal eve under ordinary conditions that the rays of light
veflected from cinnabar produce that definitely characterized
sensation (red).

WHar 158 THE ImporTance oF VisioNn 1o Us?—Regarding the
second question, the importance of vision to our intellectual life, the
view was prevalent amongst the ancients that the many distractions
which our wisual 1mpressions bring us, prevented an undisturbed
development of the soul. Crerro’s “statement that Democritus had
blinded himself in order to reason more clearly would thus be
easily understood. We tend, when reasoning, to shut our eyes; but
their closing is only temporary against any influence which would
interfere with the concentration of the mind. On the other hand,
we must recognize that the “hasty glance” will, through visual 1m-
pressions, advance our quickness of mind, and to a certain extent 1s
a form of mental gymnastics.'

! Magwus: “Das Auge, in seinen Asthetischen u. Lkulturgeschichtlichen
Beziehungen,” 1876,
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The eye is an organ which enables us not only to recognize
objects in the wumlq ; but also parts of the country, the sea and
the starry sky in the far distance. Our wvisual ]Illl}lE'S‘-_.]ﬂl"l"-. are

closely related to perceptions of space and recognition of time. We

will readily be convinced that a spatial sensation of depth is trans-
mitted (extent in height and breadth is conveyed by each eye
separately) il we a,ttpxnpl; to estimate the position of an object
relative to ourselves by monocular vision. It must be admitted
that depth i1s only recognized indivectly with the one eye, in
contrast to the immediate and obvious estimation of the position of
objects one behind the other which is gained binocularly. Im-
pressions as to succession n time are also conveyed by our visnal
sense ; and I might add, more frequently by this means than by the
other sense organs. Ior the whole field of wision forms the
fundamental chord, the continuous impression, in which a move-
ment or an alteration occurs; we see solhid objects grouped together
constantly changing in their relative positions. It is thus quite
obvions what a great intellectnal nse we make of our wvisunal
impressions, so variable in space and time.

I will briefly note that the whole play of our 1magmation draws
freely for material on memory pictures derived from vision, so
that visual impressions are the source of a large portion of our
inner life.

The true importance of vision to ns will be clear if we try
to 1magine what would remain of our intellectual existence if all
visunal impressions, and the memory of them, were banished. We
must confess with Gorrae (“ Wahlverwandtschaften,” ii, 3) :

“ Place yourself in what state you will, you will always think ot
yoursell as seeing.”



CHAPTER II.
BLINDNESS: THE EDUCATION OF VISION,

Orixions Recarpixe Brinpyess.—DBlindness is generally con-
sidered as a great misfortune. The helplessness of the blind n a
strange environment arouses pity, and saddens even the happiest
spivit.  Poets have poured out their emotions in the song of
blindness ; to the painter the blind are a gloomy ideal. Think
of Proruein’s picture of blindness. What a work! How the
blind girl strays through the scarlet blaze of the popples, knowing
nothing of the profusion of colour around! That poem which
Burwer Lyrrox, in the * Last Davs of Pompen,™ puts into the
mouth of the blind flower girl :—

Ye have a world of lizht,
Where love in the lov'd vejoices ;

But the blind girl's home ix the House of Night,
And its beings arve einpty volces,

And 1 thivst the loved forins to see,
And T streteh my fond arins avound,

And I eateh but a shapeless sound,
For the living are ghosts to me,

Tf, despite these expressed views, we agree with the speech
of SENECA, ** Oculos perdidi; et nor habet suas voluptates,” we
appear to face a contradiction which is even more forcibly im-
pressed npon us when we note the calm and cheery disposition
of the blind.

Fanseg Ipeas ox THE CoxNDITION OF THE BrLixn., “ PsychH-
0LOGY 0F DBLINDNESS.” *—The importance of sight in life, in
intercourse, and in speech, and the way in which it forms the basis
of the individual course of life, has often a great influence on the
care of the blind and the problem of their education. The con-
viction that such sense impressions are lost would appear as the
announcement that the most important elements 1 hfe itsell had
passed into permanent disuse.

Buch a view leads to earnest commiseration with the lot of
the blind, but genumine advancement, and real assistance to the
blind in escaping from the degrading position of mere recipients

Book 1., Chapter 11., * The Blind Flower Girl's Song.” (T.).
¥ Recommended studies i ™ l’s}'chuhjglﬁ. of Blindness,” IJ}' HELLER, LL-[!r?‘.ig.

1904,
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of charity, will never arise out of such a view as this alone. This
outlook, which is subjective in origin, must give way to another
if we intend, without any previously formed prejudices, to make
a close objective study of the lives of the blind. The practical
aspect of such a blind psychology lies in the problem, Is the
method of edueation of the blind, which, on the Hauys model,
works from  pure sohicitnde, based correctly 2 The theoretical
interest lies in the indirect evidence it affords of the importance
of sight, and of the extent to which the eye and the visual sense
can be replaced.

PsycHOLOGY AND Kpucarion or rur Brinp.—It is much more
dificalt for the blind to understand speech than for those who
see ; the individual words and expressions do not have the power
of bringing forth in blind people such a wealth of sensorv effects
and memory pictures as they do in normal individuals. In this
respect those blind from early childhood are worse off than those
others, blinded in later life, who have carried with them into
their unending mght of blindness a full treasure store of memory
pictures. Instruction in modelling and object lessons assist in
enriching the world of their perceptions. "The sense of touch will
convey to them typical forms and shapes (e.g. stuffed animals,
models in the flat and rehef, &c.) with the impressions and mental
pictures associated. Object lessons will convey the ideas of the
chief animal and vegetable forms and the chief geometrical shapes ;
geography is learnt from reliel plans, instruction in modelhng will
then amphfy the knowledge thus imparted.

SUBSTITUTED SENsaTIONS.—The sense of touch can be inade
substitute for that of sight to a certain extent, in so far as relates to
shape and its derived form-sense. Touech naturally has a much
less range than vision. The blind are therefore driven, in repre-
senting certain forms and the ideas derived from them, to asso-
clate senses other than those employed by seeing persons. The
so-called substitute sensations (Hrrscusmaxs)® which answer for all
ideas originating in the sensory field of the eye, eg., colour; or
associated with other sensations, e.q., taste, form the outward
expression of the limitation of the faculty of perception in the bhind.
A blind person’s conception of a large object not only involves
mere lmpressions of touch, but also the association of an essential
idea of movement, for in touching the object to learn it he must
move about and stretch out his arms.

Substitute colour vision is derived from hearing, as this t‘hﬂl'l-‘:
an wmsthetic influence on the blind. For example, the idea of red "
to a blind person induces the same sensation as a trompet.  From
this substitute sensation the mind naturally passes to the phum-
mena of audition colorde, which is also found in the blind (vide Chap-
ter IX.). HELLER hpmmlly notes that it 1s not the note of the
trampet which ““ red " calls up, but the emotion corresponding to

— e —— —

U 1%de voN SCHAIDLER, Inzpector of Central Blind Institute in Muonich, in
Weier, © Kurs §, Heilpiidagogik und Schulbygiene.”
* Zeitschy, f. Psyeh, w. Phys. der Sinnesorg., iii



BLINDNESS: THE EDUCATION OF VISION 17

it. The blind are thus readily influenced by the poetry of a seeing
poet, for by the help of their substitute sensations, they can feel
emotions not far removed from those which the poet wishes to
convey, and can quite well fall in with that frame of mind which
the poet would induce in seeing persons.

AccENTUATION OoF HEARING AND TovucH IN THE Brixp ?—It
used to be said that the sense of touch could entively replace that of
sight ; and men spoke of touch filling the breach, viearious sensa-
tion (Sinnenvikariaf—ef. that part uf the account of JustINiUs
KernERr of “'The Seer of Prevorst ). 'T'he blhind were endowed
with the power of recognizing colours by touch—a mere phantasy.
It 15 quite certain that such a refinement of sensation as was
alleged to ocenr in the blind does not exist. Very many tests of
the sense of touch (v. RANKE, in the Munich Zentralblindeninstitut)
have shown that the appreciation of two points as separate was
exactly the same in the blind as in the seeing. Hearmg also n
the blind i1s not more acute. The functional activity of this
sense depends on congenital anatomical grounds; the blind, how-
ever, do deduce more from their sensations of touch than do normal
people.

This apparent aceentuation of sensibility also occurs in people
not devoid of sight, when in the evening the veil of darkness is
thrown over the world of shapes and colours, then the attention is
more keenly fixed on the sounds which strike the ear, and greater
dependence is put on touch. “Night has fallen; and all the
bubbling brooks chant louder,” begins that beautiful ** Night Song
of Zarathustras,” by NIETZSCHE.

SENsE oF Prace 1x THE Brixp.—The Lml,uuf,v with which
the blind avoid objects and obstacles in their path is due to the
greater attention which they pay to their hearing and touch. An
actual sixth sense, “ sense of place,” was formerly alleged, and sup-
ported by Srannanzaxt's experiments; he allowed blinded bats
to fly about in a room across which were stretched cords, and
showed how certainly the animals avoided touching them. This
so-called sixth sense really is compounded of several stimuli,
auditory 1mpressions, and tactile impulses from the face. The
air column between the face and the walls served them when blind
as the blind man's stick, by conducting pressures and tempera-
tures. Put a blind man into a close mask covering his face and
he loses assurance ; in walking on snow or on a thick carpet his
judgments about surrounding objects are less keen (through loss
of sounds and echoes),

LarErATURE CONCERNING THE HDUCATION AND HISTORY OF THE
Brinp.—Unfortunately, we cannot here go into details concerning
the education of the blind, nor nto tlu' absorbing history of I,]n-
care of the blind. [ must, however, refer to the 110()'13 of Kuxz!
and ScHAIDLER.? Details in the life of the blind are excellently

e —— - — —

Ui Gesehichte der Blindenanstalt Tllzach.”  Excenvaxy : Leipzig, 1907.
7 4 Dije Blindenfiivsorge im Kinigreich Bayern,”” Munich, 1905,

o
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treated in MEeLL's lexicon (** Enzyklopidisches Handbueh,’
Vienna and Leipzig, 1900).

OriGIN AND PREVENTION OF BLiNnDXEss.—Regarding the origin
and prevention of blindness reference must be made to the works
of Macnus (Breslan, 1583) 'mcl IIIH‘-{ H (1904), also to t]mt excel-
lent monograph of UnTHorr's “Von den Blinden” (Breslau,
1908).!

From among the details I will only pick out the following facts
for scaniy notice :(—

We differentiate between hereditary and acqguired blindness.
The former group consists of either hereditary absence of vision
(** Angeborenes Blindsein,” Maaxus), eq., microphthalmos, and
.1Imphthallum or hereditary loss of vision (** Angeborene Blind-
heit,” Maanus), when the child is born with the germ of amaurosis.
Some of the blind from hereditary causes must be considered along
with those becoming blind in late life, who mostly belong to the
acquired group, e s F:rvquolfr- of fevers or injuries. It is obvious that
an individunal passing on to blindness from retinitis pigmentosa may
continue to see for many years, and those, too, the years of develop-
ment ; yet he is generally reckoned as in the group of hereditary
blindness. On the other hand, an acquired blindness can develop
so early (e.g., ophthalmia neonatorum) that no visual impressions
can ever have influenced the eyes, and the individual considered
as blind from birth. The differentiation, so important in the
psychology and education of the blind, into early and late amau-
rosis, only in part coincides with the medical classification of
I‘I('ll"{]lf.‘!.l‘i.' and acquired.

Brixp Curep By OrerarioN.—In the group of early amaurosis
there is great theoretical interest in those individuals who can by
operative measures be given a practical amount of vision ; these
are mostly cases of congenital cataract, and patients who, in the
strictest sense of the term, were never * blind.” For we should
only use the term * blind " for those individuals who have, as the
result of irreparable changes, either entirely lost the power of
perceiving light {:~1-.|r1n,|1|ua':s blindness in the scientific sense) or, as
the result of irremediable lowering of visunal acuity, have lost the
power of guiding themselves in strange places,

VisioN AcgUIRED AFTER OreEratTioN.—The problem of how a
congenitally blind person learns to see after an operation has greatly
troubled the minds both of philosophers and oculists; from the
study of these :-met. conclusions regarding vision in general have
been arrived at. Since the time of Locke (1632-1704) has the
matter been diﬂcllz-s:-‘sed.

“ Picture a grown man blind from birth, who has learnt by
touch to distinguish between a cube and a sphere made of the same
metal and similar in size, so that he can say at once whether he is
touching the cube or the sphere. Now imagine both objects
placed on a table and the blind man to receive his ﬁlglit ; can he then
without touching either of them say which i1s the cube and which
the sphere ?

' Frok in Grire-Sivrsca’s * Handbuch der Augenheilkunde.”
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There are two complications which appear to destroy the exact
parallelism of the philosophical problem to the real state of affairs.
HirscupieRrG' collected in full detail the literature of this subject
and noted that LocKE began with the assumption that the curable
blind man before the operation was stone-blind, and that after the
operation he had full vision.

But even with a complete cataract such an individoal before his
operation did possess a rudimentary vision (hand movements, and
projection), and if such a case be operated on too late the visual
aciuity will not be normal, on account of a lowered retinal sensi-
bility (amblyvopia ex anopsia). The surgeon must therefore
operate on such a child as early as possible, and thus after the
operation cannot carry out any veally searching investigation.

[n other directions there is much of interest in the study of
these born-blind after operation. Such a person, according to
WiILBRAND,® presents many analogies to those defects to which the
name of memory-blindness 1s applied (Chapter XI1.). In the case
of these congenitally blind the normal optic nerve tracts up to the
central organ, and the propagation of the peripherally received image
is intact after operation, but the objects seen are not elaborated into

concepts nor interwoven into ideas.

The first record of observations in the case of such a successful
operation is given by CHESELDEN.?

“When he firlt faw, he was o far from making a Judgment
about Diltances, that he thought all Objects whatever touch'd
his Fyes (as he exprelsed it) as what he felt did his slin ;

He knew not the Shape of any Thing, nor any one T huw from
another, however different in Shape, or in Magnitude; ;
Having "often forgot which was the Cat and which the Dog, he
was afhamed to afk ; ; but catching the Cat (which he knew by
feeling) he was obferved to look at llvr [teadfaltly, and [etting her
down, faid, {o Pufs! I [hall know you another time. . . . Being
{hown his l1 ather’s Picture in a locket at his Mother's Watch, and
told what it was, he acknowledged a likenels, but was vaftly fur-
prized ; afking how it could be, that a large face could be exprels'd
m fo little Iiumn faymmg, It should have feemed as impollible to
him, as to put a Bufhel of anything info a Pint. . . . The
room he was in he faid, he knew to be but part of the Houle, yet
he could not conceive that the whole Houfe could look hgger.”

MavraNER' reported the case of a givl aged 20, successfully
operated upon for congenital cataract, who had previously learnt
to write. When asked to write on a board with a piece of chalk,
she accomplished the task by * tracing the form of the letters on
the board with her left forefinger and following the movements
with the chalk.” At a short distance she was quite unable to

———

i

1« Geschichte der Aungenheilkunde” in Guire-Sismiscn’s © Handbueh der
Augenheilkunde,” xiv.

? i Dje Seelenblindheit,” Wieshaden, 1887,
¥ 1928, Philos. Trans,
U TWien, weed, H'{u'.]'n'nx{'f:.r‘,, 18810,
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decipher the letters which she herself had written in a large and
clear hand.

Warpror in 1826' gives observations in detail of a parallel
case. The patient in question was quite conscious of improved
optical perception, but she had still to acknowledge “ I cannot say
what I see ; I am still much too stupid.”

The visual 1mmpressions must be learnt by the help of tactile
impressions. HIRSCHBERG® records how a seven-vear-old child, after
a successful operation, resembled a child learning words of a
foreign language : the easy words were readily understood, but the
difficult ones took longer.

After a successful operation patients learn the colours rapidly
and with certainty. It must not be forgotten that in none of
these cases was there total blindness; in every one before the
operation perception and projection of light and colour were
present.

Warpror reports that his patient learnt to distinguish quite
small objects by their colour, before she understood what they were.

These formerly blind people have the greatest difficulty in
recognizing correctly the objects they see, that is, in associating
them with their mental concepts derived from tactile sensations.
When Warpror's patient was handed ““a silver pencil-case and a
large liey, she distingmished them at once by their feel. IF how-
ever, the two objects were laid on a table together, she certainly
distingnished between them, but could not tell which was the
pencil-case and which was the key.” One of UnrtHoFr's operated
cases recognized a match-box by sight if it were shown with the
label upwards, but whenever the box was placed in perspective
she could no longer recognize it.

The appreciation of distance is very poorly developed at fivst.
Wanrpror's patient “ reached out her hand much too far in
attempting to grasp an object held close before her eves, and
when the object was in the distance grasped at it close before
her face.”

UnrHorF observed that the power of appreciating distance
within arm's length developed more quickly than 1t did for
greater ranges, where movement through the intervening space
must precede any empirvical appreciation of its extent.

If both eyes are operated upon successively, the patient does
not require to learn afresh with the second eye (HIRSCHBERG) ;
an obwvious fact, if we rveflect on it, which the comprehension
and utilization of visual impressions, the very acquisition of the
power of vision involves, and one which 15 of the greatest 1m-
portance in the theoretical question of IFmpiricism v. Nativism
(vide infra).

If the power of utilizing optical impressions has been estab-
lished, we can gather from the whole demeanour of the patient,
his assured bearing and his facial expression, that the wvisual

v Plil, Trans., iii.

* Arch. f. Ophthal,, xxi, xxii.
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sense has been aroused.! This stage ecertainly is preceded in
many cases by a period of confusion. WarbDror reports *she
appeared in a way perplexed, and hardly seemed able to L(]I'llLli'I'.i.L
the impressions received throngh her sense of touch and wision.
UnTHOFF relates of a sev ﬂu-}'ml-uld boy that for several weeks, when
left to himself, he closed his eyes and relied on touch. It was only
alter months of training that he relied on his visual impressions
and turned them to account.

Unriore concluded from this procedure in visual education,
that the doctrine of empiricism (in Henymuonrz's sense of the word)
was true for vision, though, on the other hand, certain hereditary
predispositions and faculties in the sense of nativism are essential.
There is evidence in favour of both views in the phenomena
observed among the blind. All reports are agreed on this, that
after operation seeing must be * learnt ” by these people, through
the assistance of tonch and the ideas derived from it. The relative
rapidity of this education i1s assumed by definite anatomical con-
nections between the retina and portions of the bram.

It must not be forgotten that, in these congenitally blind
subjects, along with the field of touch, a certain idea of an optical
field exists ; from observations on the blind, especially their ability
to localize the light effect of pressure phosphenes on the side
opposite to the point of pressure, SCHLODTMANN® concluded that
the localizing function of the retina was congenital ; the considera-
tions just related, however, strongly favour the other view.

Toe * UN-LEARNING 7 oF VisioN.—Just as one can study the
awakening of psychical vision in those born blind, so we can find
cases which show how it 1s possible to unlearn vision. This con-
dition is mostly found in young children with serofulous ophthalma,
photophobia and spasms of the lids. Afier the inflammmation has
subsided such a child appears to be blind. Generally vision is
rapidly vestored, but UnrTuorr relates an instance where such a
condition rmumm,d for several weeks, Vision recovered rapidly, so
that objects were followed by the eyes, but the tactile movements
t:-f the lmmh were not so readily associated correctly with the visual
impressions.  The child at first was unable to avoid obstacles,
especially if they were not directly in front of the eyes. UHTHOFF
says: It appears as though the .1&5(}{,11[;111:# connections necessary
for the act of vision were (|(“-tlf'l\. ed or lﬂqt, a state of affairs which
1s easily 1‘\['1]I("'L|J|l." by the loosely joined psychical mechanism of the
infantile brain.” If vision be firmly established it is not generally
lost by prolonged exclusion. Hzss rightly declares (* Erkrankungen
der Linse,” GrArE-Simisch) that the great weight of ophtbalmic
experience shows that in this respect prolonged blindness of an
eve by cataract does not appreciably influence its functional activity.
He specially mentions a case by SILEX® of a patient aged 83, who,
seventy-seven years before had had an injury causing blindness,

! Brrauvs : cf. © Der Platz des Bewusstseins in der Theorie des Behens,” Stult-
gart, 1910.
* Awel. f. Oplithal., liv. 3 Aveh. f. Psyel., xxx
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and who saw at once after the cataract had been removed. We
see how the visnal impressions of such an eye could be built up into
existing visual percepts. Lapaxow' reports contradictory cases ;
he had two eataract patients in their seventh decade, who had
been blind for some twenty vears. On removal of the lens objects
could not be recognized by sight, but could by touch. This state
of affairs lasted for about fourteen days. AXENFELD® reports the
case of a girl, aged 7, who had lost her sight from cataract a year
before and rmh,r slowly re-learnt the use of her eyes.

SEYDEL'S® observations were similar; he noted complete loss of
visual memory from cataract.

Epvcarion or Vision 1x CHILDHOOD. EMPIRICISM. NATIVISM.
—Visual education in the congenitally blind after operation must
not be considered as exactly parallel with the natural process in
childhood, as we are dealing with the interweaving of optical
sensations amongst conceptions and ideas already developed.

Does the formation of ideas, the accumulation of experience,
and the edueation of sight advance hand in hand during childhood ;
or 1s sight congenital and does it precede experience ? And to what
extent 1s this latter view correct? This i1s the essence of those
questions, long-discussed, and to-day still undecided, which decide
the truth of the empirical or the nativistic hypothesis.

Cravp Worth' observed the process of learning to see in child-
hood and recorded that an infant in the first few hours after birth
fixed the reflected light of a candle in a darkened room, showing
that a certain degree of vision, and preponderance of the fovea
existed ; 1t was only after three or four weeks that fixation could be
maintained for a few seconds, with either the one or the other eye.
The child fixed with both eyes after five to six weeks, though even
then wandering movements of either eye to and fro counld be
observed,

According to W. SreErx® the “immediate field"” (Nalraum) is
first disclosed to the infant ; this consists of a hemisphere formed
by a radius of a third of a metre about the head as a centre. In this
space a close correlation between objects and clutching movements
is established. The supposition that children grasp at objects out of
reach cannot be maintained ; according to STERN the ** expressional
movement of the outstretched hand ™ must not be confused with the
““ purposeful movement of grasping.” BSTERN repeatedly showed
that a child with outstretched hand would peacefully see a watch
being slowly brought closer and closer, and only clutched it when
the object was within arm’s length.

Real knowledge of the *‘ultimate field” (Fernraum) is only

possible when the child's powers of locomotion permit excursions
into more distant spaces.

U Klin, Moraishl, f. Awgenheilf., 1900,

* Klin, Monatshl, . Augenheilk., 1900, Beilageheft.

* Kiin, Monalsbi. f. Avgenheilk,, 1902,

b Sqguint, its Causes, Pathology, and Treatment,” Srd ed., London, 1906, Bale,
Bons, and Danielsson, Lid., Gs. net.

 Beilzehr, 1. e, f".*ryi'h,., 1., & and 6,
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Bare outline sketches are most valuable when developing
children are learning to recognize pictures, Their diagrammatic
nature is in sympathy with the paucity of the child’s ideas. A
child’s attempts at drawing only slowly and at a later stage' show
conformity to a model with ideas of perspective.

STERN'S observations on distorted geometrical shapes in drawing
and writing appear important. T'wo-year-old children are very
indifferent to the position of a picture book ; when a five-year-old
writes figures or letters from memory, the characters are often
made in mirrored (reversed) writing. “The optical picture has no
definite attitude, no top or bottom, no right or left, we only learn
to designate as the top that part of the visual picture which can he
grasped by stretehing the hand npwards.”

GIERING'S® Investigations of school children show that they very
early develop a high degree of space perception. The power of
recognizing differences in length generally occurs in the third year.

These data show that vision unquestionably grows in depth and
extent with the development of the child ; t]wx lead us to no con-
clusion, however, as to whether a certain material comprehension
of the surrounding world is not still congenital. HEkrixg, the most
distinguished supporter of this latter—the nativistic—hypothesis
formulates his views as follows:® ‘ The visual world does not
enter the dim consciousness of a child as a donble picture drawn
on the flat, but as an undivided whole complete with light and
colour, as a space in which Inlpluw]un‘:‘. conveyed from t}w double
reting arrange tlwmwhfm by m:.tuwtn'ﬂ law. Single vision 1s con-
genital just as is perspective vision, and neither Lh{. new-born babe
nor the new-born animal is burdened with the necessity of construct-
ing a single world in all its dimensions out of a double one with a
d{,-::ul:-iwc fhttma«-

HaumsrrcEr' conducted experiments with chickens hatched
out 1n the dark, and showed that they would only leave their perch
for another baited with grain, when 1t was brought so close as to be
almost 1n contact.

We ecan allege against this last argument that the mental
character of a fowl only suffers shght modification after its es scape
from the shell; when the light is admitted the chick is already
provided with a useful visual power, Just as is the case with its
sense of position and locomotion.  Man’s development at his entry
into the world's light is not completed to the same extent as is the
case in the chick.

It 1s just as neeessary to look upon the potentiality of the eye
“ith its central associations in all their delicacy as congenital, as 1t
15 to view the possibility of spatial perception as such. But I think
there is no convineing reason for considering the latter to be a

¥ KerscHENSTEINER : “ Die  Entwicklung der Zeichnerischen Begabung,”
Munich, 1905.

* In, SeavMaxy, Payel, Studien, Leipzig, 1909,

P Ophithal, Gesell., Heidelberg, 1906,

t Kilin, Monatshi, f. Augenheilk., Beilageheft, 1905,
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perception of the double retina (in HERriNG's sense). In my
opinion, it is far more likely that appreciation of solidity is of
central origin and due to the variable impression which the bodily
form of objects makes on our sensory organs.

The world around first crosses the threshold of the awaking
consciousness of a child, when it has learnt to translate all sense-
Impressions into a pl'a.stn, form with the consciousness whether
they belong or not to individual objects' (¢f. Chapter X.).

With regard to the genesis of vision I may finally refer to
HARTMANN'S saying, quoted by UHTHOFF in similar circumstances :
““In mankind the child appears to enter the world with nothing,
and must learn all ; in truth, however, he has an unbounded wealth
compared to the nimble and alert chick creeping from the egg,
he brings it all in undeveloped form, for those germs of development
are =0 many, that only after nine months of feetal life can they
be shadowed forth in the embryo. So we have the maturing of
character by progressive development of the mammalian brain
going hand in hand with learning, i¢e., the moulding of that
character by use, and thus we finally have a much richer and fuller
result than the mere instinet of the animal can show.”

Conour SENSATION IN THE CHILD.—PREYER? states that
children do not distingnish blue from green with certainty. He
goes on to show that black, white, yellow and red are the first
colours to be correctly named ; green and blue, later. Probably the
results of colour painting do not exactly correspond to a like
defect in the power of distinguishing or recognizing colours.
W. A. NaGrr® found red-green blindness was quite as readily
excluded in his little son as was blue-yellow blindness, although the
child had learnt all the ecolours and kept them in mind thronghout
the tests, except only blue, which at first he recogmzed, but would
forget in a few days.

WaRBURG'S' researches show that there i1s a definite corre-
spondence between the ability to name colours, and the degree of
intelligence of the child. The more intelligent the child the less
his dt‘[ILILTI{‘-}* in colour nomenclature.

The results of a colour test in a child of 6 years, are only to
be accepted with distinet reserve, in the absence of an eflicient test
of intelligence.

This uncertainty, which we have just mentioned, in recognizing
blue is the more interesting, as the defect is met with in the
writings and poems of the ancients.

HoumERr's BLuR-BLINDNESS.—The controversy as to whether
Homer was blue-blind or not, is due to the Knglish statesman
Gladstone, who, on philosophical and archweological grounds,
advanced the view of the blue-blindness of the ancients, in a

! Loamaxy: * Zur Frage nach der Ontogenese des viiumlichen Sehens,” Zedtschr,
f. Sinnesphys., xlii.

* # Dhie Seele des Kindes,” 6 Aufl., 1905, Bd. xlii.

8 Jowrn, of Lum‘ri_ Newrol, aud J*.ngh_, xVi.

Y Miineli, med, Wochenselr,, 1909,
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book published 1853.! HirscupErc makes the remark, as SICHEL
had done previously in 1841, that the representations of colours by
the ancients differed considerably from our own,” an interesting
fact of special study. GEriGIR strongly supports this view of the
blue-blindness of the ancients, and his word earries great weight in
the philosophy of speech. He says, concerning ancient times, **T'he
eyes are raised to the heavens 1n devotion; the gods of heaven are
the continual object of their glory and adoration. How strange
and wonderful does it not then seem that in the Vedic songs and
the Avesta, that in the Bible, the Koran and the Homerie poems,
there is never the shightest reference to the blue of the heavens,
which, partienlarly in the homelands of these ancient writers, has
such a powerful inflnence. The opportunity to do so appears so
obvious, insistent, one may even say compelling.” *

A keen scientific controversy on this question was originated
in 1877 by Macnus!® in lus book, * The Historical Evolution of
the Colour Sense.” Macxus considered that in the history of
development there was a period when only light and not colour
was perceived. Such is still the case in the peripheral portions
of the retina (see Chapter VII.). The development of the sense
of colour tones was mversely proportional to the vital force they
possessed ; the greater the power of the latter the earlier the
development of the former (red, orange).

The theory that the ancients were colour-blind 1s supported
by etymological evidence. In Homer, the expressions for red and
vellow are definite, in contrast to the indefinite reference to green
and blue objects. Homer sings of the hyacinthian hair of Ulysses.
Blue is wanting in the Pythagorean scale of colours, which only
distinguishes black, white, red and vellow.

BLUMER, later, showed that among the Roman poets also the
expressions for hhln colonrs appear to hu very deficient,.

A great many weighty arguments can be brought against such
conclusions as to the state of the colour sense drawn from colour
nomenclature. In fact, the whole hypothesis cannot stand. Don,®
Javar,” and Hirscanerag, show that even amongst modern authors
great defeet in colour naming can be shown; in the case of Lia
Foxtaise and CorNEILLE where such 1s the case, we cannot con-
clude that, because thev never used the word blue, this colour sense
did not exist in their time. HirscHBERG says, * If we descend, as
I have done, into a freshly opened tomb of ;m{,an Egypt, hke
those at Assuan of the reign of Se-Renpn in the twelfth dynasty.
and certainly 4,400 years nld we can convince ourselves from the

'Homer Studies, 1868 and 1874,

*Hipscunrere : * Geschichte der Angenheilkunde,” in Grire-Siviscne’s * Hand-
bueh der Augenheilkunde?

¥ & Ursprung und Entwicklung der mensehlichen Sprache,” Stuttgart, 1872,
‘T.t-!'p.r'l" 1887.

' Berl, Studien £, Elasz, Philol, . Arvehdol, xiil,
B Paris, 1808, T iraz. Med. de Paris, 1877.
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evidence of our senses from the colouring of the pictures and
hieroglyphies, that the people who lived 1,500 years before HoMmiRr
had a colour vision qmite as good as we of the present day, and
certainly had the colour sense of blue.” Dor quotes the coloured
paintings and stained glass of the ancients; Kravse! considers
that lapis lazuli would not have been so highly prized by the Greeks
had they not appreciated its blue colour.

Those comprehensive critical and philological researches of
MarTyvs® and Vockexsriprs® culminate in the demonstration
that a perfect equality in colour sense and colour nomenclature
cannot be established.

Similarly inguiry into the colour sense of uncivilized races,
made with a view to obtaining evidence as to the truth of this
hypothesis, has given the same result. In those races which use
a common term for several colours, there is still no deficiency
in the power of distinguishing between the colours. The needs
of daily life evolve the names of colours. The Kaftirs, who eonfuse
green and blue in their speech, have thirty-one exluusmns for
cattle relating exclusively to differences in their colour.! Valuable
evidence was obtained by Koxig,* who conducted a colour test on
an Indian. The Indian was able to name all the colours used
by his tribe for ornamenting carved wood. When shown a blue
pigment and questioned about it he was confused and could not
answer. Finally, he went into an adjoining room, where there
was a collection of the birds of his native land, and brought back
a blue bird’s skin. Displayed in the skeich, whose eolour he was
unable to name, were birds’ feathers of the same blue colour.

In conclusion, we should note that a development of colour
sensation in man during historical times cannot be proved. Why
we find such an absence or paucity of expressions for blue amongst
ancient writers is hardly a subject for a disenssion on physiological
sensation ; its elucidation must be sought for in artistic taste.

Uit Hosmos,” Zeitschre. £ cinhedtl, Weltanschanung, 1.
* YVienna, 1879 * Paderborn, 1858,

! See e, Kigcuuorr : Dentsehe Revwe, March, 1881,
# 4 (es, Physiol. opt. Abhandlungen.”
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CHAPTER 11I.

DISTURBANCES IN VISION DUE TO THE
REFRACTIVE CONDITION OF THE EYE; PATHOLOGY
OI" ENTOPTICS

Eayerroria, Hyperoria, Myoria, Astieyarism.—The ideal
state of the refraction of the eye is that in which the eye at rest 1s
focussed for distance, so that every object, which does not lie close
at hand, can form a sharp image upon the retina; otherwise ex-
pressed, that rays of hght |H:.“II'I”' parallel on the cornea, are so
altered in direction that they meet upon the retina. If the
“dynamic ” refractive power, i.e., the power of the accommodation
to foeus the eye for near {}i}j! cts, be also well de veloped, we have
the most efficient |‘m'-,'-111:|{- condition. This “ normal " refractive
condition “ emmetropia” 15 not found in all eyes. Either the eye
1s 1n many cases so constructed that the pma_llvl rays only meet
behind the retina, and even for distant vision this power of the
accommodation to increase the refraction must be employed,
which cases we call *“ hyperopia™; or we have to deal with too
areal a refractive power of the eve, so that near objects only can
be clearly seen’ (myopia, short-sightedness), and conecave lens reduc-
ing the refraction are rendered necessary for distant vision. Along
with these variations we also find optical systems in which the
refraction in one meridian differs from that of the meridian at
right angles (the rule in such eases); this condition 1s termed
astigmatism, for if the refraction of one meridian be the ideal
emnetropic, the dispersion of light due to the variations in the
other meridians make a distant point (eTeypa) appear not as such,
but as a diffusion cirele. lvery one of these refractive errors
produces unusual disturbances; either their very existence canses
an acuity below normal, or else changes ocenr as an association or
causal connection, which result in defective sight.

Derecrs 1x Visiox Direerny Dee 1o Rerracrive CoNpi-
T1oNs.—Disturbances of the former class are well shown in the
indistinet images of the uncorrected myope throughout hife, or of the
hyperope, though in the latter only to be seen whe n, at a4 time rang-
ing with the age and degree of the error, the accommodative power
is no longer sufficient to replace and correct the deficiency.

Myopes are well known to possess the power of improving their
vision to a certain degree by half elosing their eyelids (blinking
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— pvoew), and so reducing the diffusion cireles. Astigmatic vision
belongs to the class of defective sight directly due to refractive
conditions, and 1s always obscured by diffusion when correcting
cylinders are not worn (even then, too, in many cases, .y in
decentering of the cornea, or if the rays are not lmummutm,, in the
two meridians).!

These diffusion figures do not correspond to simple forms, rays,
oval or rvounded outlines, as would be thought from Srurwm's
Konoid,* for the subjective observations, e.g., MULLER-IREE,” show
very complex figures.

I may here refer to the work of GrLnsrraxp,! which brings out
a new view of the physical conditions of vision by astigmaties.
From their divided refraction diplopia, or even polyopia, may
result.”

DerEcTs IN VISION NOT DIRECTLY DUE To REFRACTIVE
Stare.—The hypermetropic eye must be looked upon as an
aplastic, imperfectly developed eye; consonant with this view we
find 1n 1t many fnnwﬂml deficiencies, such as congenital amblyopia
(Chapter IV.), defects in fusion, with the resulting strabismie
deviations of the eyes, and amblyopia ex anopsia (Chapter X.). The
stretching of the eye in myopia produces pathological changes in
the sclera (atrophy), indivectly affects the hght sense {G]mptur V.),
and produces defects in the visual field (Chapter IV.) The “ mouches
volantes ” (vide infra) oceurring 1 myopes can be referred in part
to these changes in the sclera, and in part to the short-sighted
vision.

Macrorsia AND MicroprsiA IN PARALYSIS oF AcCoOMMODA-
TioN. —The wvisual disturbances due to paralysis or spasm of
accommodation are not restricted merely to the loss of visual
acuity at close range (or distance n the case of spasm). Defects
in the power of estimating size commonly oceur, and are due to
a fallacions estimation of the increased or diminished focussing
effort when looking at near objects. Whether, as WiLBRAND-
Siverr (* Neurologie des Auges,” vol. 1) mamtain, the same
phenomenon of micropsia occurs when an emmetrope looks through
a concave lens appears questionable ; the transposition of the nodal
pomt of the optical system due to the introduction of the concave
glass, seems to have much more to do with the apparent diminution
of objects.

Parnorocicar, Knrtorricar  Perceprion.—Along with the
visnal defects belonging to the first group, due to refractive errors
and dirvectly produced by them, cases occur showing defects in that
physical part of wvision which may be designated intra-ocular
perception. '

' Hess in Grire-Sivmisci's * Handbuch der Augenheilkunde,” and Gurn-
sTrAND, in Hewwvorrz's, Phys. Optik., 3ed ed.
? Compl., vend. Pacad., d. Se., xx., and Poceenpory Ann. lxv.

P1896,  Danish Poblieation.  Referved to in Grire-Siamrsca’s “ Handbueh
der Augenheilkunde,” by Hess,

 dreh. f. Ophthal., liii.
* Hrumersuem ; Ophthal. Gesellschaft, Heidelberg, 1901.
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The pathology of entoptics treats of those disturbances of
vision produced by an abnormal stimulation of the receiving
apparatus, whether this be due to some diseased formation dis-
turbing the course of the rays, or a disordered sensibility from
changes in the retina or sclera, or in ther blood-supply.

Amongst the entoptical perceptions due to opacities and altera-
tions in the refractive media, the * rainbows " of glaucoma and the
“mouches volantes 7 of vitreons opacity are among the most
interesting.

Ramxpow Visiox.—Looking at a light through a window-pane
flowered over by frost, a halo of rings coloured like the rainbow is
seen (v. Grire). Similarly this phenomenon may be observed if
a light be viewed through a sheet of glass which has been dusted
with lycopodinm powder. The reason why the light is thus broken
up into its constituent elements 1s evidently to be found in the
bending and dispersion of its rays in the clouded medinm. 'The
saimme may often be noticed in a healthy eye, especially with a
dilated pupil, and is then' due to varation in the refraction of the
lens fibres or the corneal epithelinm. When in a conjunctivitis
mucous floceuli lie in front of the cornea, coloured rings—* Sehletm-
spectrum "—arve often seen, and a similar appearance is often caused
by changes in the lens.

This rainbow vision most commonly occurs in glaucoma, and
in such cases is most probably due to edema and dulness of the
cornea (the deeper layers of the epithelium, Fucns).?  The rainbow
in glancoma, according to ScHEMIDT-RIMPLER,” 1s more brightly
coloured than in the cases noted above. The ring 1s separated
from the flame by a dark zone of 2—2'57 in breadth ; the green is
mostly inside, then vellow, red and violet in order.

The rainbow vision ocecurs during the interval when, in the
go-called prodromal stage of the disease, an attack i1s making its
influence felt on the eve; but even when the glancoma has become
firmly established (Glawcoma evolutum) these terrible rings of colour
still ocenr.  The attack (and the associated m.mhmt \Hmn} 18
induced in many cases by a psychical influence. Anger, passion,
excitement, even stirring music or theatrical seenes are L-Lll"!‘.ijiﬂ of
calling up the symptoms mentioned.! DBLESSIG® reports a very
mtewatm;} example of this (¢f. French expression, Glawcome
émotif). A eelloist, who played with fervour and passion, always
noticed these rainbows when performing ; after a sueccessful
iridectomy he was able to betake himself again with pleasure to
the music which he had begun to dishike. It must, however, be
remembered in the case of sensitive and excitable people that
suddei sensations of colour when listening to affecting music may
be due to the so-called audition colorée (see Chapter 1X.).

! Drvaver : Areh. f. Augenheddk., x1.; Savomoxsonx, Klin, Monatsbl, f. Augen-
hedlk.. xli.

T Areh. f. Ophthal., xxvii.

v Glaveom ™ in Grire-Sisisca’s © Handbueh der Augenheilkunde,”

! Laqueur @ Areh. f. Ophilal. xxvi.

5 Petersburg, med, Woclensehr., 1907,
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FURTHER SUBJECTIVE VISUAL DISTURBANCES IN GLAUCOMA.—
The opacity of the cornea in glancoma may induce the vision of
coloured and bright spheres, quite similarly to that of coloured
rings ; and we almost inv: wiably find the patients complaining of
fogey and misty sight. The opacity of the refractive media dis-
turbs the keenness of perception so that all objects appear in a
fog and as though covered over with a veil.

Mouvcnes Vonanres.—The appearance of musce (*“ mouches
volantes” myodesopsia) 1s quite as well known as rainbow vision.
These sometimes oceur in healthy eves and are then due to remains
of embryonic cells, vitreous fibres, &ec., or they may be due to
vitreous disease {e:t.udn.tlmm fmm -:1|'-3:='1=-,ed choroid, hemorrhages,
&c.). They commonly occur in myopia; a circomstance which
may sometimes be explained by the affections of the vitreous and
sclera which accompany the medium and higher grades of this
refractive state, but also is explicable by the fact that in the short-
sighted eye, to acertain extent from its magnifying power, anything
which casts a shadow produces sensation. It 1s generally con-
sidered that the common so-called * physiological ' musee which
are not associated with any diseased condition, can be distinguished
from those of pathological origin by the fact that they are in-
visible with the ophthalmoscope. This view 1s in the main correct,
but 1t must be somewhat modified when we consider that Scumipr
RivpLEr' himself was able to perceive intra-ocularly for several
weeks a rounded speck the size of a pin head which could not be
found with the ophthalmoscope. BScHMIDT RIMPLER considers
that the characteristics of pathological musce ave : (1) they occur
suddenly ; {*} they are more numerous and larger than the
physiological ; (3) they are of a blacker tint.

l‘llj,rmt:n]ufrlml musce may certainly occur suddenly ; as in every
entoptical perception, it requires a certain amount of attention to
recognize these musee. 1f, however, the attention be once dirvected
to them, their appearance is li,]u!.xms recurring, often under un-
fortunate cirenmstances. Physiological musee do not generally
cause alarm, though nervous, excitable and hysterical people may
be thrown into a state of "lLEI.t anxiety by them. Physiological
musce have a t.mn&.purgnt. appearance, as though they were
sketehed with watered ink ; those of pathological import are quite
black. As opposed to opacities of the lens entoptically discerned,
these “ mouches volantes” float about spontaneously ; they are seen
particularly well when they are whirled about in the eye by rapid
glances, especially if the eye be directed towards some diffuse
and uniformn white surface (a white painted wall, or the sky
uniformly clouded or ¢lear). They are more obvious alter excesses
in baccho et venere than in good health.

Muoen? investigated the shape of floating specks, and reported
that the simplest form perceived entoptically was an appearance of
a veil. The web consisted of “ a simple row of closely set filaments

I Berl, Elin, l'l"ur.n"r:'.lmrfn'., 1911,
¥ Arch. f. klin, Med,, Ixxviii.
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forming a warp, and rows of globules at right angles to them as
woof.” In the web single filaments stand out in greater pro-
minence ; some may dissolve so that the globules alone remain,
either singly or in rows. The globules appear to be more per-
sistent than the filaments, they often lie in masses and completely
surround small patches of network; then we have the true
“ Moweches wvolantes.”” According to MucH, this gauzy network
always occurs in the morning, and the filaments and globules come
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Fi1G. 6.— Five phases of a positive scotoma in choroiditis disseminata.

on after moving the eyes. MucH insists that the * veil ” must be
closely related to the function of the vitreous; perhaps to something
of the nature of glandular tissue serving as nutritive and restorative
to the vitreous (7).

Extorric PHENOMENA IN Cararacra Increiexs.—Opacities n
the lens may be perceived entoptically in the same way as in the
case of the vitreous. They are seen as dotted or linear hgures
conforming in movements to those of the eye, and remaining fixed
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when the eye comes to rest. Hrss' used a lens opacity, subjectively
perceived, as an elegant demonstration of the correctness of HELM-
HoLYZ's theory of accommodation. At the moment of accommoda-
tion the spot in the lens was subjectively seen to move upwards.
Hess therefore concluded that the lens dropped down, and was to
some extent released in accommodation, so that its elasticity, con-
stantly straiming after a more globular form, was enabled to act.
Along with a general fogginess of the whole field of vision, we often
find characteristic complaints by patients with incipient senile
cataract. On account of variations in the refraction of the lens
fibres, they see the street lamps or the moon double or even
multiple (diplopia and polyopia). It i1s often such a complaint
which leads to an exact examination of the lens: a matter of
considerable importance when we remember that undoubted cases
have been reported (e.g., by EvErRssUscH), where opacities in the
lens (networks) in their incipience have been susceptible, to a
certain degree, to medieal treatment,

Exrtopric PHENOMENA IN IMISEASE oOF THE RETINA AND
CHOROID.—Amongst the varied entoptic phenomena occurring in
diseases of the retina or choroid, we should note that hemorrhages
either in or n front of the retina are accompanied by red and
black points and spots along with scotomata. These latter are
called positive when they are subjectively obvious to the patient
without any perimetral examination. In general they do not
always appear as black !.'!.-I'Li'l.b, in fact they show great ‘-:Lllull}lllt}?
The patients may accustom themselves to these “defects in their
field, when the scotomata then become negative ; on other occasions
they again become apparent. A patient with choroiditis told me
that the eyes were generally quite quiet, but that when any
emotional disturbance occurred, blinding flashes and branching
flames shot out of them. 1"1L1:|}‘J’|,rt,1|l,|15I disturbances of the circula
tion bring about varying conditions of the scotomata. Another
patient with choroiditis disseminata saw black scotomata with his
right eye, and sketched them from their origin by using carve and
attention (see fig. 6). He saw large patches before the left eye—
more recently affected—- these L{:II'I'L.IIIII:L”} came and went, so that
at one moment they showed up as white spots (like fat dl‘llpﬁ on
glass), then changed to star-shaped figures (like a fine cobweb
wet with dew), and f'lmll',, to perfectly black spots. Just as they
appeared, so these black figures vanished.

PHOTOPSTA METAMORPHOPSIA. —Subjective disturbances due to
affections of the rods and cones, or choroidal disease generally,
are termed photopsia or metamorphopsia. To the former group
belong the phosphenes, flashes of light, and colour; and to the
latter the so-called mieropsia and macropsia.

ProspENES.—Photopsia often takes the form of progressive
phosphenes, [rom the vision of sparks and long flashes, and becanse
they so often are fixed in shape and position we are justified
the conelusion that they are disturbances due to peculianties or

vV dreh, f. Ophthal,, xli,
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changes in the cireulation.  This view is supported by the fact
that the movements of the Dblood ean be llll‘-slnli}”lc.llly dis-
cerned entoptically in the form of phosphenes. Bright spots,
corresponding to the cireulating blood, come and go when the
gaze 1s directed to an evenly highted sky.!

These bright ghttering points swarm throughout the whole
field of vision, twisting and turning.  After many carelul investiga-
tions I have convinced mysell that such phenomena never occur
in the narrow zone around the point of fixation; and 1 therefore
conclude that they are due to the movements of the blood corpuscles
in the retina. Entoptic phosphenes are particularly vivid over the
whole field after violent sneezing or blowing the nose, when fiery
spots are seen to course about so rapidly as to produece the impres-
sion of streaks of light. Other local cireulatory obstructions in
the retina give rise to the appearance of large irregular defects in
the field ; 1n the resulting black or brownish coloured scotoma the
patient will often see fiery globules, lines and figures.  An embolism
of the central artery naturally causes sudden loss of vision ; temporary
obstructions to the circulation produce milder disturbances of vision.
In this connection there is an observation of HirscHBERG® on a
patient of a nervous temperament, who at the Stock Exchange one
afternoon had a headache with flickerings before the eyes. Sub-
jective appearances like * fireworks ™ followed for a few minutes.
The ophthalmoscope revealed an embolism of a branch of the

central artery, which rapidly disappeared under massage; vision
returned within a day.

ProToprsia axp Curomatorsia.—The pathological plqu]:]wne&.
in contrast to the .lLLJluljmﬂatnv which show as rings of Light,®
appear as flashes or moving lines of light, and can be referred to
cirenlatory ¢changes in the Tetina and choroid. We cannot to the
same extent ascribe a similar origin to the simple photopsia and
chromatopsia showing no change in position. In their case we
must postulate either an inflammatory exudation, or a variation in
sensibility affecting the retinal end-organs.  Complaints of coloured
floating aper,]\s are often made m cases of retinal or choroidal
disease ; and a patient once related to me how she saw distinct
masses of yellow, green and red spots which moved in a kaleido-
&.C:_'Il]]{ T Ier.

Frickeriyas.—People with choroidal disease often complain of
flickerimg before their eyes. This symptom was deseribed by
ForsTER in his classical paper on Refinitis syphilitica.’ 1t consists
in the appearance of bright spots and figures which vibrate and
undulate to and fro, and need not neuumuh correspond In extent
to the scotoma or to a choroidal pateh visible to the ophthal-
moscope.  Objects seen through LHL’EL‘: flickerings appear to be

I PuRkIisag @ Beitmige zur Kenntnis des Sehens in subj. Hinsicht.” 1599,
2 Featralbl, . ju'r:.ﬁ'!’. A H{;r.rifft'“f;., xii.
3 E.g. Bruckser: = Zur Kenntniss einiger subj. Gesichterscheinungen,”

Areh. . Avgenhetk., I1xiv.
U dveh. f. Ophithal., xx
3
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motionless. This syvmptom, which HIRscHBERG ascribes to a
diminution in the blood supply, is often the first symptom of the
disease to show itself, and may persist longer than any other
funetional disturbance.

MeramorrHoprsia.—Distortion of visible form is always refer-
able to a displacement of sensitive retinal elements from their
normal relations to each other; it occurs in detachment of the
retina and exudative choroiditis. This distortion must be dis-
tinguished from a form of vision as through a lattice,' which is
due to a “ patchwork " destruction of the retinal elements. Meta-
morphopsia becomes particularly obvious when looking at long
vertical hnes such as the frame of a door or window. It can be
demonstrated by gazing at a system of vertical or horizontal
parallel lines; in a case of choroiditis the lines will be seen to tend
either out or in at the point of fixation. In the rvegion of the
retina corresponding to this distortion, the retinal elements are
either crowded up, or separated by an exudate; and if an image
of writing or pnutuw fall on such an area the mqnltmg thlchemng
ol thmnlng of the retina will cause discrepancies in the perception
of size: mwmpma O MACropsia.

Exropric Visisinrry or Diseased Areas.—DMany of these
intra-ocular perceptions, owing their origin to some peculiarity in
the structure of the membranes” must naturally be profoundly
influenced by pathological changes. The hterature of this subject
1s not large. GauLEN published excellent diagrams showing how
choroido-retinal nodules appeared to him by the diascleral test of
the vascular shadows. The scotomata which he saw corresponded
to the ophthalmoscopic appearances, and gave a good index of the
importance of the membranes. When (T‘.IIL]"\ proceeds to say
that the perimetric method of examination is a more valuable
practical test than the entoptic, I ean support him heartily, having
been at considerable pains to eluecidate the changes in entoptic
perceptions, due to diseased processes. The accurate appreciation
of entoptic per LL}_Jtl(J]'I‘-:- necessitates a considerable power of physio-
logical observation, and in my opinion the many gaps in this section
of intra-ocular pathology will only be filled up when persons are
affected, who either naturally, or by traiming, are fit physiological
observers.

! Higscupere : * Deitrige zur prakt. Avgenheilkunde,” i, 1576,

! A, Lommaxy, in Nacer's “ Handbuch der Physiologie.”

! Dissertation, by Ouspavsex, Halle, 1885, Gauwes: * Verhandl., d. Phys.
med, Gesell.” Wiirzbureg, 1911,



CHAPTER IV.

ABNORMALITIES IN CENTRAL AND PERIPHERAL
VISION.

THE CENTRAL AND PERIPHERAL KyE.—The functional activity
of the eye varies greatly in different paris of the retina. Acute
cenfral vision can be distinguished from indistinet peripheral
vision. The difference between them is not merely one of acuity,
for while central vision far surpasses peripheral in respect to the
optical perfection of the image of an object, and the fine perception
of the detail of such image, peripheral vision is superior in the
perception of movement. “Retinal fanction can be divided, allo-
cating discovery to the periphery and inspection to the centre.
Along with these loeal differences in retinal activity are associated
others which, by adaptation, inflnence vision in dim light (scotopia),
and lower the relative value of central vision ; these will be
discussed in the next chapter.

Corresponding to these functional differences, the eye may be
considered as an organ which unites two forms of apparatus of
different functional value.’

The *““central eye' 15 an elongated eye with a narrew-angle
field (fig. 7); the possibility of a high grade of visual acuity 1s
assoclated with the delicately inlaid sensory elements, and the
plm'iai'un of an isolated sensory path for each end element. The

‘peripheral eye,” on the other hand, has a wide-angle field and
a mosaic of end elements with concentrated sensory connections,
and is less adapted for keen perception of detail. The periphery,
however, has an advantage over the cenire in the elements
necessary for vision in dim light.

CoxrExTs 0F CHAPTER. — Amongst the diseased conditions
especially affecting the central eyve we note: (1) Congenitally
defective acuity (Amblyopia congeniéa) ; (2) congenital total colour-
blindness: (3) toxic amblyopia (Newritis arialis), and other
forms of so-called retrobulbar neuritis. A disease especially affect-
ing the function of the peripheral eye occurs in that peeuliar
L]L;_‘:'{*Il{.'l.ll](:lll called retinitis pigmentosa. This chapter will conclude
with those other anomalies of the field which can be rveferred to
changes in the retina or choroid. The consideration of the visual

! irrrer: * Organologie des Auges,” in Grire-Siascn’s ¥ Handbuch der
Auncenheilkunde,” ii.
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disturbances mentioned must be preceded by a short reference
to the normal function of central and peripheral arveas of the retina,
and some mention of the usual methods of examination' (testing
visual acuity, taking out fields).

Visual Actrry.—The definition of visual acuity by the smallest
angle, subtending which an object can be recogmized, does not
clearly delimit thm visual function. For an accurate Ilmaﬁumlnﬁnt
we must eliminate everything which 1s due to intelligence and

I"1c. 7.—Central eve and peripheral eve (after PGTTER).

practice ; a hunfer might appear to see where the unpractised
perceived nothing. DBut if the vision be tested by simple objects
which leave small play for any interpretation of the sensations, we
readily recognize differences in the functional activity of the same
eyve by different tests.

[f a white and a black card lying on a flat surface be brought
together so that a rectangular part of one is superimposed on the
other, the resulting El]ﬂ.ll”[‘- in contour is recognized when sub-

!Laxpornt @ ¥ Methods of Examination,” in GrAFE-Siviscy’s “ Handbuch der
Augenheilkunde,” ii.
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tending an angle of 11 seconds.! But a greater angle, averaging
| minute, is necessary for the appreciation of two points as
discrete. If a row of 6 to 12 equidistant points be drawn, and
observed at such a distance that the wvisual angle i1s 1 minute,
they will certainly be recognized as discrete, but to count them, Llu,
visual angle of the interspaces must be increased at least 4 to 6
times.*

The first of the three visnal attainments we have mmtimmﬂ E
designated by Henrixg as “sidelong change of position ™ (seitliche
Lr.‘mn.-n:,he.rbmn,r. The ]mf-.-,lbmly of recogmzing such minute
alterations in position, corresponding in the Ietllml image merely
to a fraction of a cone, will be appreciated when we consider that
such a visnal power does not necessitate the mndividual action of
single cones, but merely of two contiguous rows of cones corre-
sponding in direction to the ontlines which invade each other.?

In considering the relation existing between the cones at the
fovea, and the power of recognizing two separate points, the basis
of the minimum angle of distinetion has been sought n the
structure of the retina and the size of the cones. The hypothesis
has been advanced, and supported considerably by calculations, that
a single sensory elmlmnt either unstimulated or differently stimu-
lated, must lie within the retinal image and between the two
elements which are excited by the two points, before these can be
appreciated as discrete.  The power of counting equidistant pmntq
has been called by GErTZ * perception acuity ™;  he considered it as
depending on the existence of a central area. This area differed
from the remaining superficies of the locality of most acute vision,
in that the sensations derived from it have the greatest sense
intensity.  The * pervception acuity 7 1s rendered possible when
each individual point is fixed by direct vision on this cenfral area
and accentuated above the others in sensation.

Craxican Mermons or Mreasvming Visvan Acvrry. — The
menimum separabile is usually taken as the measure of visnal acuity ;
that is to say, the visual ancle is defined at which two points are
recognized as discrete.) SXELLEN, 1862, used letters as a test,
the thickness and interval between their constituent lines being
I minute, and their total size 5 minutes. It was very soon noticed
that certain letters and figures thus constructed differed in legibility,
and were read at a different distance than the others; the psychical
factor of intellizence and other still unnamed factors, also came into
play.  SxELLex's fork [ 1 | placed in varying attitudes, also

—— —

' Witnrina : Zeifschr, f Biol,, xxix.
Gertz : Skand, Adrvch, f. Phys., xx.

* Herixe : * Ber. d. Math. Phys,, Kl. d. Kgl. Sichs, Gesell. d. Wiszs.” Leipzig.
Naturwiss. Teil, 1809,

* Contrast here GuiLLeErY's method, using points to determine visual acuity ;
these were variously placed in different vectangles, and the examinee was asked
where they were. Consider ScuExK's opinion on this method (Zeifsel. £ Adwgen-
keeilk., i) 1 * Such an act of vision belongs to the zone between the light sense and
the form sense.”
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LAsDOTT S |m5& (fig. 8) do not hfwe thH disadvantage, the examinee
being asked to m{llumit- the opening in the flgtlw On the other
I1Emd the increased brightness of that half of the figure which 1s
open may arrest the attention, even when there is no question of
appreciating the minimum separabile.!

The test cards made on SNELLEN'S principle depend upon the
hypothesis that the angle of 1 minute is necessary before two
separate points can be distinguished. This empirical basis pro-
duces, in the construction of the individual letters, mistakes whose
origin is difficult to explain. LOHLEIN and GEBB, in preparing
a test card, attempted to escape from a form-construction on
principles which did not ensure exactness, and after numerous
individual tests undertook to estimate in an arithmetical form the
empirical distance of legibility of many signs, letters, and figures,
The following table by these two authors shows, on the one hand
the varying legibility of the symbols—e.g., the test tables of
ScHWEIGGER and HEiNE—and on the other how much better ther
own method was. The individual figures and letters of the test
cards are given under the distance in metres at which they actually
were recognized.”

Bj.'ml-n!s ||-::u1ir|-5|l|5 Lo bhe reaad Aviernime actual distance at which t|:|-|'l}' wers roead ]l}' 1he
at 5 melres I!‘IIII?I':t'l.'I'I'.I]Iil.' 2y
9 1 T [ L5
. 5 | 0 .
Heixe's f 14 2 4 8
L T | 43 Iy 65
BCHWEIGGER'S [} a7 [
IS
. G5 17D
Linners und Gree's | B &%
[ | Tty

Hizss® describes the prineipal defect in test cards as the crowding
of simple and complex letters into the same quadrate area, and used
for the ** international test ” numbers of such a form that they were
recognized at approximately the same distance, these are 1, 4, 7, 0.
For illiterates and as a control Laxpor:’s rings were used (fig. 8).
The practical point in the utility of LOHLEIN and GEBB'S test is
that 1t is constructed on the basis of test by artificial light, a fact
which for practical comparisons and results must be of some
importance.

Uncertainties in results oceur in the use of HEss's international
test, and are due to the fact that the horizontal spaces between the
letters are not relatively equal.

! Lonieiy and Gess : Knapp's Areh, f. Awgenhieitl,, Ixv.
! Idem., ibid.
2 Awel. f. Angenledlk,, 1xiii.
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Fio., 8. —International test card (BEroyaxx, Wiesbaden),
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The test i1s carried out by placing the card at a fixed distance of
3 metres. The number given alongside each row shows the
distance (D)) at which the thickness of the lines and gaps subtend
an angle of I minute. The visual acuity is then reproduced by
the fraction ; “ = o+ The old geometrical progression D — 50, 35,

20, 15, 10, 7, 5, has now mostly given way to an arithmmetical one
of deciimals {]u, =1, 3, *3, b.";.:(.'-.].

Though in the low grades of vision a finer graduation of the
various degrees is less essential, it is very desirous in the higher
grades (Liaxnporr), and such a condition is far better met by the
decimals than by the older geometrical progression.

Fienp or Viston.——The chief method of testing the peripheral
vision 1s by an examination of l-lu: field of vision,' w hth corresponds
to that portion of the field of view from which the eye at rest can
receive visual impressions.

The factors determining the extent of the field of vision depend
on individual peculiarvities (bony margins of the orbit, shape of
the nose, upper lid, size of pupil) ; there are also modifying objective
conditions in the state of JIILuuuntim], and subjective in tiredness,
or the unaccustomed nature of the first test, which must be borne
m mind. It 18 desirable in every record of a field to note, e.q.,
result uncertain, patient weary, sky clouded, &e.® 1If the "Unmnl
condition of the margins of the field be m*shf-ﬂ the slmplu-,t way 1s
to seat the person so ) that he is opposite to the observer, and have
him fix the opposite eye of the examiner with the eye to be tested.
Now move a finger from the periphery towards the centre, and
ask when it 1s wvisible. Another simple method i1s to darken the
room and shine the light of a candle or the reflexion of a mirror on
the retina, working in from periphery to centre, and thus test the
functions of the various regions. This method is very valuable
when there is very poor wision (e.g., in cataract), when by the
ordinary method the object would not be seen at all.

For comparative records of the field, in estimating the progress
of any disease, 1t is necessary to record a plan of the field on a chart,
and for this a more exact method of exammation is necessary.

T w-,tm,f_{ the ficld on a plane surface, such as on a wall, the so-
called ** campimetric” method has this great drawback, that the
different retinal zones are measured at different distances. If the
eve be placed 30 em. from the recording surface, a distance of 85°
lateral from the point of fixation would mean a linear distance of
343 metres. And if to avoid this inconvenience the eye be brought
nearer, the extent of the central and paracentral regions is l‘l'ﬂllt"f d
extremely, and the testing of these areas either made quite 1mpos-
sible or ce Lm.m]:, very difficult.

For these reasons the perimeter is used for taking fields ; this

' (. Senpossenr : ¢ Die fiir die Praxis beste Art der Gesichtsfelduntersuchung.”
Vossius @ “ Zwanglose Abhandlung a. d. Augenheilkunde,” 1901,
! Frevrac's charts (5. Hirzel, 1912) have spaces for these.
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obviates the defects of the *‘ campimetric” method, as every point
on the arc of the machine 1s equally distant from the mid-point of
the eye. The arc can be rotated so that every meridian can be
tested separately. To fix the attention as mue h as possible on the
test, it is advisable to exclude all surrounding objects from the field
of vision of the patient: the centre of the perimeter should carry a

=

IFiG. 9. —Derimetry,

smooth round dise, o that in this part at least the distraction of
surrounding objects will be avoided (Unrnorr's dise, see fig. 9).
The perimeter must be well and evenly illmminated ; and this object
is best attained by placing it before a window, particularly with a
northern aspect.

Small pieces of paper or cloth' are used as test objects; larger

' Heidelberg paper, Marx cloth,



49 DISTURBAKCES OF THE VISUAL FUNCTIONS

objects (20 mm.) are nsed for defining the limits of the field and
smaller ones in searching for scotomata. Iach eye must be tested
singly. The HirscHpERG and SCHLOSSER method is thoroughly
sound ; they cover the other eyve with a glass of Lmllplmnelltuv
colour to the test object. The colour of the object 15 thus
neutralized, and besides securing a less tiresome method, there
18 the advantage that the other eye assists and controls the
fixation of the one under examination,

Harrz ' method 1s very wvaluable in the case of small central
scotomata. Two flat surfaces are presented stereoscopically and
binocularly fused. Very small objects thus used assist greatly in
searching for a scotoma, and so small scotomata are discovered
which were not shown hj; the perimeter.

Coloured test objects, especially blue and red, are used as well
as white. As a rule, central disease of the choroid (choroiditis
centralis) shows only scotomata for blue, while retinal and optic
nerve conditions (toxic amblyopia) show them for red. Quite
frequently a progression in the area of a scotoma for different
colours i1s shown; when measured with a red object it 1s larger
than with blue, and this again larger than with white. Perimetric
testz of the field margins with colonred objects are very important ;
for example, in an early tabetic atrophy the field for white may be
normal or almost so, while a concentric or interrupted constriction
of the field for red may indicate the disease. Such an example
shows what brilliant results perimetric examination with colours
may give in the very earliest stages of disease, when colour vision
at the retinal centre appears normal, or at the most only donbtful.

As a matter of expediency, the physiological scotoma (blind
spot) should be demonstrated before searching for scotomata.  This
spot lies some 15° away from the point of fixation. LANDOLT and
Dosrowsky found that this distance was increased in hyperopia
and diminished in mvopia. Mavruser confirmed this for hngh
grades of myopia, but found in the lower grades the same separation
of the blind spot from the centre as in the normal ; his explanation
should be accepted with great reserve, as on account of the greater
distance between the retina and the nodal point of the e¥e 0
myopia, a perimetric reduction in the distance readily appears.®

Repvcerion 1IN VisvanL AcvITy TOWARDS THE PERIPHERY.—
The visual acuity found by the methods already described in brief,
cnly refers to a small area of the retina, that of most acute vision.
Visual acuity drops somewhat rapidly from the centre towards the
periphery in all directions, but not equally in all meridians.
GuinLEry® established an unmistakable preference n the inner
meridians of the retina. The visnal acuity at about 30° dropped
morve rapidly vertieally than horizontally. If the height of visual
acuity be represented as a function of the distance from the centre
of the retina in a system of perpendicular co-ordinates, the figure

* Klin, Monatsbl, f. Angenfeilk. xlii.
*Hess in Grire.Simiscn's * Handbueh der Augenheilkunde.”
P Proveew’s, Archiv., boviii.
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which Dor ' constructed is obtained (see fig. 10). It 111}1011% that
a spot 5” excentric from the IIhlLllLL has an acuity of only }, and one
207 excentrie, that of only %,. These values arve n: ltm'Lll'l,' ApProxi-
mate on account of the difficulty of such excentric estimations,
and must not be unreservedly used as standards for any individual
case, especially for comparative caleulations. This great difference
in the conditions of acuity in the centre and in the periphery of
the retina is evidently connected with some anatomical peculiarity
of the area in the u,nl,m, and this, as has already been mentioned,
is found in the isolated individual nerve connections of this part in

Fic, 10.—The state of visual acuity in the centre and periphery of the retina (Do),

contrast to the more concentrated ones in the periphery. The
areas of diserete sensation in the retina, therefore, differ according
to their position, and in the elaboration of this idea the gradual
diminution in number of the cones from the centre to the periphery
15 significant. In the centre of the retina cones alone occur, but
as we pass ontwards rows of one, two, three or four rods are inter-
posed between the cones which themselves become thicker?® The
correspondence appears a simple one, but a more careful comparison
will show that the diminution in acnity 1s proportionately greater
than the reduction in the cones. It is advisable for the present to
refer the decrease in acuity to a predominance of the centre over
the periphery, which is more pronounced in the difference of thewr
nerve connections.

b Arek. f. ‘.I'_!i.l.lrl'lrhrﬂr" Xix.
v. hiLpiker @~ Handbueh der Gewebelehee,” iil,
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AvBLyoriA.—If the visnal acuity is below the normal the ex-
pression “ reduced ” (abgestumpft) is used, and we speak of an
amblyopia. A sharp delimitation of normal visual acuity from
amblyopia in reference to the higher grades of vision is difficult,
because the maximum power of the eye varies with the state of
the individual, age and race. Central vision in old age is less acute
than in youth,'! and appears also to be keener in savage than in
civilized races.’

The more severe reductions in vision may be due to most varied
causes. Hither an imperfect image is formed, or the percipient
apparatus 1s defective in 1ts action. A “ mechamieal ” or * physical ”
amblyopia oceurs when we have opacities in the refractive media
(corneal nebulw, lens or vitreous opacities), and when the obstruc-
tion is removed the amblyopia disappears. An apparent amblyvopia
occurs n cases of ervors in refraction; this vanishes when a suitable
glass is worn. We must not conclude, however, that every
“dioptric” amblyopia can be corrected, anomalies such as decentra-
tion of the cornea, keratoconus, an astigmatic form of the eye
producing heterocentric 1nstead of homocentrie pencils of rays are
difficult or even impossible to correct by lenses.® If the perception
of the visual inpression is interfered with, then the defect is either
due to changes i the retina (organic ambiyopia) or to changes in
the nervous connections (nerve amblyopia).

CONGEXITAL AMBLYOPIA.—AL present we are not in a position
to define the origin of many cases of congenital amblyopia.
Respecting the actual diagnosis of * congenital " amblyopia, it 1s
important to establish that the defect dates [rom birth, and
remains unchanged by treatment (refraction, vision training, &e.),
also that there are mo changes visible by the ophthalmoscope, or
complications in the neighbouring organs (orbit, nasal sinuses) or
nervouns system. Ophthalmoseopic examination in congenital
amblyopia is mostly negative with respect to gross changes, but
slight variations may be distinguishable, such as a smoky reflex
in the macula with deep pigmentation, or defects like the *“ hole
at the macula™; these fundus changes, though never prominent, are
present as a rule. The abstract distinction from amblyopia
ex anopsia is important, though in practice it is hardly possible.
This amblyopia ex anopsia, which improves with correction and
practice, is considered by many authors (SILEX, and to some extent
HEIRE) either not to exist or to be extremely rare ; others (e.g.,
Krusius®) hold the opposite view, that the term amblyopia con-
genita, in contrast to amblyopia ex anopsia, is much too widely
used. Krusius states as a fact that the vision of an amblyopic
eye can, by suitable treatment, be brought up to normal, even though
the defect be extreme, provided that the patient be young enough,
a result which in later life is seldom or never attainable.

—

" Conx : Aveh, f. Oplethal,, xvii, x1. ; Berl. Klin, Wochenschr., 18985,
* Hess in Guire-Sismscy’s * Handbueh der Augenheilkunde.”
4 0Ophthal. Gesellschaft,” Heidelberg, 1908,
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STRAUB in an earlier work! records as proof of the congenital
nature of amblyopia, that it oceurs in non-squinting individuals in
whom the eye with good vision is of the same refraction as the
defective one. The following table by Stravi?® gives a valuable
resume of the oceurrence of monocular amblyvopia in hyperopia,
and its relation to squint, isometropia and anisometropia.

Moxocvrar Ameryoria 1y Hyperorra,

I50METROFES WITH A% AXKISOMETROIES WITH AN
VMDLY Ol EYE AMBLYOPIC EVE
D res of
Ty peropin
Mo st Haitind Mo mqquint it
1D 14 ¥ i -
2D a6 12 15 3
3D 1 11 o 1
4 I T T 14 5
5D 3 a 1 5
[ 14 14} 15 (]
= 1 3 3 2
8 3 1 2 =
] 1 2
10 -- = 1
15 1 —

We have previously rveferred to STrRAUB'S conclusion that the
oceurrence of amblyopia with 1sometropia and 1sotropia, as shown
in the tables, 15 a proof of its congemtal origin. The same
writer follows this up by stating that 1t 15 not this relationship
of the amblyopia (i.e.,, to the refraction or muscle balance), but
that to binoeular vision, which 1s the criterion as to whether it
can be considered as “ congenital ” or has developed ““ex anopsia.”
But when, with no visible cause, defective binocular wvision is
found in amblyopia, the conclusion that the latter has developed
on account of the defect and through disuse, though plausible, is
by no means convineing, and certainly does not prove that an
anatomical basis does not liec at the root of many cases of
“amblyopia congenita.”

ScoroMara 1IN CoxGENITAL AsmbBLyvoria.—Along  with the
frequent strabismus, and a more or less marked reduction in
central vismal acuity, we find in eongenital amblyopia, normal
adaptation (LouMmaNX), normal colour sense, and a normal extent
of field; in the majority of cases, however, a central scotoma can
be demonstrated. This has been observed and recorded by varions
authors ; HeEine's® systematic investigations showed that such a
scotoma ocenrred 1n Y0 per eent. of cases.

If we attempt to represent graphically the condition of such
an amblvopic eve, we obtain such contours as are shown in figs. 11
and 12. In the central area of the retina the visual acuity is

Vo Arelr. ..-|H:ff:'.lhi':r'¢'l".;.'.. 1540,
* Avel. . Ophithal,, Ixx.
¥ Kilin, Monatstd, . Adugen fh'!'”'., 19405,
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represented either by the greatest rise taking the form of a flat
platean elevation, without the normal ]_JEELI-I., or by a E:I'El.utl'll.‘lfﬂl'l:ll
depression of greater or less depth oceurring in the centre. It is
only in the latter forms that a scotoma may be anticipated. There
is, however, still the possibility of a state of affairs other than that
represented, and one we also commonly designate as a “ scotoma.”
For instance, if as the resnlt of some injury the individual visuoal
elements in the same area suffer damage, and in comparison to
their visnal acuity show a disproportionate loss of field for colonr,
The presumptive difference between such a scotoma and that
ocenrring in amblyopia congenita will be appreciated if the following
considerations are borne in mind. The form sense, like the colour
sense, is generally blunted towards the periphery of the retina;

Fig. 11.—Central and peripheral visual acuity in amblyopia.

0 &0 1y 3 K 5 i 20 40 40"
i, 12, —Central and peripheral visual acaity in amblyopia.

this is shown by the negative results on testing with a small test
object contrasted with those obtained with a large one (sce Chapter
VI1I). A coloured 5 mm. object 1s unrecognizable by the normal
eye at a pomt where there 15 still a vision of 44, a 10 or 18 mm.
object, however, 1s still clearly seen with this degree of excentrieity.
No one would on this account postulate a scotoma. Now let us
consider that the retinal development which normally shows the
differences represented in fig. 10, has by amblyopa congenita
suffered a change to that of fig. 11; corresponding to the depth
and extent of the depression, we can now demonstrate an absolute
or relative ineapacity to recognize small objects either coloured or
white. This will be exactly parallel to the absence of any sensory
impulse which the same object would produce at a corresponding
spot 1n the periphery of the retina (i.e., one with the same visual
acuity).

The reproach of haggling over words may be cast at such a
statement, and it might be held in the same way that even a part
of the field is a scotoma, if it 1s of lower efliciency than a neigh-
bouring peripherally situated spot.  We must admit that, in theory
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at least, even though such a vamation be present and a scotoma
oceur of acquired origin from damage to the retinal elements, or to
a lowered central visual efficiency, this has no weight in a discussion
on the shght blunting of Ht—llmh]in‘v W hwh may occur in places in
i I](]lll]il.-”} developed eye.  Whether in fact this distinction of a
scotoma resulting from damage or defective development of the
central area of the retina can be maintained, is a question which
must be decided by comparative investigations into visual acuity
and intensity of the scotoma, on the one hand when pathological
changes have occurred, and on the other, in congenital cases.
Naturally the visual acuity and the scotomata must not be un-
reservedly held to be parallel phenomona, particularly in congenital
amblyopia; on the contrary, carveful attention must be paid to a
defect in the field and the visual acuity at exacily the same spot.
For it is possible that we may have a central scotoma not coineid-
ing with that portion of the retina which, on aceount of its visual
superiority, is actually used for vision, and which would naturally
be tested 1n estimating any visual defect.

In Hexe's cases an association was established between the
visual acuity and the extent and mtensity of the interference with
the field. In the following table I have recorded in percentages
HEIXE'S results :—

VispaL ACULTY BOGTOMA DEMONSTRATEL 1N
|
Vi, Mot ll--l:l'.‘ir-- [or Alisalute for Relative for Abaolute for
eolonr varlonr whiter white
e azenn, Per wient, I'er eent. e eent, I"ar eont,
i 2544 630 e e 71
: 124 4G i e 372
X 125 = 375 RN
e HW] pRY ar 4540 360
Hs il -0 17 -4 R ]
< sh i - 200 87 609

Cavse oF CONGENITAL AMBLYOPIA.—At present we are only
able to advance conjectures as to the origin of congenital amblyopia,
we know of noanatomical basis for the condition. HEINE examined
the optic nerve of an eye with typical congenital amblyopia, and the
result was negative ; as to the condition uf the retina no trust-
worthy findings were obtained. Navsorr' and vox Hirrern®
thought that the cause might be sought for in inter r-partum macular
I|-'s=mm|]mgc_ We must note, however, that such an origin would
involve permanent changes visible with the ophthalmoscope
(Untaorr). The rarity of binocular amblyopia, although bilateral
inter-partum hemorrhages are by no means so rare,” 1s in direct
opnosiiion to the traumatic hy pntlwala for the origin of congenital
amblyopia—that damage and injury to the optic nerve-fibres are

v Arek. f. Ophthal., xxxvi. * Ihid.,, xlv.

*v. SICHERER : ** Bericht der Heidelberger Gesellschaft fiie Ophthalmogie,” 1907.
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produced by inter-partum hwemorrhages. The results of investiga-
tions' in the new-born, where only a rudimentary suggestion of a
fovea was found, perhaps have some bearing on amblyopia ; it should
further be noted that SEEFELDER demonstrated the complete
absence of the fovea in a case of aniridia.®

Viewing the hyperopia so constantly associated with congenital
amblyopia, as the origin of the defective vision, DoNDERS presumed
that the latter was dependent on the former, and was due essentially
to the reduction in size of the retinal image without an increase
in nmnber of the percipient elements. Against this MauTHNER
showed that such grounds would only thlmu a reduction in vision
from 3§ to 3% n a Iu permetrope of 12p, 7

Cravp WorTH 1s of the opinion that the anomalies of con-
genital amblyopia are due to the failure of the necessary predomin-
ance of the macula, not to a general lowering nF the sensibility of
the visual apparatus. WILBrRAND and SiNGER' suggest that the
cause of the amblyopia cannot be in the retina or gross ophthalmo-
scopic changes would be visible. My own opinion ® is that we must
suppose either that the cones are spaced further apart, and do not
show in the centre that crowded arrangement which contrasts with
the periphery, or else that the nerve connections from the closely
packed cones of the fovea are less isolated and more grouped than
nsnal. I have attempted to support this view ® by investigations on
the fusion-frequency in congenital amblyopia. I found that the
central fusion-frequency in amblyopic eyes was greater than normal ;
variations at different points in the retina could not be shown to
oceur to the same extent as in the normal eve. I therefore con-
cluded that the conditions in the amblyopic eye resembled those in
the periphery of the normal retina; I also attempted to explain
amblyopa *“ex anopsia’ in the same way. In such cases the
absence of the effort to acquire acute vision removed during
development the stimulus to maintain the proper isolation of the
individual retinal elements.

Locan Variarioxs IN THE RETINA oF FusioN-FREQUENCY.—By
the expression “ fusion-frequency ' (v. KRr1ks) 1s meant the rapidity
of interruption necessary for a periodic stimulus to produce a steady
impression.  The test is made with rot: wing dises, having alternate
sections of white and black. When we examine different parts of
the retina we find that with increasing distance from the fovea the
rate of rotation must be increased to give a uniform steady impres-
sion. The test must not be made with small-sized flickering objects ;
or this law may readily be reversed; we must always bear in mind
that the visual acuity rapidly decreases [rom the centre to the
periphery, and use a test object of sufficient size. There is a ready

' Wonrnus @ Thid,, 1908. ? dreh. f, Oplithal,, 1xx.

* Hess, “ Anomalies of refraction and accommodation™ in GRAFE-SAMISCH'S
“ Handbuch der Augenheilkunde.”

+ Uber Sehstirungen, 1892

« Arvel. f. Ophthal., 1xv., B Thid., lxviii.
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everyday test observation showing the correctness of this statement.
If, when travelling along a double railway line, the wood or iron
sleepers laid at regular intervals on the track be noticed, the flicker-
ing 1s defimtely prolonged when central fixation is veplaced by
peripheral.

Just as the reduction of visual acuity in the periphery can be
referred to a wider spatial extension of the sensory umits, so 1
attempted to refer the local variations in fusion-frequency to the
delay in propagation of this stimulus due to the sensory areas being
more extensive. As I have mentioned, I found in the centre of
the congenital amblyopic eve a 1011:11[111'“ similar to the periphery
of the normal eye—a fact which supports the comparison between
the centre of the amblyopic eye and the periphery of the normal.

FUSION-FREQUENCY AND DISEASE OF THE FUNDUS.—BRAUN-
sTEIN! devoted himeelf to the study of intermittent retinal stimula-
tion, and concludes from examination of the fusion-frequency that
we have here a method by which 1t 15 possible to recognize disease
of the eye when no other method would do so. "'k[.xlthmx.- on the
other hand, could not convince himself of the special delicacy of
this method of investigation. ** The flickering test in medical hands
has no diagnostic advantages over the other methods of testing
differences in sensibility.” HEesseERG' made many investigations
with regard to the value of “fusion-frequeney ” in the diagnosis of
fundus diseases, and found no marked variation from the frequency
which might have been presumed to be present. He was certainly
quite unable to establish any classification of different groups of
diseases, as did Markow with glancoma, choroidoretinitis, and
retinitis. BRAUNSTEIN, in a controversy, found fault with Hess-
sErG's method of investigation, in that he used too large a disc;
it was not suitable for an exclusive examination of the retinal
centre, and it varied in rotation speed at different parts of its
radius. HusskrRG, in his reply, referred to my own views already
mentioned, and insisted that the size of the dise and the visual
acuity must be in a definite proportion, otherwise reduction in the
fusion-frequency will oceur on account of undesirable diminution
in the size of the test object.

Toran Conovr-BLINDNESS.'—A second affection which may be
looked upon as an advanced condition of amblyopia congenita is
represented by total colour-blindness.  In this affection the colour
seoboma extends over tlm whole field, and is accompanied by a
central relative defect in the field (amblyopia or scotoma). The
fact that total colonr-blindness, in contrast with congenital ambly-
"«'l““' 12 alws: Vs binoe u]dl, prevents too extensive an :ulu,lnm, ]}th]ﬂ
drawn between the two conditions. Total colour-blindness is also
characterized by other symptoms which complete the chnical
picture, and are not present in congenital amblyopia.

V Zeefsehr, §. Pryeh, v, Plhys, dey Sinnesorg., sxxiii.
*WesTxik: Ophihal,, xviii,

* Areh. £ Ophihal., Ixix and Ixxii.

! Monograph by Gruxert, 1905, Arch. £, Ophihal., lvi,
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Crixican Symrroms 1IN CoLouvr-Brixpsess.—Total colour-
blindness oceurs more frequently in mwales than in females, and
15 often found in the children of consanguineous parents. The
child at an early age suffers from plmtnplmhm in bright daylight,
and shows this by blinking and covering its head ; these patients
cannot distinguish l:U]UlII'E-, and see better in a dim light. On
closer examination defects are frequently found in the refraction
(astigmatism), which do not appear amenable to correction.
Ophthalmoscopie examination may show changes in the retina,
choroid, and optic nerve—thongh these variations from normal
need not necessarily oceur.  An enlargement of the maeula withaout
any foveal l!‘nl‘ is often observed (ROoxxE). The visnal acuity
varies from ' to 1, and rarely reaches 1. RIHLMANN' records
the only case of total colour-blindness with normal visual acuity,
Light sense and adaptation are good. UmnrHorr and Roswg®
record extraordinary rapid ml;a,ptu,tmn The colourless band of the
spectrum shows variation m intensity corresponding to the dark-
adapted normal eye. Comparisons, by means of eolour-tops
between black and white dises and x‘xlmuz-.h coloured paper, showed
that green and blue were recognized as light, and red generally as
black. RONNE was unable to determine mw shortening in his
cases of the spectrum at the less refrangible end (this in contrast
to GRUNERT).

NYsTAGMUS IN TOTAL COLOUR-BLINDNESS. —'\whgmm 15 an
almost constant condition in total colour-blindness, and with it an 1m-
provement in vision may possibly be obtained. It can be imagined
how this condition blurs the after-images which otherwise would exert
a disturbing influence. From theoretical considerations Koxic
advanced the view of a scotoma in absolute colour-blindness, and
demonstrated it practically ; the nystagmus has Leen considered as
dune to this defeet in the field, areas of retina of equal visual acuity
surronnding the scotoma, a]tm*lmtﬂl} taking up the function of
fixation. Knies explained total colour-blindness by a failure in
retinal cones, the nystagmus and photophobia being due to the
bleaching and restoration of the visual purple. {'l]l.v normal eye
has a shght nystagius ; according to the researches of Marx and
TRENDELENBURG ' 1ts angle of vibration being 5 minutes).

ScoToMATA IN TOTAL COLOUR-BLINDNESS.—RONIG, UnTHOrF
and NacikL were able to show a scotoma in total colour-blindness ;
while Hess and HEriNG® emphasized its absence. It 1s often
possible to demonstrate such a scotoma if special methods ave used.
Unraorr’s method may be mentioned ; it is based on a test with
a l'nrr-hhﬂp(ﬂ object. HEssBERG " lrul,l( uhul:, insists on the exam-
ination for a central scotoma taking place n a darkened room, the
illnmination of which is earvefully lEdllLLd and varied sy %t{}lli"LLIL:lllj

v Zeitsehr, f. Angenheilk., ii, and Zeitselr, f. Ther. w Hyg, d Angenleilk., i
* Zeilsehr, f. Psyeh. w. Phys. dev Sinnesorg., xxvii.

3 Wi, Monaishi, 1!‘, ,tug;-'rffu'ffﬁ'.., 1!]'[1{5_, 1,

i Zedsehlr. . Sinnesphys., xlv.  PruieEr’s Areliv, 18098,

8 KWlin, Monatsbl. §. Augenleilk., xlvii.
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in different examinations. ROxNE' could not find a scotoma either
by the usual methods or by UnrHorr's; he considered that an
excentric fixation was probably evidence of a scoloma—he found
that the blind spot was at 147 to 187 in one eve, and 107 to 14° in
the other.

Hiss,® on the contrary, claimed that the condition of the retinal
centre was the same 1 the normal and the totally colour-blind
eve. He showed that the phases of the after-image lasted for the
same time, and were of the same character as in the normal, and
that just as in the normal eye a central part of the retina, corre-
sponding to the most acute vision, was relatively less sensitive for
faint illumination, when the eye was adapted for darkness.

In the next chapter we ‘will discuss the significance of the
central scotoma in total colour-blindness when {it-.tllng with the
Duplizitits-theorie, and the presumptive evidence which we have
about the origin of total colour-blindness will be deferred till then.

It 1s strange and surpriging that in spite of the nystagmus the
central scotoma can still be found. Scotomata of 37 to 17 in extent
are recorded, even one of 52 minutes (GRUNERT), though the move-
ment of the eye even in a restricted nystagmus is estimated at 5° to
10°%. Te l"\[l]{llll this phenomenon GErTz*® presumed that a {l{-ﬁmw
visual impression could be psychically picked out from the sequence
of all the impressions received. The object intermitiently seen,
appears most clearly in one definite divection ; this direction can
be distinguished from the others, and so in some way the attention
is thus directed.

Along with those congenital forms of eentral retinal deficiency
which we have mentioned, others should be noted which result
from disease. When we consider the dictum of FEpixéEr—that a
high degree of functional activity involves an increased morbidity—
we see how that part of the eye which is functionally the most
valuable, and has the greatest calls upon it, is most readily attacked
by disease. Just as vascular changes are most commonly or
exclusively found where metabolism is most active (central choroi-
dites), and as the area of most acute w.'i*-sirrtl has the least resistance
to tranmatism (* high vulnerability ' Haag), so we find that in
many diseased processes affecting the optic nerve, those nerve-
fibres suffer most which supply I;hu macula lutea (papillo-macular
bundle).

Tosacco-AncononL AuMbeLyoria.—Toxic amblyopia' is not a
svstemic disease like tabes, where the essential pathological lesion
may range over a wide extent. The damage due to the toxic
process is usually limited to the fibres generally affected; in its
pathology the disease appears to be an interstitial neuritis. It

U Klin, Monatsbl, f. Augendieillk., 1903,

? Heitsehr. f. Psych, w. Phys, der Sinnesoryg,, xxix.

3 dweh, f. Augenheilk,, 1xx.

U Unraorr : “ Augenstiorungen bei Vergiftungen,” Grire-Simmscu’s * Hand-
buech der Augenheilkunde”: and Everspusca: “Therapie der Augenerkran-
kungen” in PENTZOLD-STINZING'S Handbuch.
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should, however, be noted that other authors (eg., BircH-
Hirscurenn) ! ascribe the primary role to degeneration of the
ganglion cells of the retina.

Crintcan Symproms.—Toxie amblvopia makes itself evident by
a mistiness in vision, and considerable reduction in visual acuity,
even to the extent of one-tenth or lower. The patients complain
of greater difficulty i bright light or sunshine, and in the dusk
a relative and absolute improvement oceurs (nyctalopia).

WiLsraxp and SiNGeR (Y Neurclogie des Auges”) seek the expla-
nation for this in the relative acceleration of the katabolic processes
with the retarded anabolism. With a low intensity of illumination
the restoration of the visnal substances can keep better pace with their
consuwmption.  Another explanation for the nmtumpﬁ oceurring
in toxie LLlllhl‘iﬂP].l will be given in the next chapter (** Disturbances
of Adaptation ). The defect found in the field in toxic amblyopia
usnally takes the form of a horizontal oval, extending further in
the temporal than the nasal direction; a IILrILLl]thLl scotoma 1s
much rarer. The scotoma is generally a relative one, if it has
become absolute then the defect for red i1s greatest and that for
blue and white smaller. The absolute scotoma need not necessarily
be centrally placed in the relative one, it may lie excentrically,
lI'It.ﬂl:lllt"{]IELt-E between the macula and the papilla, at the so-called

“puclear spot.” It may be noted that this graduation of the
margin of the scotoma for various colours 1s not so marked in the
other forms of retrobulbar neuritis.

The scotoma 1s mostly negative, that 1s to say, 1t 1s only dis-
covered when the beld 1s taken out. It may lead to illusions and
even hallucinations. A patient, who was an innkeeper, related to
me that he had often seen people put their heads in at the door,
when, as his wife could certily, no one coald possibly have opened
the door. The difhiculty in recognizing silver, copper, or nmickel
coins 18 often the firsi subjective symptom of the disease.

Both eyes are almost always equally affected ; UnTHOFF denies
the existence of nmlateral eases. 1 have seen one such in a potian,
but in this case a reeurrence took place in the formerly unaffected
eye, while the other, previously affected, remained free.

T’mnded that the conditions are favourable, the final result is
good ; a partial scotoma, or even atrophy, may remamn; in rare
cases we may find changes in the periphery of the field, and cor-
responding irreparable and progressive deterioration in the optic
nerve outside the papillo-macular bundle. Toxic amblyopia is
cansed by the excessive nse of alcohol and nicotine (each of these
poisons can by itsell produce the disease) ; their influence is especially
marked when the nutrition is lowered ; of the two alcohol has the
greater influence. The statement that a clinieal differentiation
between tobacco and alcohol amblyopia is pessible is opposed by
UHTHOFF.

Oruer Forms oN RETROBULEBAR NEURITIS.—Various affec-

Vo deeh. £ Oplithal,, lii.
2 Ayel, I.f“, Awgen .f.lrﬂ'f;_, xvill, Sacus | Kernstelle),
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tions of the optic nerve between the eye and the inside of the
skull are designated as retrobulbar neuritis (hemorrhages, exuda-
tions, or syphilitic new formations may be the caunse, also the
gpread of an inflammation from the nasal sinuses to the periostenm
of the orbit and the perineural sheath of the optic nerve.!  Multiple
sclerosis contributes many examples of this affection). The central
defect may be so great that there only remains a crescentic portion
of the temporal field ; after a temporary almost complete amaurosis
such a field will show a recovery first for white and later for red and
blue.

CENTRAL ScoroMa IN PosTERIOR SINUS DISEASE.—DBIRCH-
HirscHFELD demonstrated, and emphasized,” that when a diseased
process, originating in an inflammation or a tumour of the posterior
nasal sinuses, attacks the optic nerve or the orbit and caunses a
severe disturbance of the vision even to the extent of blindness,
the first eye symptom is the formation of a central scotoma. In
reference to the muportance of an early recognition of such a
scotoma, we can heartily support Bircu-HigscHPELD when he
declares it to be of the greatest clinical value in the extremely
diffienlt diagnosis of the affections of the sphenoidal and pos
terior ethmoidal cells.  In contrast to the scotoma due to alcohol
and tobacco, this develops rapidly and shows great tendency to
progression.

According to Hoeve,® an enlargeinent of the blind spot for
colours precedes the scotoma ; it 1s I the progress of the disease
that a central scotoma develops, and fuses with the enlarged
blind aput Hoeve's symptom has been freely confirmed ;
Gaussing' recorded its occurrence in 50 per cent. of the cases of
visnal defect due to nasal disease. In posterior sinus disease this
last author deseribed ring scotomata often surrounding the fixation
point. Many such cases have been deseribed,” but 1t is difficult to
say to what extent they are functional and not caused by the
neuritis.  Had records a case in which hysteria was established.

DE Koewx,® who confirms the enlargement of the blind spot
in posterior sinus disease, also found some peripheral contraction of
the field without any explanatory ophthalmoscopie signs.

CENTRAL ScotoMa IX NEURITIS axD Opric Arrorny.—The
central scotoma occurring in inflammatory and atrophic conditions
of the optic nerve is ulnmnsh an expression of the valnerability of
the papillo-macular bundle. In his article in * GrA¥E-Siviscn ™
Unrnory states that a central scotoma is ravely seen in tabetic
atrophv. Fuvens,” on the other hand, says that he has seen this

P Fyversprsen and Digen-Hipscorenp in Grive-S3iaisca™s *° Handbueh der
A ugmﬂu*ilkmu‘:e-.“
Avreh, .f' f.-}‘!lﬁllf.ﬁ'”!l Ixv,
Areh. f. Augenheilk., lxiv, and lxvii.
Ju.l':. . Oplethal,, 1xxx, 1.
* MacWaissie: New York Med, Jowrnel, 1910; Russ Woon: Laneet, 1910 ;
Ham, Ned, Tijd, », tfen., 1911,
6 Areh. §. H‘H.Fr!.lrirff.. xxix,
? Amer., Ophth, Congress, 47th meeting,
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central defect more frequently in tabes. It is not necessary to
consider the scotoma as a complication (from an associated retro-
bulbar neuritiz or toxic amblyopia), it ecan be accounted for by
degeneration of the nerve substance. In a scotoma the essential
changes are mostly in the optic nerve, they may exceptionally lie
far back in the chiasm and cause IJl-I;C[!Il}nllLl hemianopsia.

INCREASED VULNERABILITY o8 THE Macurna Lutrea to Travma
—The high morbidity of the site of most acute vision is shown Iw
its high '.ullwml:ullh and the occurrence of “ commotio refine”
when the eve suﬂmh a contusion. Haap! calls attention to the
fact that an opaeity 1s often found at the 'lllﬂ,UlLl disturbing central
vision, whether the * Berlinsche Tritbung " of the retina be more
or less 1n the periphery, upwards or downwards. * This is just
the form of macular affection which will explain the occur-
rence of the other macular conditions. 1f the globe be struck at
1ts equator, the retina at the point of 1mpact is most injured, and
the opposite spot 1s less damaged (contrecoup). The remainder is
evenly disturbed, only the macula being damaged, plainly from
its high vulnerability.”

This explanation of Haaw's requires amplification, for cases of
“ Berlinsche Tritbung” oceur in the mmmediate vicinity of the
macula while there is still good visnal acuity.® 1 have tried to
:a:-:pl.un this phenomenon by my theory of the mechanies of commotio
retine,” veferring such an injury to the “ Attennation of Structure.”
The firm nn}_;rl:l,nl.ll;mn of the nerve into the coats of the eyve lias,
in the cases quoted, protected the macula from being wrenched.

CENTRAL ScotoMa IN CHorIoDo-RETINITIS CENTRALIS.—The
papillo-macular bundle of the optic nerve is most often attacked
by disease. We also find the macula to be a site of election for
disease, becanse the choroid whose function is nutritive has here
its greatest activity and is often the early site of limited arterio-
sclerosis.

This central scotoma is distingnished from those due to retinal
and nerve affections by the graduations of the l-l]hlllt'l.:lrl.lli.t"-i i colour
sense (Chapter VII), as w vll as by disturbances in adaptation (see
next chapter).

The size of the central scotoma may vary greatly. As a
“ minimum " scotoma, HEINE' records an observation in a case of
dinbetes with minute white spots in the macula. When reading
fine print, the letter fixed (e.g., **n”") would ocecasionally disappear
at the far point of his 4p myopic eve.

PrcMENTARY ATROPHY OF THE RETINA.—In contrast to the
areat variety of the affections of the centre of the field, it is very
rare for the centre to be intact and the periphery almost exclusively
affected. Plgmentary degeneration of the retina furnishes an

! Ophthal. Gesellschaft, Heidelberg, 1885,
* SIEGFRIED @ Beilviige = Augenheilkunde, xxii; Lonsaxx: Klin. Monatshi,
| | rr:’_;r':rhril'ﬂ'._ 14005,
P Avel. f. Ophithal., 1xii.
Kitin. Monatshl. f. Augenheill,, 1605,
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example of this unusual state. This is a hereditary disease, mostly
affecting the children of consangnineous parvents, and is due to
some constitutional anomaly, tlmutrh it is also acquired through
syphilis. In it, even though the disease is in an advanced stage,
the visnal acuity often remains good, both relatively and absolutely.
At the same time, however, there is an early and profound con-
traction of the field, offering great impediment to orientation and
free movement. The helplessness of such a patient can be imagined
if anyone looks through a stethoscope, and with the vision thus

Rechies Auge. 13 : 15

ticHT I5vE.

Fra. 13.—Sector defect and ring seotoma in pigmentary atrophy of the retina,

possible attempts to find their way about. To this defect in the
field 1s also added great interference with adaptation, so that in
artificial, or in evening, light the impression of complete blindness
18 pmduwd

RinG ScoroMa—It is a matter of common observation that the
defect in the field doe*. not always i involve the whole periphery, but
takes the form of a *ring scotoma’” (fig. 13). DBy the use of a
strong light stimulus Ko:LLNER' was able to demonstrate some

r F-:.‘ifa'-:'i'u f. Augenheilk., xvi.
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function in the periphery, even in advanced cases; according to
him the ring scotoma is the first defect to be found in the field
in pigmentary degeneration. He refers the ring scotoma to
peculiarities 1n the course of the vessels; 1n the 1*1:15-1‘(:1111:11” zZone
in the posterior part of the choroid the arteries are not united by
anastomoses, but only by capillaries; any retardation of the
circulation must, therefore, first make itself evident in this region.
This hypothesis transfers the origin of the visual defect to the
changes in the choroid, but there are vecords of pigmentary
degeneration where the primary changes were found in the retina
on pathological examination, and tllﬁ.t too, without any previous
lesion of the chorod.'

Speaking generally, when a ring scotoma is proved to exist, an
affection of the posterior (neuro-epithehial) layer of the retina may
be inferred ; no explanation of the resistance of the central region
of the retmd, can be given at present without considerable reserve.
Besides the ll}’lmtllesis of KOLLNER] referred to above, the view has
been advanced that the trunks of the retinal vessels surrounding
the posterior pole of the globe may have an influence (HE RSING) §
the cause has been sought in the influence of the vene vorticose
(ScHON) ; GaLLuUs cmmdcls that changes oceur which damage
the outside of the optic nerve in the {thm foramen.? DBesides
oceurring in pigmentary degeneration, ring scotomata have been
found 1 my opia (WETTENDORFER, WE w-;], in multiple sclerosis
(Untuorr), in hysteria (vide infra), and in syphilitic neuritis
(KonnxeR).d

FirLp 18y GrnavcomMa. —The field in glancoma is reduced,
Lspeualh on the nasal side. Its contour is oval with its longest
axis horizontal, the longer part of the axis lying thtmlly
RypEL® explains this l:r{-;(,ll]lmlh by vascular changes “lti{h influence
the periphery. The vessels in the nasal section of the retina
have a radial distribution, while those in the temporal section
bend round the macula to reach the peripbery. In association
with this longer course of the vessels, the vision in the nasal
part of the field corresponding to the outer half of the retina,
will first be influenced.

According to the researches of Bierrum,” confirmed by
ROMNE," a ]L‘:.II'.}II of quite a different nature is responsible for
the restriction of the field in glancoma. BJiErrUM employed a
small 1vory dise of 1-3 mm. in size, mounted on a black rod, and
tested the field on a black curtain at a distance of 2m. Ie
described a defect in the field passing out from the blind spot and

! Strock: Klin, Monatshl. f. Augenheilk., 1906, and Bericht d. Ophthal.
Gesellschaft, Heidelberg.

* Further see WiLBraND and Sixeer : “ Neurologie des Anges.”

“ Beitriige 2. Augenheilkunde,” 1902,

s Stirungen des Farbensinus,” Berlin, 1912,

P Senminr-Rivener in Grive-Siasci's * Handbueh der Augenheilkunde.”

¢ Aveh. f. Ophithal., xviii.

i s Med, Selsk,” 1889, S Areh. f. Ophithal., 1xxi.



ABNORMALITIES IN CENTRAL AND PERIPHERAL VISION 5Y]
bending round the fixation point, corresponding exactly to the
course of the arched retinal fibres. T'he nerve-fibres, just like the
vessels, radiate out from the papilla in the nasal half, but in
the temporal half it is only the papillo-macular bundle which has
such a course, the other fibres in their passage to the periphery
bend round the macula and unite in a horizontal line, the * retinal
raphe 7 running through the point of fixation. Acecording to
Bierrvm and RoOxxe, glancoma specially allects these arched
fibres; the direct nasal and the direct temporal macule remamed
unatfected. ;

This explains the bow-shaped scotoma (shown by Roxxe! to
be present in 42 per cent. of cases); thus is explained the charac-
teristic defeet in the field shown in the diagram ; and thus we have
an explanation of why the margin of the field often follows the
horizontal meridian in the nasal field.

According to RoxxE the shape of the defect in the field is the
result of the uneven stretching which the nerve-fibres experience
by the glaucomatous excavation; that the seat of election is in the
part of the field corresponding to the arching retinal fibres, is
explained by these fibres being subject to different conditions than
are the horizontal ones.

Conrracrion oF THE Fignp 1y Orric ATroprHY.— According
to ScHON and Unrnorr the concentric contraction of the field
which oceurs in optic atrophy can be classified in two categories ;
either a general shrinking takes place or else sector-shaped defects
develop in the field. WiLeraxD and SiNGER® consider that, in
general, the prognosis in the first form of field is more unfavour-
able than in the second. However, it appears that this import
cannot be given to the two variations in the field.’

In the one case the disease affects the whole thickness of the
nerve, while in the other only definite bundles ave involved. If
these lie on the nasal side of the retina, fields with indentated
defects will be found, while in lesions of fibres on the temiporal
side, that peculiar form of field which we have described under
“ Glaucoma " 1s seen.  This last form 1s of interest when ocenrring
in tabetic atropby, inasmuch as it furnishes an indication of the
nature of the pathological process. RONXE' concludes from the
fields that ““as a factor in the production of tabetic degeneration
the lesion of the ganghon cells 1s of considerably less importance
than that of the nerve-fibres.”

[sLaxps 1x THE Fignp.—The concentrically contracted and the
sector forning fields have this in common, that the percipient parts
of the retina forms a connected whole. D Krewx and Kooy ®
showed that in all affections of the optic nerve, if they were carefully
examined, isolated percipient areas could be found in the tield. The

L Klen. Monaishi, j" h‘.l_;- wfred b, 1908,

s Ki:lllulngh! iles ,-‘.n;_[u:-,'" I1T.

I Rixxe : Klin. Monatshl. f. Augenheill., 1911,
' Areh, f. Ophihal., 1xxii.

* Thed., Ixxvii,



a8 DISTURBANCES OF THE VISUAL FUNCTIONS

origin of these islands will be at once clear when we consider that
groups of funectionally active nerve-fibres remain unaffected by the
destructive process, and are surrounded by areas of atrophied
elements ; the reason will also be clear why patients with nerve
:LHI‘EIJIIJI‘IE may, in spite of extreme contraction of their fields, still
show in everyday life so comparatively slight an incapacity.
DISSEMINATED CHOROIDITIS AND DETACHMENT OF THE RETINA.
The so-called choroiditis disseminata is a form of disease which,
in an even more marked manner than the retinal diseases (e.g.,

Braunr Eye, i5 | 5

105

.-.r:ml’rﬂ‘il?' i

180

Fii, 14,—Field in embolism of a branch of the retinal artery,

albuminuric retinitis), oceurs indiseriminately throughout the
fundus without any special predilection either for the centre or
the periphery, and in 1t the scotomata, corresponding to the site
and extent of the foci, are also irregularly distributed. In detach-
ment of the retina, which, at any rate in 1ts later stages, tends to
oceur downwards, the corresponding upward defect in the field is
found. In typical cases these patients complain that in the street
they can only see the feet of persons coming towards them. After
reposition of the retina a defect for red often remains when the



ABNORMALITIES IN CENTRAL AND PERIPHERAL VISION a4

field for white and blue has returned to normal (Scunossewr).  If
the loss of field takes the form ol a positive scotoma, the typical
visual disturbance in detachment of the retina will be observed by
the patient. A man onece told me that the first notice he had of
his atfection was ** a black cloud rising from the lower border of the
eye and enlarging from day to day.” In his anxiety the patient
made tests of his field with his fingers, and noticed that ** the
shadow was convex upwards, and its upper margin appeared to
cut off his fingers.”  An obscuration of the whole field then ensned
on a severe chill, and after a eertain amount of recovery a defect
in the upper part of the field remained. Apparently the exudate
Iving behind the upper part of the retina had sunk down.

FMBOLISM oF CENTRAL ARTERY AND THroMBOSIS oF VEIN,—
When a blocking of the central arterv of the retina (embolism) 15
the origin of a visual defect, complete amanrosis will result if the
trunk of the retinal vessel is blocked, and a partial defect if only
a branch is involved. If the macular area be supplied by a retino-
ciliary artery, this important region of the retina will remain un-
alfected.! The condition called * thrombosis of the retinal vein ™
leads to a grave visual defect, either total blindness or extensive
defeet in the field. In fig. 14 a field is given which occurred in
a ease of embolism of a branch of the eentral artery of the retina.
The patient stated that the eve was suddenly blinded eight days
previously ; his vision had so mueh nulumed that 1t was only on
the advice of his doctor that he had his eye examined. The
ophthalmoscope showed a white nodule down and out in the fork
of a retinal vessel. The field indicated the area nourished by the
chiefl branch by the sector-shaped defect, and that of the smaller
branch by the hooked process downwards.

For the changes in the field due to disease of the optic nerve
trank or the visual centre, see Chapter XL

Coxcexrric CoxTrRACTION 0F Psvyenie Ouicin.—We will now
consider contractions of the field due to psychie causes. ‘l'hu hest
known of these 1s the feld described by IFForsvrier as *elastic ™
(Verschiebung). This field 1s peculiar in that it is smaller when
taken out with a test object moved centrifugally than when the
object 1s moved centripetally. Some observers (Koxig, Freuvsn,
WenrysIcki:) consider this type of field to be pathognomonie for
traumatic neuroses, others ( SCHMIDT-RIMPLER, Siymox, &c.) showed
that it also ocears i health.,  Kriex® found the ** elastie ™ type in
the * complementary ™ field of healthy patients. (By cowmple-
mentary field Kniey means one which s not  influenced by
physiological obstructions, such as the nose, orbital margin or lids,
and which is maintained, even though, when recording a meridian,
an excentric point on the opposite Illf’lll|lrill is taken for fixation
instead of the zero point). WILBRAND * and SiNGERr explaned the

e —

I'nAnkeL : Aeeh. fo Augenheilk,, xlix.
* Avel, f. Payeluadivie n, Nervenkr., 44,
7% Uber Sehstirangen,” 1802,
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“ glastic” type of field as due to exhaustion, and SaLomoxsonx'!
considered that 1t was the result of vanation in attention. Regard-
ing the significance of this type of field KrLiex observes that a
given test object, on account of the greater functional activity,
and the closer apposition of the areas of sensation, will excite
a more vigorous stimulation in the centre than in the periphery.
If an nh]FGL be moved centripetally the stimulus inereases propor-
tionally in intensity, while en centrifugal movement it diminishes ;
it is obvious in the latter case that after the stronger stimulus the
sensibility for the weaker succeeding one will be lowered.,

Another form of concentric diminution of the field is found
when a few movements are made throughout the whole field;
exhaunstion of the field then shows itself by a rapid contraction
if centrifugally tested?® If each half meridian (like the band of
a clock) be repeatedly tested, the margin of the field wiil show

“gpiral " ontline.”  WinsraNp's * oscillating ™ field is found
when an object is slowly moved, and it 1s seen at one moment
and invisible at the next. The ring scotoma of hysteria, described
by N. Reuss' and others, can be quite well explained by the
oceurrence of an ““oscillating” field (WinsraxD).

The “ tubular ™ field * is often considered as especially character-
i1stic of simulation and hysteria. In such cases, when the field is
taken at various distances, it does not enlarge in the usnal way,
but always retains the same linear dimensions from the zero point.
Krniex found that the * tubular " field was not present in all cases
of simulation, but only in those in which the malingerer attempted
to estimate distances from the mid point; if in his statements,
the malingerer uses a certain degree of intensity to check his
admissions as to visibility of the coloured object, a tubular field
may not be found. In these cases the fields for various colours will
follow very closely the physiological laws for the relative limits of
the fields for colours.

Kriex found another peculiarity in the field in malingerers.
When there appeared to be a considerable concentric contraction,
the point of fixation was taken on the arc of the perimeter away
from the centre; the field was then found not to have moved pro-
portionately, but to have * dragged along” as though adhering to
the fixation point,® a condition which appears to arise from the
tendency to locate the appearance of the object always at the same
point on the perimeter.

In diseaszes associated with disturbances of the attention (epileptic
dulness, many forms of alcoholic delivinum, and epileptic dementia)
Kriex demonstrated a field of the inverted * elastic ™ type, i.e., the
field was smaller tested centripetally than centrifugally. This in-

F Dewtsele Zeitschr, . Neveenheilk,, 1896,

*WILBRAND. 3 BouLisseR, loe, cif.

Lef hes Gesichtsfeld bei funkbionellen Xervenkrankheiten, 1592,
" Grery, Berl, Klin, Wochensely., 1902,

% Original fixation point (T.).
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version of the “elastic” field can be appreciated when we remember
that, in disturbance of the attention, impressions on the conscious-
ness remain abnormally fixed, and, on the other hand, changes in
the state of stimulation of the senses very slowly rise 111tﬂ con-
sciousness. These variations in the field which we are considering,
have been observed by KLIEN in arterio-sclerosis cerebri, when areas
of softening are present though not affecting the visual region, in
traumatic psychoses, commotio cerebri, dementia precox, dementia
paralvtica, de nwul,m, senilig, and in eonditions of severe depression.
Fignp iy HysreErRia.—>Seeing that the concentrie diminution
of the field in hysteria so often takes the *“ tubular " form, it may
be considered as due to the imagimary delective vision. GREEF
has shown that if, during the examination, traps be laid for patients,
the hysterical person shows much less diserimination in recognizing
them than the malingerer. KLIEN also agrees with this explanation
n[ the contraction of the field in 113*-.l,mta, and proved too the
“dragging " of the field.! JaNET's experiment is only apparently
Lﬂ'::lLl-.I.tIILt{‘lI_‘,': in hysterical contraction he recorded a further
contraction if the attention at the zero point were confused by the
sudden proposition of an arithmetical problem. It 1s certainly true
that in those cases where the contraction of the field 1s due to
imaginary defective vision, the field would enlarge if the attention
be distracted, just as is the case in ether inhalation (JaxeT), KLIEN
concluded from the remarks of lis patient when being tested :
‘It s quitL impossible at the same time to do a sum, and to watch
out there,” that in hysteria there 1s a psyechie difienlty in attending
to a calculation in the centre and at the same time making observa-
tions in the periphery of the field, and that the auto-suggestion of
such an idea causes a still further contraction of the field.

L Geisteszustand der Hysterischen,



CHAPTER V.

THE DISTURBANCES OF ADAPTATION AND OF THE
LIGHT SENSE; THE EVIDENCE
FOR AND AGAINST THE DUPLICITY THEORY,

Aparrarion.—In every other sensory organ we find merelv a
threshold of sensibility, but in the visnal organ there is a pheno-
menon which is quite peculiar —the variation of the threshold with
changes mn the surrounding illumination. This variability in the
minimal stimulus, which 1s greatly lowered in darkness, must
apparently be considered as an essential exhaltation in the function
of the eve, due to the variations in conditions brought about by
the snccession of day, dusk, and night. The slow improvement of
vision in the dark has long been known. GogTHE refers to it in his
work on colours n the following words: “ He who goes from the
light of day into a darkened place at first recognizes nothing, but
little by little the sensibility returns to the eye more quickly for
strong stimuhi than for weak, the former in a minute, the latter in
seven to eight minutes ” (** Didaktischer,” Teil 1, 10) and ** prisoners
who have long langmshed in darkness acquire so great a sensi-
bility of the retina that they are able to recognize objects n the
dark (probably in a faintly illomined gloom).” (* Didaktischer,”
Teil 1, 12).

Since the time of AUBERT' we apply the term * Adaptation™
to this funection of the eye, and understand by it : * The acconmno-
dation of the eye to varying degrees of illumination.” In consider-
ing the dioptric condition of the eye, we recognize a positive and
a negaiive phase of accommodation according to the increase or
diminution m the refractive form of the lens; so we can divide
adaptation into dark adaptation and light adaptation, according to
whether the eye is morve sensitive to faint light stimuli, or, on the
contrary, the sensibility is reduced.

Complete adaptation for darkness is the limit to the scale of
rise and fall; this point is defined by the smallest light stimulus
which it is possible to pereeive, after the eye has been accustomed
for several hours to complete darkness ; this extreme positive limit
is opposed to complete hight adaptation, i.e., that extreme condition

1+ Physiologie der Netzhaut,” Breslau, 1865,
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of the eye when an increase in the intensity of the smrrounding
licht for the purpose of causing an alteration in its state cannot
be borne without dazzling.

In our daily life abrapt changes from daylight to absolute
darkness and rice versd do not ordinarily ocenr. We find persistent
sentle transitions in both directions ; the eve, therefore, is gener-
ally found in an intermediate state of adaptation and can 1:;1&11]_1
accommodate itselfl in both directions to the needs of the moment.
There is a wide range ol adaptations for light and darkness,
corresponding to the daily variation in the tensity of the light
which meets the eyes.
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“"l. ANTITATIVE INVESTIGATION oF THE Abparrarion Tive.—
.-'\.l.]i] rr was the first to investigate the rate at which dark
adaptation oceurred. He made use of an incandescent platinum
wire, which varied in luminosity by changes in resistance to the
current. He recorded an increase in the sensibility of the retina—
very rapid in the first minute of darkness, and continuing more
and more slowly to increase after the tenth minute; after two
hours the S{-nmbllltv was increased thirty-five times. It is difficult
to explain why this rule of Auserts differs from those records of
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the later observers, which we will immediately discuss. The
source of light appears to have been red, and supra-minimal for
the fovea. AuUBERT'S figures, which BEn®' confirins, correspond
to the results obtained on testing the power of adaptation of the
fovea (vide infra), a part of the retina which has not the most
active adaptation. NaGeEL further showed that AvBERT began
with an indeterminate middie state of adaptation, which must be
taken into the consideration of his results.
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Fic. 16. — Adaptation curve according to the logarithms of
sensibility values (NacrL).

The more recent investigations of adaptation can be traced to
the commencement of a discussion by W. A. NaGeL,®? the Berlin
physiologist. PIPER’S investigations gave figures which assessed
the increased sensibility of the eye, when adapted for darkness, at

U Areh, . Ophlithal | 1xxv.

* T may mention the following works: Preer: * Uber Dunkeladaptation ™
(Zeitschr, f. Psyeh. w. Phys. der Sinnesory., xxxi). Preer: * Uber das Helligkeits-
verhiiltnis monokular u. binokular ausgelister Lichtempfindungen ™ (thid. xxxii).
Preek : ** Uber die Abhiingigkeit des Reizwertes” (ibid., xxxii). LisER: * Uber
die Beziehungen zwisehen Flichengrisse und Reizwert leuchtender Objelkte®
(Festschrift f. J. Hirscupers, 1905). W, A, Nacen: “ Beobachtungen iiber
Druck uw. galv. Strom anf d. dunkeladapt. Auge” (Zeifschr, f. Sinnes-Phys.,
xxxiv), Nacen und ScHAFER : * Dunkeladapt. der Netzhautzapfen ™ (ibid., xxxiv).
Srmox ; “ Fixation im Dimmerungssehen ™ (ibid, xxxvi). Liser: * Einfluss d.
Dunkeladaptation auf Farbenschwelle” (ibid., xxxi). Lomsmaxy: * Helladapta-
tion ' (ibid., xli). Vaveuayx: * Einfluss von Santonin auf Dunkeladaptation ™
(il xli).
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thousandsfold. According to the earlier views, the curve of adapta-
tion showed first a very steep ascent, then a slower and slower
rise. According to PI1rER, the curve of the first six to ten minutes
was almost horizontal, then 1t suddenly rose, and again, after about
forty minutes, ran a more horizontal course.

In plotting his curve, PirER took the exact measurement of the
intensity of the light which the eye could distinguish, as reciprocal
in value to the state of sensitiveness of the eye (see fig. 15).

[+ I

L —

Fic, 17.—Fiansrer's Photometer.

Now it 1s very easy to show that this view, that the subjective
sensibility of the eye is inversely lumlmll.lm]‘li to the threshold of
sensation, cannot be maintained.  Brst' showed that the sensi-
bility of the eye did not increase by amounts which could be added
together like the intensities of the light; the increase in sensi-
l}lilt} did not oceur in an arithmetic Ll, but rather in a geometrical
manner. Thus, a decrease in the threshold-value of 50 MC. (from
100 to 50 MC.) and a similar reduction of (5 MC. (from 1 to
(-5 MC.) leads to the same reduction in the sensibility.

Y dweh. f. Oplithal.) lxxvi, 1.

L
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When, following BEst, we take this as a basis in plotting m1t
the :li]-ll_l'ultlﬂll curve, a curve is obtained which follows AUBE RT'S
rule ; according to it the retinal sensibility rises rapidly and evenly
in the first t.uvlw minutes of :l-ululeaa and more slowly after the
18th minute (see fig. 16, which is plotted out from the same values
as 18 fAg. 15, only the logarithms of sensibility values are used as
ordinates). Adaptation curves showing similar characters to that
in fig. 15 were obtained by Ixovve and Omxumas, who carried out
the lnuﬂ-.l,l-r.ttlmu of the one eye adapted for light by the aid of the
other eve -uhl,ptvd for darkness.

'lhuu-rh this argament of BEsT's is corrvect, I neglect 1t in my
quhwawnt remar i'..b because in my experience pathological cases
are easily enough recognized when the carve is grmplnmll} repre-
sented ad modwm PIp ER, either by a delay in the steep ascent, or
by a dinmnution of 1ts height. BEsT 1s certainly correct in saying
that this curve does not represent the “sensibility of the retina ' ;
and I would recommend that the expression * irritability of the
retina " be used for this curve.

MerHODS oF TEstiNG ApAPTATION.—To determine the process
of adaptation a special apparatus is required, and one was designed
for this purpose by Forsrer,” consisting of a wooden box in which
the test objects are black lines. It 1s illuminated by a eandle
shining through an opal glass, which can be varied in size by an
AUBERT'S slide (see fiz. 17). A normal eye can distinguish the dark
portions of the test objects from the light with a screen opening of
sq. mm., after an adaptation to darkness of ten to fifteen minutes.
Many objections have rightly been taken to IForster's apparatus ;
light-sense and form-sense are tested at the same time (MAUTHNER,
HJPRRI M), also its results do not agree with those which are free
from fallacies (TrREITEL, LionMaNN). The fact that the FORSTER
phntmurtu still has a great vogue among up't:l,lt:i,hmt. surgeons 1s
dune to 1ts convenience .mﬂ easy applic a,h1] ity, as well as to the
valuable indications obtained by its use.

NaceEL's adaptometer® 1s an instrument which 1s free from
fallacies (see fig. 158). An opal glass slide of 10 em. diameter is the
object observed; it is viewed at arm’s length, about 57 em., and
thus subtends an angle of 10°. This slide is placed at the front of
a box 80 em. long, at the back of which are three 25 c.p. namlum
lamps. The intensity of the light can be varied (1) by an Avsert's
slide adjustable in size from 1—10,000 sq. mm. ; (2) by three screens
each of which has a darkening power of 20.

An appropriate pale red spot is used for fixation (red light does
not prejudice adaptation) ; wandering movements of “fixation
prevent exhaustion. Mo obtain a uniform inmitial point n reckon-
ing light adaptation, the patient is either placed for fifteen to
twenty minutes in the bright midday light, or a sufficiently bright
artificial light 15 allowed l,r_) act on the eve for a LUIILEI}UIIL‘.I]I“

' Arek, f. Ophthal., 1xxix.

2 ¢ Uber Hemeralopie u. die Anwendung ¢ines Photometers in der Ophthal-
mologie,” Breslau, 1875,

3 Fedlseh ,F 4 rr_-'_,ra"l.'.frr*;'fﬂ',, :qx'ii__ o,
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time. In estimating the threshold of sensation attention must be
paid to peculiarities in the vision of [mint lights. Different values
are obtained if we pass from sub-minimal stimuli, or from supra-
minimal ; 1n the former the value is ligher than in the latter.
Preer, Lonmaxx, Horx, and others, estimated the threshold
obtained by passing from supra-minimal stimuli, STARGARD pre-
ferred the other method (passing from sub-minimal).

The progress of adaptation to darkness, so far from being hin-
dered by the action of a supra-minimal light for a short time, is
actually advanced by it ; the highest grades of adaptation are, how-
ever, of very short duration L?\.u EL).

=i

|

Fig. 18.—NaceL's adaptometer,

With the apparatus of Forster or Nacen the adaptation of the
whole retina is obtained, but with Srarcarp’s photoperimeter
( Dunlkelpertmeter) comparative measurements ean be made of dif-
ferent parts of the retina. The test objects are small lichts, sub-
mnnimal for the eye when adapted to hght.

Breavri oF AparrarioN.—The intensity of illumination of
the opal glass slide in the adaptometer, HllﬂlLI(lll to excite sen-
sation in an eyve well adapted to bright light, is given by Nacrn
as 1 metre candle. After l]nm'-:ln.uhlw of an hour in the dark,
an intensity of <5854 to t,“‘,,,,,, will be recognized, and after six-
teen honrs in the dark an intensity of s=gsu55. The breadth of
adaptation, which varies in different persons, ean in geneval be said
to assume two different 1_‘1']_‘:1'5, One ]'w'n:g_:'rn';.*:m:] |1:-.' a 1';[]1i[1 and great

V Kilin, .'lf-e-.'.l.r.",l.r'_ Awgentreidl., 1906,
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increase in the sensibility, the other by a slow and restrained one.
TscHERMAK'S association of the two types of adaptation with
anomalous systems of ecolour vision ecannot be upheld. As to
the cause of this difference, WoLrrLIx' regarded it as due to
the influence, on the visual purple, of a welldeveloped pigmen-
tation similar to the appearance of different shades of hair. 1
have noted that there are certain mechanical factors at work,
for instance, a large pupil or an increased transparency of the
iris, by causing a mild chronic glare, will restriet the initial rise
of the adaptation curve both in time and extent. Certainly
it 1s difficult to support this last statement by experimental
evidence, and the difficulties arise when we consider the pre-
supposed condifions. Some series of investigations aseribe an
influence on adaptation to the pupillary diameter, but the effect of
any such variation is not so great as that due to the two different
types of adaptation. In those cases which I have examined having
a pathological difference in the size of the two pupils, I found
a definite difference in the breadth of adaptation. NaGEL has
repeatedly shown that under atropine the adaptation curve is
greatly diminished. Although the breadth of adaptation differs in
different individuals the curve is always the same in the same
person, provided always that the conditions of the test ave alike
(the same initial grade of adaptation, similar light exposure during
the adaptation). Preir speaks of a ** curve-constant.”

SUMMATION OF STIMULUS, INFLUENCE OF BSENSATION, AND
S1ze oF THE Opiecr.—PipeEr specially notes that in binocular
tests the adaptation curve reaches about double the height of that
obtained when the eyes are tested singly; this oceurs after the
lapse of fifteen minntes. This * summation of stimulus ” generally
oceurs, but it is not invariable (WOLFFLIN, LOHMANN, STARGARD).
This phenomenon does not occur in the light-adapted eye, and
Pirer explained it by the supposition that all monocular sub-
minimal stimuli are propagated up to a point where they can come
in contact with the connections from the other eye ; if at this point
a stimulus be added from the other eye a sensafion results ; if such
be not added then no sensation ensues,

My own view is that this binocular summation of stimuli is a
special case of the law of the dependence of the perception of feeble
stimuli on the extent of their plane area’ Brur'is opposed to me,
and he conducted investigations which showed an inerease in the
binocular stimulation effect, when parts of the retina quite in the
periphery were stimulated, whose sensation difference was much
less than that of I}:u'ﬂcﬂlltﬂl areas.

I cannot admit that BeHR'S experimental researches into the
important factors in perception show that a slight strabismic
deviation, with the consequent utilization of areas more eflicient in

L Ayeh. 1, Upf.'.‘fm.'., 1xi.

! Frousei : ** Abh. d. siich. (Gesellschaft der Wissenschaften,” vii, 1866,
Pieer: Zeitsehr. f. Psyel. w. Phys, der Sinnesorg., xxxii.

s dveh. . Ophthal, 1xxv,
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perception, can be avoided. My own view is that in such cases the
summation of stimulus is brought about by an increase 1n the area
of the retina which is :-sLnnul.u.Ld, the increase affecting a retinal
area with a maximum power of perception, and I am supported by
SiMox’s ! investigations; this writer observed that when =small,
feebly illnminated points were looked at in a badly lighted room
there was a variation in the deflection of the two eves.

Preer considered the possibility of referring this binoenlar
summation of stimulus to the rule previously laid down by AuBEnt
and TrEITEL that the stimulation value of a luminous nl:]{'Ll: varied
with its angular dimensions. Whereas I accepted an inerecase in
the dimensions of the retinal area (of maximum perception) stimu-
lated, as due to what can be called a squinting position with
reference to the maecula, he took no account of such summation of
area. [ clearly showed the summation of stimulns 1 the case
of squinters, a fact which supports me in the explanation given
above, though I must admit that Starcéanp was unable to show
this summation of stimuli in squint to the same marked extent.

LRecroxan Varmarioxs IN RETINAL  SENSIBILITY.~—In these
last remarks I have referred to regional variations in I,Im percep-
tion of the retina, and now I will go into these fully. The fact
that the fovea, when adapted for darkness, i1s at a l]l%ﬂ.ﬂ“u’!’i-llt"b,.,t‘
with the paracentral area has long been known, especially by
astronomers, who stated that they could see certain stars better by
excentric fixation. DomiNigue Fraxcois Anaco® noted the fact
that small, feebly luminous stars were better seen when one
looked p,u-.r-.m'{ them. This phenomenon is especially well seen
when a cluster of stars, formed of bright and dull points close
together, 1s observed, so in the Pleiades four or five stars are seen
h}f direct examination, and still more by looking past them.

More exact details of the regional variations in the adaptation
in the retina are provided by the investigations of v. KRriES and
Perrz® In an eve well 'Lﬂ'i.[]t&d to rl-'uhrmq‘; the sensibility
increases centrifugally with each decree until at 107 to 20° from
the fovea the maximum is reached. On the other side of this
maximum the sensibility decreases towards the periphery in
approximately concentrie circles.!

As to the adaptation at the fovea itself we have the observations
of NaceL and ScuirEr® and WoLrrLiN.' As KRies expresses it,
there 1s a physiological hemeralopia at the fovea : the dark adapta-
tion of the fovea, which, as compared to the paracentral avea, must
be designated as moderate, reaches its maximum more rapidly, and

shows itself earlier. In the early stages of adaptation it is easily
shown that a perceptible light stimulus is more readily recognized

' Zeitselor, f. Psych, w, Phys, der Sinnesorg., xxxvi.
? An astronomer, 1786-1853.

3 Zeitschr, §, Psyeh, w. Phys, der Sinnesorg., xv.

Y WorrrLax, dAveh, f. Oplithal., Ixxvi.

v Aevlsehr, ."I" P.tyr'h_ w, Pliys, der Stnnesorg., xxxiv.
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centrally than paracentrally
reversed.'

It used to be considered that the adaptation at the fovea pro-
ceeded more slowly, but that it eventually equalled that of the
periphery. TRELTRL explained the state of the fovean as greater
tiredness of the retina for vision in bright light.

For a considerable time experimental evidence has been avail-
able concerning the low value of the centre, and this was once made
very clear to me, as after the night's rest I saw the morning dawn.
My bed was shut off from the window by a folding screen, and the
night was so dark that after several hours in my room I could
distingnish nothing. As the morning dawn slowly crept in, I was
able to discern the first glimpses of light on the wall opposite the
window by excentrie fixation. As the grey of the morning waxed,
a less excentricity of caze enabled me to see the light on the wall ;
I was then conscious of a definite central scotoma, which vanished
with the inerease of the dawn.

STArRGARD® was unable to determine that emunetropia or
hyperopia had any influence on adaptation, and that, too, when
the age was taken into account. PIFER's investigations convinced
him  that adaptation was freer 1 youth ; WoLFFLIN,® however,
came to the conclusion that agce had no material inflaence on
adaptation. He certainly showed that there was a slight decrease
in the value of adaptation in the fifth and sixth decennial periods ;
perhaps analogous to the decrease in the central vision which
shows itself in le later years of life. 'There i1s not nﬂtmmulv any
disturbance of adaptation essentially associated with myopia; if
stiich a condition be found, it is evidence of some interference with
nutrition, and is of serious 1mport, independently of whether there
are changes in the fundus or not (Lonmaxx). In a large series of
cases STARGARD showed—as opposed to the views above quoted—
that a slight diminution of adaptation set in from the 27th year
onwards. As to the height of myopia, BTarGARD concluded that
in myopia of from 05 p.and 12 D. the adaptation was apparently
constant, but that beyond 12 b. there was a distinet diminution
to be noted (see later).

InFLuvexce or Druas anp Lieut.'—According to WOLFFLIN,
strychnine and brucin canse an inerease in the breadth of aﬂﬂplﬂn
tion by § to 1. VaveHax,” in opposition to FILEHNE, could trace
no influence on the conrse of darkness-adaptation to santonin.

With regard to the local action of atropine, we have already
stated that atropine mydriasis produces a great diminution in the
rise of the adaptation-curve (NAGEL). On the other hand, the
exhibition of pilocarpine favours the adaptation. Farly {,\:pmimentﬂ
(KuscuperT) showed that pilocarpine produces an increased forma-
tion of the visual purple; and considering the secretory action of

affairs which is rapidly

' Loayaxy 1 Helladaptation,® Zeitsehr. f. Sinnesphys., 1906,

* dreh. f. Ophihal,, Ixxiii, 3 Ihid., 1xi.

" Deesew: Advelk. £ eap. Path. w, Plharn., xxxiii; Wovrrns, Arel. £, Ophihal., 1xv.
P Zeitschr, f. Sinnesphys., xli.
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pilocarpine, the choroid was compared to a gland. In my opinion,
the action of the pilocarpine is more of the nature of a shade,
like an obscured glass. The wearing of dark glasses favours
adaptation, as its action 1s to himt the restrictive influence of the
light on the adaptation.

The investigations of Niconal' and Rapixowrrscen® show that
the precedent conditions of illumination, according to their dura-
tion and intensity, exercise a restraining influence on the course of
dark adaptation. In my work on "u]apht.mu to Light,”™ pre-
vious to these writers, 1 gave then eurves which rﬂmphmnlh showed
the delay in the recovery of the curve of sensibility after the action
of varying intensities of light for varying times, on the eve well
adapted to light. ":IIm].LrI_ﬂ,, the action of dark glasses appears
comprehensible. It would be interesting to know w hether ditferent
kinds of glass (sinoked glass, Firvzarn's glass, amethyst or yellow
vlass) differed in their action in d.tl]vl(]llpt-l.tlﬂll Experiments by
my colleagne BECK, under my dirvection, though not yet concluded,
appear to show that the various forms r:ut f_[l-ln-f:- only influence the
adaptation by their power of obscuration.

REFLEX CHARACTER 0F ADAPTATION MECHANISM.—NAGEL and
PIrER insist that in adaptation each eye is independent of the other,
so that the adaptive power of a well protected eye is not affected Lw
the free exposure of the other eve to light ; Breug, however, showed
that when one eye was steadily lllunnnatnd the dark 'uhpmtt{:-n
of the other was considerably influenced and suffered restraint, and
this could not be shown to oceur in the peripheral temporal parts of
the field which have no relationship with the other illnminated eye.*
Benur concluded from his investigations that the mechanism of
adaptation is not purely retinal, but stands in a very definite state
of dependence on some higher centre, and v. Kries® makes this
comment, that thongh reflex influences are at work still the whole
process of adaptation must not be considered as of reflex origin.

Paroorocy oF DArx Aparrarion—It must be generally
admitted that pathological variations in the curve of adaptation
can be recognized as oceurring in two directions (HEINRICHSDORFF).
The reduction makes itself evident in a prolongation of the flat
mitial portion of the eurve. The steep ascent of the curve should
oceur after ten minutes in the dark, but it only takes place in these
cases after a varying length of time. Or the course of adaptation
may change in that the curve, thongh beginning normally, shows a
flattening in the middle of its ascent, or suffers a setback in final
sensibility.

We now see clearly the reason for improving the technique of

U Zentralbl, f. Phys., xxi. ? Zeitschr. f. Augenheddl,, xiX,

3 _."::f.ilﬁf-l":r!rh{lf#" %11, ' Arch. 1. E!f-frff.'r:f__ lxxvy,

*Klin, Monatsb, . Augenheill., 1911,

* Hemwricusvorvy @ Areh. f. Ophthal., 1xiii ; Loasaxx : cdeeh. 0 Oplithal Ixv, ;
Horx, Aweh. f. Awgenlredlk., 1907 ; Messymer: Zeitschr, f. Stunespliys., xlii g
Beaw ; Aveh. f. Ophthal,, lxxv; Starcann  Arch. f. Oplithal., 1xxiii ; WOLFFLIN @
Avele. f. Ophthal., 1xxvi.
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testing adaptation, by taking account of the whole comrse of the
process, before coming to any conclusion as regards its character,
otherwise the fortuitous occurrence of a certain adaptation after a
certain time, may simulate a normal condition. KRIENES® expresses
this view in the following words: “ It is thus apparent that no
correct appreciation of the course of the adaptation will be obtained,
if the customary photometric exanmination 1s made after only fifteen
to twenty minutes in the dark. A patient will call himself night-
blind when his night-blindness remains after ten minutes, for he
has not always the opportunity of waiting to see if, after a further
time, his sight is not again restored. The examining surgeon is
astonished when he finds in such a patient that after twenty
minutes in the dark the threshold of sensation is not raised.”

We can go further and say that the disturbances of adaptation
are caused by diseases of the neuro-epithelium of the retina. 'The
differentiation of cases of choroiditis with defective adaptation, and
retinal or nerve affections with a relatively good adaptation, as
advanced by FORSTER,® can only be made in general terms, and as
I have pointed out, is not an invariable rule.

Rerivarn Diseases. AnsuMminvric REriNiTis.—In contradie-
tion of the older views (IFOrsTER, TrEITEL) I found that i albu-
minurie retinitis and retinal hemorrhages due to the same cause,
the adaptation was considerably interfered with. 1 consider that
the explanation of this 1s to be found in the implication of the
chorio-capillaris, as i1s shown by the investigations of Duke KARL
Tueovor and others. STARGARD states that the changes in the
retina, and the resulting hamorrhages, are themselves responsible
for these changes in the adaptation. ITe not only demonstrated
the disturbances of adaptation at the site of a vitreous or retinal
haemorrhage, but also the deleterious effect on the retinal elements
of the blood pigment further off, a condition due to the toxie action
of 1ron, which 15 so well known in “ exogenous " siderosis of the
globe.

PicuMENTARY Arnroriy,—Patients with pigmentary atrophy of
the retina, corresponding to their symptoms, show a profound
restriction of adaptation, and this is explicable by the participation
of the choroid in the diseased process, as well as by the diseased
condition of the retinal elements, especially the neuro-epithelinm.

We must note that Brnr found, in patients with retinitis
pigmentosa, that after a quarter of an hour in the dark the adapta-
tion value was normal. BrHR's conclusions from this observation
will be considered later. At this stage the fallacy, which Best
noted, can be pointed out; unfortunately the whole course of the
adaptation is not given and so we cannot see whether it did not
show protraction. In Honrx's case, referred to by BEHR, a patient

b Areh. f. Augenheilk., xxx.

! Forster found (Zenespers, Monatsbl) in the first group syphilitic choroiditis,
choroiditis disseminata, retinitis pigmentosa, ablatio vetine, vellow atrophy
{syphilitic). With slight change in adaptation, optic neuritis, retinitis apoplectica,
albuminurie retinitis, white atrophy, hemiopia ex apoplexia, nicotine amblyopia.
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with pigmentary atrophy of the retina showed a curve extremely
retarded at its commencement though certainly reaching a normal
elevation. STarGarD examined a large number of cases of retinitis
pigmentosa, and certainly demonstrated temporary remissions of
vision in the dark; also he showed a broad absolute ring scotoma by
his photoperimeter (Ddmmerungsperimeter), when in daylight there
was only a narrow one having practically no effect on vision. Cases
giving a good result when the adaptation was tested with NaGEL's
apparatus showed a ring scotoma when tested with the photo-
perimeter, thus agreeing with their complaint of hemeralopia.,
DEracHMENT oF RETina.—TrEITEL and Horx showed that the
adaptation was good in cases of detachment of the retina : a state of
affairs which ean be understood when we remember that those parts
of the retina tested are not affected by the detachment. A different
state of affairs could certainly have been anticipated, seeing that
there is a definite interference with colour vision at the macula,
even in cases where that area is not involved in the detachment.
STARGARD strongly recommends examination with the ‘' photo-
perimeter ” for the exact delimitation of the secessus refine and
makes the assertion that adaptation to darkness i1z completely
absent at those places where the retina is detached.  On the other
hand, T ean give the case of a young man with a so-called complete
detachment on the one side, and on the other onlv the inner and
upper quadrant free. The patient said that in the dusk of the
evening he could only see with the left eve, and then only down-
wards, everything else was black. In full dayhight he could see
the whole of any person with the right eye, though the 1mage was
distorted. When it was dark he saw absolutely nothing with that
eye. In a dim light in the morning,! after lying in the dark, he
could see better. 1 examined this patient’s right eve in the extreme
periphery so that a detached portion was certainly under the test :—
After 2 minutes’ adaptation to dark the sensibility was 0-147
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To exclude the light I very carefully bound up the eve in the

dark with cotton-wool and a black silk bandage (this STARGARD
held did not exclude a possible reposition of the retina, but I con-
sider that the whole history of the case did exclude it); then 1
made examinations of the following days at intervals of several
hours.

After 24 hours’ adaptation the sensibility was 12°5

W 48 5 5 B ., 10000
LY T—'} ix] i i s oy :'Jl:-jT‘l]
112 14280

aw uy 1% LR ] LR ] ¥

I must admit that, in spite of the direction in which the reflected
light was thrown, a part of the eye may have been reached where
there were remnants of attached retina: I do not think it necessary

' The latter observation unfortunately is not contained in my publieation.
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to ascribe the increase in sensibility to this. My hypothesis that
visual purple can reach the det;tuhed retina through the exudates,
can hardly be upheld in view of the researches of ANDOGSKY,
referred to by STarcarp. I believe that a considerable proportion
of that increase in sensibility, which I have demonstrated in detach-
ment of the retina, is due to the adaptation of the retinal cones.
STARGARD thinks that this view cannot be seriously considered.
But why not ? If the adaptation of the cones in the fovea centralis
15 very slight when only a single possible test 1s made with a 1°
object, f]-fJi.'ﬂ that exclude the pusallnlm that with a larger object
the effect of the stimulus will depend on the size of the u]r_[&i.,i‘. i

I conswder, too, that a complete absence of adaptation in a
detached reLinn 15 by no means proven, though I freely admit that
such adaptation 1s extraordinarily inert and hardly noticeable
practically. I will here expressly acknowledge the great service
of STArRGARD'S photoperimeter in the diagnosis of retinal detach-
ment and 1ts extent.

In passing I must refer to STancarp’s statement that the
adaptation to darkness is regained after the reposition of the
retina ; this ean only be true if the retina has not suffered too
great damage during the period of detachment. WorLrrrnin, who
“even after the lapse of an hour”™ did not find any increased
adaptation, could not show the slightest trace ol it after the retina
was replaced.

Crorotpan Disgase—In affections of the choroid I found, as
did Horx, the same general form of disturbance of adaptation
ocenrring to a marked {lehrv&', independently of whether the lesions
in the different processes were localized 1n the centre or were spread
over the whole fundus. We can readily see how in a central
choroiditis of arterio-sclerotic origin vascular changes with varia-
tions in nutrition ecan oceur in those parts which appear to the
ophthalmoscope to be unaffected, and that these changes will first
show by alterations in adaptation.

While Trerren leay es it doubtiul whether a disturbance of adapta-
tion can fail in a “florid * choroiditis, in my cases of florid choroiditis
disturbances of adaptation, though slight, were always found. In a
recurrent case of disseminated choroiditis where the vision was
reduced to 2 (with no central seotoma), and which resolved after
eight days’ treatment, theve was a slight disturbance of adaptation.

STARGARD pointed out that the adaptation value 1 general
depended on the size and the closeness of the individual choroiditic
nodules.  In many cases he demonstrated a normal adaptation even
at places where there were numerons fresh nodules. He therefore
concluded from his investigations that examination with the photo-
perimeter gives more exact information regarding functional changes
in choroiditis.

NERVE AFFECTIONS, RETROBULBAR NEURITIS. STARGARD
showed that the adaptation was normal in retrobulbar neuritis
(toxic-amblyopia and multiple seclerosis), and that a scotoma could

Vel f. Opletheal., xliv,
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be found with the photoperimeter. This variation in the adaptation
of the retina at its centre and its 1wnphw3 l‘:— iportant when we
attempt to explain the improvement of vision in toxic amblyopia by
subdued light (nyctalopia).  WiLsranp and Sixcer thus explain the
nvetalopia ; the improvement in vision in a dim light is due to the
fact that under such conditions the constructive metabolism of the
visual substances can keep pace with their consumption. It might
be considered more correct to look for the canse of this in circum-
scribed localization of the functional disturbance, and in the discre-
pancies—especially positional—between maximal perceptions of the
light and dark adapted eye.

Orpric  Arropny. — In EL{.EI'E{'IHEHt with Horx and myself,
STaARGARD demonstrated a great restriction of adaptation in
tabetic optic atrophy, parallel to the other disturbances of function.
1r1 my own investigations on adaptation in optic atroplies, all

those cases with a dlhpt‘(}]}ulLimmtsal_j ereat affection of adaptation
appeared to belong to the group of glaucomatous degenerations in
contrast to the other forms of atrophy.

A regular association of lowered adaptation with contraction of
the field eannot be demonstrated, as was claimed by Hirzoe
working under Vossivus.! 1 consider that the great diminution of
adaptation in glauncoma, especially noted by Mavruxenr, was due to
a cirenlatory disturbance in the choroid.

Beur found great variation in adaptation in the different
affections of the optic nerve trunk; it certainly appears that a
disturbance of the adaptation as an isolated phenomenon, with
absolute or relative normal function of the eve in bright light, can
be found in simple degeneration, inflammatory dege neration, and
purely inflammatory processes of the optic nerve (tabetic, syphilitic,
and neuritic Httu]lh‘k'l

These disproportional function disturbances were only inter-
mittently found in multiple sclerosis; after the subsidences of
exacerbations the adaptation recovers. In contrast to these cases,
a severe depreciation of the function of the eye in bright hght,
combined with a relatively unaffected adaptation, is found  in
mwechanical pressure on the optic nerve.,

Regarding the state of the adaptation in affections of the nerve
tracts, reference must be made to Chapter X1.

Hesmeranoria—We apply the term hemeralopia to a dispro-
portionate reduction of vision in dim light. In the daylight such
patients can find thenr way about comparatively or even absolutely
well, but as soon as twilight sets in they see very badiy or not at
all.  This complaint of very defective vision in the dark, in the
diseases which we have been considering, is termed hemer alopia,
and we speak in such ecases of a symptomatic hemeralopia, On
the other hand, genuine essential hemeralopia is a disease i which
no causative indications are to be found either in the clinical

! Diszertation, Kinigsherg, 1887,
* Monograph, Kriexes, Wiesbaden, 1896,
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symptomatology or by pathological investigation. In general, the
origin of the he meralopia can be ascribed to '|'.!-.T.ﬂ'm].ﬂ“ll_--.ll changes
in the rods, particularly a failure in the visual purple or its defective
regeneration. This hypothesis is capable of experimental proof
up to a certain point.

STARGARD' was unable to support Parixauvp’s hypothesis that
the hemeralopia n icterns was due to the solution of the wvisual
purple by means of bile pigment, as shown by the reaction of the
two substances in a test tube. He found in artificially produced
icterns—by ligature of the bile duct—that the visnal purple mn the
rabbit’s eye was unchanged. Hzss® certainly could not produce
hemeralopia by artificial icterus in fowls.

GENUINE HEMERALOPIAP—Genuine hemeralopia is characterized
by the absence of all ophthalmoscopic signs; and we presume a
defective nutrition of the choroid, to account for the defective
vision in dull light. This distarbance of nutrition may be of
eongenital origin (congenital hemeralopia), but aequired forms
exist which are either of a general nature or are due to some local
condition in the eye. In the first class are included those diseases
tending to debility and general weakness, inanition and protracted
convalescence. Malnutrition is the cause of the frequent hemeralopia
which occurs in poor-houses and orphan asylums ; the same can be
said of scurvy.! A review of the incidence of hemeralopia in
different countries is interesting from the point of view of national
economics, as it is mdncutl? proportional to the national well-
being. Hemeralopia is rare in England but common in Ireland;
it 1s common also in the Danube countries and in Russia, where it
1s endemie in the times of great fasts.

Not only the quantity but also the quality of nutrition can have
considerable influence in the causation of hemeralopia ; when the
diet is deficient in essentials, especially fats and albumen, the
damaging influence 1s particularly great. Unrnorr® observed
hemeralopia in a gymnast who took severe physical exercise and
was a rigid vegetarian. He was given another diet chiefly milk and
egos for four de}'S and the hemeralopia which had been luv-senl; for
four weeks disappeared. In diseases of the liver (cirrhosis, and
ordinary icterus) hemeralopia commonly occurs, and in ‘these
cases a further sign of defective nutrition 18 found in the patches
of xerosis of the conjunctiva (Brror). Malaria and malarial
cachexia must be included amongst the causes. Hemeralopia
can oceur as a latent form of malaria, and in malarvial districts
hemeralopia will often disappear on the exhibition of quinine.
ProxorExko® found the malarial parvasite in the blood and in
the corpuscles of moon-blind horses. UnrHorr considers that
aleoholism is a powerful factor in the causation of hemeralopia. 1

! Bevicht der Ophthal. {iexullschuﬂ, Heidelberg, 1905.
L Uphi..]]:ﬂ, Giesellschaft, Hni:lt:]l:{'t';{. 1908,
P Kriexks, Wieshaden. 1596,
v, Micuer : * Bayer. dvztl. Intelligenzblatt,” 1882,
O Berl, Klen, Woeliensehr., 1890, 5 Wrataeh, 1852, vii.
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noticed more cases of hemeralopia in beer drinkers in the hot
summer of 1911.  Undoubtedly the abuse of alcohol, either directly
or through its sequelw, gastritis and debility, combined with the
extraordinary nmintervupted bright sunhght, acted as the damaging
factor.

Along with the conditions of general nutritive disturbance
already mentioned, are local conditions producing dazzling of the
eyes and cansing hemeralopia. A painter is recorded as having
hemeralopia while painting the white facade of houses ; on L]nngmg
his work the symptoms disappeared. I personally knew a young
sculptor with typical hemeralopia, who was relieved by wearing
dark glasses while at his work. Kriexes considered that
nemeralopia in soldiers was the result of the glare. 'Their main-
tenance of an erect and mgid attitude did not allow them to avoid
the continual glare of the light. Their narrow and tight neckbands
eansed changes i and obstructions to the retinal and choroidal
circulation.

I[n hemeralopia the most marked changes arve those of adapta-
tion. Forster and Kriexes specially mention that the centre of
the retina 1s attected first, and recovers last; at the commencement
of their affection the patients complain of a positive central scotoma
on entering a dark room. Later, the defect in adaptation spreads
over the whole fundus, and on testing the adaptation an extra-
ordinarily poor adaptive variation in the threshold of sensation is
found.

The visual acuity 1s normal, but there 1s often a contraction of
the field for blue, the so-called inverted colour field.

If there 1s icterus this contraction for blue may be considered as
a dioptric symptom.! Kriexes, however, considered that the
yvellow discoloration of the vitreous was not the important factor,
a simple opacity in the periphery of the vitreous such as occurs in
malnutrition or inflammation of the choroid being suflicient to
obstruct rays of short wave length. The disturbance of the vision
for blue is shown in that small dark blue objects, such as corn-
flowers in a field, are not seen by the hLIll(‘]"L'lJ}_H* as blue, but as
black; a phenomenon which also appears in a normal eye after
exposure to the glare of a strong light (NaGEL).

Tesrs ror LircHT DIFFERENCE.—DBesides the threshold of
sensation, whose estimation 15 not possible without consideration
of its variability due to changes in the surrounding illumination
(adaptation), the light difference is of great importance in estimat-
ing the light sense of the eye. This i1s usually determined by a
rotating dl'-n:: and 1ts amount by the extent of the black section
which must be mixed with the white so that it will be distingnished
from the latter as grey.

Furraer Derarn oF THE Liaws For TEstixg THE LicHT
DIFFERENCE.—] shall not now deal further with the rules for
testing hight difference, nor the various forms of discs used

' Hirscurnenrc : Berf, Elin, Woehenselrr., 1885,
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(MaAXWELL's, Masson's, and DoxpERS’) ; it is sufficient to make the
general statement that the test is of less clinical interest than that
for adaptation.! The test for light difference in a bright light, and
the mmimal stimulus in the dark, were formerly considered as of
equal wvalue in the examination of the light sense. OLe Buoy?
appeared to give the preference to the lltrht difference test, because
it was more easily made and did not require a special dark-room.
BierruM® opposed this view, and emphasized the fact that the
results of the two tests are not interpendent.

Hinnesmanys™ observations show that the hight difference tests
cannot be neglected for those of adaptation. "T'his author set him-
self to study the changes in the light sense in myopia, a line of
investigation which appears desirable on account of the contra-
dictory views which are held on the question. According to SEGGEL
the light difference is normal in only 55 per cent. of myopes, and n
the higher degrees of myopia it 1s more affected than the visual
acuity. STILLING held the opposite view, and could not find any
interference with the light sense in myopia.

HinLEMANNS came to the conclusion that, although disturbances
in the light sense did not play the great part in the pathology of
myopia claimed by SEGGEL, they were still important factors. The
changes are shown in the delayed adaptation and hemeralopia,
which appears by SEGGEL's and I'REITEL'S test cards; in a bad
light the sensation for blue also shows variations similar to those
found in hemeralopie states (e.g., inverted colour field).

The central light difference, too, was disturbed, if tested in an
unfavourable or reduced light. HinneyManxs, however, in opposition
to these clanns, found that tests of the light-minimum, and the
determination by the adaptometer of the adaptation eurve for the
ageregate light sense, in a dark adapted eye were of litile value in
proving that the light sense was disturbed in myopia.

Durericrry Tugory.—To conclude our observations on the dis-
turbances 1n the hght sense and adaptation, we will shortly review
the daplicity theory. The evidence for and against will be given :
especially as this theory, according to the npmmn of some mnlmh
(v. Kries, Nacrn), finds a detailed support in the pathology of the
eve, ly.utu,nl.a,rl',, in that of hemeralopic functional disturbances and
L-l_l]()lll blindness; while according to other observers (HERrmxG,
Huss), this apparently simple =-Lml obvious point of view will not
bear eritieal investigation,

A good general statement of the duplicity theory is given by
PrpeEr in an article: “ Uber die Functionen der Stibchen und

Zapfen und iiber die []h\hllllli”l‘:-l..-]'ll_’ Bedentung des Sehpurpurs ™
(Med. Klin. 1905, Nos. 25 and 26). A detailed review with refler-

! See Laxpont : * Untersuchungsmethoden,” in GrAFR-5AsaiscH’s * Handbueh
der Augenheilkunde,” i
* Aveh, f. Opdet e, xxvii, 3. Ihid., xax.

U K, Monatshl, f. Awgenheidk., 1908,  Vide Laterature.
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ences 1s provided in v. Kries' article in NaceL’s “ Handbuoch der
Physiologie,” and in W. A, Nacun's additional articles to the third
edition of Hevwwmpovrz's *° Physiologische Optik 7 (Hamburg
1911).

The idea that variation in the form of the nearo-epithelial
elements was assoc nated with differences in function dates from

M. Scavrrze.! It was, however, only after the work of PariNavp
and v. ]xlil] s that the duplicity Hn'ul\. was evolved and sub-
stantiated — vision in  bright hght with perception  of colour

ascribed to the cones, achromatie vision in darkness to the rods—
facts in comparative anatomy first led to this view. M. ScuvLrze
found that the rods were more numerous in cave dwelling anunals
than in those living in the open. The retina in the lizards and
snakes has cones only. In the night-birds (owls) rods prepon-
derate, while in day-birds (pigesn, fowl) the cones were formerly
supposed to Le in great excess. In the retina of the fowl?® there
are many more rods than were previously thought to be present
when only thick sections were examined. In agreement with this
Hess,® using special methods, showed that fowls had a oreat
breadth of 'Ld':r,pt'mnn and that the idea that they were night-blind
was a fable (see Chapter I). At the present time the duplicity
theory 1s supported by various facts of physiological optics, which
have been to some extent given already, and wlich will he briefly
collected.

Tur Conovrress INTERVAL—Vision in the dark (seotopia) is
essentially different from wvision in bright light (photopa). If a
feeble spectrum be observed by an eye well ittlfhplr.*ri for darkness,
achromatic licht will first be seen, and only as the intensity i1s
increased will colour be perceived. Conversely with the eve well
adapted for light, colour in deepening saturation appears out of the
darkness as the illumination is increased from sub-minimal to
supra-mmimimal.  The colourless interval only occurs when the eye
is well fl.:lrlptmi for darkness,

Porkiyig's PunExoMeNxoN.—II selected matched red and blue
bottles are placed together so that in daylight the red appears
lighter than the blue, and the illumination be greadually reduced,
as adaptation increases and the illumination diminishes, the red
bottle will grow darker and even appear black, while, on the con-
trary, the blue will grow hghter and more white. Purkixig?
described this |-he*nnn|e-r1-rt1 on the appearance of colour sensation
at dawn: “ Blue first appeared to me. The play of red colours,
which shine brightest in daylight, carmine, cinnabar, and orange,
for some time appeared very dark, and throughout could not “be
compared to their general brightness.” NaceL remarks on this
quotation that this indication of blue as the brightest colour must

V Aveh. f. mikrosk, Anat., ii, 1866.

Garrex, in Grive-Simisca's * Handbueh der Augenheilkunde,”

¥ Arveh. f. Angenleealk., lvii.

té Nene Beitrige zur Kenntnis des Schens in subjektiver Hinsicht,” Berlin, 1525,
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be due to the casual choice of the coloured objects amongst which
the green was specially dark.

Scororic Lusmivosiry VALUEsS.—As a matter of faet, the
brightest part of the colourless spectrum for the dark adapted eye
is in the green (civea 535 pp), whilst for the light adapted eye
the lm"htc t part passes towards the less ml'tzmrrll le end (circa

590 #,u,h.

When the luminosity values of the individual eolours of the
spectrum are determined and considered as functions of the
variously refrangible lights of the spectrum, in a system of reetan-
cular co-ordinates, a curve is obtained, which has a different course
from that of the eye adapted for bright light (fig. 19).
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Fra. 19.--Luminosity eurve of the spectral band for the light adapted eve (con-
tinuous line), and for the dark adapted eye (dotted line) after Prren,

Such a comparison of luminosities 1s possible 1n achromatice
scotopic vision. For a comparison in bright light, either peripheral
values must be taken (v. ]\HII"":]I. t.e., the achromatie unpruamns
of the periphery of the retina, or the achromatic impressions
of extremely small coloured stimali (minimalfeldhelligheiten).
In both cases results are obtained which closely correspond.
TrENDELENBERG'S® investigations have shown a correspondence
between the enrve of scotopic luminosity and that obtained by the
bleaching of the visual purple (fig. 20).

This cma_n;“-lmnﬂenu_. between scotopie efficiency and the state
of bleaching cannot be accidental, and the du]}liclt} theory sees in
the visual pmph- and the structures which contain it (the rods) the
elements and the visnal material for vision in dusk.

! Seepeck : Zetlschr, f. Peych. w. Phys. der Sinnesorg., xli.
¥ Thadk., xxxwvil,



DISTURBANCES OF ADAPTATION AND OF THE LIGHT SEXSE 81

SPATIAL VARIATION 1IN RETINAL SENSIBILITY.—This spatial
variation in the sensibility of the retina agrees very well with the
relations of the rods and the cones in it. In the rod-free portions,
such as the perifoveal, the adaptation is poor, and this is a part of
the retina where the cones occur. The phenomenon of PURKINTE
shows a relative subordination of the macular area, as also do
adaptation tests. TscHERMAK' considered that the adaptation of
the centre though much slower was eventually quite as high, but
NAGEL, on the contravy, states that when using a visual angle of
1 to 1} Purkixgg’s phenomenon was definitely absent.
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Fia. 20.—Curve of scotopic luminosity and that of bleaching by the speetral ravs
(TRENDELEXBURG).

Varve oF Scororia 1IN Visiox.—The view of the duplicity
theory that the sensation of white (and grey)in the light adapted
eye is brought about by the combined activity of the three com-
ponents of the colour-perceiving cone-elements, and in the dark
m]ﬂ.pted eye ]I}' the rods and the visnal }_Jtll'!:]{r, 15 r]‘L"l:l_}‘ considered
to be very doubtful. 1t must not be forgotten that the facts given
above have hardly any analogy in the physiology of the senses; this
functional separation of the rods and cones, however, is worthy of
discussion even if it does not appear likely. NAGEL took a blue
(evan) as indicator for scotopia, as blue could still be recognized
qualitatively when it was below the foveal threshold, a condition
which is not present with other colours. NAGEL considered that
he was supported by the fact that the midnight sky, not absolutely
devoid of light, appears blue, and a moonlight scene appears bathed
in a bluish tint. lixperimental cun?arismls of the visual impres-
sion produced by white on a light adapted and a dark adapted eye

— — —_— = — - —

\ Prutaer’s Archiv, Ixx; v. Krigs and NacrL: Zeitschr. f. Psych, u. Phys. der
Sinnesory., xxiii.
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showed that there was a greenish-blue tint seen by the latter. If
colour-blind persons compare a spectrum light of lun'f wave length
with a short one, they are quite unable when 'i.:lﬂ,l:tmi for dark to
discern either the htl,l_.}ltl'li-"-:‘a or the (,u]mu tone ; the eyan-blue of
scotopia  diffuses throughout. Only in ecomparisons within the
limits of 450 and 485 pp (eyan-blue) does the appearance remain
unaffected by change from daylight to dusk (** invariable region ™ of
gpectrum),’

Durriciry TaHBory axp Parnonoey orF Vision.—The con-
ditions of hemeralopia and total colour-blindness arve brought
forward to support and to illustrate the duplicity theory ; the first
showing an alteration in the rods, and the latter a deficiency in
the cones. These views are not unopposed, and we will now
shortly review the arguments for and against.

HEMERALOPIA AS A DISTURBANCE oF THE Rops.—The view,
first advanced by PariNaup, that hemeralopia is due to a Lhamm-
m the wvisual 1}111[110 and m the rods, 1s strongly opposed I_aj.
Hess.® By careful tests Hess demonstrated I]h(‘tl(ﬂllL‘Hﬂ- which
opposed the dupheity theory of the functional activity of the rods
(Purkingg’s phenomenon, low sensibility to light at the macula).
Further, he found cases where the foveal area, free from rods, was
diseased ; then, according to the duplicity theory, red light, which
only acts on the cones, had to be very intense before 1t could be
perceived by the hemeralopic eye.

I must here mention that 17 have found in hemeralopes that
the light difference of the macular area in a state of light adapta-
tion differed markedly form the normal.

Hiss coneluded from his observations that the duplicity theory
did not fully explain hemeralopia. We must at present admit
that night-blindness negatives those changes in the visual epithe-
lium which we associate with the accommodation of the eye to
varying intensities of Light.

v. Kries and NAGEL reply to Hess that the hypothesis of the
duplicity theory does not necessitate a complete absence of the
scotopic apparatus. Neither 1s the theory contradicted by the
fact that the cones ave also affected. The salient symptom in the
clinical picture is the extreme affection of the scotopie apparatus,
compared to which any lesion of the photopic apparatus 1s quite
subordinate.

Independently of Hess's criticism, BEHR and HEINE consider
that they have grounds for the opinion that hemeralopic :s}‘mptmus
are to be considered as due to affections of the cones. v. kRIES,
as well as BEst (vide supra), opposes this view, pmntu'w uuL that
disturbances of the adaptation show themselves in an imnitial delay
in the curve, or in a normal onset without a normal high summit.
It is not possible, however, to differentiate the former type of
abnormal adaptation as hemeralopia, and as essentially different

Uy, Kries and NageL: Zeilschr. f. Sinncsphys., xii.
*RExare's Arefede, Ixii, Y PruiaeEr’'s Arefee, 19132,
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from the latter. The essential change is the same, there is mervely
a difference in its form. A more exact basis for BeHRr's view,
in my opinion, will only be furnished if comparative investigation
of the fovea and the perifovea show in the first type a damaged
fovea, and in the second type an intact one. TREITEL' advances
an opinion which is essentially the same. ITe is opposed to the
designation of changes in two different functions as disturbances
of the light sense ; on the one hand, a diminution in the light sense
as shown by an increase in the light difference and the Ihwahnlﬂ
of sensation, and, on the other, the disproportional reduction in
visual acnity, due to shght I('ﬂll;t.,l,lﬂﬂ in the illumination, which 1s
called hemeralopia.

Toran Corovp-prixpyess: Fuxcriox or Rops.—The sup-
porters of the duplicity theory consider total colonr-blindness as
a condition of the eve in which sensation occurs entirely through
the activity of the retinal rods, which contain the visnal ]mlpl
the cones being absent or funectionless. The peculiar distribution
of Iuminosity in the spectrum of the colour-blind appears to favour
this view, the complete absence of colonr vision and the photo-
phobia also agree with 1t. The functional activity of the rods
alone 1s favoured by the condition of visual acuity, which, according
to A. Koxie, differs from that of colour seeing people, in that
it inereases in a different manner when the light is increased, and
does not show that sharp bend upwards, which in the normal can
be referred to the visual power of the cones. The condition
of the fusion-frequency points in the same divection, for in the
total colour-blind this is just as much reduced as it is in normal
eyes in the condition of scotopia.?

The existence of a central scotoma would be especially significant,
for, according to IKONIG, a defect must be present at the point of
central vision. In many eases, though not in all, such a scotoma
can be found. Hzuss especially states that he could not find
a scotoma n photopia. He expresses himself thus: In uncom-
plicated cases of total colonr-blindness the scotoma is not present.
On the other hand, he found in the dark adapted totally eolour-blind
eye, a central depreciation of function equal to the normal (see

Chapter IV). These observations are confirmed by others, and in
my opinion are strongly against the view that the cones are entirvely
absent 1n total colonr-blindness. We can quite well imagine with
v. KRriEs, how regional variations are possible in spite of the fact
that rods alone are present throughout the whole retina as well as
in its centre; it is more diffiecnlt to follow the elaboration of this
idea advanced by GruxeErT, who helds that the rods in the area
of most acute vision have a lower sensibility because they are at
a part of the retina which normally is free from visnal purple.

On the other hand, the idea that the cones have a lower
sensibility in total eolour-blindness is a very attractive one; their
complete absence does not appear proven by the observations

v Avek. f. Ophthal., xxxi, xxxiii, xxxvi, xxxvii.
*v. Keies . Zeitschor, £, Peyeh, . Phys. der Stienesorg., xxxii,
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which we have been considering. The defective vision, the absence
of colour sensation, and the other symptoms can be considered,
without any straining, as due to a severe restriction of the fum::tmn
of the cones along with an inerease in that of the rods. Regarding
the central acotmlm I would refer to what T have said on this point
in a previous chapter, when considering congenital amblyopia.
I would here only note HEssBERG's® f]lu'lmgh in a case of total
colonr-blindness. He writes : The eentral seotoma was examined
in a darkened room whose illumination was carefully reduced, and
cgradnated in the various tests. The nlujr:c!,iml that with such a
oreat reduction in illumination (3 to 5 metre ecandles), a central
scotoma would also be found at the normal macula (hemeralopia
of the fovea!), 1s considered by HessBira to be untenable, as 1n
a normal case zi, much greater reduction of the illumination would
be necessary. If, however, we presume a restriction in the funection
of the cones, in the sense of the previous remarks, then the rise in
the threshold of stimulation, which HesspErG's researches show
to oecur, 1s not at all astonishing.

Herixag's ViEws.—The fact that the variation in luminosity
ralue of the different parts of the spectrum, as seen by the totally
colour-blind eye, agrees with that of the normal dark adapted eye,
was discovered in Herixg., Opposing the view which presumes
a functional differentiation of the rods from the cones, HERING
depicts the phenomena and anomalies referred to in the following
way. Any particular ray of light will influence one or more visual
substances ; Hering distingmishes a black-white visual substance
from the colour visnal substances (red-green, and blue-yellow).
Fvery kind of ray will influence the black-white, but only the
eoloured rays will influence the other substances. At a certain
degree of darkness the colour substances cease to be sensitive, their
threshold being higher than that of the black-white substance.
Total colour-blindness, according to HERING, is to be explained by
the absence of the visual substance for colonr.

Sensations correspond to alterations in the elaboration and
disintegration of this hypothetical substance. An exhaustion or
an excessive change in the visual substance will be counteracted
by the self-regulation of the metabolism (adaptation). According
to HERrixG, if the * dissimilatory ” activity of metabolism is in
excess, the tendency to dissimilation 1s checked, and that to
assimilation increased, a tendency to an ascending change sets in,
till, finally, the descending tendency falls to zero. A variation in
the opposite direction then sets in, when the process of assimilation
prevails.

We shall not go into the further elaboration of this idea ; it can
be found in that excellent avticle of HrrinG’'s which has recently
appeared,” and which gives an elegant and complete record of his
teaching concerning the visunal sense.

v Klin, Monadsbl, f. Augenfieilk., xIvii.

? Akad. d. Wissen,, Vienna, 1869, ii. Prriicer's Adreliv, xl, xlix.

¥ Grundziire der Lehve vom Lichtsinn,” in Grire-Siurscr's ¢ Handbueh der
Augenheillkunde,” ii



CHAPTER VL

THE SENSE OF COLOUR AND ITS CONGENITAL
ABNORMALITIES,

PrysioLocican VIEw oF CoLour 18 OBJECTIVE. —To that
renowned mathematician, Isaac NEWTON (1642-1727)* 15 due the
existing conception that l,he multitude of bright colours radiated to
us from the world around, is not due to peculiarities in the objects
themselves, but in the hght reflected from them into our eyes, and
its varying wave length. Ilis teaching on the science of colour,
and his renowned experiments, resulted in the production of the
objective spectrum. He placed a glass prism in front of a *;luELU
round hole 1 the window of a darkened room, so that the sun’s
rays passing through the opening were refracted to produce a
coloured elongated picture of the sun. At that end where the refrac-
tion was least the colour was red, and where the refraction was
greatest the colour was violet; between were yellow, green, and
blue. By again mixing the rays thus dispersed, NEwrox reproduced
white light. DBy mixing individual homogeneous lights, colours were
produced which visually resembled homogeneous light, but differed
from it in respect to refractive divisilnlity. According to NEwrox,
all the colours which we recognize in the world are either lights of
homogeneous nature, or are mixtures of such.

r1111% science of colour was further advanced by THoMmas Youxa
(1773-1820). In las * Theory of Light and Lr:nlmu:-, he charac-
terized light as a wave motion in the ether, a hypothetical fluid
pervading the whole universe, and considered that colour was duoe
to oscillations of varying flmluuum produced in the retina by light.
As he conld not imagine each coloured light to have a corr u-pun:hn-f
nerve impulse, he puamlatul a reduction of the sensory elements to
three, corresponding to the three colours, red, yellow, and blne.
According to YoUuNG green was produced by the light vibrations
putm,llr zl,.[h,{_,l..ll'l“ h:_\l,]l the blue and the }vlltm sensory elements.
With respect to the nature of these sensorv elements, Youxe
conceived that there were three kinds of nerve-fibres, each sub-
serving the sensation of a primary colour,

Youxa's hypothesis was elaborated and confirmed by HEnyvnonrz,
and is familiar to us as the “ Youxe-Henmuorrz Theory of

! HigscupenrG : * Geschichte der Augenheilkunde,” iii, § 6, in Grire-Siuisen’s
* Handbuch der Augenheilkunde,” ii
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Colour.” It consists essentially in the assertion of a * colour
triangle,” which has resulted from the elaboration and analysis of
this view of ouwr colour sense, based on the physical nature
of light.

Laws oF Liacur Mixrure.—DBefore proceeding to the laws of
the admnxture of hight, it is advisable to consider the construction
of an apparatus by which lights of different refrangibility ean be
mixed and compared with other lights, either composite or homo-
geneous. We will shortly deseribe Hl LMHOLTZ'S %pec,tnnu apparatus
as shown in fig. 21. A parallel beam of polarized light, from which
all other rays are excluded, is supplied by a NICOL'S prism (1) held
before a lamp (). A second (achromatic) doubly refracting prism
(d) only permits the passage of light polarized in two planes at
right angles to each other. If the Nicorn 1s adjusted to 0° light can
only pass through it which is polarized in one of the planes of the
doubly refracting prism, and if the Nicon be placed at 907 only light
polarized in the other plane of the doubly refracting prism is trans-
mitted. By suitable adjustment of the position of the Nricorn
between 0° and 90 the proportionate quantities of the light in the
two beams can be v‘umd

The beams of light issuing from the doubly refracting prism (d)
are not parallel but divergent, if then this prism be brought neaver
to, or removed further from another prism (p) placed in the middle
of the apparatus, the points on the refracting surface of this latter
prism, on which the two beams impinge, will be brought closer

together or removed further apart.

If the observer's eye be directed to the opposite angle of the
prism, it will receive rays from the surface on which the two beams
of light are impinging, but only those of a pure homogeneous spectral
colonr which vnu{bal}mlds fo a p*ul;JLuLl,r part of the spectral band
produced by the refractive power of the prism.

While the central prism (p) provides for the colour analysis of
the lights, the doubly refracting prism varies the lights to be mixed
according to their lefmugihkllL}*, and the Nicon determines the
proportion of the two kinds of hght.

For the purpose of comparing two such beams of light as are
thus obtained, a similar arrangement of apparatus is provided on
the other side throwing its light through the prism (p) into the
other half of the field of observation.

If our colour sensations are examined by comparing homo-
geneons and composite lights together, and by considering the effect
of stimulation with reference to the quantitative and qualitative
properties of the homogeneous light refracted through the prism,
we arrive at a series of ].],.'l.'l."h for LIH., admixture of llghl which can be
graphically represented in a table of colours.

By the mixture of homogeneous lights, light can be obtained
which appears similar to some other lmnmg?neuuh light; the mixture
of spectrum green with spectrum red in definite proportions
produces the same colour tone as that of spectrum yellow. Other
mixtures produce tones which are not to be found in the spectrum ;
thus a mixture of spectrum red and spectrum violet gives a special
purple tone.
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Further, for each mdividual homogeneous light, other rays can
be found, which when mixed with it in snitable proportions produce
white light. Such pairs of colonrs are called ** complementary.”

GRrAsSMANN'S dicta are to be considered in the laws of light
mixture ; they indicate that forms of light which appear similar,
though physically unlike, have the same ph\. siological action when
in other light mixtures. For instance, spectrum red mixed with
spectrum green gives spectrum yellow ; spectrum blue-green mixed
with spectrum violet gives spectruim blue. If now the quantitatively
and qualitatively particular blue and the equally characteristic yellow
which matches these mixtures be mixed, a light will be obtained
which has the same appearance as that obtained by the mixture
of the four lights. Further, if any of the components of a mixture
be altered, the appearance of the mixture will be altered.

Green

Orange

Red
Purple Violet

Fig, 29 —Colour diagram (after Pieen).

CoL 22 shows a colour diagram. Straight
lines represent the long and short wave length portions of the spec-
trum, and for each homogeneous light here represented a mixture of
similar appearance can be made from the end hights (red and green
on the one side, blue-green and violet on the other). The portion of
the spectrum of long wave length is represented at an angle to the
portion of short wave length, hecause it is impossible to match a
light of middle wave length by the mixture of hghts of short and of
long wave lengths. TI][:: a,nnle 1s rounded off ln-inmg{} hght of this
wave length, mixed with il,{:lita of long and of short wave lengths,
produces an unsaturated whitish mixture. If the ends of this bent
line are joined, the colour tone of purple is obtained. The point in
the centre of the triangle shows how the complementary colour is
found ; for instance, if red be joined to this point, and the line
produced, it will cut the triangle (the spectral band) at the point
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indicating the homogeneous light which, mixed with red, will give
white.

Yovuxc-Hepmuaonrz THEORY oF CoLour.—Such a colour chart
does not involve adherence to any colour theory; it shows quite
freely and graphically the possibilities which can be arrived at by
f-).p(*mumaml mixtures. But as it also shows that all the colours
of the spectrum (according to Koxig, 160) ean be referred to three
colours, it forms the basis of the YoUns-HErMmuoLTz theory of
colour vision, according to which three distinet and differentiated
kinds of nerve-fibres in the retina suffice to convey the great
multitnde of colour nmpressions.

All three kinds of nerve-fibres arve stininlated by each light ; but
the red fibres to their greatest extent by light of Jong wave |vr:n;_,1'l1
the green fibres by 1|ulll; of medinm wave length, and the violet
fihll-“» by the short waves.

Red Orange  Yellow Cireen Blue Violet

1. 23.—VYalency curves of the thipeo components of the colour spnse,

Fig. 23 shows the manner in which the quantitative stimnlation
of the individual fibres by vellow or blue is to be appreciated on
this hypothesis. The conclusions drawn from the laws of light
mixture have in recent times found a technical application in the
LuoMmiire colour photography. In front of a sensitive plate is
sereen formed of minute grans of starch coloured red, green and

violet. The variously eoloured hght passes through the stareh
grains in an elective manner with respect to quantity and quality,
lwundrn" to the valeney curves of fig. 23, and makes its impression
on the bromo-silver plate. The plate is then developed as a
diapositive, and will filter bght 1 the same manner, only allowing
the original colours to pass; thus we can obtain very fine photo-
graphs 1 natural eolonrs  Just as in ordinary colour printing the
colours arve superimposed, so in this form of reproduction the light
and shade values, and the variations of colour are not re ptmhlu-d
as delicately as they occur in nature. The stippler too, by his art,
attempts the pmdmtlnn of purer colour-effects, by se LIIII” lhm
together spots of different colours to be fused by the eve itsell.

THE SvrIecrivE PsveHovocican View or Conovr.—"The

PRAnwymavx Kilin, Monal. f. Augenheill., xlvii, Beilageheit.
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idea that the conditions undevlying colour sensation are to be
sought for in the physical conditions of the light itself, is opposed
to the subjective view based on the analysis of the sensations them-
selves.  GoEvrHE, consciously and wnplmtmullv opposed to the
prevailing opinion, takes up the ‘:L"Lnﬂ[itulnt in his science of colour,
that the essential nature of colour will be most readily understood
if we exactly analyse the effect which 1t produces on ourselves,
Before Gorrne artists had voiced individual observations of this
nature, but he was the first to attempt thus to cover! the whole
lield. GorTHE recognized the opposition of yellow to blue, and also
the transition of both colours to rved. Pure red consisted in the
removal of everything L.»lllhill“' vellow or blue. HeLmMHOLTZ takes
this exception to GORTHE : Lhd,l; he thought he saw n the green,
the blue and the vellow L‘r}r whose admixture the artist produces
his green. But Gorras bad well recognized the individual
character of green, * the blend soothed the eve and the mind, as do
the primary colours.”

Hering's THEORY OF COLOUR.—LEoONARDO DA Vixcl, and later
AusERrT, recognized the guartette of colour sensations (red, green,
yellow, l}hwj, :111{] these were further analysed in HErING'S “'l'he-mw
der (n-"enﬂu ben.” Imagine a civele of bright colours merging into
each other. Beginning with red, and passing in one dirvection,
shades are met which become more and morve yvellow till a pure
yellow is obtained, having no trace of red. After this yellow come
the wansitional colours to green, and finally green itself entirely
devoid of yellow. Green and red are connected by shades of colour
which pass through blue in which there appears no mixture of
red or green.

In such a circle showing transitions through all the bright
colours, four opposed spots are found: red, green, yellow, blue.
This opposition of the colours appears when analysing sensations,
and in correspondence with it HErING postulated the existence of
@ red-green and a blue-yellow wvisual substance, from the con-
structive and destructive metabolism of which sensations result.
Every hight as well as its colour-effect produces a colourless stimu-
lul,mn which is similarly due to changes in the white-black sub-
stance (Chapter V). On the addition of a complementary light, the
stimulus of the opposed colour is reduced ; at the same time there
1s a physiological addition to the colourless effect, and therefore a
sensation of grey or white.

This objection can be taken to HeEring's theory, that in the
black-white form of sensation there is no indifferent point which
cannot be compared to white or to black, as is the case with the
red-green or the blue-yellow; there is also a doubtful element in
the hypothesis in that it is not only the process of dissimilation
that pm:ium a stimulus, but perception may also be due to assimi-
lation. The well-known phenomena of contrasts are well explained

VA v. Tseueemak on Gorrnk: Proteer’s Arelie, cxviih, Re GoeTHe, sce
“Gorrae als Naturforscher,” by Maayus, Leipzig, 1906 ; and STILLING'S Strass-
'|:|L:|1';,[ lecture, 1804,
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by this hypothesis; after steadily fixing a coloured pigment, and
then looking at a colourless surface, the contrast colour appears
Just as this * successive contrast” is well explained, so also 1s the
“simultaneous contrast.” In this condition, which 1s shown in the
appearance of coloured fringes, the dizsimilation of a definite visnal
substance will induce the assimilation of the same substance in the
adjoining parts, and thus the appearance of the complementary
colonr.

Colour perception in peripheral wvision is also in favour of
Hering's theory. In the extreme parts of the field a simplifica-
tion of vision occurs in that all colour tones approach }{,iluw anil
blue; in fact there is here a red-green colour-blindness (Chapter
VII). If, however, we examine the whole g group of the congenital
abnormalities of colour vision the simple Ehp!ﬂﬂ%tlﬂl] of mfl-gmﬁn
and blue-vellow blindness is hardly sufficient ;' on the other hand
these abnormalities, which have been more closely studied by Koxnia,
v. Kries, and NaGeL, can be explained with far less difficulty by
sapposing that the primary sensations are three, as in the Youxnag-
Heranornrz theory.

ZoxE THeEory oF V. KRIES.—A certain degree ol weariness
regarding these many theories of colour vision may be noted, and
m&u}r investigators take up the position that provisionally, until

a_theory is found which will explain all the phenomena of colour
vision in a sufficiently clear manuer, they should strive to bring
forward new facts to support what is already known ; for ex J.mple
there are many blanks in our pitclw.m]x Ltl'lf.l‘ﬁrh‘d"’ﬂ of the eon-
eenital defects in colour vision. IFor the present, J.ml until a new
Kaxt supplies the connecting bridge between the objective and the
subjective views of colour vision, 1t might be well to rest content
with the “Zonentheorie” of v. KRrIES,” which after all 1s probably
only a transcription of the known facts. v. Kriks infers that the
immediate basis of the procedure in peripheral vision must be
arranged in the three-colour system, while the central phenomena
are built up on the four-colour hypothesis. The formation of colour
in vision will vary in the suceessive sections of the visual organ,

Functionally, colour-vision is to be considered as a red-green
and Dlue-yellow sense. The physiological basis, however, is in
a triple division of the percipient organ, with three different photo-
chemical substances 1n the cones, '1 1is leaves uncertain what may
be the physiological basis of the functional change of colour sense
in peripheral vision, where the one sense is %upp{}%ﬂ to be depre-
clated to a much higher degree than the other.

This triple elaboration of the end-organ of the eye appears to me
to be particularly illuminating, as an L'.ut-u;:utlr,:ll phumluelmn which
I have described can well be thus explamed. Naturally such an

' Cf. “ The Acecessory Hypothesis of G. E. MCLLer.” DBericht iiber I Kon-
gress filr exp. Psychologie, Giessen, 1904,

* NageL: * Handbuch der Physiologie.”

¥ Zeibschr, f. Sinnesphys., xli,
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argument can only be advanced with great reserve as it is by no
means devoid of fallacies.

With my eye in a condition of medium adaptation, I looked for
a short thme at an even grey surface, the clouded sky, then closing
my eyes I obtained an after image in which small glittering points
appeared and vanished. These were of three colours : blue-green,
purple-red, and yellow. As these points were close together at
the point of clearest vision, and in the periphery, corresponding
to the dispersion of the cones, appeared scantily, I considered the
phenomenon as an entoptical perception of the cones, and the three
colours to be explained by the hypothesis of the tri}_}lc perception of
the end-organ.!

On the other hand, I have pointed ount in an article (“ Uber die
theoretische Bedeutung gewisser Frscheinungen aus der Farben-
pathologie ), that the laws of light mixture and colour contrast are
shown to be valid when (as far as possible) the peripheral sensation
15 excluded ; a condition which must be present on the zone theor y
of v. Kries. I then considered the fact, first recorded by v. Rruss,?
that the flickering scotoma appears in the contrast colour when
tinted glasses are worn. If the scotoma moved towards the peri-
phery L saw changes in the contrast colour corresponding to the
physiological state “of the periphery of the field. As we have good
ground for considering that this scotoma is of central origin, and as
the whole end-organ is subjected to the same coloured stimulus, we
can conclude from the foregoing that the laws of contrasts in colours
are also valhd for the central ** zone.”

I have also reported a case of * audition colorée’™ in which the
diphthongs & and it gave respectively the colour mixtures of 0
with e, and u with i. lt will be readily understood that a “ mixing’
of colour impressions, which would be perceived as distinct in the
periphery, can take place in the centre, in an analogous manner to
the combination of impressions separated by time intervals, brought
about by the so-called fusion-frequency.

CoLoUr SENSE IN ANIMans.—Concerning the colour sense of
animals, it is sufficient for the present to say® that the mammals
and the birds appear to have a colour sense analogous to that of
man, but the state of affairs in fishes 1s still controversial.

The early experimental answers to this question, such as those
of Luppock in the case of bees, will not stand criticism, as they
took no aecount of luminosity. Nacern and Hivsrepr® trained a
poodle, who on the order, ** Seek red,” learned to distinguish n a
large number of balls and sticks of different shades, the colour
required. In his investigations of the colour sense in pigeons and
hens, Hess” utilized the fact that they are guided by vision in

I Bee also Hess : Arch. f. Ophthal., lviii.
* Aeitselor, f. Stnnesphys., x1vi., P Aveh. f. Awgenheilk., liii.
' Bee Chapler IX,

* A, v. Tscuermak : Rectorial Address, Vienna, 1910,

¢ NaGeL : * Colour Sense in Animals,” Wiesbuden, 1902,

P Arel. f. Auwgenheilk., Ivii,
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picking up grains of corn. He concluded from his tests that they
had the same qualities of vision as man had when wearing suitably
eoloured glasses ; this last modification 1s due to the fact that fowls
have in their retina red and reddish-yellow o1l globules which will
only let the yellow and green rays pass unaffected.

Amongst the fishes Hess! demonstrated photosensitive ndi-
viduals, which, when in the illumination of the spectral band,
always 5mlght. f:-ut those places which appear brightest to the dar k
adapted human eve. To the obvious conclusion that fishes are
colour-blind, Hizss added the possibility that there may be a colour
sense which differs from the human in luminosity values.

The investigations of Bavers® and Friscu® indicate that a
colour sense probably exists in fishes. IFriscH was able to produee
a different colouring in the minnow' according to whether the
animal was placed on grey or yellow paper of similar brightness,
a reaction which did not take place in fishes which had been
blinded.

Psyeronogy oF COLOUR SENSATION.—As to the ]:-f-,gc..hn!ﬂgmul
value of colonr we must again refer to Gorruer’s ¢ Farbenlehre.™
He differentiated the warm and the eold rays. “The warming
effect is most elearly marked if a landscape be wviewed through a
vellow glass, especially on a grey winter day. The eye will be
gladdened, the heart expanded, and the spirits enlivened.” On the
contrary, blue produces the sensation of cold, and reminds one of
shadows.

Colours favourably or unfavourably placed form harmonies or
discords by their contrast actions.”

Colour sensations show a dependence on the climate and mode
of living of the people.” Those who live under a bright sky, always
feeling the effect of a richly coloured surrounding, must have an
intense longing for bright colours. An agricultural people will
have a sense peculiarly susceptible to the varying play of colour in
plants, while an essentially hunting or pastoral race will acquire
an accentnated appreciation of the finer shades of colour in cattle
and wild animals. The psychical value of colour also depends on
the sensibility of the nervous system in general ; thus we have
those more finely organized natures who prefer the more delicate
variations to the more powerful stimulation of their senses.

The msthetic significance of colour finds a definite and compre-
hensive expression in its symbolism. Red in its general sensorv
action is more exciting than a short wave light, in purple it is the

Aveli, f. Augenheilk,, Ixiv, Supplement.
PrLUGER'S A rel., exxxiil.
Verhandluneen der Dentgchen zool. Gesellsehaft., 1911,
Phoxinus levis (earp family) (T.).
* Perrzek: * Uber Malweise u. 5til in der hollindischen Kunst,” 1903, Heidel-
berg, p. 88
& Rimaasy : “ Uber Malerei u. Farbensehen,” Munich, 1902,
" Magxvs: * Farben u. Schipfung,” Breslaun, 1851.
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attribute of the greatest might, and is also the colour of fiery,
exuberant vouth, and of love.

Tue Epvcarion oF CoLoUvr SENSE.—The poor development of
colonr sensation, shown by colour naming, 1s not only present
in childhood but shows itsell also in later years as a “ colour-
ignorance ' ; it was the cause of Vircmow's complaint that his
students were rarely able to indicate pathological phenomena by
the colour mmpressions which they produced, and it explains why
attempts are made at the eduecation and refinement of sensation
for colonr. The case 15 very different when we presume, as n his
time did Favee (Livons) that congenital colour defects can be
enred : we must rather, with MacyUs, content ourselves from the
first with raising the colour sensation to that degree of efliciency
which is potential in its state of development. The tables of
colours' devised by Macxvs for this purpose show all the colours
in varying shades and saturations; they are cuhunh' very -snited
to the purpose and not at all expensive. I imagine it difficult to
support the optimistic view advanced by Macxus as to the conguest
of colour-blindness. His statistical investizations showed that
colour-blindness ocecurred in 3 to 4 per cent. of men and only in
(125 per cent. of women, and he connected these percentages with
the fact that women have much more to do with coloured objects.
Maaxvs infers that a more thorough education of colour sensation
will canse a percentage reduction of colour-blindness in men. It 1s
very fallacious to advise exercises in colour to a colour-bhind person,
and to give them eolour charts for this purpose. It would only lead
the colour-blind persons to “soak ™ their minds with those signs
which are secondary in the recognition of colours, so that eventually,
on superficial anumt]on they would pass as normal ; but through-
ont their whole lives, in spite of all training, their colour sense will
deceive them in strange surroundings.

CoxceENtralL Corovr Derecrs.—During the last few years a
closer study of these congenital defects has enlarged our knowledge
of them ; the work of Koxia, v. Kries, Nacin, and others has been
l:’tltluu‘uh' valuable in this respect. "The investigators I have
named take up a position more or less based on the YouUxeG-
Hervmuonrz theory; for when the anomalous colour systems are
analysed by means of the spectrum and the various combinations of
homogeneous lights, there are shown to be three possibilities in the
classification of those cases in which fivo homogeneous lights, one of
short and the other of long wave length, suffice to represent all the
colonrs which the spectrum presents to these persons (dichromes).
In the normal we have shown that thiree colours are necessary
(hence the term normal trichromatopsia), but in the dichrome one
of the three components is wanting., If the first component (red)
15 absent the case 1s one of protanopia, if the second (green)
deuteranopia, and if the third (blue) fail IllLullcrpm Protanopia
and deuteranopia form the elass of HErinG's ved-green blind ; the
tritanopes are the blue-yellow blind. If the spectrum ]:rmhlces i

! Breslau, 1902,
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sensation which only varies in intensity, then we have the eondition
of complete colour-blindness—the class of monochromes,  Between
the partially eolour-blind (dichromes) and the normal trichromes
are the “ colour-defectives,” of whom the large proportion (? all)
have been recently studied and designated as anomalous trichromes.

RecExt Larerarvie oN Durecrive Conoun Vision,—Our
more recent knowledge of dichromatopsia and anomalons trichoma-
topsia has been inereased and extended by the work of W. A. NaGEL.
The chief informative articles on the subject arve: * linfiithrang
in die Kenntniss der Farbensimnstirungen und ihre Diagnose”
(Wiesbaden, J. F. Bergmann, 1908). The articles by ConLpiy are
also very good (Heft JL’, a l]vl. Verillentlichungen aus dem Gebiete
des I'kI]lu.u—':m]lLuuu sen,” A. Hirschfeld, Berlin, 1906); also
Rosumaxrr (' Zar Farbensinnpriifung in Eisenbabhn- und :"ulau‘ilw—
dienst,” Braumiiller, Vienna and Leipzig, 1907), and ZEITLMANN
(**Der Farbensinn und seine Stérungen,” Zeitschrift fiir Balin-
und DBahnkassendrzte, 1907, Nos. 8 to 10). The position is
thoroughly stated m H. KOLLxer's book, “ Die Storungen des
Farbensinns, thre klimische Iiagnose und Bedeutung ™ (8. Karger,
Berlin, 1912).

RED-6REEN BrixpyEss.—The great majoriiy of congenital colour
defects consist i confusion, with uncertainty and nalality in the
recognition of red and green. If we take such a case and analyse
the colour system by the spectrum apparatus and by mixtures of
lights, we find that all the colours of the spectrum can be repre-
sented by the mixing of two kinds of homogeneous light—one of
long, and the other nl short wave length |:tll: ]III.lIIldT,.n}_‘.IHI;l}I At the
long wave end of the spectrum (ved) there 15 o definite zone consist-
mg “of homogeneous lights of different wave lengths, which appears
to the normal eye as qualitatively uniform, and 1n which varations
of intensity produce matches. If a red-green colowr-blind person is
thus examined this zone (the so-called end-zone) extends much further
into the spectral band, night up to that point where the normal eye
would recognmize a differcnce in the quality of the hght (red, orange-
yellow and green). The red, yellow, and green of the normal eye
appear to the red-green colour-blind eye as one colour in varying
intensities of illumination, and these colours will be confused hx
such a person if there be any change in the intensity of the light
(confusion-colours).

We can also distingnish two groups amongst the red-green
colour-blind ; mm one the end-zone is much shorter than in
the other (or in the normal) (see fig. 24). There are also marked
differences in the proportionate amounts of long and of short
wave length light necessary when they are being mixed and
matched with the colours of the spectrum. A ghncu at the
“woange curve ’ (KOLLNER) shows the summit of the long wave
light in the one form to correspond to homogeneous light of 571 u p
(curve 1), and in the second group to correspond to a homogeneous
light of 603 g g (curve 2). In each case the curve of the short wave
light remains the same. The differences in red-green blind
persons here shown is readily explained by the HELvoL1z
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Neutral Poiut of the Dicliromes,
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Fig. 24.—Spectrum for normal trichromes and dichromes (Nacer).

FiG. 25.-—" Gauge curve "' in protanopis (KoLLXER).
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I'1G. 26.—*f Gange curve” in denteranopia (KILLYER).
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hypothesis. In the first case the first component of the ecolour
svstem 1s absent, and in the other it 1s the second; the first
group is ealled protanopia, and the second group deuteranopia
(v. Knigs).

To the dichrome the spectrum not only appears as consisting of
tints of two colours differing in quality, but between the two there
is the so-called “ nentral point,” which appears grey. In the two
groups of red-green blindness this point varies . position, To
these dichromes, light which appears to the normal eye either blue-
green or of a particular purple tone, will appear grey, so that a
colourless mateh will be made of blue-green and purple (blue-green-
purple confusion},

T Vil Fuh 450

Fic. 27.— ' Gauge curve ™ in tritanopia (KGLLYER).

Brue-vELLow Brixpyess.—The blue-yvellow colour-blind arve
much rarer than the red-green; see their ** gange curve,” fig. 27,
No. 3. In this group the third component of the colonr system
is wanting (tritanopia). These persons can readily distinguish
ved and green, but they confuse blue-green with blue, ovange with
purple, yellowish-green with blue-violet, greenish-yellow with violet-
rose ; to them the vellow of the spectrum appears colourless.

Moxocuromaric Conouvr Syvsteums.—The totally colour-blind
are much rarer than the red-green blind; their vision only provides
a quantitative differentiation of light, and to them the world aronnd
appears as a photograph would to us. The associated phenomena
provide the principal interest in total colour-blindness, and we
have considered it advisable to treat of them i another chapter
(Chapters IV and V).

AxoMarovs TricHROMATOPSIA.—A much more common form
of colour defect is provided by that anomaly which was first
recognized by the English physicist, Lord Ravieicm. This

7
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investigator ' found that a red-green yellow match, which was
recognized by the majority of people, was only accepted by others
when the relative proportion of red and green in the blend was
considerably altered. Although Lord Ravoeica considered that
these persons in general had good colour vision, further investigation
has shown that they are defective to a considerable l[l('ffll"'i." and
that they should be considered as ““ colour defectives™ with luga.r{l
to the raillway and military services.

Their colour system 1s trichromatie, that 1s to =av, three
homogeneous colours are necessary for them, as for the normal,
to mateh all the colours of the spectrum. The intensity curves
for the stimulation values of the three components throughout the
spectrum differ from the normal. There 1s, in fact, an :muumluua
trichromatic colour system (IKoN1G).

The original group of the **denter” anomalies, ¢.e., those persons
who require more green in the RAvLEIGH mlu.ttmnlnmltmnml above,
can have attached to 1t a group of “ prot ” anomalies * in which the
blended lights in the equation appear to the normal as too red.
As far as relates to congenital delects the third possibility of
anomalons t1'ic1u'm1|:1tnp.-=;i:!. has not been established. CorLnix
and NaGeL,” during the course of recovery in an acquired violet
b]lndnr--ﬁ-, found a condition “hwh probably corresponded to such
a “trit"” anomaly. Gurrmaxy? considered that a case under his
nhserv:ntimn was one of denteranopia and violet anomaly.

The econdition of the anomalous trichromes, as tested by
Ravrneicu's method, varies regarding the degree of their defect ;
while some will U!ll}’ require a very Hll“llt }hn"u in the hlLudul"
proportions of the two hghts others obtain nml‘.ahm with green and
vellow (dente mnmu‘tl:ea}. and others with red and vellow |;|nnt11m-
malies). It is certain that these *extreme anomalies” are not
dichromes, for 1t is impossible for the former (denteranomalies) to
produce a colour mateh between red and yellow, or the latter
(protancmalies) between green and vellow, which would oceur
were they dichromes. Blue-green, and purple, too, will not appear
alike and colourless. BSuch an extreme case of green anomaly is
recorded 1n the observations of ScHumaxx® on his own colour
system. These extreme ecases, Just as all the anomalons tri-
chromes, show wvariants and sports of the normal trichromatic
colonr-system, in eontrast to which the dichromes must be con-
sidered as reduced varieties.

Visiox oF THE CoLoUR-BLIXD.—The expression * colour-blind
applied to congenital colour defects may lead to errvor, for 1t may
only be a case of partial colour-blindness, and those better desig-
nated as partial colour-blind, have definite sensations of colour

' Natwre, xxv, 1881,

*Levy: Inangural Thesis, Freiburg, 1905,

3 Aeilschr, f. Stnnesplys., xi.

 Thid.

* First Congress of Experimental Psychology, Giecssen.
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corresponding, e.g., to red and green. The expression red-blind for
protanopes and green-blind for deunteranopes is not a fortunate one.

Those who have suffered from a defective colour system from
their earliest infancy find themselves compelled to fit their colour
sensations into a nomenclature based on a normal colonr system,
and to employ different colonr names for “sensations which are
qualitatively alike, but mostly differing quantitatively. To the colour
defectives, in a smaller degree, hmwwl, than to the blind, there
is that same incongruity between surrounding actualities and the
ideas evolved from the reaction of the coloured objects around on
the normal eye.

Information of considerable value can be derived from indi-
viduals who have normal colour vision in one eye and a colour
defect in the other. Unfortunately, such cases are rare; one was
recorded by v. Hirpern.! The red-green bhind eye appeared to
perceive white light in the same way as did the normal. What
the normal saw as “red " hght was greenmish-vellow to the other.
As such cases are so rare we must [all back on conjecture in our
endeavour to picture the world as seen by the colour-blind. TFor
the most exact psychical analysis by a colour-blind person will
hardly convey to us any definite information concerning his colour
sensations.

Certain coneclusions regarding colour sensation can be made by
closely noting the errors to which a colour-blind person is Ilﬂh]v
Aceording to NacrL the following are the possible mistakes in
1uc1-g1-.*.u1 blindness.  Confusion of i(—

(1) A bright red: with a dull vellow, or brown, olive=brown,
greenish-vellow, olive green, dark orange.

(2) Orange : with a fiery ved, brick red, wellowish-green,
vellow.

(3) Yellow : with bright red, brick red, orange, yellow.

(4) Yellowish-green : with bright red, brick red, orange,
vellow,

(5 Green: with greyish-vellow, greyish-brown, grevish-pink.

() Bluish-green : with orey, Lllm whlh- and pink.

(V) Pink, carmine : with orey, bluish-green, brownish-green.

(8) Greenish-blue :  with whitey -blue (w atered blue), pale
violet.

(9) Blue and violet appear similar,

(10) Red-violet (mauve solution of potassinm permanganate)
with pale violet and pale blue.

As there are far fewer qualitative differences in colour to the
colour-blind, they attempt to bring thewr sensations mto lime with
the general mode of expression, by means of the secondary charac-
teristics of the colonred objeets. They have learnt to make better
nse of small differences in brightness and saturation for the purpose
of colour diagnosis.  Their skill in doing this must not, however, be
expressed thus: “ The colour-blind have an exceptional development

L Areh, f. Ophthal., xxvi.



100 DISTURBANCES OF THE VISUAL FUNCTIONS

of the light sense,”! for such a view can easily lead to error in
considering the light sense, and still more the adaptation as super-
normal. It 1s well known that such 1s not the case.

A peculiarity of the dichvomatic eve particularly indicated by
NaciL,! must here be noted. He described the colour system of
a locomotive driver,” whose macular vision showed all the peeuliari-
ties of a dichrome, while in his full field he had well-marked
trichromatic vision. NAGEL was able to demonstrate a similar
condition in his own eye; he was a typical deuteranope in the
macular arvea, but showed a complicated visnal system for objects
with a visual angle of over 6°; with a 10° Uhject the dichromatism
disappeared. NaGEL found this pecubiarity in thirty dichromes
whom he examined specially for it.  In dichromes (protanopes and
deuteranopes) in the full field, the recognition of green was more
uncertain than that of red, but with a Lugp area green produced a
contrast while red did not.

This explains the tendeney in the colour-blind to approach close
up to coloured objects, or to hold anything coloured close to their
eyes, although they are not short-sighted. Great attention must be
paid to this point in examining the colour-blind, or else the con-
clusions drawn will not have the areatest possible accuracy.

ANALYSIS OF THEIR OWN COLOUR SENSATIONS BY DICHROMES.
—1 take the following analvtical note from the nteresting ex-
haustive investigation which JercHRL' undertook at my instigation
into the question. ITow far is the study of medicine influenced by
red-green colour-blindness ?  * In my earhest childhood my mother
noticed that, i spite of her pains m the matter, I had great diffi-
culty in learning the names ol the colours, and made many mistakes
in them. |1 could not tell the red from the green counters when
playing halma, particularly by lamp light. After careful search I
could not find a red tennis ball or a reddish-brown glove lyving on
the grass, and conspicuous to everyone from a distance, thongh I
was in the immediate vicinity. When I went in search of straw-
berries in the woods my harvest was always much smaller than that
of my companions. Al the colours in my paint box were rapidly
used up; ‘green " alone I never used. Meadows and trees were alike
painted °red.

“The red of the German mmflantry, from which I obtained the
definite ‘red’ impression, 1 took as a criterion of ‘I'Eﬂ,' and 1m-
pressed it Imnljf on my mind. All the other colours, ‘darker or
lighter red,” were, according to my sensations, further removed from
this ‘red’ of mine than many of the ecolours which were said to be
“green. In the same way I never developed a definite perception
of the colours brown, orange, and violet. DBrown and orange
appeared to be a darker, or even a brighter, perhaps a dirty red ;
violet as a brighter and rather dirty blue. The most elusive colour

O Ripnaaxy : % Farbensehen und Malerei,” Munich, 1902,
T Fevtzehr, _j" .‘:-'Euu.r'.ujufr‘qx_, xliv. 2 HJ-EJ.J x1i.
t Inawgural Thesis, Munich, 1912,
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was green. For the termm ‘green’ was applied to a number of
colours which appeared to me to be entirely different, and accord-
ing to my sensations had no relation to each other whatever, and
it still is an enigma to me what the ‘green’ of the normal eye
represents.

“As I was reared in the country, I had many opportunities
of observing the varions colours in Nature ; my older brothers
and sisters, who were normal, and knew my colour defect, drew
my attention to many changes i colour, and I can still dis-
tinctly recollect the astonishment I felt at their designations of
colonrs,

“To me the colour of grass was very closely allied to ‘red, a
rather washed-out red:; generally, when the grass was young,
rather brighter than the * brown’ glove and the ‘red’ tennis ball;
old grass or foliage appeared darker than ‘red’ objects. Yet ]
could not find even the approach to a colour difference between the
grass-colonr on the one side, and the ‘red’ ‘orange’ or * brown’
on the ul}her. as I readily counld h{-l,wH*n the * grass-colour” and
the ‘ yellow " or ‘blue.” The ¢ green’ of the ll.unh box appeared to
me 1o have no relation whatever to the ‘oreen’ which | saw in
Nature,

“ The colour of a forester’s umform was to be classified as * blue’
or ‘grey.” Detween this ‘ green’ and the ° grass-green’' (or ‘red’)
[ could see no connection ; I even considered this ‘green’ to a
certain extent as the contrast colour of the grass * green.’

“ 1t 1s quite impossible for me to define the colour sensation of
a revenne officer’s uniform. The colour perhaps appeared as a
mixture of ‘red’ with a rather bright ‘black,” by gathering dusk
or lamplight, the colour was ‘black.” At all events, it appeared
fundamentally different from the grass * green,” and the foresters’
‘oreen.’

“Many other colour designations of normal people roused my
astonishment : that, for example, there should be so marked a
contrast between the ‘red’ tennis ball and the ‘green’ meadow,
similarly between the ‘red ™ painted meadow of mine and the real
colour; or, between the red wild berries and the green leaves: the
power also of others to recognize as ‘brown’ or ‘orange’ colours
which appeared *red ' to me; and their description of the beauty
and variety in the colours of the rainbow, which appeared to me as
a lustrous streak of yellowish-red like the red glow of sunset.

“In the course of vears both I and my relatives lost interest in 1y
colour defect. Then, thongh certainly without any definite colour
sense, 1 impressed on my mind the colour-designations of the
objects T met in my daily life and in \:ttmu, and slowly learnt to
distinguish the colours ]11. observing differences in 1}1|t=htnf_ﬂ-a and
saturation, and other minor 1:-01111&. [ progressed so far that
mistakes became ever rvarer in my designation of colours, and as a
result my defective colour sense affecte :d me and my surroundings
less and lew,, and I imagined that my colour sense had improved,
and by continual practice was .qquncldnng normal.

“I then came to term the grass, the leaves of trees, fruit,
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especially when young—it was then termed ‘ green fi
unripe berries as ‘;:rcen »and 1 forgot to note that I really saw the
‘oreen’ f[l'l'lt as ‘yellow’ or ‘ yellowish-grey,” the ‘green’ straw-
berries as * white’ or “whitish-grey.” 1 learnt that ripe straw-
berries were ‘ red,” and finally forgot that I could make no distine-
tion in colour between the ‘red’ strawberries and the ‘green’
arass. 1 learnt further that when an apple had acquirved its ripe
colour it was no longer ‘green’ but *rosy-cheeked.” Also that
from the young ‘green’ wine grapes, in their ripe stage the ‘ red’
wine would be made; that in antomn the dark vineyard, and the
darkened leaves in the woods with their peculiar sheen should be
called *red.” My own sense told me that the poppy was red. I
learnt that so many flowers amd roses, which I did not take to be
red, were to be called ‘red’ or *pink,” and others green, yellowish-
green, &¢. [ impressed the dlﬂ'emnccs m brightness and saturation
on my mind, and by attention to these points I generally gauged
the colour rightly, but without being sensible of the differences
which normal persons perceived by H!I{-"]i spectfic colour sensation,
while 1 declared the colour from other eriteria.

“ The naming of colours of animals was easier for me than in the
case of plants. Only certain colour designations were used for all
varieties and breeds. Though the colour of the Leonberger!
sporting about in the meadows appeared to me to be brighter than
that of the grass, with a yellow shading, and although it appeared
to me to be more like the grass colour than that of * brown’ beer,
[ naturally never called it * yellowish-green’ but always ‘ yellowish-
brown,' for I learnt that dogs were never ‘green.” In the like
manner 1 learnt that cows and horses should be called ‘red’ or
‘brown,’ though I had no correct sensation of the colour. The
tree-frog, on the contrary, was green, though it appeared to me to
be more like * yellow,'

“ A dog with a dull dirty colour, which, under other circum-
stances, I would probably have considered ‘ green, ullh my know-
ledge of colour-bearing animals 1 itgﬁhllv L:l.“l.*{l ‘arey.’

%1 even succeeded to a certain extent in t!l%-i;!l'l."lllhllll'l” the
coloured lamps of the street cars. It was always dlhl.lm.tlj,? easler
to distinguish by their saturation differences the similarly coloured
placards which in the daytine indicated the route. Dy custom 1
distinguished * violet® as lighter, than * blue, also yellow, orange,
areen, and red in "I'."-.L("I]{]II]" :L?f*:vfa of brightness at a distance of
20 m.  These distinctions were casily upset Ian],r atmospheric changes.
If T went to another town and saw lamps of the same colour, but
of different shape and brightness, I had to learn these new signs
afresh. In the same way I succeeded in recognizing the colour of
tinted wine glasses. The light green glasses of my parental home
appeared w]l:m to me, the ved ones as nt a tL-‘u]uel colour which I
would as readily have termed ‘red’ as * green,” but which were
easily distinguished. Glasses of similar colour, but of different

! Leonberger —a dog, o cross between 5t Bernard and Newfoundland (T.).
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shape and colour saturation in other houses 1 often confused, tend-
ing to mistake the darker ones for the red.

“ Ay defective colour sense has never cansed me material diffi-
eulty or inconvenience. My drawing-master at school soon stopped
me from painting, on account of gross errors in colouring, but this
was no hardship to me. The dllllul]u of ['llhtluﬂma]]m:r hetween
copper and nickel eoins in the dark, or in badly Iwhtwl ahnpa has
often put me in the unpleasant sitnation of having given a 2 pfennig
piece for a 10, or a 10 as a 2."

COLOUR "uhrux oF AxoMALovs Trrcnromes.—We have to
thank Gurraaxxy,' who i1s one of the group himself, and Nacer, for
throwing spee al Il"]IL on the anomalous trichromes, * These persons
on systematic examination show a number of variations from the
normal which are peculiar and eommon to them all :—

“(1) Contrasted with the normal they have a lowered sense of
difference in the colour tones corresponding to the region of the
sodinm line of the spectrom, but an increased sense of difference
for the greens,

“ (3 Thu depend upon the intensity of the coloured stimulus, in-
asmuch as 1t. is only with an optimum stimulus that they can be
certain in their judgments.

“(3) They are dependent on differences 1n luminosity, as these
are often more obvions than arve differences in eolour tone.

“(4) For the recognition of colours they require a considerably
greater visual angle.

“{5) A much longer time is required for the recognition of colour.

“(6) Coloured stimuli exhanst them more quickly.

“(7) They have a considerably stronger sunultaneous contrast
than the normal.

“ These svinptoms may re act on each other in the most diverse
manner, but a defect in the colour sense will always result from
their umnlnnul action.” (GUTTMANX.)

Conovr Weakxess.—Although on the one hand the anomalous
trichromes and those with a “ weak ™ colour sense are considered
as identical (GUTTMARK), NAGE L protests a gainst such a view. He
15 convineed * that there are tvpical sy mpumh of a * weakness " in
colour sense (uneertainty in the recognition of green, and of colours
when the visual angle is small, Iimlnilt‘; to pass STILLING'S colour
test), even when examination with spectrum lights shows a colour
system corresponding to the normal trichromatic. Conversely,
anomalies in the matching of red-green and vellow may be present
without the ordinary svimptoms of *‘ weakness ™ of {':llunlt‘ sense
(KoLusegr, Rosmantr).  The relationship between ** weakness ™ n
colonr sense and anomalous l.lll.']ll.i?ltl'.ll.{}]'hl.l- 15 l.“\LlLll]L]". 1|r11n}lt"iﬂ|:
particularly with 19{_;ud to appointments in the railw ay service.
A ecase of “ weakness” should be refused, in spite of a normal
Ravrneicu equation. If there is no demonstrable “ weakness,” but

' First {.'ﬂl'lg_-t'ur-'.-i of l".:»;lh:'l:':ime'ntul l‘-'_'.'l:'hn]ﬁ;_.r:.'. Giesson, and Aedfsclr. j'-
Sinnezphys., xli. and xliii.
? Zeitselr. f. Sinnesphys., xlii.
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an abnormal RAYLEIGH equation, a vailway servant already in the
service may be retained, but an applicant should be refused.! T
personally have never seen a case with an anomalous RavLeicH
equation, who did not show shght uncertainty in greys and greens,
particularly when tested with EVERSBUSCIUS signal lantern, or with
STILLING 'S pseudo-isochromatic tables.

INDIVIDUAL PECULIARITIES OF THE NORMAL COLOUR SYSTEM.
—In his treatise ** On Colour Sense and Painting,” Rinnyany refers
to individual variations in the colour sense, and says that the
differences i the mode of expression in colour, and the peculiarities
of artists correspond to defimite pecnliarities in their colour systems,
and, conversely, the contradictory opinions of critics can be better
understood 1l we refer them to differences in their sensations. In
a series of nvestigations RANLMANN showed that in 30 per cent. of
the cases examined the colour system differed from the normal.
This percentage, which exeeeds so enormously that of all other
records, 1s explained according to Heink and Lexz (* Uber Far-
bensehen besonders der Kunstmaler,” 1907), by RAinnMaxx's
method of mvestigation. The extent and limits of the different
colours were marked out on a spectrum of 1% to 2 metres in length,
a test 1n which the diffienlty of determining the limits of colour are
s0 great that no valid normal for colour sense can be deduced.
Hzeixe and LExz gave curves which represented the wave lengths
corresponding to different colour sensations 1 different individuals.
The quantitative differences thus shown were not considered by
these two authors as indicative of material differences in the colour
systems of the different individuals ; they were much more inclined
to side with GoETHE, who was nppulsﬂl to RinrLMany, and in a
eriticism of Diperotr’s “ Researches on Painting ™' said : ** To avoid
uncertainty and wrangling, we can and must admit that all normal
eyes see all the colours and their relations to each other approxi-
mately 1'L|I]ﬂ' for this 1dea of unanimity agrees with the records of
experience.”  The variations in colour interpretation and colour
expression amongst painters are an expression of their mdividual
art and their emotional state ; in general the colour sensations of
the painter do not differ from the novmal.

Discyosis or CoLour-BLINDNESS.—In investigating the colour
sense care should be exercised that it 18 done 1n good davlight,
the eye examined should not be “out of tune” for colour, and
the coloured fields should not be shown under too wide a visual
angle. It i1s as well not to ask the names of the simple colours,
for thus a colour-blind person, who has learnt to dissemble by
relying on secondary evidence, mav escape detection; we should
much rather be guided in our decision by the information which
the examinee supplies, as to the similarity or dissimilarity of
colonred fields which ave qualitatively and quantitatively different.
The ideal is naturally a spectral apparatus, but the cost 15 so high
that it is not every institution which ean afford one.

! KiLLxer: * Stirungen des Parbensinnes,”  Berlin, 1912,
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Hering's apparatus for investigating the ecolour sense' is a
good substitute. The field 1s divided into two parts, one is filled
with a green light variable in its intensity, while in the other
not only can the illumination be varied in intensity, but qual-
tatively the proportions of red and blue in a blended light can be
altered. The apparatus will provide a continuous change in the
colour tone, which cannot be oblained by NaceL's colour lamp.
In this latter apparatus we have two fields separated by a bridge;
by means of two sliders varions colonred glasses can be shown.
There is a special adjustment by which the intensity of the two
lights ean be altered. KoLnxen has rece mh introduced a modifica-
tion of NaGEL's lamp in a cheaper form.*

With Nacen's lamp two red fields, in which the intensity of the
light differs, are 111-1nr-vd together.  The normal and the anomalous
trichroine will say I:nth are red.” A dichrome whose end zone
(fiz. 24) extends mto the red, yellow, and green of the spectrum
will readily consider the differences in intensity as evidence of
different colours and name them accordingly. Fuorther a match
of bright red with bright red i1s shown, to convinee the patient
that a mateh ean be obtained. If this mateh also ocenrs when
yellow and red are shown together—in other words, if by varying
the inte nsity it is lmahlhlv to match red and xe]hm—llu case 15
one of dichromatopsia. Two fields, yellow and red, appear to the
anomalous trichome as contrasts (vellow appears green, thongh
1t would be at once called vellow if red be absent). Both the
dichromes and the anomalous trichromes will mateh Dblue-green
with white by varving the intensity (KOLLNER).

Besides these forms of apparatus designed for the matehing of
colours, there are simpler means of showing preparved confusion
colours, 1 might mention STILLING'S pseudo-1zochromatic cards,
which show spots of varying saturation of colonr. The confusion
colours for the colour-defectives form numerals which eannot be read
by snch defectives, DBut there may be difticulty in reading them
even with a normal colonr sense, and this raises a doubt as to
whether we are dealing with a normal or a pathological colour
sense. In conducting an investigation with the ordinary simple
methods in use, it shonld be the rule not to rely on resulis by one
method only. For in every single method—e.g., NAGEL's coloured
cards and the fables of Conx—uncertainties oceur in diagnosis.

NAGEL's cards (Bergmann, Wiesbaden) show spots rlllﬂl'lged m
rings ; the individual spots show colonrs differing in quality and
quantity. The cards are to be selected which (differing in bright-
ness of colour) are only green, or red, or grey: this is quite
impossible for the dichrome. A second series is arranged with a
view to the increased sense of contrast in anomalous cases; if then
brown beside red appear green, a case at first considered as a weak-
ness in colour sense passes into the class of anomalous trichoma-
topsia. .

VGrire-Siarsca : “ Handbuch der Augenheilkunde,” iv, 1.
? KoLLyer : ¥ Stérungen des Farbensinnes,” 1912,
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Conx’s cards for testing fine variations in colour sense (Berhin)
are a test of contrast colours; on a dark purple field are black
forks, which appear green by contrast. If the forks are recognized,
normal colour sense is certainly present (NacEL, CoLLIN); but a
negative result 1s, however, no evidence of a colour anomaly.

I have carried out a great number of mvestigations of the colour
sense, and am convineced of the advantages of the following method :
[ first place the examinee before my colour table (fig. 28). Under
glass and a detachable wooden lid is Nacrn's first series of cards
arranged in a cirele; by turning the disc the positions of the

!

Y

IFiG, 28, —Colour table.

individual cards can be altered. In the middle of the dise (black)
are the eards of the second series. 1 there is no weakness of the
colour sense apparent, or if there be any doubt, 1 then show by
means of a model the fork as arranged in Coun’s cards, also let
into the table under glass with a wooden cover. II this test be
passed the result of the first test can be verified in a more desirable
way, though generally an opinion will already be formed as to
whether normal colour vision is present or not. If CoHN’s test does
not give a definite diagnosis, I take the candidate to the KEVERSBUSCH
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lantern.! There is always an element of uncertainty about the tests
in which the eolours have to be named ; nor can much faith be placed
on a practical test “on the line,” as was formerly conducted for rail-
way candidates on their own ground, when a plentiful supply of
secondary aids to recognition was ’U.’LJ].lh]v The EVERsBUSCH
lantern shows the signal lights in different degrees of saturation
and more particularly at different wvisual angles, and m unaccns-
tomed surroundings; and I cannot remember a single mstance of
a marked colour defect which was not disclosed by the lantern.
The final decision as to whether normal colour sense is present or
not, I give after examination with NacEL’s anomaloscope. This
apparatus is constructed to supply the mateh between sodium
vellow on the one side, and hthinm red and thallinm green, either
singly or mixed, on the other.

T

]

Fra, 29.—Anomaloscope (after Nacer).

A cirenlar field is divided into two halves by a horizontal line
and viewed through an ocular, one half is supplied with Na-yellow
and the other with Lited and Th-green, either singly or mixed.
The back portion of the apparatus, which lies in front of the source
of light, is shown in fig. 20. There 1s a lower slot, variable in
width by means of a screw, through which light enters and meets
a prism in the apparatus in such a way that vellow light alone
passes on to the observer’s eye ; the two upper slots which vary in
width as reciprocals of each ntl]vl‘ supply red and green light.

The [ollowing 1s the method of applying RAYLEIGH'S test
(HE'}LL‘H‘R} —

(1) First expose the red light and try if a match can be obtained
by varving the ml,ulmt} of l]w vellow, If such be the case then
we have either dichromatopsia or an extreme degree of prot-
anomaly.

1 Ayeh. _.I" Uluf:”.urf.. i
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(2) The vellow 1s arranged at the number found in a normal
to the RayvrniicH equation. Variations in the red-green blend
of about five divisions of the seale correspond to individual pecn-
liarvities ; greater vaviations indicate anomalies. It should be noted
that in the anomalous ]Imtthlllﬂ the intensity of the yellow should
be frequenily altered.

(3) The red-green mixing serew is adjusted for the anomaly
(10 to 15 points lower, and about 10 points higher than normal) and
the yellow altered to match.

(4) Green is arranged in the upper field, and attempts are made
by varying the intensity of the yellow to obtain a match. If such
be possible then the case is one of dichromatopsia or extreme
deuteranomaly ; the former when (1) is possible, the latter when
(1) fails.

The foregoing remarks on the diagnosis of ecolour-blindness
refer to the commoner form, red-green blindness. That excep-
tionally rare form, blue-yellow blindness, can be diagnosed by means
of HerinGg's apparatus, the comparison of colours with the coloar
top, or by means of STILLING'S cards, if a large spectrum apparatus
18 not available.

HeErEDITY 0F COLOUR-BLINDNESS.—It 1s well known that red-
green blindness is hereditary ; there are no records concerning the
hereditary factors m blue-yellow blindness. Although 1t appears
probable that we have the well-known type of heredity, in which
alternate generations arve omitted, and the defect is handed on by
an unaffected ﬂ&llg]nttﬂ' from a colour-blind grandfather to the
grandchild, NAGEL' notes several families in which no generation
was omitied. According to Mavruner, the possibility “of a uni-
lateral colour-blindness does not seem to have been considered in the

constrnetion of genealogical trees; Brckin found this unilateral
condition in a woman, and v. HirpEL has described a case of
unilateral red-green blindness (vide supra). An observation by
MavTHNER® is interesting on the gquestion of heredity ; he reported
a noble family in which for generations blindness was hereditary ;
some of the family were born blind or became blind later from
nerve affections. The amaurosis had died out at the time
Mavruxer wrote his book (1899), but in the adulé males he could
still see its Lraces in red-green blindness.

Imrorranxce ofF Conovi-sLinpyiss. Pamwrine. — Colour-
blindness is an absolute or relative bar to certain occupations,
copyists, colour-printers, lithographers, tailors, painters, workers in
mosaic, weavers and ecarpetmakers. We can hardly imagine a
painter who was a marked dichrome or still less a monochrome.
Nevertheless, we often hear of colour-blind painters, and LiEsreicH®
reports one who would correctly reproduce the colour of a red roof
in the sunshine, but would paint the shadows green. This case, as

Y Aetlselr. f. Psyel. w. Plys. der Stnnesorg., xli.
? % Farbenlehre,” Wiesbaden, 1894,
i 0n Defects of Vision in Painters,” 1851,
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aleo another reported by Hirscuprre,! was considered by Gurr
MANN ® to be a colour defective (anomalous trichrome). Such colour
defects are not an absolute bar to painting, for GUTTMANN reports
on a painter with a green anomaly who was considered an excep-
tionally fine artist. ** Many of his paintings are found in private
and public galleries; he has gained many distinctions and is widely
known."”

Corour Derecrs 1x MEpican Mex.—A physician with a colour
defect will usunally have reduced powers of diagnosis, Delicate
differences of colour in the exanthemata, or 1n the fundus oculi
escape him or can be seen with difficulty ; he has great difficulty in
finding red stained tubercle bacilli in a smear, and those chemiecal
tests 1n which colour reactions occur can hardly be available to
him (methyl-violet test for gastric juice, GMELIN'S test, the diazo
reaction, acid estimation with phenolphtalein). W. A. Nacrw tells
that he was very anxious to become an ophthalmie surgeon, but his
father would not give his consent on account of his dichromatopsia.
We need only point out the severe examination of candidates for the
Kaiser Wilheln Akademie in Berlin, in which the colour-blind are
rejected as medical students.

It the physician knows of his colour-blindness, he ean neutralize
the effects of Ins defeet by perfecting the secondary powers.
The mtluence of colour defects on medical study 1s held by JErcHEL
to be exaggerated. Specialities such as surgery, gynacology, and
psychiatry less urgently requirve a colour sense than dermatology,
pathology and L}pllLIthlluIn"\

The importance of colour-blindness in medical practitioners must
be mentioned n another relationslap, and that 1s with regard to
their knowledge of colour defects. T'he 1gnorance of medical men,
who have passed their examinations, eoncerning colour and colour
defects is unbehevable.  We learn much from NacEn's observations
when he refers to doctors who conduet colour tests in the most
fallacious and abridged manner after methods of their own.  Would
it not be valuable to examine raillway hltrf_{n:{;-n::i as to their own
colour sense? Would it be asking too much of them if, before obtain-
ing their post, they had to furnish a proof of qualification, such as
State doctors (Bezirksdr: te), though qualified, must have ; or as the
doctor, before he opens a cl]qimna ary, must show that he has taken out
a practical pharmacy course? In such a way the torpid interest of
the medical student, who unfortunately hears so little of these
matters, would be aroused for questions of the physiology and
pathology of the senses. Colour-blindness should be a bar to the
study of chemistry, just as it is legally for pharmacy (Apotieken-
betriebsordnung). '

Ramnway anp Marine SeErviceEs.—Defective colour vision 1s
of the greatest importance in the railway and marine service.
HOLMGREN performed a great service in warmly and successfully
urging the necessity of a “colour test for rallway servants after an

Vodweh, f. o dnat. w. Phys., 1898,
¢ Zeifschy. f. HFHH:"#ILIIHH" xlid, xliii; aleo Dhie {.-J'ihsl:'.rl'i:tin!1 xiii, 1.
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accident n Sweden (Liagerlunda, 1875). It is difficult to say how
many railway and marine accidents have been due to colour :]L,fects
as driver and stoker have generally been killed, and the evidence
regarding their colour vision to be found in their records often left
much to be desired, at least in former times. NAGEL' reported in
1906 that amongst 300 raiiway servants who had previously been
examined at least once, he found 5 per cent. of typical colour-
blindness ; a record which shows how necessary is a severe, uncom-
promising examination by the dector. When so often we hear from
the colour defective railway men that they can tell the signals, and
when in a known locality they may do so from secondary means,
we should think of NaGer's record of himself—he was a deuter-
anope: “ In large stations I can recognize with certainty the red and
the white lights close together, provided the lamps are not too far
away (say 100 m.) Inthe case of lamps at the end of a long station,
about half a kilometre distant, I make an extraordinary number
of mistakes. It then becomes a pure guess. The differentiation of
white from green lights i1s very uncertain even at shorter range.”
Just as in the case of typical dichromatopsia, so anomalouns trichro-
matopsia excludes from the raillway and marine service; their
symptoms canse great uncertainty in the rapid recognition of siall
signals (see the work of FEILCHENFELD *).

Conounr DEFECTS AND MILITARY SERVICE.—What we have just
sald applies also to the marine and railway troops. In the other arms
and branches of the serviece, colour-blindness has an importance,
for many coloured signals and flags are used, and their correct
recognition is necessary, as is the meaning of coloured objects in
the field (e.g., the enemy). Although 1t is generally a body of men
having always a preponderance of ‘normal colour vision, who have
to recognize these coloured objects, all scouls and officers should
cmt-unl_} have a normal colour sense,

Conour VisioN oF CHAUFFEURS.—A recently repealed Bavarian
ordinance enacted that drivers of motor vehicles must not only have
perfect eyes with normal acuity, but also a normal colour vision,
and 1t was essential for the observance of this law that in the
various colours of the green landscape other coloured objects
(persons, railway signals, &e.,) shounld be very cnnrap:-::umla as
colours have been variously used for wayside sign posts.®

v Zeitsclr, f. Sinnesphys., xli, * Fortgesetze Untersuchungen,” &e,

? Awvel, f. Augenlieilk,, 1.

' Geheimrat EverspuscH has recently published a dissertation on ** the eyes
of motorists.”
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CHAPTER VIL
ACQUIRED DEFECTS IN THE COLOUR SENSE.

TEMPORARY ALTERATIONS IN CoLOUR SENSE.—When a normal
colour system is temporarily placed under such conditions as are
an"l,lnﬁﬂll‘s to congemital 1|n:'h]nu1.1.tnlmm that condition 1s not
ﬂ}.pﬁl]:mznld]l; l'e*.]nndlmeﬂ It is possible, by absorption, to evolve
a state which resembles such a colour defect, but an exact examina-
tion will show that a trichromatie system is still present. If one
looks through a yellow glass the spectrum 1s shortened at its short
wave end, the commonly used blue object of the perimeter will
seem green, and the yellow object will appear paler.  Iixamination
with spectrum light ‘will at once show points of difference from
a dichromatic {l,rll,.um}ﬂ.L}l colour system.!

TRANSFERENCE oF A TRICHROMATIC INTO A DICHROMATIC
Conovnr SENSE—DBased on an examination of his own condition,
W. A. NaGiEL® reported the experimental transference of a tri-
chromatie into a dichromatie eolour system. Using lis full field
he could not make the same dichromatic colour matches which
obtained for the foveal region; he was, however, able to do so if the
eye was previously exhausted for red and orange coloured lights.
After NacenL had worn a bright orange-red celluloid shield for
half to one hour, the eve in the full field appeared as a typical
deuteranope. NAGEL reports, concerning the alteration in vision,
“It was a most peculiar sensation to see, for the first time, one’s
smrroundings in the same way as from the reports of others
a dichrome appears to do, but as I personally have never ex-
perienced, absolutely without any red. Red objects, even though
they were of great size, appeared exactly as they previously did
to macular vision, according to the shade of red as brown, yellow,
grey, or blune.” A similar extensive change mrcolmu}Hmn-l,hou;;h
not to the same degree, nor as a complete transference to dichrom-
atopsia—was produced by NAGEL i an anomalous trichrome ;
its duration was from one to five minutes. Irom these observa-
tions NaGEL considered that the results communicated by Brck,
BurcH and others on the ** Production of Colour Blindness,” conld
be explained by the view that the effects obtained by these authors
were essentially due to anomalous colour systems,

- — P

' Roxta : Zentralbl. . prakl, Augenheilk., 1588,
¥ Physiol. Gesellschaft zu Derling, Sitzung 15, i1, 1907.
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NaGeL's colour system' can be obtained by complete dark-
adaptation as well as by red exhaustion ; then it was not possible
to see even large red surfaces as red. NAGEL considered that an
admixture of the complementary eyan-blue arising from the stimu-
lation of the rods (Chapter V) must be the cause of this disappear-
ance of red. The red paper did not appear to be red, when along
with the red rays it also reflected rays producing the impression
of dulness; a filtered red light, however, actually did appear red
2ven alter dark adaptation,

A periodical variation in the normal colour system is shown by
the fact, which was known to GoreTHE,” that the colour of the
simultaneous and the successive contrasts differ from the com-
plementary colour ; this will oceur under the ordinary test condi-
tions. If the components of the psyeho-physical apparatus * under
the influence of the prevailing illumination have become, so to
spealk, tuned in an artificial key.” In an eve adapted to daylight,
the successive contrast colour corresponds, to the complementary
colour varied by the addition of a certain amount of red and blue.
Tscuermak was able to prove experimentally by means of an
artificial yellow adaptation that the contrast colonr differed from
the complementary in the manner of a yellow adaptation. In these
contrast tests the pure ({H”l_:lleu'lﬁ‘nt:l]} colour can only ll"«lhﬂl'hi-lﬂ‘y
be expected to appear when the eyve is * tuned to a neutral piteh ”
(Hess) and not when 1t 1s “ chromatically out of tune.” In con-
sidering the colour dissonance of the visual organ when the eye
is adapted for bright hight, TscnerMax considers that along with
a definite colour in daylight there is also an elective absorption
in the media of the eye; but the mutual relations of these two
factors appear undefinable; the chromatic dissonance of the eye
under the mfluence of (I"l,}?lln'ht. must show itself by a blue-red
addition.

CHaxGE IN CoOLOUR BENSE DUE TO YELLOW DISCOLORA-
TION oF THE LENS.—A well-marked alteration in the colour sense
is ecaused at different periods of life by variations in the colour of the
lens. HeEss,” whom we have to thank for his exhaunstive researches
in this field, computed that the increasing yellowness of the lens
with advancing years caused an absorption of the blue rays in
fl.L:,.'li”ht to the fnllrm‘ing extent : at 25 years 21 per cent.; at
45 years 25 per cent. ; at 55 years 66 per cent. ; at 66 years T3 per
cent.; and at 78 }L:LI‘H 85 per cent. There 1s thus a gradual
weakness for blue light, whieh 1s not obvious to the person
affected. The defect must be of the same nature as the previously
mentioned restriction of ecolour vision which oceurs when one
looks through a yellow glass. A simlar colour defect (not
dichromatic), quite characteristic when the eye was examined by

1 Zeitselhr, f. Stnnesphys,, xliv.

* PecuErMAK : Uber das Verhiltnis von Gegenfarbe, l{mnpuﬂsubiunsfnrhe 0.
Kontrastiarbe.”" v, Prricer's dechee., exvii.

3 Areh. f. Augenheilk., 1xiii and 1xi.
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the colour top, was observed by Hess to disappear when, at the
request of a patient, he extracted a lens which still had relatively
good vision. This acquired weakness of blue vision is of sowme
practical importance, for silk-dyers who are about 60 years of age
can no longer produce the finer shades, as they nnix too mllch
blue in their colours. An objection has been taken to the Mater
Dolorosa of Titian that there was such a * frightful " blue colour
in it; according to Huss this coloration is explained by the
absorption which we have discussed. The fact that in later work
by the same artist this appearance is not obvious, can be readily
explained by the assistance of his students, or by repainting at a
later date. Some artists have attempted to cor vect this defect by
working by a light which 1s very rich in rays of short wave length
(arc hight).

OTHER DEFECTs IN THE CoOLOUR SEXSE DUE To ABSoRp-
r108.—Hmmorrhage into the vitreous and into the anterior layers
of the retina can also cause a disturbance of the colour sense, due
to an elective absorption of light. When, lor instance, the bleed-
ing has occurred at the macula, the patients see at this spot a
red patch in which the colour of a blue pigment will appear green.
The sudden oceurrence of * mouches volantes” 1s often recorded in
high myopia, where central apoplexies are common ; the bleeding
1s profuse and will neither allow red nor other coloured light to pass
on to the neuro-epithelium, which is itself otherwise damaged. In
such cases, therefore, red is not seen. A colour defect resembling
blue-yellow blindness is sometimes seen in icterns. Hirscunere!
demonstrated an icteric staining of the refractive media by ophthal-
moscopic examination in daylight, and considered the shortening
of the spectrum at the violet end, which oceurs in this alfection,
to be an absorptive phenomenon. Others consider that the yellow
vision in icterus 1s due to damage to the retinal elements® (see
Chapter V). If in a case of violet blindness the spectrum shows
a_ dichromatopsia, then a physiological disturbance of colour
vision 18 present ; but in this defect it is not always possible to
separate the physical origin (absorption phenomenon) from the
physiological and |}'|.thnluﬂ]c1| in fact, in violet blindness both
causes are often acting together.?

Acquirep Triraxoria. — Yellow - blue (violet) blindness is
recorded as being present in cases of retinal detachment.!
MavTHNER, In 1851, demonstrated that 1t oceurred in disseminated
choroiditis. Simox?® (1894) particularly referred to this form of
acquired colour-blindness, and expressed his astonishment at the
general ignorance that an affection of the cones could produce a
vellow-blue blindness. Simox considered that the characteristic

— = — — — ===

v Berlin, klin, Wochenselr., 1885, No. 25

*SIREN : Skand. Arch f. Phys., 1907.

PROLLNER : Zeitsehr, f. Augenhetll., xix

! Leper in Grire-Samscn’s © Handbueh der Augenheilkunde.”
* Zentralbl, f. Augenhedlk., 1894,
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sign of the condition was that the blue object in the centre of the
perhueter :1|11:|eu,l'ml oreen, and the yellow then ulul}em‘ed white.
A Kinig ' made use of the spectroscopic proof of a dichromatic
colour system in the affection in question. Recently violet blind-
ness has been investigated by KovLongr, and thoroughly described
in its variations.®

BYMPTOMS 0F VIOLET BLINDNESS.—Irequently, but not always,
sufferers from acquired violet-blindness become aware of the defect
by observing violet or green spots in their field; such a chroma-
topsia is often present before or after any changes are seen with the
ophthalmoscope. KOLLNER reports having observed green vision
weeks before a detachment of the retima occurred, and has had
complaints of this subjective colour disturbance for a year after
the re-position of the detachment.

Though some patients complain that green (unsaturated colour)
appears black, or that blue appears similar to green (KOLLNER'S
patient said that blue hyacinths appeared green to the affected eye),
1n other cases these complaints are not heard. The colour defect may
not be disclosed by some of the colour tests. NaGeEL and Connix's®
patient could pass the HoLMGREN wool tfest, and the STILLING
card test without mistakes. He suffered from a sercus cedema of
the retina resulting from a contusion (Berlin opacity) and by
other tests could be shown to be blue-yellow blind in the affected
eye. SIMox considers it a characteristic sign that the blue-yellow
blind when examined with the perimeter call the blue object green
and the yellow white. Their defective colour vision 1s still more
obvious in the spectrum. All the colours appear as varieties in
saturation of red and blue-green ; and, as in the congenital forms,
there is an intermediate neutral zone. In individual cases the
yellow appeared lilac or violet (in such cases KOLLNER showed
that there was no absolute proof by speetrum light of a dichromatic
system). Conld such cases have been absorption phenomena ?

AcqQUuIireD “ TriTaxoriA."—RoniG and KOLLxeEr conducted a
quantitative estimation of the relative amounts of long and of short
wave light in a large number of cases of acquired blue-yellow blind-
ness. lixamination of the curves graphically representing these
amonnts shows that both authors are agreed as to their value, and also
that these curves agree with those obtained in congenital tritanopia.
There are good grounds for considering that in the acquired blue-
vellow blindness the same reduction form of the normal tri-
chromatic colour system occurs, as is the case in the congenital
forms (tritanopia).

Kinnyir considered that he must raise a protest* against such
analogous reasoning, as he could show i the acquired form a
special condition of the red-green and yellow equation of spectrum
colours (Ravneian's test). He showed that these patients introduce

b e YVerhandlungen der physikalischen Gesellschaft,” Berlin, 1885,
TROLLyeR ;¢ Die Stérungen des Farbensinnes,” Berlin, 1912,

3 Zeitsehr. f. Sinnesphys., xli.

4 Ibid., xlii.
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too much red into the red-green mixture. According to v. KRrIES's
comparative investigations into the quotients of the mixture in
healthy and i discased eyes, the equation varied if the vest light
lay at different distances between the blending lights. KOLLNER
therefore considered that absorption could be excluded, and an
atypical colonr system must be ls{htul.ttvd In eontrol examina-
tions ' later with eoloured glasses he found that the variations due
to sources of error in the technique were not inconsiderable, and
came to the conclusion that the condition in question could be
considered as due to absorption.  Consistently with this we find
that defects in the RavLeicH test occur as congenital abnormalities
without the ovdinary tritanopia being present, and that the defect
cannot be found n every case of .wqum-d tritanopia.  For the
present we cannot unreservedly reject the view that the conditions
found in a ease of acquired tritanopia when subjected to the
RAYLEIGH test are not due to an alteration of the two first
components.

STAaTE oF THE Fienp.—DBlue-yellow blindness mostly shows
itselfl in the centre of the field, and does not 11L*L.i.e~ﬁ:.1,1i|1I stand in
direct relation to the changes which are visible in the fundus with
the ophthalmoscope ; this Tact was particularly noted by Simoxn.
This appears to argne an increased vulnerability of the site of
most acute vision (Ha.ﬂ} but exceptions are found to this rule,
without there being a satisfactory explanation of the |:Iwnm|m1mn.
In a case of injury by a sphnter of won KOLLNER reports the
occurrence of blue-vellow blindness in a ring-shaped area around
the macula. May this not have been due to a similar cause to
that which I advanced for an analogous condition in commotio
retine * (the protection of the macula by the anchoring of the
nerve entry in the retina and choroid) ?

OCCURRENCE AND SIGNIFICANCE oF AcQUIRED Triraxorra.—
Acquired tritanopia oceurs 1n detachment of the retina (as a rule,
KOLLYER® demonstrated 1fs occurrence 1 838 to Y0 per cent. of the
cases), in optic neuritis, retinitis (albuminarie, &e.), in short, in
those processes where changes occur in the retina,

It appears that a serous wdema of the membrane is essential
for the appearance of the phenomenon., According to KOLLNER,
tritanopia has this diagnostic value, that it supports the presence
of a true nearitis rather than a pse udo- neuritis ; and 1s in favour of
a syphilitic neuritis rather than one due to an accessory sinusitis, in
which till now only a disturbance of the first two cmnpnnvnh of the
colour system has been demonstrated. By the addition of red-green
blindness, blue-yellow blindness may lead to total colour- blindness
and to amaurosis ; very often it is very transient and rapidly dis-
appearing ; Baver' has noted the fugitive charvacter of this
symptom.

VZcilschr, . Augenhcilk., xix,
* Wilin, Monalsbl, f. Augenlietll,, tliv.
* Fevlselr, Ij", _-In:-;.-'nf.'{'”ﬂ',, il
i f"r::rr;.-'r e, '[1.'r-.r'.I'J'rr.l.w'.l'rr,,I IHH;J'.', viil.
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Tue AssociaTiox orF TRITANOPIA WITH OTHER VISUAL Dis-
TURBANCES.—Seeing that tritanopia occurs in diseases of the neuro-
epithelimm, it 15 clear that disturbances of the adaptation and
hemeralopia will often be associated with it. But there are cases
in which the adaptation is unaffected. And, conversely, in acute
hemeralopia disturbances of the colour sense can be found, but only
by reducing the illumination ; these show a cerfain resemblance to
tritanopia.

Tritanopia and hemeralopia, according to what has been dis-
cussed, can Dbe freely considered as parallel disturbances in
function when occurring in the cases mentioned (KOLLNER).

If a tritanopia be added to a red-green blindness, whether
congenital or acquired, then a monochromatic (colourless) vision
will result. In two such cases the particular form of the con-
genital defect i the red-green sense, which was present, could be
diagnosed from the variation in brightness of the different regions
of the spectrum ; in a case of KOxIG's the curve corresponded to
the long wave curve of a protanope, and in KOLLNER'S case to a
deuteranope.

Acquired RED-GREEN Brinpyuss.—Acquired tritanopia can be
easily brought into line with the view that the organ for the per-
ception of colour has a tripartite composition, and it shows an
analogy to the congenital form ; but in aequired red-green blind-
ness, which has been longer known and is much more common, the
correspondence 1s not valid to the same extent. This colour
defect begins without showing an immediate stage of deficiency or
reduction ; in its course it shows an involvement of the blue-yellow
sense, and it ends in a delect of both colour senses. Although the
most significant stage of this colour defect, that of red-green blind-
ness, can be recognized as a dichromatic system, a subdivision of its
progress, such as KOLLNER gives, on the basis of the congenital
defects, cannot be considered as based on the analogies of the
cases, though in practice it i1s useful.

Resvnrs oF Locur MIXTURE IN RED-GREEN BLINDNESS.—The
first stage i1s characterized by the fact that trichromatopsia still is
present; but in the Rayrneicy test there is a wider margin of
variation in the red-green mixture. The range in which matches
are made increases towards the green, while the delimitation is
sharper towards the red. Whenever a match i1s made between red
and yellow, the dichromatic stage has been reached, and this gradu-
ally passes into the monochromatic, ¢.e., all the colours of the
spectrum are seen as variations in saturation, and grey In
colour.

While the gange-curves of any tritanopic colour system, whether
congenital or acquired, are always comparable, a similar investi-
gation of acquired red-green blindness' will show curves which in
no way correspond to the type of the protanope or the deuteranope.
The peaks of the two curves are generally fused into a central rise;
this fusion KOLLNER was able to trace graphically by repeated

' Zeitschr, f. Augenheilk,, xxii.
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examinations of a case of acquired tritanopia to which red-green
blindness was added.!

Tue Visiox oF 1 REp-GREEN DBrixp.—In eases ol acquired
red-green blindness the sight is better than in congenital cases,
for those affected have the recollection of their former colonr vision,
and as the colonr defeet does not ocenpy the whole of the field, they
are able to compare the impressions received by the affected and
the unaffected portions of the field, and analyse the sensations,
HerixG® has designed an apparatus for use in unilateral affections,
by means of which 1t 1s possible to make comparisons between
coloured fields, which are brought close together, and are each
perceived monocularly.

It has thus been recognized that when all the eolonrs of the
spectrum become paler, t,lmae of them are distinguished by retain-
ing their colour tone, while all the others change towards blue and
v:.llmx these three colours are green, yellow, and blue. A fourth
colour acts in the same way as these three, but 1s not found in
the spectrum, a purple blended from spectrum red and violet.
It has further been shown that the colour vision of the red-green
blind 1s dependent, within wide limits, on external surroundings ;
according to the saturation of the colour and the intensity of the
light, and even the size of the object, will the same colour be
sometimes recoomzed and at other times missed.

ACQUIRED RED-GREEN DBLINDNESS AND THE THEORIES OF
Corour Visiox.—The normal colour vision in the periphery® of
the field resembles that in acquired colonr-blindness. Although
the other colours change their tone, such is not the case with the
four invariable eolours which form the two pairs of complementary
colours. The extreme limits of the field are totally colonr-blind ;
then follows a red-green blind zone in which only blue and yellow
are recognized, and most internally is the normal colour sense.
The colour stimuli and the L(jll[‘“al}t}lldillif colour field limits arve
greater or less according to the saturvation of colony, the strength
of the hght, and the size of the object.

From these facts we can readily appreciate the inference that
in red-green blindness we bave to deal with a pathological exten-
sion of the peripheral colour vision over the whole field. It cannot
be dented that acquired red-green blindness 1s much more easily
bronght into line with a four colonr theory than with the view
that there are three associated components, and we must agree
with Hess when he says that the condition of colour vision in the
periphery, as also that in ae quired red-green blindness, cannot be
explained on the Youxe-HELMHOLTZ thcf:[}, but is consistent with
that of HERING.

While tritanopia occurs in affections of the retina, red-green
blindness, on the other hand, is found in diseases of the nerve
connections and centre. It is, therefore, in no way strange that the

L
V Aeilgelor, f. Sinnesphys., xliv.
#odreh, £ Ophithal., xxxvi, 3,
* Hess : Areh. f. Ophthal., xxxv, 4.
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results obtained by mixing lights do not show a defect or affection of
the first two components of the colour sense, either alternately or
simultaneously, provided we accept v. KRriEs’s zone theory. How
the grouping together of these triple component terminals can oecur
in a nerve connection arranged in aceordance with the four colour
theory is just as obscure as is the condition of the periphery of the
field (see Chapter V1). We are entitled to assume that the conduetion
along the nerve tracts to the centre of those colour sensations which
correspond to the two first components 1s bound up with that
integrity of the nerve-fibres which is necessary for the passage of
differentiated stimuli. WiLsranD and SANGER ' speak of increased
resistance in the nerve-fibres. But why the first two components
are especially picked out and suffer greatly, and, on the other
hand, why diseases of the retina particularly affect the third com-
ponent, are questions which eannot be satisfactorily answered if
we accept the view that the percipient apparatus is built up of
three components.

CLINICAL SYMPTOMS OF ACQUIRED RED-GREEN BLINDNESS.—In
comparison to the reduction of visual acuity, the subjective changes
in colour vision arve not well marked ; the most prominent character-
istics may be lost as the defect is not present in all parts of the
field. It naturally shows itsell earlier and is more troublesome in
those persons whose occupation is concerned with coloured signs.
SCHIRMER ™ tells of a patient with optic atrophy engaged in a dmpel s
shop, whose visual defect showed itself by a dil'ilbullq.' n recognizing
green cloth. M. BENEpikr,” who first recorded the defects in the
colonr sense in nerve lesions, reported that a case of his wonld call
a red rose green, or the green leaves of the trees yellow ; he noticed
a dependence of the pathological colour-vision on the conditions of
the test, and he reported that a patient when shown pink coloured
stripes at a distance of two fathoms called them lilac, but when
they were close called them pink. From the results of interrogating
patients, it appears that the reddish colours are first lost; these
results cannot be made to agree with the objective evidence, and,
according to KOLLNER, are easily explained in that an alteration of
red into vellow constitutes such a striking change in commoen
objects. Patients often state that oranges appear hike lemons ; the
distinetion in colour between gold and silver, and between copper
and nickel coins 1s often only made with difficulty, and unpleasant
mistakes readily arise.

THE OCCURRENCE AND SIGNIFICANCE OF ACQUIRED RED-GREEN
Brixpyess. — Acquired red-green blindness is found in every
possible disease of the optic nerve, its tracts and their prolonga-
tions, and the occipital cortex ; it occurs equally in inflammatory
interstitial processes and in simple atrophy. According to the
fundamental lesion the colour defect may be permanent or transi-
tory. The latter is the case in those processes, such as toxic

U Neurologie des Auges,” iii.
* dweh, fo Oplitial., xix,
3 Tlhd., x.
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amblyopia, and the wvisual disturbances in neuritis dne to nasal
sinusitis (see Chapter 1V), which generallv prove amenable to
treatinent, provided their duration has not been too long, and a
suitable therapy bas been adopted. When the colour-vision returns
the symptoms disappear in the inverse order. BENEDIKT'S observa-
tions are interesting ; he noted that the colour defect disappeared
on faradization, thongh the result was but temporary.

THE RELATION BETWEEN VISUAL Acuiry axDp CoLoUR DEFECT.
—A series of exact observations is necessary in deciding the question
whether a colour defect of the form we are dise cussing, is progressive
or regressive. Special attention should be paid to the relations
which are found to oceur between visual acuity and colour defect,
and which can be appreciated from the following table by
KiLLxer :—

Visus I—~t Matching by the RavLeicH test shows no change.

» A—1} "The red-green mixture gradually increases in
breadth.

»w  1—% Thallinm green and sodium vellow now appear

the same, but sodinm vellow and lithium red
are markedly in contrast.

w &= Pure yellow completely matches pure red.

v ao—eo Stage of complete colour-blindness.

Dracgyosis or  RED-GREEN  Brinpygess.—The diagnosis  of
acquired red-green blindness generally presents no difficnlty. Its
earliest onset 1s not alwayvs recognizable with certainty, on acconnt
of the absence of a sharp delimitation of normal colour sense, and
the relative frequency with which individual variations occur in it.
One of the best methods is by taking out the field, and plotting out
any defects in the centre or the |:u|1pl|{u by means of small

coloured test objects (see Chapter 1V),

It appears very desirable to have at hand a certain quantitative
test of the degree of the affection, but unfortunately none of the
methods recommended for this purpose have received general
recognition of their scientific value. DBurniy’s (Christiania, 1882)
colour plates may be mentioned, or the cards of colour saturation
by KoLpe (Petersburg and Leipzig, 1855). These charts show
series of colonrs in numerous variations of saturation and that chart
which is correctly recognized gives the measure of the (qualitative
and) quantitative colour vision of the patient. Laxpornt's chromato-
meter' consists of a rotating disc, and by varving its colour sectors
variations of the shade of colour are attempted ; we shall further
mention the method recommended by DoxpeErs,* using the minnmnal
retinal image, and formerly much in vogue. The records of varia-
tions in colour sense obtained by these methods do not surpass
delicacy the evidence obtained by repeated perimetric examination
at frequent intervals ; this last method still surpasses all others in
the recognition of the extent and the variation of colour defects
in the field.

| .irﬁhr'r.-'a:pwnfa'u '_'qu{f_f, Scelaweiz, Aepzfe, 1878,
= _{J‘-c'.f:._lll". {;'!J.’I.rhrh?" xxiil.
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CHAPTER VIIL
THE CHROMATOPSIAS.

CrroMaTorsia.—By the term chromatopsia we understand
disturbances of the colour sense, which are evidenced by the whole
field—or more ravely a part of 1t—appearing to be suffused by a
definite colour tone. In these cases we do not have to do with a
defect or absence of the normal trichromatie colour vision, as in the
congenital or acquired colour defects; rather have we an addition to
the chromatic sensations appreciated as the colour in question even
in the dark. The meaning of chromatopsia will be readily grasped
if a coloured glass be worn before the eyes and the particular dis-
coloration taken as the basis of the colour npressions received
from surrounding objects. The best known form of chromatopsia
1s erythropsia, or red-vision, which sets in when the eyes have
been dazzled, and the xanthopsia which results fromn the absorption
of a definite poisons, santonin.

Ervrarorsia.—Red-vision often occurs after a march over
snow mountains of a definite height above the sea level. Fucnus!
recalls the following from Scuavsacu’s * Deutschen Alpen.” * The
party, after climbing the Grossglockner and a long march over
snow, had again reached the rocks. All felt somewhat dazzled.
ScuavpacH handed over to his auide a large piece of beautiful red
quartz which he had found. Next morning in the valley, when he
wished to surprise his companions with his prize, it proved to be
as pure white as the driven snow.”

Erythropsia was formerly considered to oceur almost exclusively
after cataract operations, but Fuchs directed attention to the
relative frequency of the phenomenon; on the occasion of an
excursion up a peak 2278 metres high in Styria, he made the
following observations: * The mountain was covered to a low
level partly with the last winter's snow, and partly with a fall of
the previous day, so that I had to travel for four hours over the
snow before reaching the hut near the summit. In the morning
there was a light fall of snow, and the whole day was so dark that
the sun could not be seen, nor, indeed, was vision possible more
than twenty paces before me. There was no question of glare, and
I left my snow glasses in my pocket. After entering the hut,
several minutes were ocenpied in shaking off the snow. When I

V Areh. f. Ophthal., xlii.
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looked around, everything appeared bathed in a deep purple light—
a square opening lv.tdl]llf into a dark inner room, which should
have appeared black, alone was of a somewhat saturated areen.
My attention was diverted from a ecloser examination of the
phenomenon by the arrival of other tourists who immediately
expressed their astonishient at the same phenomenon. In a few
minutes the appearance vanished for all of us, nor did it return
daring our oceupation of the hut. I suffered no inconvenience in
my eyes, but next morning awoke with a most uncomfortable,
burning sensation of the skin of wmy whole head, which was red
and swollen, peeling completely in the next few days.” With regard
to the |}-.l1.|.1l'..11]:ll' shade of the erythropsia,) Fuens compares it to
Bengal fire, and the scarlet lychnis (Lychnis m"rr:ffr*r'ri’m;ru:r:}
v. REUss® states that there was a definite cinnabar red in some
cases, and certainly in others more of a purple-red colonr—
erythropsia and porphyropsia. In the eolour phenomenon brightly
coloured objects appeared red, and darker ones in the contrast
colour green. T'he condition may last for a few moments, or even
for many hours.

OCCURRENCE oF KrYTHROPSIA.—The fact that erythropsia
readily occurs in aphakia has long been known to ophthalmic
surgeons. The absence of the lens can only produce a condition
favonrable to its development, as all cataract cases do not exhibit
the phenomenon.

An observation by v, REvrss should be noted in this connection.
This author recorded the occurrence of erythropsia a vear alter
a cabtaract operation; 1t occorred at the menstroal period, which
was aiways associated with headacbe and pains in the back. In
fact, many of the recorded cases show a definite influence of
nervous irritation on the erythropsia. An abnormally large pupil
(mydriasis or coloboma) will predispose an eye to the ocenrrence of
erythropsia just as .1;11|.1L|=l, does. The 1|1u11m11¢|,tr~1} exelting cause
of the phenomenon is practically always a strong exposure to
light rich in ultra-violet ravs. It is easy, therefore, to understand
the fact mentioned above that persons who are quite healthy can
readily suffer from erythropsia when travelling over snow at ”lt‘.lt-
altitudes, where the light contains an excess “of short wave ]L"I'I““]
rays. It must not be concluded that 1t 1s only at Iugh
altitudes that erythropsia oceurs, as I have evidence to the contrary
in the complaints of patients of red vision after walking on the
snow-covered fields around Muonich. Such cases certainly do not
reach a high degree, and probably for this reason the symptoms
are so seldom mentioned. ~ FreHs records that after cataract operi-
tion he asked a putient about some symptoms of ervthropsia,
The patient demed having any red vision, whereupon Fuens made
him take a walk without protective giasses over a snow field in

! Literature :  Bircn- Higscorenn  in ¥ Ostevtas- Lubarsch,” 1910 ; KiLLxeR,
* Dhie ".-turnn"lu des Farbensinmes,” 1912: Hineerr, * Patholoeie des Farben-
sinnes,” 1901,

ek, f. Augenheilk., xii.
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bright sunlight. A severe erythropsia resulted. “ Fvery morning
since my operation, I have seen this red glitter on waking, bat
[ did not understand t|11t that was what vou meant when yon
asked about red vision.

Cavse or Ervrnrorsis.—Nothing defimite can be said about
the origin of erythropsia. Fucus considered that an optical re-
generation of the wvisual purple was the cause. This view is
supported by the fact, which bhe discovered, that about 10°
around the point of fixation in a region which 1s cn|1|11-1m|,1w]1. free
from cones and visnal purple, the red vision is far less intense than
in the periphery of the field. Vot opposes this explanation, and
has conducted an experimental investigation into the question.!
The hypothesis that red vision depends on the formation of visnal
purple is untenable, as the phenomenon oceurs even when the eye
15 acted upon by a light deprived of all its ved and yvellow rays, by
filtration through a solution of erioviridin.,  Voe1's explanation
that the erythropsia is due to a prolongation of the phase of the
after-image, has not found general acceptance ; 1t has been said that
he evades the real cause and does not explain it. Other authors, e.g.,
BircH-HIRSCHFELD, consider that ultra-viclet light, which has the
power of causing changes n the ganghon cells, can also produce
changes 1 the hypothetical visual substance of Herixa, which
would explain the subjective phenomenon.  Another older, and, in
my opinion, still an acceptable view, ascribes the canse to some
pecubiar state of irritation or stimulation of the visual sense nerve
substance. HiLpERT lays emphasis on the bodily and mental condi-
tion,and calls attention to a case of MEYHOFER'S® in which ery t.hrﬁpsiﬂ.
oceurred after the loss of one eye, but disappeared on a suecessful
operation on the other. The fact that v. Kruss obtained relief in
this condition by the use of the faradie current has a bearing on
the view that its origin is to be sought for in some peculiar and
abnormal state of nervous irritation of the visual apparatus.

XANTHOPSIA IN SaxtoxiN PoisoNing.—The occurrence after
the exhibition of santonin of a visual disturbance, characterized by
intense vellow vision, has long been known, and has been the
ground of close study and keen controversy. Xanthopsia bas been
compared to the vision obtained by ]nnlﬂng through yellow glass.
This comparison is valid, in so far as it relates to chromatic sensa-
tion, for in both cases there is no defective colour-system present
f]l]fl|1ﬂL|I'I(J]IIEITUI[]h]"l or dichromatopsia, Chapter VII). But there
is an essential difference between vision through yellow glass and
xanthopsia. In the former the vision in dim ]If.{l'lt-—ﬂ'lﬂ adaptation
—is affected, and in the latter it is not (see Chapter V). KRIExgs?®
laid emphasis on this difference, and drew the following conclusion
from it : that the action of the santonin occurred in the peripheral
parts of the eyve, and only affected the cones in the visnal apparatus,

! Heidelberger ophthal. Gesellsehaft, 1908,
? Klin, Monalshl, . Augenheill., 1554,
b odreh, . Augenlieilk., sxxvii
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while the rods and the visual purple (this was confirmed by experi-
ment on animals) remained unaffected by the toxic influence of the
drug. Another view is opposed to this pre-eminent affection of the
cones; SIVEN ! sees a support to this latter in ns observation, that
in santonin poisoning yellow vision does not occur centrally, that is
in the foveal region.

Vavenax® at the instigation of NacrL, conducted a fresh
investigation imto the action of santonin, and confirmed to some
extent SIVEN'S statements, but also found that under certain con-
ditions of 1llumination even the foveal vision was vellow. That in
the retinal centre in santonin poisoning there is a slight weak yellow

vision 1s therelore established.  With regard to the e xplanation of

this fact, and also the analogous observations of IFvcus (vide supra),
that erythropsia, due to glare, appears to be less marked in the
centre than in the periphery, I would draw attention to the more
active metabolism at the retinal centre due to the extraordinarily
fine capillary plexus of the choroid at this site. This ensures a
better nutrition and a greater resistance, as also a more rapid
elimination of toxic material, with a consequent shorter exposure
of the region to the toxic influence. If a dose of O-1 to 05 grm.
of natrinm santonicum be taken, a form of vielet vision will be
noticed before the true yellow vision begins. The first symptom
appeared to VAUGHAN as a violet tint in the newspaper print, or
m the darker corners of the rooin. In a short time the objects
outside became lighter, but they took on a peculiar discoloration
ke the grey appearance seen in a partial echipse of the sun.

KRIENES thonght that in this stage the spectrum was elongated
in both directions. Following on this stage of hyper resthesia for
red and violet light, was a period of anmsthesia for both kinds of
light. IHe compared this condition of the eyes to the state of the
integument in the extremities; after an imtial feeling of tingling
and warmth, there i1s a numbness which persists longer. VAUGHAN'S
observations oppose these conclusions, for he could not deter-
mine any lengthemng of the spectral band, though he carefully
tested for it in an eve adapted to bright light. The elongation of
the wviolet end of the spectrum, stated to be of considerable
moment in the early stages of santonin action, he considered to
be due to the influence of adaptation to darkness acting during the
observations.

When the vellow vision began VavcHax was able to show that
violet became paler ; the spectral band did not contract n its
length, but did so in respect to the spread of 1ts Inght eolours.
The pallor affected the blue and the green as well as the violet.
In the extreme red Vauvauax observed a colonr between purple
and violet in tone, a most remarkable fact, for violet was not
found in that part of the spectral band where it normally occurs,
but at quite another place where no violet was secen by the
normal eye.

Skand, drch. f. Phys., xiv.
# Zeclseehy, f. 'ﬁwu.:.klufrlx,r-:., xlii,
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Xaxrtoorsia 1§ Iererus.—The xanthopsia of santonin poisoning
has a certain resemblance to the yellow vision which oecurs in
icterus. In this latter visual anomaly' Sivix demonstrated a
difference between the centre and the periphery of the retina, in
that the vellow vision did not affect the macular area. As in this
peculiar yellow vision the adaptation is generally disturbed, without
any reduction in the normal colour system, this xanthopsia can
be more aptly compared to vision through vellow glass. But even
in this form there appears to be some toxic action on the nervous
structures of the eyes along with the physical canse.

Brure anxp Vioner VisioN.— Erythropsia and xanthopsia, as
may be gathered from what precedes, are the commonest forms of
chromatopsia. Bloue vision (cyanopsia), violet (janthinopsia), and
green (chloropsia) are much rarer. These symptoms are sometimes
found in diseases of the retina and chorod (Chapter III), some-
times along with general disturbances of the nervous system in
medical or surgical disease. HinsErT, who has had a wide
experience of chromatopsia, reports their occurrence in the most
diverse diseases.* He considers that the cause of the more frequent
occurrence of erythropsia and xanthopsia lies in the more ready
and intense impression made by the long wave colours, and hence
on pathological irritation these colour sensations will be more
readily induced (¢f., the child and the race in relation to colours
[ Chapter IT]).

Brve Visiox arreEr Cararact OPERATION.—A bright blue
vision frequently occurs after cataract extraction. This cold tint
of the surroundings, which may actually reach the stage of blue
vision, 1s most intense immediately after the operation and dis-
appears at the latest in one month? An idea of this form of vision
can be got if a vellow gelatine screen be worn before the eye for
a considerable time and then suddenly removed; immediately
everything will look blue (successive contrast). As in this case so
in the blue vision after eataract operation, it is obviously the
successive contrast which causes the colour disturbance. The
opaque lens only allows the long wave, and especially the yellow
rays, to pass to the membranes in the intervior of the eye, and
excludes the short wave rays. If then the lens which has acted
as a filter for the incoming light be removed, the short wave rays
will reach the retina unhindered, and then in contrast to the
filtered light the blue tone elements in the eolour will be especially
noted.

Cunororsia 18 Fuxpus Disease.—If a pathological fundus
change 1s the canse of the chromatopsia, it will generally be found
distributed in a clustered arrangement thronghout the field (Chapter
ITT). Green vision appears to be the important condition. The green

V Skand, Avch. f. Phys., xix.

* K.g., in poisoning, Klin. Monatshi. f. Adugenheilk., xlv ; in medieal disorders,
Klin. Monatsbl, f. Augenheilk., xlvi ; in surgical affections, Klin. Monatsbl. f.
Auwgenheill., xlvii.

P Exsun : Zeitsche, f. Augenheilk., xv.



THE CHROMATOPSIAS 125

spots appear to be swrrounded by red cireles of contrast colour.
Kivuxer! definitely states that the complaint by patients of seeing
green spots 1s in favour of an affection of the retina and choroid
(retinal detachment); chloropsia in high myopia, even when no
other symptom is present, is significant of a commencing retinal
detachment. TIn seeking an explanation of this chloropsia, we may
perhaps consider that it is due to the absorptive action of a ,f_,wmmh
exndate on the rays of light. This explanation, however, i1s very
problematical, just in the same way as our knowledge of the origin
of c¢hromatopsia is defective and uncertain, and the true basis of
chromatic sensations, their laws and material source in the nerve
structures, 1s denied us,

' Die Stdrungen des Farbensinnes,” 1912,



CHAPTER IX.

“COLOUR-HEARING” AND OTHER OPTICAL
CO-SENSATIONS,

*“ COLOUR-HEARING " 18 widely distributed. By this expression
we designate the widespread pec Llllzmt}? that the 1Lpu=wnt.:-1.l.|ﬂ|1 of a
colour 1s urgently associated with an acoustic sensation. This
colour-hearing is the most common s-'lmciul instance of those
phenomena which are grouped under the ferm * svnopsias,” and
which are characterized by the association, with the stimulation of
one sense organ, of a sensation derived from another organ of sense.
So a synopsia may occur between taste or smell, and the sensation
of light or colour ; between sensations of smell and representations
of sounds, &ec.

Liaumrrarioxs of THE KXPRESSION * CoLOUR-HEARING. —Colour-
hearing is somewhat different from the combination of taste and
smell, whose physiological separation is never quite sharp. When
we eat a pine-apple and form an opinion unprejudiced by theoretical
views, we have to do with one complete sensation, as when we
judge experimentally of the possibility of separating taste [rom smell
by sampling with the nose held.! Colour-hearing is a phenomenon
which supplies an unmixed and unadulterated sensory stimulus,
which, however, is accompanied by sensation derived from another
sense organ.

Colour-hearing i1s no illusion; we are not dealing with an
hallucination, for the sensation of light is always attached to a
definite anditory sensation. On the other hand, there is an analogy
between colour-hearing and the so-called reflex hallucination of
Kannsavum,® which follows the stimulation of other sense organs ;
an example of reflex hallucination is found in the irritation of the
larynx which occurs on hearing a hoarse singer, the tickling sensa-
tion when an impact on a sensitive spot is imminent, &e.® If 1
might characterize this colour-hearing with a word 1 would suggest
the expression * co-sensation.”

COMPREHENSION OF THE PHENOMENON.—Although a large pro-

I NageL : ** Handbuach der Physiclogie
B _'JQ'F‘:]?'HJ'{'}-FH' Fevtsehr, j" E*HJ': -Jt. i vxiil,
I KeaereLiy : * Lehrbuch der Psyeh.” i, 5. 226,

18 Regleitemplindung ™ “ Accompaniment Sensation,” analogy from a musical
accommpaniment | Trans.), .
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portion of mankind feels these co-sensations, the ordinary man
cannot grasp this colour-hearing, and considers any question as to
his own condition to be a jest, or becomes indignant and declines to
answer. On the other hand, the colour-bearer understands the
position with a word ; they quickly grasp the idea, as they have
often made unavailing efforts to discuss the maiter, and have been
received with ridieule and irony. Such people ravely speak of
colour-hearing on their own accord; they never attempt to tell
others of their extr: wrdinary peculiarity, which would certainly be
the case if it were an hysterical manifestation.

Crrricism AND RESERVE NECESsARY.— Limagination and 'mul;{,nw
certainly play an important part in a field of “research which is so
completely removed from any control; a eritical valuation of the
answers given 1s 1|1=nrupm:|,1:rl}' more difficalt than n any other
field of pllwlulu-rm.l] or pathological optics, and the scepticism
voiced by DavbRrEssE' seems justifiable up to a certain point. This
author relates the case of a young Russian who saw everybody in
different colours. A voung lady asked him how he saw her; and
nften some cogitation the Russian answered “ [ see you vellow.”
As 1f tmnﬂpnml the lady on the day he first met her had worn a
vellow dress. The precautions which DAUBRESSE urges appear to
be specially apt in this case, as in the St. Petersburg salons at that
time the subject of colour-hearing was much diseussed, and many
Russians pretended that the phenomenon occurred mn their own
case. ZIEHEN® also 1ssues a warning against being too ready to
accept the assertion of secondary sensory unpressions, for the
condition is often simnlated in order to make oneself interesting.

CLASSIFICATION 0F COLOUR-HEARING.—HENNING' divided the
synopsias into physiologieal and psychological photisms.  The latter
concedes to a brain which can only make pure abstractions with
difficulty, psyehological material of a certain degree of conereteness.
If a colour-heaver has a definite and consistent colour impression
for the vowel “a”, the phenomenon, according to HexNiNG, 1s
physiological ; but if the names of persons or the davs of the week
produce a colour sensation without relation or reference to the
elements forming such names, then we bhave a psychological
photism. It is |uwum=u1 that associations ave formed in the case
of psychological photisms, whilst they are absent in the physio-
logical (where certain definite optic nerve-fibres are co-excited) ;
this, however, is really a matter depending on chance, and quite
unmimportant. Il the note of a piano seems black and white, the
note of a violin brown, the winter white and the spring green, the
induction of the definite colour of the photi=m is found in psycho-
logical factors which are not difficult to recognize: but the faculty
of colour hearing as such 1s not i any way explained thus, and
remains as obscure as are the physiological photisms of HuxNING.
If the psychological photisms are to be considered as a subclass of

1 ffq'r'uf‘lliufrf.frm-:bph tepare, 1901,
* Lehrbuch der allg, Psychiatrie.”
P Eeilselor, la‘ .ir’.j'y:'.i:, i f’fﬂy.ﬁ, der Sinnezoryg., x.
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the * physiologieal,” then HExNING's divisions do not appear to me
to be sharp enongh. I therefore prefer a division into two classes,
laying less stress on the analysis of the plotisms than on the
individuals who are subject to the sy nopsias. This division, which
shows very obviously in well-marked cases, is just as far from being
a sharp one withont intermediate forms, as 1s a classification of
mankind nto the artistic and the non-artistic.

Avprrion Cororkie.—In the first group of the colonr-hearers,
definite and constant colour impressions are firmly associated with
letters, numbers, names of persons, names of objects, the days of
the week, dates, &c. BSuch individuals have not sa,t,qmmd or
developed their peculiar taient by training. We will designate the
interesting symptom of this group by the French term audition
colorée.

Ispivibpvarion Conorii.—In other persons colour - hearing
forms a mmnch greater mtegral part of their personality. The
associated colour sensations play an intimate personal réle. These
people clothe the whole host of congenial and uncongemal ideas
in the garments of synopsias; their whole vivid spivitual life is
intensely saturated with this factor ; they rejoice 1n 1ts power, which
plays such an overwhelming part in their emotional life, and some-
times strive to develop it E-LIH further. For this group of colour
heavers I prefer the term Individuation eolorée of Soxovrov.!

Avprrioxn ConoriE: VowrknLs.—Leaving aside the most ele-
wentary cases—where uncomfortably shrill noises, as the scraping of
a peneil point, induce the colour red—and those where eolour-hearing
only occurs in childhood, to be lost later, andition colorée presents
definite symptoms, which when tested at varying intervals always
give the same result. The commonest form 15 that the vowels of
our language are visualized in bright colonrs. This phenomenon
was described to me by a man in a very simple way. When a
vowel was pronounced loudly rmd cmplnucailv he saw n front of
him—on the opposite w: this did not appear in
ordinary speech, apparently I.ll':ﬂa.llﬂ-u his attention was not suffi-
ciently directed to the sounds. The vowels appeared to him :—

a (father) grey to black.

e (pen) bright green.

1 (antique) red.

o (s0) moss green.

u (poor) yellow.

The diphthongs :—

o (as in French neuf) phosphor yellow.

it (as 00 in bloom) orange (u and i mixed).

At a concert the harmonies and chords appeared bright coloured ;
m mmor keys the surface behind the musicians appcm&.ﬂ green ;
in major tones the surface was red or 'uelh}w

While this celour-hearer ”pm|u,t.ed outwardly his sensations,
which were only induced by vowels accentuated in a particular ke;-,,

U Revue philosophique, 1901.
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the majority of the persons whom I examined had the sensation
vaguely i their heads.  This regularly oceurred when lListening to
speech, It is often reported in the literature that when the atten-
tion wandered the phenomenon disappeared. One of my colour-
hearers assured me that to him the phenomenon was so usual and
natural that during a conversation he paid as little heed to it as he
would to the chiming of a clock, which =0 often passes unnoticed.,

Dipnrnoxas.—The diphthongs are often seen as a mixed colour,
[ have reported a case of a colour-hearer to whom o appeared
yeliow and e red,! and 6 the mixed colour orange. U appeared
to this man green, and i yellow, while @ was a mixture of the
two colours. With aun, a1, eu, and ei, according to the phonetic
character of the individual mwels, the corresponding colour appeared
to the consciousness. In the colour-hearer we find the same results
of colowr mixing as we do when the stimulus is applied to the eve,
an nteresting fact, as colour-hearing is probably due to a central
stimnlation of the visual apparatus.

Musican INSTRUMENTS, Days orF THE WEEK, NAMES OF
Persoxs.—In other colour-hearers notes take a colour according
to their clang, and the character of the instrument which emits
them. Thus the notes of the flute are blue, and the violin red, &e.
Others see different colours for the days of the week; to a colour-
hearer :—

Monday was blue.

Tuesday, light blue.

Wednesday, dark yellow.

Thursday, blue-green.

Friday, grey.

Saturday, brown.

suanday, sky-blue.

Names of persons appear coloured ; and as in the case of the
vowels, so the numbers are coloured. Others will associate noises
with the representation of colours. The different forms of colour-
hearing may occeur singly or combined in the same person. The
consistency ‘of the association is alw ays marked, as IKa1sER noted in
the year 18582, when he obtained the same results on testing a case
with an interval of ten years.

CoMPARISON OF THE INDIVIDUAL Co-SENSATIONS.—It 1s easy to
collect a mass of material referring to observations on colour-
hearers, but 1t 1s diffienlt to reduce the mass to order. Colour-
hearers will often tell of differences which they find in other persons
possessing this faeulty. A mother told me that she could never
understand how it was that she and her danghter had quite different
colour sensations on hearing the vowels. NUSSBAUMER, who was
one of the first to definitely describe his own colour-hearing,
reports® that he and his brother often played games with spoons
and forks, and that the colours induced by the noises resulting did
not seem the same to him as to his brother, so much so that the

V Zeilsehr, f. Sinnespliys,, xivi,
* Wien. med. Wockenselr,, 1875,
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disputes about the colours often led to quarrels. The investigations
of Fecuxer (1879) produced no rule of general validity in colour-
hearing. The deeper notes, and the vowels with the deeper clang,
were more often associated with darker colours than were the
opposite acoustic stimuli, LoMmMuER's' view, that the letters when
arranged according to their vibration frequency (u, o, e, 1) would
correspond to the colours arranged according to the vibration
frequency of the ether, is far from lmmfr ;.,nnemlly true.

The Iﬂ]lnwmg table gives the associations which BLEvLER and
Ligaamaxs® found ll(‘t‘-\{‘Lll vowels and colours, in a series of
observations (—

Elue Black el Yo llow DBrawn White Grey Gireen
aal) W0 e 3B we IR s R B e i B L 1
ef{eh) 5 .. 1 L q o 98 RN R 5
i {ee) g | TR g iean VR R 4
o foh) 8 .. T - 12 .. 18 B o 0 1 4
1 P ) T T 1 SR P 1 e e 0 8 0
ORIGIN AND PREVALENCE 0oF COLOUR-HEARING. — (olour-

hearing, as we have mentioned, is of [requent occurrence ; in
Brruvner and LEaMany’s statistics it occurred in 12'8 per cent. of
all the persons investigated. In normal and in psf,tlmp.LLhm indi-
viduals the pemﬁntwm were about equal. ZIEHEN® says that in
general colour-hearing is consistent with a sound nervous system,
but 1s mostly based on a neuropathic disposition. Colour-hearing
oceurs in the blind; I found it in 10 per cent. of the cases in the
Munich Bhnd Inatltulﬁ. In this respeect 1t should be noted that
the cases were mostly of recent blindness, and generally could see
colours when very ¢lose.  Nothing certain 1s known of the frue cause
of colour-hearing. Srerzyer,' who has reported very fully on its
ineidence, considers that there 18 an abnormal association between
the acoustic and the optical centres. The exact causes are of so
hypothetical a nature that I would rather not go fully into the
question, for, in my opinion, we would do well to aplmmch any
detailed statement of these relationships with reserve and scepticism.
Frovrxoy® refers to association, and pmtul'Lteq an association
privilégée which has been elaborated at some time under favour-
able cireumstances, leaving irradieable traces In our nervous
systems, so that one ‘:(ﬂ'-i‘l-t'!f!n will always mduee the other. One
SENSOTY lmpwgmml will more readily induce another if they are
related, 4., if both induce the same feeling of pleasure or pain.,
'llwu. 18 certainly no ground for supposing that the phenomena
under discussion are manifestations of hysteria, Though a pre-
disposition to these co-sensations is to a large extent hmedlt.uy
(LoMMER records a family in which in three generations different
forms of colour-hearing were found), I do not consider it would be

v Aveh. f. Peyeh. wnd Nervenheilk,, x1.
# % Fwangsmiissige Lichtempfindungen durch Schall u. verwandte Frsehein-
ungen anf dem Gebicte der Sinnesempfindungen,” Leipzig, 1851,
¥ ¢ Leitfaden der physiol. Paychologie.”
1 drch, j' ll'l_p.f.'f.ir:n.l'_, Iy,
* Des phénoménes de Synopsie.” Pavis, Geneve, 1893,
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correct to speal of a psychieal taint,! for, as has been shown above,
the contradictory nature of the sensations is especially noticeable
in members of the same family.

Ixprvipvarioy ConorBie.—In other eases of colour-hearing,
these factors have a much freer play than in the awdition colorée
which we have been considering. DPersons appear to be coloured
according to their character. 'T'he music of BEETHOVEN has a
different colour to that of Wasxenr., A colour-hearer of this type
told me how the colours of surrounding objects, according as they
were sympathetic or nnsympathetic to lmn influenced his matured
decisions and mental phability ; he was 11111;_rim:d to have this
predisposition, and anxious to develop it further, he called himself
“ colonr-glad ™™ with pride and joy.

Although the differentiation between auwdition colorée and in-
dividuation colovée, in the sense in which we have used the terms,
may not be a radical one, still, in my experience the colour-hearers
of the second group are so distinet from those of the former that
it is right to emphasize them as a different class. In the following
quotation from the records of such a colour-hearer, the essentials
of a free individuation colorée ave well seen :—

“ Ho far as I ean recollect, the first time I had a eolour-sensation
was when, at the age of 12, I heard Tscunakowsky's ‘Helle
Nichte." "T'he sensation | received was of blue, as from an object
thrown into blue water forming cireular waves, ever anew from the
centre, some higher, some lower, and on the whole a play of red or

even violet llght - tlms-_. was 1 za,ﬂ'nﬁtm] by harmonies and even single

notes, especially the hight restrained or staccato notes, which
corvesponded to coloured waves. [ did not see these waves every-
where ; I often had merely the sensation of blue. It was a blue
like the snow in the forest or in the dusk. 1 did not, however,
experience that sensation, but had the idea of a blue quietly appear-
ing without any desive on my part.

“Undoubtedly the harmonies determine the whole phenomenon.
The note which governs the whole, the itensity with which the
whole piece affects me and stirs my emotions, arouse the colour
vision. A general colour tone is produced by the pitch of the
music, and in this shades are induced h',, the individual notes and
harmonies. For example, ScHUMANN'S plano concerto in A
minor. In the central movement 1s a passage which specially
affects me ; I see a vivid blue. Every harmony, and each note of
every harmony, alters the shade of colour; the colours leap like
waves, Now [ see a violet mounting up, then lollows a storiny
red surge, in its turn again to vanish. A short sudden wave is
overwhelmed with a wide sweep of blue and emotionless calm.

“I imagine the scenes and persons of a poem, and then see the
colours. I should think that were I to paint the individual scenes
as 1 see them, it would exeite langhter, yet they ave beautiful.
The speech, the form, the art by which ‘the poet achieves the

1 LataXEL LAvASTINE ¢ Heene newrop., 1901,
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elfect, the phantasy furnish the inspiration. The nicety and the
exactness of the detail have no influence. TIn spite of all its
detail, HALLER's ‘ Alpen’ leaves me quite cold.

“In the first act of ‘Tannhiuser’ I often have the sensation that
the lighting of the grotto does not suit the musie. In the Parisian
presentation a part of the grotto in the middle of the stage ought
to be blue where it is red. I, therefore, shut my eyes to increase
my enjoyment. Similarly, in ‘ Tristan,” Aet II, a horrible green
15 often represented. I always have the sensation of ‘ red.""

THE ImporrancE oF CoOLOUR-HEARING.—When we read this
description, it can well be understood how Haxs v. BilLow,
in real earnest, called on his orchestra to ‘‘play red,” and the
professor of music, whom I have heard say that he thought it would
be better if the expressions, allegro, con fuore, adagio, &e., were
translated by their eorresponding eolours; on the other hand, too,
we appreciate how colour-hearing i1s woven into the personality
of the individual, and suffuses his whole nature. Colour-hearing
certainly plays a great part with artists in the inspiration of works
of art. Frourxoy tells of a painter who drew inspiration from the
notes of his violin, in the search for the colours of his pictures.
Mostly we hear of the utilization and development of this faculty.
It is but seldom that colour-hearvers arve terrified at their colour
sensations, e.g., when, at a concert, the colour phenomenon suddenly
appears to the consciongness of the person in question. The simple
forms of audition colorée are sometimes made use of ; several
people have told me that they made use of their faculty for
mnemonics.  Certainly others could not thus utilize 1t. A colour-
hearer told me of the confusion which she often felt between the
number 3, the colour vellow, and the diphthong el.

Orner Syxopsias.—Just as colour sensations are associated
with acoustic stimuli—the most common form—so 1 eases they
oceur with smell, taste, or with panful stimuli. In most cases
audition colorée also is present. A colour-hearer told me that the
prick of a needle was red to him; another related that the lemon
or its juice tasted distinetly yellow ; another told that he saw blue
when he smelt the perfume of a woman’s hair. HILBERT' tells of
a danghter who had the sensation of yellow when she tasted good
milk. Unpleasant tastes were associated with brown, and very
unpleasant ones with grey; a sweet taste was blue. .

Avprrion Ficurie.—A further group of phenomena is provided
by figure-hearing, which Gavnron® first indicated. DMany of these
phenomena are certainly not of the group of co-sensations, but
represent psychological problems, concerning, for example, the con-
ception ol a visual representation. In many cases the appearance
of these diagrams appears to be so distinet that the IFrench term
aundition figurée appears to me to be well chosen. A colour-hearer
reported Lo me that—and these phenomena appear to oceur mostly
in colour-hearers—with the word “kreis™ (a ecirele) he had in

PR, ."Ifrlu-:.fﬂ{-!,_,r‘, Angenheilk., 1897,
* 4 Inquiries into Human Faeulty,” 1883,
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his head the definite sensation of a cirele of 7 to 8 cm. In size;
it was only with abstract geometrical forms that these phenomena
occurred to him (eireles, eubes, spheres), while the word apple, for
example, or ball, produced no co-sensation. These figures are
commonly found 1n association with the days of the weel, vears,
numbers, and seasons, and may vary from the simplest ceometrical
forms to the most bizarre of figures. It 1s generally not difficult
in well-marked cases to recognize a definite cause of origin, e.q., In
the case of the seasons, and the well-known graphical representa-
tions in the atlases.

ToE Imrorrasce or TtHE Freures.—With regard to the im-
portance of this last-mentioned phenomenon, 1 refer to o saying of
Frovexov: 1 feel envious of such a faculty, which must lw]p in
a most peculiar method to bridge over gaps in time, and bring objects
into order.”

Hexxing! relates the case of a man who possessed this faculty,
with an extraordinary power of noting dates, years, renowned
names, and historical facts. He records his own words: “ The
unusual trend of development was towards the memory of num-
bers. The lustory books in school pleased me very particularly.
Historical works with many dates I devoured with as much greed
as books of adventure. And it was interesting to note that it was
the numbers themselves which especially interested me. 1 showed
no more than the usual comprehension for the grouping of the
incidents and the historical summaries. 1 felt either sympathy,
antipathy, or indifference to the numbers, and derive a peculiar
pleasure in the study of whole columns of figures such as logarithms
or dates.”

An artist, who saw figures, when examined related to me that
these symbols were of much use to her in the solution of problems ;
thus her sketch: “Spring Storm,” earned full approval. Perhaps
the pictures of Karn. ScHArFxER® are to be referred to such
figures. For the present such an art cannot correspond to any
ceneral sensations, for, as in the case of audition colorée, there is
no unanimity in the co-sensations. The figures are symbols peculiar
to the individual.

Avprrion CoLoREE IN THE BrELLes-LETTRES.— We find in the
writings of Heixricn HEINE pictures and word associations which
lead us to the conclusion that synopsias occurred to him.  Pacui®
considered that he had the faculty of audition coloyée.  As a matter
of fact, several of my colour-hearers have assured me that they
could picture the expression, “ the trinmphant ved of the trompet’s
note,” which is found in the * Memoiren des Herrm v. SCHNABEL-
wowsKy,” Chapter Il.  The question there under discussion is
the painter, Jan StEEN, who would only be recognized 1n a happier
and freer future dav. * On that bright day, when the sun shines

V Zeitschor. £, Psych. u. Physiol. der Struesorg., x
P8 Kunstwart-Ausgabe,”  Muonich (Callway).
3w Naturgefihl, u. Symbolik,” bei Herxg, 1904,
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throngh the uneclonded window, and from the tower no black dull-
sounding bell, but the trinmphant red of the trumpet’s note
announces the lovely hour of noon” This certainly sounds like
colonr-hearing ; and shortly before this we find in the same sense
a similar comparison, where this same metaphor is used: ** When
the religion of pain is extinguished, and the religion of joy tears
away the gloomy mourning emblems from the rose bushes of the
earth, and the nightingale at last dare pour forth with triumph her
long-hushed ecstasy.”

[ would exercise just as much reserve in indicating this passage
as evidence of HEINE'S colour-hearing, as T feel in s-.er:-lng i SYNOpsii
i the following passage from the ** Florentine Nights” : * Sweet
pineapple odour of courtesy !  What wholesome refreshment dost
thou bring my soul, which in Germany has gulped down such
fumes of tobacco, q.u{h smell of {:'Lh]m"e, and such uncouthness.”

In the romance writings of K. T. A. Horrmany the following
passage oceurs 1n “ Kreisleriana ™ (a letter from the orchestral con-
ductor, Kreisler, to Baron Wallborn): “ 1 was wearing a coat
which I had bought in egreat ill-humour over the faillure of a #rio,
and whose colour was in C flat minor; I, therefore, to mollify
the beholders, put on a collar in B major colour.” In * Don Juan”
also: * Upwillingly my eves closed, and a glowing kiss burned
on my lips; but the kiss was like a note long denied to the eternal
thirst of desire,” and ** Your trio 1s a prayer which rises to heaven
in pure and glittering rays.”

STEINERT' has confributed an enormous mass of ewvidence
relating to these pictures and expressions in romance. In many
of the instances 1 am sceptical as to whether they have anything
to do with the co-sensations in question. The following from
TIECK's ** Zerbino " :(—

“The Flutes :
i Bky-blue is our spirif,
To the azure does it lead,
Soft enticing chords
Mingle with those other notes."

This recalls to me a modern book, ** Uber das Geistige in der
Kunst,” whose aunthor, as his own statement shows, was free from
audition eolorée, but still spoke of the relationship between the
flute and blue notes.

Do not the romanticists, who represent the intangible by the
tangible, often picture dimly conceived relationships in a material
form ?  To show that colour-hearing was by no means a generally
recognized phenomenon at the time of the romanticists, I quote
from ** Vorschule der "ﬁﬂil?tl]{ by JEAN Pavrn: “The sensual
picture should bave a sensnal plasticity, but not reality. The

U Lupwic Tikck und das Farbenempfinden der vomantischen Dichtung,”
Dortound, 19140.

* Kaxpixsky, Munich, by Piper, 1912,



“ COLOUR-HEARING " AXD OTHER OPTICAL CO-SEXSATIONS 1385

phantasy of the connection of the two most dissimilar senses, the
eye and the ear, 1s grasped with difficulty. TiEcK not only makes
the colours resound—which, though venturesome, may be possible,
for from the visible arses the invisible spirit of effect—but he also
makes notes glitter, which demands even a bolder leap.”

GOTTFRIED KELLER.—GOTTFRIED KELLER'S example shows
how ecarveful we must be in concluding from poetic evidence the
existence of a definite faculty for colour-hearing. In the Zurvich
novel (**Landvogt von Greifenstein”) we arve told how Lax‘uuur
“could not obtain the effect without the help of a jews' harp.
With a smile, he explained the action of such wusic as the mixture
of delicate colour tones, and seizing the toy instrument, which lay
on a table amongst a thousand other objects, he set it to his lips
and drew lrom |I; a trembhing, faintly I:u;*ll;lun*r phantom which
at one moment threatened to die away; tlurn softly swelling,
flowed into another.” . . . “*‘Do you see/ hc cried, ‘ how the
light grey passes into the dull copper-red *”

Brevner and LEHMANN tell us that Kenner, when asked if he
was a colour-hearer, was extremely astonished, and knew absolutely
nothing of audition colorée. In the source which KrLnen used for
the novel (Davip Hess's ** Biography of Liandolt,” 1820), we find,
on the other hand, the following : “ Lanport often played on the
jews’ harp, and considered that, not merely n all kinds of music,
but especially in the fine tones of this simple instrument, was there
a particular association between harmonic variations and colour
tones whereby the finding of the best gradations of hue was
assisted.!

Awdition colorée 1s very frequently found in the later Iyrie poets
(STEPHENY GEORGE and his circle, DavTHENDEY, HOFraanxsTaL).

The following sonnet is by the Frenchman, Rimpavp :—

* A noir, £ blane, J rouge, U vert, O bleu ; voyelles,
Je divai quelgque jour vos naissances latentes,
A noir corset velu des mouches déclatantes
Gui bourdonnent autour des puantes eervelles.” *

This poem is certainly not derisive as is often held, but is
evidence of the awdition colorée of the poet. Reserve should be
exercised 1n  deciding on co-sensations in  the later writers,
Orro ricn HArTLEBEN, in his novel “ Bibamus,” puts the
following into the mouth of a composer: T have this new white
voice; you remember the white wail of Dodine, and that dark
voice in which she sinks . . . the yellow one too. And that green
sound ! particularly that one!” Would not he who in his * Irosch”’
ridiculed Hexnrik Insex, have made fun of colowr-hearing ? Green is
the particular eolour to which colour-hearers arve least susceptible,
and here “ green ” is emphasized. Finally, I will complete by giving

Vs Inauguaral Thesig,” by NussepercEr, Fraunenfeld, 19035,

¥ A black, E white, J ved, U green, O blue; I can always tell your hidden
source. A is the black garment fouled by the flies which in glittering clonds
swarm over the earrion, &e.
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the statement of GaxcHorek, when this poet describes his own
colour-hearing,.

“ As KErLER played on the organ a phantasy with varying key, the
whole church suddenly took on “betore my eves a peculiar intense
colour ; everything appeared red, corn-yellow, or of a beautiful blue.
This lasted s few seconds and then vanished, (Generally I only saw
a single colour, and when it disappeared everything was natural
as before. DBut sometimes, with rapid variations in the musie,
during which I saw the colour, the colour itself changed equally
rapidly and glowed even more strongly.

“It was so indescribably beautiful that a delightful glow pervaded
my heart and soul. This colour vision increased in later years
when good music influenced me more. I have never yet been
able to determine any law and order m the appearance of this
phenomenon.

“There are a few musical pieu% in which I always see the same
colours. When I listen to the * Rheingold * there always comes an
instant in which the whole stage is filled for several seconds with
a glowing golden yellow, If I play the first ¢ério of Havpx with
my children, the music sheet towards the end of the first movement
appears a dull red-violet, which, when we go on without a break
into the adagio cr:.'m‘ffbh’u Lh.ll‘l”L‘i into a deep steel blue. In the
allegro non troppo of the h}'lllpllﬂn} in C minor of Branms, whieh I
have now heard three or four times, I saw every time the same
searlet red. Onee I saw in this colour a broad expanse of sky, with
drawn out clouds of Haming scarlet, over which a tall female form
clad in scarlet appeared to tloat.

* All emotional music changes into pictures before my eyes, and
for seconds or minutes I seem to hear the music no longer.

“'I'hese scenes and colours appear more frequently with the
music of BEETHOVEN and ScHumaxx,  Formerly they also occurred
with Waanenr, Duat this power which WaGNER'S musie once had
over me has been lost for some five years.,”  (From GancHorer's life
history of an optimist, ** Book on Childhood ™ pp. 306, 307, and 308.)
The latter part of this statement is not a co-sensation (andition
eolorée), but 1s a co-perception (music phenomonen), We will
return more fully to this in Chapter XII.



CHAPTER X.
BINOCULAR VISION AND ITS DISTURBANCES,

Visiox wirk Two Eves.—In a work on physiological opties!
appearing as late as the year 1864, at the commencement of the
chapter on “ Vision with T'wo Eyes,” we can read the following :
" The reduplication of the organ of vision has apparently no great
mmportance in vision, for such an organization 1s not absolutely
necessary for sight ; the one-eyed see, and the two-eved can see
with one eye. 'The duplication has therefore some entirvely
different motive; mavbe for external symmetry, or from the
greater complexity and functional perfection of the organ of vision,
or as a greater protection from the effects of injury, or to ensure
an inereased field of wision, or some other similar reason.”

The anthor attributes some purport to binocular vision, were
it only that thus the blind spot of one eye is neutralized by the
visnally active corresponding area on the other side. But amongst
the many motives which he brings forward in favour of binocular
as against monocular,vision, he fails even to mention that one which
appears to us to be the most important—stereoscopic vision. Yet
at that time (1364) the fundamental work of k. Herixé had
appearved ( Beitrige zur Phystologie, Heft 1 to V2).

A work by L. Paxum anticipating this and called ** Physio-
logische Untersuchung iiber das Sehen mit zwer Aungen,” was
printed 1n the vear 1358." The celebrated work by WHEATSTONE!
in 1842 recorded investigations on stereoscopic vision, and provided
some nsight into binoeular vision with solidity.

I. Bixocvrnar Visiox In DeprH. Visiox witH Two EvEs.
—The theory of i1dentical points in the retina (which was known
to Jou. MiLLer, and even before the time of HALLER) was
amplified by Paxuvy, who showed that the important postulate in
this theory was that each pair of stimuli which fell on 1dentieal or
corresponding points in the retinee, wounld always and under all
cirenmstances be perceived as one: the correlate postulate that two
impressions which fall on two spots which are not identical will
always and under all circumstances be perceived as double, had

! H, ScuerFrFLER : Braunschweig, 1864 and 1865,
? Leipzig, W, ExGELMaxy, 1861 to 15645,

? Kiel, * Schwerssche Buchhandlung.”

i In PoceEspoRFE's Annals,
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been rvefuted by WHEATSTORE'S investigations. For in stereo-
scopic vision two materially different retinal pictures are, by the
vision of the two eyes, perceived as one, and it is impossible for
all parts of the two separate pictures which are thus fused to fall
on corresponding points in the retine. Panoum amplified the con-
ception of identical points in the retina by assigning to each point
a corresponding eirele in the other retina described about the point
as centre {“ cirele of sensation”). The actual conception of depth
or solidity in two-eyed vision (stereoscopy), according to Paxuai, is
due * to a specific power inherent in the act of binocular vision,”
and according to lim is brought about by the ** difference in the
position of contours which are brought into relation to each
other by two-eyed wvision.”

HERING, in the works which we have already referred to, dis-
tinguishes projections in height and breadth arranged similarly in
the two reting ; he considered, however, that there was another
system for space and depth arranged in the opposite way. While
the projection values only gave a picture in two dimensions, those
for space or depth gave the third dimension. The two eyes—* the
double eye''—are inherently so organized that the simultaneous
stimulation of corresponding longitudinal rows of elements in an
uppumlnhly similar manner and I'{;rl the same time produces the
mmpression of straight vertical lines in one and the same frontal
plane. The stimulation in pairs of ‘librate’! linear series of
elements which do not correspond, produces impressions projected
before or behind this plane. Nasally dissociated lines give the
impression of lElllDtEill"Fi‘-: and temporarily dissociated lines the
llI]l]l{"‘-Hl[JIl of l'l(.ﬂrll'lﬁ‘}'l

Fig. 30 will eluunhm this: a and a, are corresponding pomnts as
are I and B,. ‘wlmult:l]lmuﬁ]} stimulated (¢.q., a and 2'11',1 the impres-
sion 1s p lr:}duwd of a point in the frontal plane passing through the
point fixed. If a and B, be stimulated the sensation “pearer than
the fixed point ™ is prmluued, for the point B, in regard to a,, the
corresponding point to a is temporarily dissociated, the simul-
taneous stimulation of B and a, produces the sensation of * further
than the point fixed,” for a, is nasally dissociated with respect to B,
the corresponding point to B.

The following relation exists between these points in vertical
lines over the whole retina: simultaneous stimulation of the linear
series corresponding to the points mentioned, will cause the sensa-
tion of *“ vertical line in the frontal plane drawn through the fixed
point” (basic plane), or “before™ this plane, and ** behind " it
respectively.

Only images with a horizontal separation produce stereoscopic
effects ; those separated vertically do not. This remarkable longi-
tudinal “strip-like arrangement on the retina” of the stereoscopic
function ean be referred back to the horizontal separation of the

b Librate," from libration (lat. libra) as used in astronomy (1.).
! Taseuermak : Proiicer’s Adreliiv., xeviii,
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two eyes. If our two eves were placed one above the other then

the strips on the retina would be arranged horizontally. To fully

understand this, consider the following experiment : 1'wo strong

lenses are ]}[-i..(.l:"{l before a screen, they are separated horizontally

and project on the screen two sharp images of a flame which is

placed before them on the same level. A rod held vertically before

the flame will appear in the image of the lelt lens as on the left

side of the flame, and in that of the right lens as on the t‘igl:t side of

the flame. If now, by means of a atmn'r prism brought in front of

one of the lenses, the two images of the flame are united into one,

the vod will then appear both on the right and on the left of

the flame. If the rod be held horizontally 1t will only be

recognized as a line, which, if it be short, may appear
dissociated as to its vertical limits.'

II. Cexrran Visvan Axis. Vision Wita Two

Eves.—In vision with two eyes, and their co-ordinated

action, localization in breadth is of quite as funda-

mental an importance as is that in depth. We

have shown above that the stimulation of two

identical or corresponding points produces a

single sensation, but we have said nothing

— o o s s mEm e o omm e oww e R
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Fi:. 30.—Scheme showing the eflect produced by stimulation of * librate " retinal
Arcas.

! Lopyanys : “Zur Frage nach der Ontogenese der Raumanschauung,”
HAeitsehr. f. Sinnesphys., xli,
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of superficial projection, with relation to the two eyes. SCHEFFLER,
previously mentioned, lvpr{*ﬁantf-, this condition in the inll:mm“
way : When a point *“a” is fixed, the axes of both eyes ave directed
towards it ; we see tho point in the middle line of the angle of con-
vergence, the axis of * the head.”

Herixg! symbolizes the co-operation of the two eves by a com-
parison with “ a Cyclopean eye.” ‘ The head, or more exactly, the
place where, with reference to the object mwed we imagine our
head to be, forms the centre of projection and of the lines of pro

Fia. 8l.—I'osition from the Cyclopean Eve (after Hering).

jection. We can imagine the wvisual axis of the right eye to be
superimposed on that of the left so that ev ery pair of corresponding
lines coincide. We can consider the centre of this simple bundle
of lines to be placed in the middle between the two eyes, so that all
the lines in the bundle which belong to the central longitudinal
sections of the retinm lie in the middle line of the head.” If the
retinal pictures from any object fall on spots which are not identi-
cal, or rather which are not within Paxun's “ circles of sensation,”
then the 1mage will be double. The position 1s given by HuRriNG
from the Cyclopean eye as follows (fig. 31) :—
L dK.a={dNa, and £ dK a = [ dXa,.

" Herymaws : * Handbueh der Physiologie,” 1879,
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On fixing “d” * a™ appears in erossed diplopia at a, and a,.
Hering states that this exact fixation of the double nnages is
only schematic; for the localization of the double false 1mages is
due to the retinal sense of position, and hence to experience.  The
scheme is only rigidly accurate with regard to the divection of the
false 1mages, those of “*a” must lie on the lines K3 and Kj.

[ have .LLiﬂlnptmTlf}sturlmlw experimentally the angular [ihlem
ment of the physiological double 1mages.! Hall of one eve's shave
in the binocular field was screened off, so that it was only visible
monoecularly; a registering needle was placed in this avea (being
monocularly and therefore singly seen): another needle out of the
line of fixation was seen double, the registering needle was placed
in the same plane as the false 1mages, so that their angular dis-
placement was measured. The monocular value thus found showed
that each eve saw the false image of the other eye at an angular
deviation from its own visual axis. Further investigation showed
that in binocular vision the line of vision of the :rI”l‘tL and of the
left eves coinecided, and this common line lay in the lumll.m line of
the head. In the language of physics, the conmmon visual axis
formed the resultant of the two hines of vision.  As the experimental
1esull,a briefly indicated above show that the analysis of the double
images also indicates the duplex nature of the perceiving organ, |
concluded that the central common visual axis of HErinG's { !,n,lﬂ-
pean theory, and the double images grouped at an angle to it, were
not the attributes of a sense stimulation, but of a central combina-
tion, a psychical synthesis.

Hermxg's Nariviss.—In my opinion this last eonclusion is of
importance because, in combination with certain considerations
which will be given later, it shows that the actnal conditions
obtaining in two- eved sight, in the elucidation of which HeriNg
has ]H}l!ntincd a lasting service, admit of an interpretation of the
organ of wvision different from that corresponding to this author's
views,

HERING considers that the “ sensations of space ™ are essential
attributes of the retina ; as we have seen already, they show a con-
genital longitudinal segmentation, arranged in a contrary manner
to the sensations of depth in the two retine, Herixg looks upon
space-vision as congenital, but in its primitive form there is “no
appreciation of far and near, which first develops when the egois
contrasted with the visible image.”

According to HERING, 1n f[ilh developed space-vision “Hn-
visible space, as an mtwrml whole, 15 differentiated from the ego.
The sensations of space have a quantitative value relative to the
sense of remoteness of the basie plane. ** The localization of the
basic point is dependent partly on the sensations of space aroused
in the sensorium by the dominant retinal pictures and partly to the
re-presentations, derived in some way or other [rom experience,
which we make of the position of tiw point fixed ; these experiences
may be derived from the past, or merely from llw IIILH{IH{-'HL.‘-: of
the eve as it closely scans the ‘nl‘-tl‘ti field (Physiol. Beitr.,v., p. 345).

U Zettsehr, f. Sinnesphiys,, xliv.
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I'rom these extracts it 1s clear that HErING's standpoint is not
purely nativistic ; to fully explain the details of our space vision he
must borrow from experience, and that too of the partienlar indi-
vidual. In answer to the objection that HEriNG's explanation of
sensations of space had no real foundation, HiLLEBRAND' seeks to
establish the following : * Objects in the greatest proximity must be
sought for close to the visible parts of the body (the nose and the
forehead). When, therefore, I speak of an absolute localization of the
basie point, I mean not a localization with reference to true space,

but one which refers to the wvisunal field . . . the ‘absolute
localization * of the basic point is 1 fact nul. absolute, but obviously
a localization relative to one's own body.” According to HILLE-

mmm: those points on the retina on which the nose and the
forehead are pictured, are also important bases for sensations of
depth. The position of the basic point depends on them, and the
sensations of depth in the meridional bands are not related to this
basic point, but to those peripheral retinal points. Such a point of
view may be valid for vision in ordinary circumstances; but 1t
cannot be considered so for HERING'S sensations of space, as these
are present when the stimuli are points of hight n the dark*
Eyriricism.—The opposed ideas of vision, * Nativism”™ and
* FKmpiricism,” are due to various schools of Lvm*lctl philosophy.
The English philosopher Berrrney?® referred all vision to experi-
ence. . v. Hew MHOLTZ must he mentioned as a particularly
strong supporter of ** i nzplnf_lmn. He would attach all the phen-
omena of vision to other ** antecedents such as the simple psychic
activities, certainly ¢ Ivmmlwh requiring further elucidation, buf
still present and important.” The essence of empiricism is found in
the following : ““The impressions of the sense organs are signs to our
consclonsness, and it 18 left to our intellect to learn their meaning.”
The * sense of innervation” of the eye-muscles In convergence
1s the chief factor to be considered in binoeunlar vision ; but other
factors derived from experience oceur in the vision of solids.
Wuxpr conducted researches to show the influence of accom-
modation and eonvergence on the sensation of depth ; HiLLEsRAND!
found fault with his experiments, as they did not elucidate the
possibility of muscle-sensation, nor was vision from separate
points or other acguired elements excluded. He himself investi-
pated the influence of accommodation and convergence, making
monocular observations by means of black cards, which were
movable in front of a white background ; he came to the conclusion
that the muscular sense bad by no means the delicacy which was
attributed to it, and that it conveyed the sense of depth only to
a very limited extent, which was far from absolute.
I consider that we can rightly urge against IHILLEBRAND'S view
that such experiments do “not contradict an hypothesis which

b Fevfschy. j' _J“‘.sjyrh_ i, Plys. der Sinnesorg., xxvi.
! Lowsmaxy : Zeitschy, f. Sinnesplys., xliv.

8 Theory of Vision,” London, 1709,

Y Zevtschr. f. Psyeh. w. Phys. der Sunnesorg., vii,
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postulates that sensations and experiences as an accumulated whole
produce the impression of solidity. Imagine a case : Consider the
question as to whether a horse could turn a merry-go-round,
Becanse the animal was unable to move all the constitnent parts of
the apparatus on sandy ground, it could not be concluded that its
strength was insufficient to turn the merry-go-round when properly
erected.

FacTrors oF EXPERIENCE.—DBefore we come to vision with
transversely dissociated retinal images, which is most important
i the vision ol solids, I would like to call attention to some facts
concerning experience which are of importance in our estimation of
space. I would first call attention to the experiments of STraTTON.
For many days he wore an optical instrument which threw
re-inverted mmages of all objects on the retina. He suffered great
confusion on the first day, but on the second was becoming
accustomed to the unusaal visnal conditions ; this facility increased
from day to day until he finally again saw all objects upright.

The great influence ol experience on vision is shown in the
so-called apparent movement in stereoscopic pictures.”  If a person
be standing still in the foreground of a plastograph picture, an
apparent movement is observed when the observer's head 1s moved
to the side. If an actnal person were standing on the strect and
we made the movement, the nmage of the person would make an
apparent movement in the opposite divection, dne to change n
parallax ; the failure of such an apparent movement would only
be explicable if the person moved in the same direction as the
observer.

Thv apparvent movement of the person is thus readily under-
stood,® and the principle is exactly the same as underlies another
example of apparent movement.* Moving about a room and
keeping the eyes fixed on a portrait which is painted with the gaze
of the i-,ulqc-cx fixed on .the observer, the impression 1s conveved
that its gaze follows one's movement.

[t 1s beyvond all doubt that the factor of experience plays
a great part m vision. This is best shown in judging distances,
in which secondary empirvieal factors mflnence ]u:]'rru-.*nt, to such
an extent. If we stand on the seashore 50 metres from the
surf, the sea appears to be of great extent; the shore, on the
contrary, as a comparatively narvrow strip, although 1t 1s seen al
an angle of about 875" as against the 21° of the sea. Finruxg?
considers that we “attenuate ™ the shorve: and he looks on this
‘““ horizontal deepening " as a true psychic act. In this connection
it may be remembered how perspective drawing in a picture will

I f'sﬂq-fmfnyfr'm" Review, 1506 and 1897,

* Hewe: Aveh. f. Ophthal., Ixi

* Another explanation, WexsoLp, Arek, £, Oplithal., Iviii.

' Strave : ¢ Der Platz des Bewusstseins in der Theorie des Sehens,” Stutteart,
Enke.

b K.g., Arch, f. Piys., 1910,



144 DISTURBANCES OF THE VISUAL FUNCTIONS

give the impression of depth. V. Aster! studied the conditions
under which this impression of solidity was given by drawings in
two dimensions. He came to the conclusion that the lmpression
of solidity in a 1humhu~=; was communicated by the horizontal line,
which assisted the * passage to the third dimension.” This
“successive grasp” of the horizontal is brought about by the
appearances presented by such objects as really do extend in depth.
A horizontal rod lying in the mid plane of the head, by binocular
vision only appears F}II'IE]L at the point of fixation, thp rest of it is
seen double; according to v. AsSTER the double images further
induce fixation, and thus the rod and the eyes will in a sense travel
in depth.

THE CONDITIONS UNDEk WHICH DEPTH 18 KsTiMATED MoXo-
CULARLY AND BixocULARLY.—While it will not be denied that
the last examples can be referred to the psychic side of vision, the
opinion is general that true binocular vision (vision with librate
impressions) is something different, namely a sense-perception
corresponding to the view "of HERrIxG, which we have given above.
This idea is especially emphasized I;-.', Heixe.* Others, on the
contrary, take the view that monocular vision of solids only differs
in degree from binocular. Paxuws lays stress on this.

With this suggestion we can return to the astonishing sense of
solidity which can be obtained by the monocular stereoscope which
the firm of ZEerss have put on the market under the name of
“ Verant.”

MoxocvLar Parannax.—The view that there is no essential
difference between monocular and binocular vision of depth is
advocated by Stravs?® He relates that in malking an ophthal-
moscople examination with one eye, when he wishes to determine
a difference in level by parallactic movement, he suddenly receives
the composite sensation of view in relief. The impression of depth
can be obtained from the monocular observation of stroboscopically
displayed figures; but in such cases—and this is against STRAUE—
there is not that complete certainty as to extension in space
(whether nearer or farther) which binocular vision vields. STRAUB
replies to this objection that the peculiarity of the test caused
this inferiority, as contrasted with stereoscopic observation. The
important fact which is established is that monocular parallax
gave a convincing representation of a body in three dimensions.
STRAUL also refers to the work of GuILLoz,' who, alternately
stimulating each eye by the alternating halves of stereoscopic
pictures, pmduceﬁ vision i solidity, Lhmlr-h the mterval extended
to one second, and suecessive not simultaneous fusion was taking
place. Krusivs® records the results of the alternate exhibition of
stereoscopic halves. If the eye was occluded 35—10 times per

' Senumany : © Beitriige z, Analyse der Gesichtswahmehmungen,” iii, 1909,
* Aweh. f. Ophihal., 1xi, 1.

Zeilselr. . Psyel. w. Plys. der Sinnesorg,, xxxvi.

! Soe. d. Biologie, 1904, * Areh. f. Angenheilk., Ixii.
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second, ** orthostercoscopy ' (HEiNz) resulted when the eves were
used alternately, but only a flat picture was seen if only one eye
was in use. On the other hand, with an alternation frequency
of 10—1'5 both with the one eve and with the two, a flickering
image was perceived.

Psycuie IFusion or MoNoCULAR  VISUAL Iumu‘samwa.
Regarding the * psychie fusion of incongruous retinal images,”™ 1
am nupuwwd by the demonstration that the horizontal libration of
the two monocular images, resulting from the horizontal position of
the two eves, in combination with other elements, can verv well be
considered as the empirical factor in the ontogenesis of spatial
impressions. * 1 have already empbasized the congenital nature of
the disposition of the two eyes and their delieate central connections.
But the melody which 1s produced by this orchestra—vision in
solidity—is a psychical act. Consider fig. 1; the associative and
productive connections indicated by the hLmh lines will evolve the
perception of solidity with greater certainty when librate impressions
from both optical centres can be turned to account. If there be no
parallel centres, as is the case in monocular vision, the impression
of solidity can only be of moderate intensity. [ .‘m,w previously
shown that the combination of the two eyes (( 'yelopean eye) result-
ing from a psychical synthesis, as recognized in the law of the
central common visual axis, can be broken down by spvcm] methods
of examination ; snmlarly in the phenomenon called ** the strife of
the two visual fields ” we possess a key explaining the nature of the
psychical activity in vision of solidity.® T'his ** strife of the fields”
1s nothing else than our consciousness of the swaying of psychical
activity first towards the image from one eye and then successively
to that from the other. Generally the percept resulting from these
incongruons visual nmpressions is so bult up that 1t lies above the
limits of the fusion frequency—ifl the analogy may be allowed—of
the strife of the fields.

TEsTs oF BiNocuLARr VisioN AxD EsrivarioN or Depra.—The
best apparatus for testing the binocular estimation of depth is that
provided by Hirixe’s drop test. The person to be examined
places his face in the front end of a tubular sereen, opposite the
other end of which, and at some distance, a bead is suspended by
a vertical thread. Before or behind tlis bead small balls can be
dropped, and the examinee has to say where they have fallen; the
surface on which the balls drop must be covered with a cloth to
deaden the sound. A very useful apparatus has been Ll{“-lnuml by
TscHErMAK (made by PorLakerr in Halle).  In this, by means of a
serew, a third rod is to be brought into the same plane as two other
rods, which ean themselves hu moved 1 relation to each other.
For very exact examinations the * Haploscope " of HERING * is used.

! Erscaixg : Verein 2 Verbreitunge natur. Kenntnisse, Vienna, 1906,

¥ Aeitsehr, f. Payel. u. Phys. dev Sinnesoryg., xliil.

3 Ibid., xl,

¥ Description—HivLepraxp : Zeitschr, f. Psych, w. Phys. d, Stnnes., v.
10
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Each half picture, reflected by a mirror, 1s movable around an axis
going through the centre of rotation of the eye, and can be moved
nearer to or farther from the eye.

THE MoNocvLAr CoNDITION.—In discussing the pathology of
binocular vision we must first consider the monocular condition,
which, when suddenly occurring (by loss through disease or
accident of one eye or its uqmn] produces a Lwnpt:-n,r_-,r but con-
siderable visual disturbance. The appreciation of depth in any
nmmpuhtmm at short range will be seriously duummhu’l, as will
one's confidence in \miluug (particularly noticeable in going up
steps). Workmen such as skilled mechanies or fitters, to whom
the instant recognition of depth is necessary, may be prevented by
the loss of binocular vision from following their trade. In
general, we can say that the one-eyed soon become accustomed to
monocular vision, and soon learn by parallactic movements of the
head, or from experience stored up of the position of objects behind
each other, by differences in illumination and perspective, &c., to
develop a very considerable and practically useful power of mon-
ocularly estimating difference in depth. This last observation was
frequently im::uffhl: forward as evidence that monocular and bin-
ocular vision fmly differ in degree, and it is still so used. The fact
which is herve referred to is, however, no strict proof of this state-
ment, for it does not show that the empirical use of parallactic
movements of the head, with the other expedients, reproduce the
direct 'lnum-ulfu nnpression. Further, the one-eyed would fail with
Henrine's drop test, which postulates aunulmmmls two-eyed vision,
Verwey! conducted experiments on the precision of the estimation
of distance by means of monocular parallax, and came to the con-
clusion that a direct representation of distance is possible by mon-
ocular parallax alone; that such vision alone, however, was always
a poor makeshift for binocular estimation of depth. Of all the
“ psychic " factors which must be taken into account in vision of
depth, this has the greatest utility to those who have but one eye.

To investigate the conditions governing monocular estimation
of depth, an apparatus is essential, which, while utilizing signs of
empirical value, bases its action on some 51.mptmn-f_'muplu:x ‘which
really can be ‘:-ll]_lllllllL{] by monocular observation. BSuch an appa-
ratus has been supplied by Pranz; this “stereoscoptometer ”
consists of three rods which ean be moved about by fine adjustments
and carry on their tops variously coloured balls. The patients must
sy whether the balls are on the same level, or one in front of the
line of the other two, &c. This apparatus 1s very handy, and will
tell whether a good and practical monoeunlar power of {ml;!nnblllﬂ
depth has been acquired, and if the * habit of monocular vision’
has been developed.  According to Pranz one-eyed people possess
a sufficiently good np[:l‘wmtmn of depth for industrial purposes, if
their error 1s less than } to 4 em. when } metre in front of the
apparatus.  This latter assurance 1s very valuable when we have to

- =

b Aveh. . Augenhedlk., 1xvi.
* Klin, Monatsbl. f. Augenheilk., xlv.
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give an opinion on a case, for it is customary to assess the loss of an
eve at a r.un:ntuun.’llunl of 33 per cent., but after the * habit of
monocular vision 7 1s *Lu|m|ui only 25 per cent. is allowed.  While
some authors, e.q., "'iscHEr,! voice the opinion that a test with
PFPanz's apparatus is unnecessary and lallacious, becanse the data of
importance to the examinee in his ocenpation arve only accessible to
him in the place where he works, and also because the test deseribed
demands a certain degree of intelligence, others are still more
convineed of the value of a stereoscoptometer test, for though it can
be taken as genevally true that after one to two years the person
has become acenstomed to monocular vision, yet the capability of
learning the monocular estimation of three dimensions will be
favourably or unfavourably influenced by personal elements, such as
age, mental alertness, &e.

Estivarion oF DEprH AND UNILATERAL DEFECTS IN VISUAL
Acurry.—In considering the question of good binocular vision,
particularly in its legal aspects, 1t is lmpmhnt to note the degree of
visual acnity which it necessarily demands. Agreeing with the
views of other investigators, Pranz® reports Llnl: when relvaction
was equal mm both eves and there was no squint, a good binocular
estimation of depth was present provided the vision of one eye was
15 or more, that of the other being normal. AXENFELD® considers
that with a unilateral reduction of the visual acuity to not less
than L in one eyve, zood binocular vision can be assumed without
special testing,

Araaxia.—In aphakia, when the absence of the lens results in
a lowering of vision to less than 4;, the power of binocular estima-
tion of depth' is lost. The field of the aphakic eye is of value,
however, in the interest of the binoecular field. When there 1s a
squint, however, the blurred image of the eve without the lens may
lead to troublesome diplopia, and TEss® considers that extraction
is contra-indicated when there is a paralytic strabismus in a
catarnctous eye, if the other eye be healthy.

In the Universitits Augenkiinik in Munich a patient with an
aphakie squinting eye was examined for a medical opinion ; when
a red glass was held before the eye (deviating 7°) diplopia resulted ;
and when the examination was repeated at different distances the
separation of the images was found to correspond to the angular
deviation of the eyes. For other reasons the possibility of these
double images having a disturbing lnﬂuenw had been negatived
and the decision arrived at that “habit” was 1L:‘|.l_1fiflli’.d ‘with
reduction of compensation). The patient, however, stated that,
especially when Inminous objects were looked at {hllfrht borders or
alowing pieces of iron), he was confused by obscure diplopia.  We

' Monatssehrift f. Unfallheilkunde . Invalidenieesen, xiv,

* Oplithal. Klinik,, 1898,

* Tenth International Congress, Lucerne, 1904,

* Sepmipt-Rivener : Wein, med. Woek., 1599,

# 4 Trkeankungen der Linse * in Grire-Simisci's * Handbueh der Augen-
hetlkunde," 1i
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could not advise a reduction of the compensation, and considered
the double images to be still a disturbing factor; although a
medical expert opimion might argne them away, the imjured man,
though he only saw them in the exceptional cases mentioned, still
was psychically affected by them.

Pararyrie Souvint.!'—A  confusion of binocular vision occurs
when there 1s a sudden restriction of the motility of one eye, so that
it does not move with that congemtal and acquired aptitude in an
identical manner with the other, and with a simmlar relation to
objects around. Fxternally this affection shows itself by the
abnormal position of the eyes suddenly giving the person an
unusual appearance; a squint develops.

The patient, who is not aware of this defective position, will be
extremely annoyed by the oeccurrence of uncomfortable, and at
first extremely confusing, diplopia. They often find out instine-
tively, or may have been advised, that the troublesome double
images and the confusion in orientation will disappear at once if
one eve be covered up. It is in this way that ocular giddiness
18 distinguished from auwricular or central, for in these latter the
closing of one eye or both produces no relief from the symptoms.

Tue DouvbsrLe Imaces,—We must pay some attention to the
double images which are caused by the paralysis of one or more
muscles. Passing over other and older explanations, I would eall
attention to the remarks on identical points in the refinw and the
central common visnal axis (vide supra), and trace the origin of
the double 1mages as follows :—

The central common visnal axis, according to HERING, lies 1n
the middle line of the head ; 1t ean be 1magined as the resultant
of the fusion of the two visual axes (the line joining the macula
to the nodal point of the eye); it mayalso be considered as the
line bisecting the convergence angle. This eommon axis, on which
external objects are projected, will remain the same, when by a
sudden paralytic squint one eye is torn from its customary sensory
association with the other, and their subjective community of
relationship is deprived of its sensory support. The psychical faculty
concerned with reasoning and deduction does not take into con-
sideration the paralysis of one or more museles ; 1t responds to the
nerve impulses which reach the centres for the eve muscles as
usual, and to the sensory impressions from the eyes, the whole
being fitted into the customary scheme of arvangement. The
visual impressions from both maeculme will be projected together on
the common visnal axis in the middle line of the head. In the
correct direction the patient will see the object fixed with the
healthy eye, and at the same time in the same direction another
picture, which is not intentionally fixed, but corresponds to the
paralysed eye. Naturally, we cannot speak of seeing the two foveal
impressions in the same way and to the same degree, as the basis
for a binocular vision of depth with three dimensions has been
removed.

' GriFE AND DBreILscHowsky in GrArPe-Siamscu’s * Handbuch der Augen-
heilkunde, ii.”
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As the conscions and intent fixation of an object with the sound
eye lmmediately, or very rapidly, produces an accentuation of the
visnal impressions formed by the object 1n this eve, the confusion
of vision which results from the complexity of the muddle will be
easily understood when we consider what has preceded. The
conditions must be looked at more closely along with the diagram
shown 1n fig. 32. The point fixed a is represented on the
macula () of the sound eye only; in the paralysed eye its image

Fic. 82, —Diagram explanatory of double images,
i L=}

falls on a spot @ on the retina excentric and corresponding to
the angle of the squint. At the macula of this eye another point
b is represented, which in the sound eye forms an image on
an opposite excentric point on the rvetina. If we now indicate
Herixg's * Cyclopean " eye in the middle, F' corresponds to the
point «; this visnal impression corresponding to the macula of
the sound eye, has associated with it the equally sharp visual
impression of b in the paralysed eye ; while the weaker excentric
sensory impression of the point of fixation in the paralysed eve, will
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be loealized in the direction towards a. The diagram shows how
the images of the two eyes, to a certain extent, will be placed
sideways over each other, and will confuse and conceal each other.
If one object, by reason of its size or illumination, stands out from
its surroundings, so that even its excentric image in the par aly=ed
eye overcomes all other impressions which this eye receives (even
those of the macula), then out of the jumble of objects the person
with the paralysed eye will receive the definite impression of double
Hnages,

ABSOoLUTE LocArnizarion.——Just as the diplopia of a paralytic
squint results from the relationships of the two eyes in the con-
sclousness, so another defeet occurring in paralytic squint—the
disturbance of absolute localization—is due to the motor and
nervous associations of the apparatus of the eves. Absolute locali-
zation (localization of an object with relation to the body) ean be
tested in the following manner: Place the patient before a board,
and with a horizontal screen exclude from vision the lower part
with the hands, &e. If a vertical line be now drawn on the board,
and the patient be asked, while freely fixing the line with one eye,
to produce it with a chalk under the sereen, a continunous line
should be found when the sereen is removed. This is not the case
if the patient has a mwuscle paralysis. The lower line will then be
displaced sideways from the upper, and the error will be greater
according as the eye is looking in the direction of action of the
paralysed mmuscle.

BieLscanowsky' coneluded from his investigations (in opposition
to Lianpornr), that the angular degree of defect in localization on
fixation with the paralysed eye was equal to the secondary deviation.
The secondary strabismie angle, which 1s greater than the primary
deviation of the affected eye, occurs when the sound eye is covered
and the affected eye is used for fixation. 'To effect this fixation
a considerably greater innervation is necessary on account of the
paralysis,

The sound eye under cover, receiving the same mnervation
as the affected one, deviates fslu_m"h i or out. The disturbance
of absolute localization, shown by false movements of touch, results
from the innervation impulse and corresponds with a position
which the unaffected eye would take up without any restriction
from the pm*u]yma (secondary angle of dc-vntmn}

In certain cases, where the paralysed eye is the * leading ™ one,
a variation of this {h fect is seen, and within certain limits a correct
localization is possible with the paralysed eyve. A. GrAFE found
that some qualification specially favourable for vision was the
reason for the paralysed eye being used for fixation, while the
sound one deviated secondarily ; the further observation that
though the refraction and the visual acuity of the two eyes were
the same, still exceptionally the affected eye would be used for
fixation, was explained by this reference “that in certain conditions
the closer le‘me'-Jnmlm:-*.L of the double images resulting from the

' Ber, der l.’)p!rmm' fresetl., lleulelbf.'rf.,. 1906.
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primary deviation is more confusing than the wider separation
which oceurs in the secondary deviation.” In a case where the
refraction and the vision were equal in the two eyes, I have been
able to show that the cause of the fixation being persistently in the
paralysed eye was the inability to close it ; the patient conld shut
the sound eye or both eves together, ]JuL could not close the
paralysed one alone.  \When in these exceptional cases an adequate
localization 1s developed by custom, the defect in tactile movement
is found on the unparalysed side (Spastische Localisationsstirung,
SACHS).

SUrprEsstoN oF THE DovsnLe Ivaces.—The diplopia at the
onset of the aflection 1s extremely confusing, but even when the
paralysis does not improve, the individual becomes accustomed
to this vision. The general rule is that no new association of the
retinal pictures is developed, but the impressions from one eye
(generally the deviating one) are suppressed,

ExcrLusion as EvVIDENCE oOF THE STRIFE oF THE IIELDS.—
Suppression will be readily understood 1f we reecall the phenomenon
of “the strife of the fields,” readily apparent when objects of
different colour and contour are presented to each eye sinul-
taneously ; the conscionsness alternately accepts first the one and
then the other object. If we carefully consider the matter! we
will see that this strife is always oceurring in the physiological
double images of daily life ; this is more n-mh]v seen 1 hyperopes
than in other refractive states. As the conscious innervation
corresponds with the loc alization by the unaftected eye, a gradual
sensory accentuation of the impressions of this eye over those of the
other eye will be produced, as we have already seen.  Being thus
better :-r]m[:pufl in the strife, the image of the unaffected eve will
gradually trinmph over that of the affected one; and its per manent
trinmph is shown in the suppression of the visual impressions of
the latter.

Vision 1y CoXcoMITANT SouiNT.—In the ease of the common
non-paralytic (concomitant) squint, the question as to the nature of
the vision with respect to the combined action of the two eyes, has
long been freely diseussed hypothetically, but only in recent times
has it been made the ground of exhaustive investization, and its
actual conditions better understood. The advocates of nativism
or empiricism each looked on vision in squnt as the touchstone
or proof of their particular theory ; Jou. MULLER considered
that the basis of such wvision lay in a congenital alteration of the
identical points of the retina, while A, h]ui‘:. referved 1t to an
acquired abnormal identity. The work of BriLscuowsky* and
Tscuermak® has placed our knowledge of the vision of squinters on
a deeper and broader foundation.'

' LoumMaxy : Feitschr. I Pagelt. u. f‘;r_i_.l.*., der Stnnesorg., x1

P Areh. f. Oplithal, xlvi. and 1.

P Awvele f. Oplithal. xlvil., also Centralblatt §. prakf. Augenheilk., Nov. 1902,
+ Review, Horruaxy in Spivo, Asher, “ Ergebnisse der Physiologie,”” 1912,
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MeTHOD oOF INvESTIGATION AND CLassiFicaTioNx REecoM-
MENDED BY TscHERMAK.—For the exact subdivision of squinters—
and they differ greatly, as analysis shows—the angle of the squint
and the nature of the localization must be dptmmmeﬂ, and a com-
parison of the two made. According to TscHERMAK, this examina-
tion is best carried out by means of the after 1mages of a tubular

fi FP

"1, 33, —Normal retinal corvespondence in squint (TscHERMAK).

incandescent lamp, which is used to exeite at the macula of the
squinting eye a persistent negative after-image, and the angle of the
squint 1s determined by fixing the zero of a MapboX tangent scale
by the leading eye ; both eves being open, a test object hEILiI as a
pencil 1s 111L|n{11iwfl into the field tmiu the side to which the eye is
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squinting, until the entoptic image of the filament and the (exogenic)
point of the pencil coincide, This point and its linear separation
from the fixation point supply the data for the angle of the squint,

By testing the localization, 1t has been shown that a number of
m]mm‘.eu-. possess the normal cnmeapondvnw of the two retine, If
by means of the luminous filament we produce in one eye a hori-

FP

K )

F1G. 84—Abnormal harmonie retinal correspondence (TSCHERMAK).

zontal (transfoveal) negative after-image, and in the other a sinilar
vertical one, and then look at a vertical white sheet, such cases
would show a regular cross. In spite of the motor anomaly there is
here normal sensory correspondence (fig. 33). 1f the retinal after-
images do not form a cross, a new relationship between the two
retine must have developed (an “ anomalous community ™ of visual
axes). This anomalous community may be in inulnmn with the
angle of the squint or not. If the angle of the squint and the
llnﬂlt. of the anomwaly coincide, then we have harmonie anomalous
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vision (fig. 34}, if they do not correspond then we have disharmonie
anomalous vision (Apam) (fig. 35).

TscHErMAK considers that the latter cases of anomalous com-
munity of visnal axes are due to the fact that the correspondence
which 1s found is the remains of a former harmonic anomalous
comimmunity of visual axes.

It is clear that in the first and the third groups the image of the
squinting eye must be suppressed, and only in the harmonic form

FP

Fra. 35, —Abnormal disharmonie retinal correspondence (TScHERMAK),

can we speak of binocular vision. As to the relationship of the
various groups to each other, I will quote Apaw’s figures:' In 100
squinters this author found 66 whose locahzation was of the
anomalons type, and of these only six were disharmonie.

The binocular vision of these harmonic types is far from being

V Zeibgohr, . Augenheilk., xvi,
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the same as that of normal binocular vision. Miteer' found that
It was UII]}.' ﬂui‘u]ullcd to the extent of HH{-in;_{ nnhke {|.||]]}|:,-'{}:-:uu]}u
pictures as a group ; much more ravely was there a fusion of parts
of the same picture presented as stereoscopic halves; and he only
found one patient with a low grade of stereoscopie vision,

NORMAL AND  ApxorMAL CORRESPONDENCE. —According to
BieLscHowsky, there i1s an essential difference between normal and
abnormal correspondence. (1) The anomaly angle varies in the
latter ; 1t 1s not a constant and varies with different methods of
test. (2) There is absence of a tendency to fusion, the variations of
the angle of the ELI]OIll.ll‘g. which was so tulh and thoronghly studied
by ScHLODTMANN,? must not be considered as a te ‘ndency to fusion.
The fact that Mi*aGi with the amblyoscope demonstrated a breadth
of fusion of 10° in a patient must be borne in mind. (3) There is
loss of estimation of depth; MiUGGr's observation 1s an excep-
tton to this. (4) There 15 a dissimtlarity and want of strife between
the nmages produced in the two eyes.

Though the abnormal common visnal axis must be considered
as variable in comparison to the normal, still in my opinion there
are no grounds for considering the common visual axis as essentially
umgmutﬂ,l in the nativistie sense.

In view of what we have alveady considered, the acquired
abnormal correspondence of the retine can be considered as a
psychie faculty just as is the sense of depth, and naturally when
the association of the individnal elements 1s the normal congenital
one, the function 1s more accurate. In my opinion, it is the
existence of this anomalons common axis, in spite of unfavourable
conditions and relations, which proves that a functional co-ordina-
tion, though variable, can be attained, and furnishes evidence of
a psychical faenlty which, as we have already indicated, is to be
[ound 1n ereative and reproductive processes.

CONDITIONS IN SQUINTERS AFTER OPERATION.—After operation
there are three stages in which vision differs” :—

(1) The absolute predominance of the anomalous localization ;
after a successful operation double images (** paradoxical diplopia ™)
may still ocenr.  This is genervally not the case, for as O rightly
shows, anomalous projection is much more common than confusing
diplopia.

(2) In the second stage there is a conflict between normal and
abnormal localization. Onym demonstrated in three of the cases
in his series that there was monocular diplopia and binocular
triplopia.  BIELSCHOWSKY's investigations on monocular diplopia
first gave an impetus to exact critical {-\.llnimuir:n of the conditions
of the two retinm in squint. The ﬂ]p]npu 15 to be explained by
the projection of the object according to the acquired loc alization,
and also according to the congenital sense of space in the retina.
The duration of this stage varies: it may last for days, weeks,
months, or even years.

Virel, f. Ophfhal., 1xxix. ? fhed., 11
* Dpar o Awveldr, _.F'_ {J!J.Mf.'rrf_._ Ixxvii,
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(4) The predominance of normal localization. Binocular estima-
tion of depth must be acquired with difficulty ; it is doubtful whether
complete normal binocular vision will be acquived. OBM certainly
takes this view. MitaGE, on the uLi]H hand, i1s sceptical and leans
to the view, which 1s also voiced by ScuwEIGGER :! *“In squinters
who have acquired a new lﬂl.l,me-.Iup between their two mtm.n
the normal binocular vision will not be learnt after operation.”
This sentence baldly stated 1s not quite correct, but experience,
such as that of MUGGE and Apams, shows that TSCHERMAK'S con-
jecture 1s valid ; those with a harmonic anomalous localization,
especially when there is a certain degree of perception of depth,
have a smaller chance of developing the norinal relations of the
two eyes, an important fact 1n prognosis, as a cosmetic success may
mean an Mtwuwh persistent functional disturbance.

ORIGIN AND IMPORTANCE OF AN ANOMALOUS COMMON AXIiS.—
We have no certain knowledge of the origin of the anomalous
common axis. \While some would see in th:= sqquinting posture the

orimary and chief eause for the incidence of an anomalous axis,
[tGGE holds the view that some defect in the arrangement of the
normal eorrespondence is a necessary precedent to that relationship
of the two retine which 1s the means of obviating diplopia.  Accord-
ing to MUGGE, the inefficiency of these congenital arrangements is
proved by the long persistence of the abnormal relationship, and
by the fact that :-lrlllhl_‘;.-l']‘:-(.{}]}lt., exercises appear to produce only
an 1ncomplete binocular vision. One of the chief factors m the
ocenrrence of the anomalous common axis is to be found, accord-
ing to BEILScHOWSKY, in the fixity of the strabismic angle (stra-
bismus concomitans). It is only in extremely exceptional cases
that abnormal relationships will be developed in the two retina
in cases of strabismus paralyticus (A. GRAFE).

PRESENCE AND ABSENCE OF Fusiox IN CONCOMITANT SQUINT.
—The chief accompaniment of the defective retinal correspondence
is a defective fusion. WorrH? has clearly shown that this is so
in concomitant squint. By fusion is meant the impulse to binocular
unification, such as is shown in the stereoscopic union of two half
pictures, though they are brought together or separated, the eye
maintaining binocular single vision b}' following the movements
of the pictures.

WonrTtH found a defective fusion faculty in every squinter, best
marked in cases of strabismus alternans with good central vision 1n
each eye, and he considered that defective fusion was the origin of
the squint. Krusius® showed that there could be a defect in fusion
without any squint, and placed fusion in the trio—squint, fusion,
-Lmhl:,npm,—-m a sense giving it the central position, considering that
it was the important etiological factor in the production of squint
and amblyvopia. WonTa's view is of the greatest importance, for

U Aweh. f. Augenheilk., xxix.

* “Bquint, its Causes, Pathology and Treatment.” London: Bale, Sons and
Danielason, Great Titehficld Street, W. Price Bs.

¥ Ophihal, Gesell,, Heidelberg, 1908.
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the therapeutical results which follow fusion training have proved
such a valuable addition to our procedure in concomitant squint.
Tramxing THE Fusion Facvrry.—For the traiming of the
fusion faculty Wonrti has provided an apparatus (the amblvosecope,
fig. 36) by which, in any position of the eves, simultaneous stimula-
tion of the fovew can be achieved, and the visual chjects can be
very considerably displaced. Figures and pictures are used which
take into account the different degrees of fusion. In fig. 37 three
pairs of such figures are shown. The first pair does not provide
a true fusion of the nnages, but simultaneons vision of dissimilar
objects ; the second provides for the fusion of single partial pictures
into a complete whole. And for the third and most diflienlt degree

of binocular vision—vision of solids—the third pair of pictures is
adapted.

Krusivs recommends an amblvoscope with variable illumina-
tion, having the advantage of rendering fusion exercises possible
in those individuals to whom simultaneons vision of the objects
shown is not possible.

With respect to the results obtained by amblvoscope training
we must not theorize too freely, and must remember BIEL-
SCHOWSKY'S statement in the discussion on KrUsSIUS'S communica-
tion. He showed that a defective basis for binoeular vision
(abnormal retinal correspondence, fusion defect) is not present in
every case of concomitant squint, but that “ even after the squint
had lasted for vears, immediately on the position of the eves being
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restored to an ap plnhlmiﬂ--n of the normal, binoeular vision
occurred, without any fusion training being necessary ; in this case
the basis of the h-1r|1r11 was an anomalons position of rest, with
completely normal fusion mechanism.”

Fii, 37.—Dictures for use in Worra's Amblyoseope.

Not long ago I had the opportunity of examining such a case,
operated on in the private clinie of Professor Everssusca; I will
give the history, as it shows that the rule—that those squinters
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who have normal retinal correspondence have the best chance of a
good functional result after operation—needs certain reservations.
The vision was good in both eyes and the hypermetropia was low
(some 2 dioptres); after the operation, which cosmetically was
excellent, there was such a confusion of vision that ** paradoxical
diplopia was suspected.

A careful examination of the case showed that the disturbance
of vision was due to the tenotomy having broken down the asso-
eiation of the movements of convergence and accommodation.
The use of glasses for near and distant vision relieved the confusion
from which this young man suffered. Binocuolar vision was evident
at the verv first attempt with the amblyoscope (even binocular
stereoscopie) ; from the records of the case I conclude that normal
retinal correspondence was present before the operation,

The patient told me that he had formerly excluded the image
of the squinting eye, but that this did not always succeed; for
example, if he were reading the left page of a book with the right
(leading) eye, and there was a coloured picture on the other page,
it would always form an obscuring image over the print which he
was reading.

Aumpryoria EX Axorsia.—The third symptom in concomitant
squint 1s amblyopia ex anopsia. This must be considered as a
functional loss, as a suppression. Brsr' favours the view that
there is a suppression of visual perception, and this is supported
by the fact that we do not perceive the shadows of our own vessels
on the retina, and the evidence that the experienced ophthalmo-
scopist or microscopist with both eyes open only sees the object
which is being examined. By perimetry of the open eye, not being
used for microscopy, Brst successfully demonstrated a central
scotoma, the other eye having its attention directed the while to
the field of the microscope. According to this idea congenital
amblyopia can be considered as a permanent suppression of the
region of the fovea in the strife of the fields. 1 must here note
that in a case of congenital amblyopia in the Universitits-Angen-
klinik at Munich, we were able to go a step further than this
lowered condition of the fovea, and show that the periphery of the
amblyvopic eve |:|u.'.ti|m1 When the test was made nmlmf,:u]m-ly
the field of the functionally active eve was larger than when the
test was made binocularly, and this “defeat in the strife” affected
10° of the field in the [unctionally active eye; on the other
hand, a central scotoma without any anatomical signs 1n an ambly-
opia, which was absolute for blue to a binocnlar perimetric ex-
amination, was relative when the amblyvopic eve alone was tested
(¢f. Amblyopia Congemita, Chapter LV).

' Klin, Monatsbl, §. Auwgenheddk., ii., 1906,
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CHAPTER XI.

VISUAL DISTURBANCES IN DISEASES OF THE
VISUAL TRACTS AND CENTRES,

THE VisvaL Tracrs. : eye, iIn which the fibres of
the optic nerve sgpread out, there 15 a connection to the cerebrum,
so that symmetrical halves of the fundus oculi are related to corre-
sponding halves of the cerebral cortex. This is represented in
a general schematic manner in fig. 38. The following points should
be noted.!

CHiasMa.—The fibres of the optic nerve pass backwards and
inwards through the optic chiasma into the interior of the skull
via the optic foramen and form, with the fibres from the opposite
side, a crossing (semi-decussation), the chiasma. One half only
of each nerve passes over, the remaiming half continming on the
same side ; the * crossed " fibres pass through the bottom of the
chiasma, the *“ uncrossed " fibres through the top. In the * tractus
opticus "’ the fibres thus mixed are continued on to the basal ganglia,
the primary optic centres. The optic fibres pass into the corpus
geniculatum externum, the anterior corpus quadrigeminum, and
the optie thalamus.

Orric THanaAMUS.—The separate entrance of the optic fibres into
the three ganglionic masses at the base of the brain would seem
to have some functional significance.* Such, however, till now has
not been incontrovertibly demonstrated ; we must imagine the
enormous difficulty attending on an interpretation of pathologieal
anatomy, which shall be free from all objections ; nor 1s it always
possible to sharply discriminate with precision and certainty
between the sigus of nuclear affections and those from the neigh-
bouring parts.

There are connections between visual impressions and co-ordinate
movements, and though the latter are more dependent on the
muscular sense, yvet their dependence on visual impressions appears
quite clearly in those cases where the common and muscle senses
are lost. With their eyes open tabetics are able to maintain their
balance ; but with their eves closed they sway about and are no
longer able to stand upright (RoMBERG sign).

' BERNHEIMER, in GRAFE Siyiscu's * Handbueh der Augenheilkunde,” i ed.
*WiLenaxp-Bivaer: * Die Neurologie des Auges.”



-

-\.“_“_"
i

as =
e
= — i

-

Fic. 38— Dineram of the visual paths : o, optic nerve; ch, chiasma ; tr, optic
tract ; p, primary optic ganglion ; g, Gratiolet's bundle ; ce, cerebral cortex.
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We conclude that, by connections starting from the pulvinar
of the optic thalamus, visual stimuli can be transferred into imlmlg-;m-;
for the regulation of the motor functions. GRUNHAGEN considered
that the optie thalamus was the central junction for the voluntary
motor nerve-fibres. There 15 also a close connection between the
optic thalamus and the cerebellum, that central organ which is so
closely associated with the balaneing of the body. The connection
of the optic thalamus with GraTioLEr's visual bundle appears to
supply the path by which movement results under optical control
or in accordance with estimation of distances.

ANTERIOR CoRPUs QUADRIGEMINUM.'—The optiec fibres which
pass to the anterior corpora quadrigemina are concerned with the eye
movements. In lesions of the nucler we find paresis of the upward
and downward ocular movements, which arve of themselves so rare
that the coincidence indicates a relation between the corpora and
the ocular movement. The ocular fibres for the pupil reflex branch
off from the corpus geniculatum externum to the anterior corpus
quadrigeminum, and turn back from there to the nucleus for the
sphincter.

Corrvs GENICULATUM EXTERNUM.—The optic fibres concerned
in vision appear only to pass into the corpus geniculatum externum,
The visnal fibres extend from here through GrATIOLET'S connection
to the oceipital lobe of the cerebrum.

Before we take up the two possible but disputed connections
between the optic nerve-fibres and the cerebral cortex, we must
bear in mind the state of affairs which obtains 1 hemianopsia.
In many such eases of half-blindness the field shows that the line
of division between its right and left halves is not vertical, but
bends round the macular area in a circular, elliptical, or pear-shaped
line ; in these cases we speak of a “ superfluity in the field,” and its
presence or absence has been made the basis of an exact localization
of the causal lesion either before or behind the primary optie ganglia
(vide infra).

WiLsranp's View.—The possibility of this ¢ superfluity in the
field " occurring at all definitely proves a peculiarity in the con-
nection of the macula to the occipital lobe. WILBRAND'S hypo-
thesis put forward to explain this fact bases this double supply on
a dichotomous branching of the macular fibres in the chiasma
(HeixE locates the forking of the fibres in front of the primary
optic centres); WiLsraND further considered that there was a
correspondence between partieular areas of the retina and of the
occipital lobe, so that only a very restricted occipital area corre-
sponded to the maenla (projection of the retina on the cortex).
This idea is confirmed by scotomata of the macular area only.
WiLBrAND described a very circumsecribed injury in the oceipital
region due to a penetrating wound ; he found small homonymous
defects in the fields of vision. UnrHore® has also observed similar
cases ; after a blow in one case there were cirenmseribed homonymons

! BacH : Zeitsehr. . Augenhedll., il
* Reetorial Address, 1908,
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defects in the field at the fixation point ; in another, where a falling
brick had caused a depression of the skull in the region of the visual
centre, there was a hmited homonymous hemanopsia.

BeEryuEmMER's ViEW.—DBERNHEIMER demonstrated anatomically
that there was an udlui:\tum of the right and left optic fibres in
the optic tract, and that such could not oceur after the fibres had
entered the corpus geniculatum externum : he supported the view
of Moxaxow as to the connection between the optic nerve-fibres
and the cortex. According to this anthor, the fibres from the pen-
pheral ganglion cells of the retina branch, but each only connects
with one, or few, of the cells of the primary optic centre; those
fibres, however, which come from parts corresponding to the macula,
branch, and each connects with many of the cells lying in the
nuclens. According to this view there is a multiple compound
connection between the macular fibres and the cortex, and thas the
predominance in vision of this site is explained.

According to BERNHEIMER, chinical support to I,I1|~_. point of view
is found in the fact that cases are extremely rare in which, with a
normal function of the periphery of the retina, there is a defect in
the field hited to the halves of the macula.  Such cases, however,
have already been reviewed (WiLpraxp, Unrnorr, &e.).

In view of these facts, the hypothesis of WiLsraxp and
Moxarow in my opinion can only be supported 1if the defects n
the macular area of the field be considered as the residunm of
a total hemianopszia. In this connection an observation by Haap!
may be quoted, referring to a central hemianopic defect in a man
aged Gl. * Further careful investigation showed that immedi-
ately after the onset of the allection, the disturbance was more
extensive and severe ; for a person who walked on the left side of
the patient disappeared entirely.” Taking this point of view, we
have the antagonistic nlul.m.l,tmn-, on the one hand of the
“ supertiuity of the field” by the pre-eminence of the macula,
and, on the other, of the hennanopic defect limited to the centre,
as demonstrating an increased vulnerability. These will present
difficulty in comprehension on the BeErxuiimer-Moxakow hypo-
thesis of the connections of the visual tracts to the eerebral cortex;
difficulties which will bhardly be removed by postulating lesions
differing qualitatively and quantitatively in their action. RoONNE's®
idea is that the escape of the macula lutea in hemianopsia must be
considered as the functional residue of a hemiamblyopia ; n view
of the actual occurrence of small central hemnanopic delects, this
presents the same theovetical difficulties as have been mentioned.

Arrecrioxs oF THE CHiasma.—Affections of the chiasma or in
the neighbourhood of the optic decussation (hypophysis tumours,
ncromegaly, cere bral syphilis, destructive processes in the sella tur-
ciea, &e.)? canse heteronvmous defects in the fields.  Corresponding

I ¥Maagxes : “ Untervichtstafeln,” Cases 2da and 240,

* Klin, Monafsil, . Awgenheilk., 1911,

3 An extremely valuable presentation of this subject by Unrnorr in GRAFE
Simmzcn’s © Handbueh der Augenheilkunde,”



164 DISTURBANCES OF THE VISUAL FUNCTIONS

to the loss of the field on the left temporal or left nasal side
there 1s a defect in the right field affecting the side of the same
name. As we have already mentioned, the erossed fibres lie in the
lower part of the chiasma and the uncrossed in the upper ; the result
is that processes at the floor of the chiasma result in a defect in the
two nasal halves of the retinm (temporal hemianopsia); processes
destroying or compressing the roof of the chiasma destroy the
function of the temporal halves of the retinge (nasal hemianopsia).
The first variety is more common ; HIRSCHBERG, in an ingenious
comparison, calls it *“ Blinker-hemianopsia.” NETTLESHIP insists
that the retinal defect may begin as an amblyopia, and the temporal
hemianopsia gradually develop. On the other hand, UnTHOFF
observed the commencement of a temporal hemianopsia as a bilateral
paracentral scotoma outside the point of fixation, and states that the
scotoma then showed characteristic peculiarities; 1t was sharply
delimited by the vertical line of separation, and from this it stretched
outwards. The scotoma enlarged during the five years the case
was observed, and finally completely filled the half of the field.

The profound alterations of funection occurring in affections of
the chiasma are related in some cases to the rupture of a eyst,! and
in others changes in the lnmen of vaseular tumours® play a part.

As RonwE® has shown, an exact analysis of the fields in heter-
onymons hemianopsia will yield interesting evidence of the course
of the fibres in the chiasma. We know that in the nasal half of
the retina the fibres radiate from the optic entry to the periphery ;
the distribution in the temporal half is different ; here the fibres
sweep above and below the macula to meet in a raphe which
separates the upper and the lower temporal quadrants from each
other (see Chapter IV). After carefully analysing two cases of
temporal hemianopsia, RONXE coneluded that crossing does take
place in the chiasma, and that the uncrossed as well as the crossed
bundle maintains the same position as i1t had n the retina.

Hosmoxvaovs HeEsMiaxopsia.—According to RONNE a4 grouping
of the fibres takes place in such a way that fibres from identical
regions of the retine come together ; and RONNE is inelined to con-
clude from the frequent demonstration of quadrant hemianopsia in
a form reflecting the *“ raphe” of the temporal half of the retina,
that the erossed fibres attach themselves to the uncrossed. For
just as a complete loss of vision to the left or to the right can
occur in hemnanopsia, so defects oceur which are limited by the
horizontal meridian throngh the point of fixation (quadrant hemi-
anopsia). On the other hand, the homonymous defects may be
more wregular ; they may, for example, begin in the form of a sector
and gradually progress to total hemianopsia, and again may recede
in the opposite direction, as in the case which UHTHOFF has
recorded of a hemianopsia in the progressive and regressive phases.
In the homonymous, as in the heteronymous, the defect can be for

' Erpuem : © Sitzangsbericht d kaiserl. Akad, d. Wissensch.,” Vienna, 1904,
* e Kuewx: Arch. f. Ophthal,, Ixxx.
P Klin, Monafzbl, £, Augenleill., 1910.
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colour or both for eolour and white. According to Lexz,! the relative
proportion of such a relative hemianopsia (hemiachromatopsia) to the
tully developed form is 5: 764. A hemianopsia may occur on both
sides, so that only a small central portion of the field (the super-
fluous field) remains with good vision; such cases have been
reported by ForsTER and ScHWEIGGER.  T'his bilateral hemianopsia
may only affect colours,” and in a complete unilateral hemianopsia
there may be a colour hemmanepsia on the other side.”

Derecr 1N Visiox pue 1o Hesmiaxorsia.—The hemianopic
defect in the field causes great disturbance of vision, giving rise to
uncertainty, and h: 111{'I|c'5|,1}1:-m§_[ the patients. The hemianope, when
looking straight in front, is only able to sce objects lying to one
side, a fstn.tr nt affairs which greatly restricts his free movement on
the streets, or in open places. This will be particularly noticeable
if the patient walk along that side of the street opposite the defect
in his field. It wall rc.i.d]l}' be seen how a right-handed defect will
areatly restrict reading and writing ; the hindrance is not so great
in the reverse cases. HIRSCHBERG, in a discussion, related a bean-
tiful instance of this in a Rabbi, who was afflicted by a right-sided
hemianopsia. e was unable to read German text, but read the
Hebrew without a hitech.  Small ecentral hemianopic defects,
according to the observations of Winsraxn,! cause a consider: able
hindrance to reading.

Disturpasce or THE ApsoLuTE Liocanization 1§ Hewr-
axorsia.—In two hemianopes I found® a defect in absolute localiza-
tion which showed itself when an attempt was made with the arm
covered to prolong a line drawn in the uncovered part of the field
(¢f. p- 150).  In a right-sided hemmanopsia this defect was especially
pronounced if the test was made with the right hand. The idea
that there 1s a disturbance n the connection between the left
occipital lobe and the left centre for the movements of the right
side of the body, must be discarded for the view that as a result of
the right-sided hemianopsia a correction of the defect in localization
had only developed with the left and visible arm. If by means of
a blinker a field is produced corresponding to that in hemianopsia,
glaring mistakes will be made in localization. The uncertainty in
vision with the half monocular field is surprising, and I would
compare 1t to that which occurs when a person who 15 accustomed
to binocular vision attempts to make an estimation of depth with
one eye. The defects in localization are partly responsible for the
uncertainty in vision and movements which the hemianopes com-
plain of they can be explained by the hemianopsia itself, as we
have shown, and they represent a disturbance of terminal origin,

DistuRBANCE IN THE VIsvaLl Esrimarion or Size By Hewmi-
ANOrEs.—A further visual disturbance explicable by the defect in the

V Areh, §, Opdidlal,, 1xxii.
* STEFFAN ¢ ek, f, Oplithal,, xxvii.
* Beniner-Unriory @ Deitrige, &e., Derling 1854,
U Klin, Monatsbl, £, Awgenheillk., 1908,
* Areh. f. Ophthal., 1xxx.
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field is shown in that {h:l"t-:ct in visual spacing which was first
described by D. AxexrrLp.! When a strip of paper is halved the
half which lies on the blind side appears too small. AXENFELD
only described one case; Lierumanxy and Kanumuss® conducted a
series of investizations and gave detailed information as to this
defect. The material available to these authors consisted of ten
cases. In 51 per cent. of the cases the typical defect of AXENFELD
occurred, in 10 per cent. the halves were equal, and in 9 per cent.
the error was reversed. BSome of the cases consistently made the
error, while 1n others it was of such a low degree that a few tests
might easily have missed it.

Regarding the explanation of this phenomenon, Axexrernp falls
back on Wuxpr's explanation of the diserepancy in spacing by
monocular vision. The excess in value given to the upper half of
a vertical (it 1s made too small) 15 due, according to Wuxpr, to the
fact that the inferior recti for an equal length are greater in cross
section. Similarly, he would explain Kuxp's spacing experiment
(where the nasal half had an excess value over the temporal)® by
the greater strength of the interm over the externi. The condition
here, however, 1s different from the wvertical, for the excessive
valuation lies on the side of the stronger muscle ; and it is only in
the exceptional cases (FiscHer,* MUNsTERBERG®) where the opposite
1s the case, that WuxDT's explanation can suflice.

AXENFELD considered that in a hemianope there was a slight
paresis of the one rectus internus and the other rectus externus;
and went on to say that the explanation of the disturbance was
to be found 1n the normal condition as given by WunpT; only that
here it was not the greater or less section of the muscles, but their
greater or less functional activity. LosiEr® advanced sirong
evidence against this; he examined a hemianope who also had
a left-sided abducens paresis. The paralysed and the unparalysed
eye made the same mistake.

I consider that this spacing evror must be veferved to the power
of appreciating space-values which resides 1 the retina. * The
elements of the outer half of the retina show a steeper gradation
of locality signs than do those of the inner half; one and the same
functional difference is attained on the temporal side by a smaller
number of elements and by a less excentricity than on the nasal ”
(TscHErMAK). KuUxp's spacing experiment must be thus explained.
The defect in visual spacing cannot be considered as a variation
of this optical illusion, for either the nasal half alone or the
temporal half alone of the retina is functionally active. There
1s here the expression of another relation of the locality signs
of the retina, namely, the fact that, in the same mer idian, thc

U Newrol, Zendralld,, 1894,
Berl, Kin., Woehensclr., 1900,
Poceexporr : © Annalen d. Phys.,"” exx.
Areh. f. Ophthal,, xxxvii.

“ Beibriige zur exper. Psychol.,” 1889,

8 Areh. f. Augenheilk., xlv.
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elements arve so graded that those placed centrally are closer
together for the same functional value than those more peripheral.’

In fig. 39 a diagram of the spacing discrepancies in the right
eye 15 given (after T'scHERMAK), illustrating very well the objective
and the subjective estimation of space. *“The continuous lines

Lop

inside |

bottom
FiG. 39.--Diagram of the spacing discrepancies in the right eye.

(After TscHERMAK),

indicate geometrical concentric and equidistant circles. The dotted
lines ]::m those retinal elements which convey the subjective
Illll‘.llL'-:'-:lU'Il of concentric L‘{Illii.-ll"'sl.dl'll. circles,”

TscHERMAK compared this functional differentiation with a
morphological one, the decentred arrangement of the individual
flowers in the composite. 1 consider it is of value with regard

1 TseperMak collected literature in Spivo Aster, 1905, Femwwoenexrenp : Aved. £,
ﬂp.i':ff:rn’., Ixxiv, LousMaxx: Arek. .f “Iu.l'rh'rr;f., lxxx. DEstT: Pruicinr’s _l;'r-frf.--1
exxEvi.
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to these functional discrepancies to note the analogous anatomical
conditions in the eye, as shown in the ora servata,' the lesser circle
of the iris, and the excentric entry of the optic nerve.®

Visvan DISTURBANCES XoT DUE To THE HEMIANOrPIC DEFECT.
—Along with the three forms of visual disturbance in hemianopes,
whose explanation appears to be in the defect itself, other disturb-
ances have been described, which form complications of simple
hemianopsia. Wesrraan observed a hemianope who had lost his
estimation of distance and of orientation in space. In this case,
as also in one recorded by ANroN, the optical field of memory was
probably affected, and so the perception of space, in which so many
elements of representation occur, must have been altered. LENZ
reports another peculiar form of visual disturbance, which can be
recognized as metamorphopsia. A patient, when looking at a trade
placard, saw the one end half a metre deeper than the other (from
a distance of 50 metres); to another every face appeared as a
caricature and all objects distorted. Corresponding to the meta-
morphopsia which we have considered in Chapter I11, LNz would
look upon this form as due to the disposition of the cortical elements
of the cerebrum. DBut the cause must be something different, for
the essence of the retinal metamorphopsia is shown by the dis-
crepancy between the picture regularly projected and the distorted
retinal elements; this cannot be so in the metamorphopsia of
central origin. Apparently we have an alteration in the factors
of re-presentation; a confusion in the abstract perception prevents
the mmpression being conveyed unaltered to the consciounsness.
What this alteration consists in, is at the present quite an unan-
swerable question.

The hallucinations of the blind half of the field (they are more
rarely found in the seeing half) must be considered as complications
of the hemianopsia. These hallucinations were first described by
SEGUIN,' and were given a certain localizing value by UHTHOFF,
who states that they are more common in cases where the oceipital
lobe or its immediate vieinity is affected ; they mostly appear colour-
less, but occasionally ave colonred.® UnrTHOFF records a hemianope
who saw on his blind side a bright road, along the sides of which
were giants and dwarfs standing. Another patient of UHTHOFE'S
saw by his bedside animals and persons who appeared and
vanished.

Aparration IN HeMiaxorsia.—BEHR'S® researches show that
in heteronymous hemianopsia (chiasma disease) disturbances in
the adaptation of the sound half of the field can be shown at a
time when no other test will indicate any change in this part of the
field. In homonymous hemianopsia BreHR found a difference in

Seniox and Scucnrze : ¢ Verhand. d. phys. Gesellschaft,” Erlangen, xxxiv,
Lomyaxy : Kiin. Monatsbl, f. Augenheilk., 1906.

1 Quoted by Lexz: Areh. f. Ophilal,, 1xxii,

1 Jonrnal of Newvo. Ment. Dizeases, 1881,

s Unrnorr : Monalssehr, . Payelt. w. Newvol., v.

Areh. f. Oplithal,, 1xxv,
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adaptation according to whether there was a tract hemianopsia, or
one of central origin.  In tract hemianopsia there was a disturbance
of adaptation which did not oceur in other hemianopsias. Brnn
sees in this fact a confirmation of the view that adaptation 1s a
reflex, and that the reflex are 1s complete 1n the primary optie
ganglia.  On account of the absence of any disturbances ol adapta-
tion in cortical hemianopsia (as contrasted to their presence in
tract hemianopsia), WiLsraxp and Sixcer' considered that the
disturbance of adaptation must be due to lesions in centrifugal
fibres.  In my work on disturbances of adaptation® T emphasize,
on the contrary, that, accepting Moxarow's view of the connection
of the subcortical centres with the surface of the brain, the
absence of adaptation disturbance in cortieal lesions ecan be
explained just as can the “superfluity of the field.” (I must admnt
that this view i1s not too strongly supported by the evidence of
clinieal pathology.)

Tracr or Cortican Heumiaxorsia.—In deaiding elinically with
certainty the question whether a hemianopsia is due to a lesion in
the tract or is central to the primary ganglia, the hemianopic |mpl|
reaction, the superflmity of the field, “and the “he Suianopic prism
phl"nnrnmmn " of WILBRAND are made use of. The value of the
evidence thus obtained 1s still in dispute, Huixg and BEnr® taking
the one side and Hiss and Krusivs! the other.

I'nickErING ScoroMara.—The flickering scotoma is a common
affection of transient duration ; Forster called it * Amaurosis
partialis fugax.” From its fmrllwnt association with migraine 1t
has been called * migraine ophthalinique.” Most writers “consider
that the origin of these flickering scotomata lie in vasomotor changes
in the cere ]}l.ti hl,ll]l‘-.I}h{*l:"-», some allege a vascular spasm, f:rl.hmq
a vascular paresis as the eirculatory change. IPhekering seotomata,”
which can have various causes, were divided nto I,}h:, following
classes by A. v. REvss® —

(1) A flickering, scintillating, or opaque cloud oceupies the
whole field, but has no movement ; 1t leaves the centre free.

(2) In the vieinity of the centre of the field there is a scotoma
sirrounded by flashing zigzag lines constantly in  movement.
These lines form a cirele or an arc. The phenomenon vamshes in
the periphery, the lines always growing larger.

(«) This enlargement and disappearance may oceur rapidly, the
phenomenon commencing again at onee,

(f) The change oceurs a]nu.h. and is not repeated.

(3) Opaque or flashing spots appearin the field; these scintillate,
but there is no zigzag movement ; they disappear 1.1.1l3hmll: enlarging
either rapidly or h]rm]g..

(4) A true hemianopsia without any lights or flashings.

! % Neurologie des Aunges,” iii.

* Aveh. 1. Ophithal., Ixv.

B K, Monaistbl, 2 Avgenleill, xlviii,

L Avele, II', Awgenleddl,, 1xv.

5 WILBRAND-SANGER:  * Neurclogie des Aunges”; DPreuner: Wien, KSin.
Wochenselr,, 1911,

& Wien, med. Presse, 1876,
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~_The third group in v. REvss's classification can well be con-
sidered as different from the others; this (unilateral) phenomenon
1s better deseribed by MavTHNER' as “retinal " flickering seoto-
mata, in contradistinetion to the others which ave cerebral. The
fourth group, which actnally is a transitory hemianopsia, was
mtroduced into the class as they alternate with flickering scotomata.

Revss distinguishes the scotoma as the opaque speck, which
obscures what lies behind it; the speck is often orange-yellow or
violet-grey in appearance. The scotoma is always negative, it is
generally absolute, and often also relative (SieGRriEsT). When looked
at through a coloured glass the scotoma appears of the complemen-
tary colour.* The form which Ruuvss classifies as 2b is the most
common of the flickering scotomata. With regard to the course
of the scintillating arch, PincuiEr distinguishes a centripetal and
a centrifugal form ; in the latter the arch begins in the centre and
enlarges to the periphery, in the former it begins in the periphery
and contracts towards the centre.

In the first stage of the affection there is a central scotoma.
The patient describes it as a peculiar uncomfortable disturbance ;
v. Reuss describes that in his own case he often felt impelled to
take oft his glasses and clean them. A gentleman recounted to me
that he was suddenly so overcome by this peculiar affection when
delivering a lecture, and was so alarmed at it, that he conld hardly
conelude his remarks. In the second stage the central scotoma
usually disappears, and the characteristic flickering begins. The
scotoma may continue inside the flickering edge and follow it as it
enlarges, or, as v. REUSs deseribes in his own case, at the height of
the attack the scotoma and the zigzag arch may not have any
relation to each other.

Transconrican Visvan DistUrpaxces. — Mind-blindness is
that state when optical sensation is intact, but a loss of memory
pictures and representations has occurred. The optical field of
memory is considered to be separated in the cevebrum from the
field of optical sensation, a division of function which allows of
the greatest possible power of perception of optical sensations, and
a generous possibility of their admixture with memory images?
Cases of pure mind-blindness are rarve; disturbances of vision in the
form of hemianopsia are usunally found with them. CHanrcor?
reports a case of pure mind-blindness which was carefully observed ;
the patient was a man who had formerly had an extraordinary
recollection of visnal 1mpressions.  During his illness, when he
returned to his own town, it appeared to him that he had come
into a strange place. He looked at the streets, the buildings, and
the monuments with the same interest as though he were seeing

P Vortrdiee ans dem Gesambeebiet d. Angenheilkunde,” Wieshaden, 1551,

? v, Revss : Areh, . Auwgenheill., hil.; Lonymasy : Zeifschr, f. Stuncsphys.,
xlvi.

3 K., Zaenks @ * Das Gediichtniz.” Berlin, 1908,

''Wineraxp @ ¢ Die Seelenblindheit.”  Bergmann, Wiesbaden, 18587,
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them for the first time, then gradually his recollection returned.
He had previously been a good draughtsman, but now he was
unable to draw as before, and could not recognize his own face in a
mirror,

Varieries or Minp-sLinpyess.—Mind-blindness may take on
various forms, according to the groups ol recollections which are
lost. The cases where the recognition of external objects by touch
and hearing remains, but 1s lost by wvision, are called “optical
aphasia” (F'revxp).  Alexia is another form ; such patients are able
to trace letters with their fingers, but arve unable to name or read
them. 1 have seen a merchant who was an extremely good
caleulator. He became aware of his defect by missing appoint-
ments which he had himself noted down, and reading entries
wrongly. He had a quadrant hemanopsia, and was unable to read
several numbers; for example, he could not read the number 153,
calling it either 13 or 15, though he was still able to read the
individual numbers 1 5 3 in the row.

Loss oF CoLoUR NOMENCLATURE.—The contrast between
congenital colour-blindness and colour amnesia (Winpraxn)!
consists in persistence of the sensation of colour as shown by the
pseudo-isochromatic colour tables of STILLING, but the colours
cannot be named. This colour amnesia may be partial ; a patient of
Winsranp's named all the colours wrongly except blue. 1 bhave
recently seen a patient in whom the eyes were normal functionally
and objectively as far as examination could show. DBut she could
not name a single colour. Asked what an egg, a tree, or a leal
looked to her, she could as little tell the colonrs as she conld name
the pigments themselves when shown. Red alone was recognized
correctly, and the colour of the blood was given as rved. The
diagnosis of the disease could not be definitely made, as the patient
had a severe attack of a defimtely hysterical nature.

Lioss or Seariat Rerresiexrarion.—Mind-blindness in which
there was a loss of spatial representation has been described by
Harryany® and Keaver®, In Kramewr's patient after an apopleptic
stroke there remained a disturbance of the power of recognition by
sight, which showed itsell in a very serious diminution in the power
of appreciating perspective in pictures; the recognition of solid
objects, and the projection of stereoscopie pictures appeared to be less
attected.

CoNGENITAL WoRD-BLINDNEsS.—Mind-blindness is oceasionally
congenital. The importance of the correct recognition of such
“word-blind 7 children on the part of the schoolmaster is obvious.
UnrHorrreports a patient who had complained from his youth of the
difficulty in reading, so much so that it was easier to learn the lesson
by heart than to read aloud from the manuseript. The fundamental
congenital anomaly is probably in the brain in the vieinity of the

U4 Opthalm, Beitrige zur Inagnostik ., Gehirnerkrankungen,” Wicesbaden, 1554,
¢ Die Orvientierung,” Leipzig, 1902,
3 Zeitechr. f. Psych. w. Neuwrel,, 1907.



172 DISTTUTREANCES OF THE VISUAL FUNCTIONS

ovrus angularis, or in the association fibres between the occipital
pole and the centre for speech.’

SIGNIFICANCE oF MiNp-pLINDNESS.—Similarly to those dis-
turbances which appear of a more practical importance, mind-
blindness will destroy the value of life to those who have enjoyed an
existence rich in phantasy based on visual memory pictures. The
total loss of visnal sensation from peripheral disease or destruction of
the visnal paths or centre alone will not produce a condition parallel
to the disturbancein mind-blindness. For such “blind” in the night
of their afiliction can save a whole world of memory pictures, which
are withheld from the mind-blind, just as they are from those born
blind or those blind from earliest infancy, to whom such a treasure
is denied, but the affliction 1s greater to them than to these latter
for ** none but a king can mourn the loss of a crown.”

Vof., Bitrrser in * Gesundheitswarte,” ix, 12,



CHAPTER XII.

MEMORY PICTURES; ASSOCIATED
OPTICAL PERCEPTIONS,

AND  FALSE

Mexmory.—With our ll‘allﬂ.] nnpn:'ﬂ-.ﬂ-.mnﬂ: 18 always mingled amass
of “ reproduced material,” serving the elaboration of the complete
percept, and rendering lmnmhiu remembrance and recognition.
* Memory,” which is evolved eut of this material reproduced from our
store of sense Impressions, and plays such an important part in our
psychic life, our concepts, ideas, memory pictures, and fancies, is a
phenomenon essentially due to the persistence of impressions which
have been reccived by the sensory centre affected; just as an
impression will remain 1 wax, or a folded cloth will resume the
same [olds when moved.! Herine speaks® of memory of living
matter, and of matter in general.

Tue Eupopimest or Memory Prervres.—The site of the
complicated and multiple dispositions for the evolution of memory
has been placed in the human cerebral cortex, not coineiding with
the centre for the visnal sense. A special centre, the field of visual
memories, 1s presumed, separate and distinet (see Chapter IX).
The vecollections here stored up will be brought forth as images
and shadowy memory pictures, if n the play of faney or in dreams,
this one or that arises mmto consciousness; they are generally only
aroused as vivid sense images when a new sense hmpression arrives
from the periphery.

Orricat, Arrer-imacEs.—The phenomena known as after-
images must be distinguished from wmemory images, the former
being due to the persistence of the visual stimulus in the peripheral
organ, the eye. In physiology positive, negative, and comple-
mentary colourved alter-images are distinguished ; and 1 them
a definite snccession of phases can be determined (Hrss). The
colours do not all disappear with equal rapidity, but vary consider-
ably. The optical after-image often modifies the sensory impres-
sion, as, for 1instance, when “irradiation” causes confusion,
UrpanTtiscH ® observed the branches of a tree in the after-image
of the setting sun. Sometimes a row of pearls can be seen, as
though hanging before the after-image of a light, and more clearly
seen than the lnminous image itsell.

' Literature and Critical Deview by Zfesex: * Uber das Geddchtnis,”
Berlin, 1908, "
* 1876. * PruiGer’s dreliv, cx.
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Orrican Mesmory Prervres.—The optical memory pictures are
the alter action of a wvisual impression which 1s stored in the
cerebral cortex. The power of reflection and recollection
reproduces them, though in a shadowy manner, and in the play of
fancy they appear ml;]w:. i fragments or L-GJ'I]]._.‘I'L,tE

Visuanizep Memory Prerures.—Memory pictures' are said
to be visunalized when they are represented with such vividness
that they approach the clearness of an actual sensation (a sense
memory). According to Unrpastisci such visualized memories
often occur in young and emotional persons. He relates how one
occurred to himsell; he saw a Gothic window appear with the
distinetness of a photograph; and from its detail he recognized it
as a window in the Votive Church in Vienna which he had seen a
long time before, and whose peculiarities he first noticed in the
hallucination. These memory pictures usually occur only on the
first dav, but in the case given they did so after a considerable
lapse of time. BSuch a repetition of a retained sense lmpression
may appear to be direct, as the associations which induece the
representation are outside the consciousness.

FURTHER HXAMINATION OF THE SUBJECTIVE PERCEPTION
ImacEs.—UnrBaxTiscH earried out an exhaustive investigation of
these phenomena, and brought forward many facts of psychiecal
interest.

Visualized memory pictures, according to him, may fail in a
remarkable manner in those very persons who have a keen memory
of visnal impressions. A painter was able to paint a picture from
memory, and still ecould not wvisualize his memories. Further,
UrpantiscH records the influence of anditory impressions on
visual percepts, the relative opposition of oplical and visnahzed
memories, &e., details which we will only mention here.

OCCURRENCE OF SUBJECTIVE PERCEPTION IMAGES.—In his
work on false perceptions, KRAEPELIN® records the case of an
artist who painted portraits from these subjective 1mages; he
further veports that the painter was later affected mentally.
According to UnrpaxnTisci these phenomena appear to be eommon
and to oceur in healthy persons. Certainly their oceurrence 1s
not the rule, and in his excellent little book on fantastic visual
phenomena (Coblentz, 1826) Jom. MULLER speaks of the diffienlty
of producing definite perception images by the strongest effort
of the will. As an example of an Ehtlemclv marked case of sub-
jective memory pictures, I will here quote Orro Liupwig, the author
from whose biography by Aponr Stery I take the following
passage : ““ He used to say that he had learnt the Dresden gallery
by heart. The impression which he had of the paintings was so
strong that he would see them for a long time with the distinctness
of an hallucination in front of him. A friend had brought him a
photograph of RuBENs's celebrated ‘ Descent from the Cross,’
and he related that when he was reading, the picture would stand

- — — —

1 Uneaxtisci: © Uber subjektive optische Anschanungsbilder,” Vienna, 1907,
* TVierlelinhrssehrift f. wiss. Philosophie, 1851,
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as though actually present between his eyes and the print and
cover over the lines of the book.”

These subjective perception images appear to be especially
common when the person 1s exhausted, after a long and tiring
railway Jjourney; then in the eveming the landscape, the sea,
the trees, and the streets pass before the closed eyes with the
clearness of an actual sensation. (KrRAEPELIN.)

Co-PERCEPTIONS. — In contrast to these phenomena which
essentially reproduce sense nmpressions, we must mention those
pathological phenomena in the purely psyvehic side of  vision,
in which sportive, creative and productive fancy plays the chief
part. 1 must now mention those phantoms which so many people
see when hearing music (music phantoms). Corresponding to mmy
definition of awdition colorée as a co-sensation, I will eall these
phantoms co-perceptions, for whose appearance the exciting factor
supphied by music 15 necessary,

Musie Puaxrous. —For a description of a musie phantom [
will quote Hemng's' “ Florentine Nights,” where such a trans-
formation of auditory impressions into visnal images is depicted.
PaGanint steps forward and plays the violin, and the listener had
the sensation “as thoongh it were twilight, and the red glow of
the eveming overspread the rolling sea. The sea became redder
and redder, and the sky grew paler, till at last the surging water
looked like bright searlet hJﬂm], and the sky above became of a trh.th
corpse-like ptllm, and the stars came ont large and l;]livr!,lmml,g_,
and those stars were black, black as glooming mltl But the tones
of the violin grew ever more ~-,l,mzm and dq_-lnnt and the eves of
the terrible -Lu er sparkled with such a scornful lust of destruction,
and his I.hln hp‘:. moved with such a horrible haste, that 1t seemed
as 1f he murmured some old aceursed charms to conjure the storm
and loose the evil spirits that lie imprisoned in the abysses of the
sea. . . . He seemed like some sorcerer who commands the
elements with his magic wand; and then there was a wild wail-
ing from the depth of the sea, and the horrible waves of blood
sprang up so fiercely that they almost besprinkled the pale sky
and the black stars with their red foam. There was a wailing,
and a shrieking, and a crashing, as if the world was falling
fragments.”

Rurus* made extensive investigations eoncerning music phan-
toms, and found that n a bewildering manner these phantoms,
in persons who had not been informed as to the character of the
music (e.q., the different parts of Brermovex's * Pastoral Sym-
phony "), agreed with the statements of musicians. A musical
gentleman told me that to him a deep musical sense without these
phantoms appeared impossible. But that intense musical sense
does ocenr withont these phantoms is certain, and co-sensations
also are very frequent, even in perfectly healthy persons. If they are

! From the translation by Havelock Ellis ('T.).
i Tnduktive |'I1Il~1‘.-'t|='hl||11.{e-|1 iiber die Fluhi;uuL-nt:|];|-;-1-1n- der !H.‘l.'-.']l:..-ﬂ']u'll
Phanomene,” Darmstadt, 18495,
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to be ealled ballucinations, then they must be classified as reflex
hallucinations (Kannsavan.! Their fixed connection with the exei-
ting cause, music, their steady flow along with the musical
conception (RUTHS), are quite enough to justify their place as
““ go-perceptions” in opposition to illusions and hallucinations (false
perceptions).

Fanse Perceprion. DreadM.—The characteristic of a false
perception is the vivid sensory character of the phenomenon,
although no peripheral stimulus corresponding to the sensation
is present.  Phenomena of this nature oceur in healthy persons in
dreams, when faney draws, out of the storehouse of memory,
broken fragments of pictures, and by some quaint trickery imposes
them on the dreamer as actnal events. According to RuTus, the
laws which govern dreams are, the same as those which control
the music phantoms and hallucinations. The law of substitution
and progression which forms the basis of the psychic phenomena,
and rules our dreams, acts so that the “ memory elements in the
dream do not arrange themselves like the coloured stones in a
kaleidoscope, but rather in such a way that the stronger replace
those which are similar, but relatively weaker. There is an
astonishing similarity between this law of synthesis and both the
struggle for existence in the organic world and the chemical law
of substitution.”

Hyrxacocic HaLnucinaTioN.—Another series of false percep-
tions 1s recognized by the names of ** hypnagogie hallucination,” or
“ phenomena of dosing.” Horpre? and Rutis record a number of
these phenomena, which oceur in healthy persons as they dose
before sleeping. Such phantoms can be referred to defimte and
well-known exciting causes, and I will give some of them out of
Rurns’ book.

“1t 1s winter, and in the alternoon, walking in the street, I see
two children’s sleighs, the one attached to the other. On the
sleighs are seated little boys and girls with rosy cheeks; two larger
boys 1n front draw them. In the evening I saw a beautiful
phantom ; two large sleighs, the one attached to the other. The
sleighs are decked “with beautiful colours, red, green, &e. Young
ladies and young men are seated in them, fantastically clad with
masks. They hold up long shields against the wind, the shields
are gaily embroidered. Four black horses draw thLm two and
two abreast, red plumes on their heads, red saddle cloths with
golden tassels and embroidered corners. The saddle cloths have
a scalloped edge. The phantom remained for about half a minute,
and then disappeared.

Or: “1 saw a velocipede, standing in an open place, in the
afternoon. I looked at it and saw how the pedals turned. In the
evening I saw, in a phantom, a child who was turning a grindstone.
As a child T used to enjoy working with a grindstone.”

Rurns's attempt to derive the popular myths and sagas from
these dream phantoms is interesting. Music phantoms also appear

Y Alg. Zeitsehr, f. Psyehologie, xxiii.
CRRLLN T ]“.I'k]:'irllng der HiIlIIl_!.-?t.ihI:-il,'llll!l"_:l!l'l.lu “’Ifil'?fhlu‘g.. 18885,
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to take an important place in music and poelry (¢f. NIETZSCHE :
“ Die Geburt der Tragidie aus dem Geiste der Musik’ _}.

Inrusions axp Hannvoimwarions. The false perceptions which
oceur without a corresponding external stimulus and in the w ;5,]1iurr
state, oceur almost exclusively in the mentally alfected, and arve
commonly divided into illusions and hallucinations. In an 1]11:.51':}:1
there 15 a lalsification of the optical impression 1 that the normal
process of perception is interfered with by the admixture of
subjective elements which have no rvelation to it. A classical
example of sueh [false visual mmpressions 1s furnished by the well-
known ballad of Gorrag, “ Der Erlkme.” A statement of a
mentally affected person will furnish a further example of an
illusion ; looking at a portrait, he suddenly said that the painted
head was putting out its tongue.! Such false perc cpt:mw—, as ocecur
day by day in the amalgamation of our sensory impressions with
the residunm of IJI'E'\'iI:I'Hn perceptions can be designated as physio-
logical illusions, in contrast to the phantasmie illusions (Wuxpr)
where, as a result of an inereased central excitability, that part
of the psyehie image which 1s devived from actual perception almost
entirely dlml}]]]l'dl‘a

In the hallucinations, as opposed to the illusions, there is a false
image corresponding to no external visunal stimulus.  The following
is from KANDINSKY, who in the dreh. f. Psycliatrie, Bd. xi, records
his own hallucinations in a state of pa}ch{:ﬁlq The hallucinations
occurred both when his eyes were open and closed. In the first
case they were projected on the floor of the room, the ceiling,
or the walls; or they appeared to be in the rcom and obscured
objects lying behind them. In other cases the true surroundings
appeared to vanish entively, and the shore of a bay appear. There
1z a distinetion between memory pictures and halluemations. The
determining factor s not the vividness of the scene but the apparent
objective reality which attaches itself to hallucinations.

During the time he suffered from these hallucinations Kaxpix-
SKY's dreams were exceptionally vivid, ** they were hallucinations
in sleep.” The patient is awake (so to speak) during sleep; while
in the same way the hallucinations are so wonderful and varied
in the waking hours that the patient can be said to “dream while
he is awake.” :

TaE Onriciy or Hanwvcisarioss.—In many hallucinations
we certainly have a stimulus in the eyes or in the visual tracts.
According to ZIEHEN, mouches volantes will change in delivinm
tremens into swarms of mice and flies. LieEpumaxx’'s® view that
these delusions of the senses which occur in delirium tremens can
be excited by pressure on the globe, was corrected by BONHOEFFER,
who held that a compression of the globe had little effect in
producing hallucinations, for such could “be inhibited by attracting
the attention. KrAaRPELIN recalls the observations of NAaGcELI, the

PZrenex ;¢ Leitfaden der physiol. Psyvehologie,”
* Avel. £. f’.'tra_'jf'fr., XEVIL
* Habilitationselvif!, Breslan, 1897,
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botanist, on himself; after an erosion of the cornea he saw numbers
of varying images with a puzzling similarity, which only dis-
appeared when t.hL inflammatory symptoms subsided. UnTHOFF,!

too, observed the occurrence of hallucinations in disease of the eyes.
On one occasion a branch with leaves appeared inside a scotoma
(atrophic choroidal patch). The patient learnt to distinguish this
image from leaves which really were seen, by a difference in distance
of the plane on which 1t was projected. In another case UHTHOFF
observed that false perceptions arose from entoptic sensations ;

the case was one of sympatheiic ophthalmia with vitreous -:prunt],,
giving rise to clouds and spots. From these flying birds developed,
and, finally, the patient thought that he saw angels and men. In
unilateral hallucinations (which must not be confused with the
hemianopic form, see Chapter XI) the origin of the 1;rimnmuenun
is invariably in a peripheral change. In one of Unrnorr's patients
there was a one-sided scotoma as the result of a patch of choroiditis,
and the patient thought that he could see a policeman with this
eye. Horrg, by extensive investigations, attempted to trace the
origin of hallucinations to peripheral stimuli of entoptical nature.
It would appear from KaNpinsky's observations on his own case
that we cannot admit this to the extent claimed at the time of
his hallucinations. KanDinsky noticed phosphenes of all kinds
due to the hyperemia of the retina ; but these entoptical sensations
continued on closing his eyes, which was not the case with regard
to his bhallucinations. These pathological entoptical appearances
followed the movements of the eyes; whereas the hallucinations
disappeared when the eyes were moved sideways, so that in the
new direction, either nothing at all or a quite new image would
be seen.

Forms or Havvvcivarion.—Although 1in  other forms of
hallucination the images are said to move with the eyes, a
peripheral stimulus uf one of the visual tracts or centre must be
presumed. ZIEHEN'S statement, that squinters (? paralytic) see
their visions double, can be used in this sense. hlﬁLEtuLl‘v
commbats the *-..mndpn}mt that a stimulation of the primary optic
ganglion occurs in those cases of hallucination (perception halluci-
uu,tmn} which are characterized by great sensory vividness but
which appear to surprise the patient. Those more obscure halluci-
nations (psychic or apperception hallucinations) associated with
the 1magmative life of the patient, and therefore less startling,
according to ZIEHEN originate in the actual perceptions which
form the contents of consciousness, wrongly setting up collateral
stimulation of the sensory cells in the cerebrum; while the same
writer explains the first form, which we have just considered, as
a stimulation of the sensory cells through latent psychic perceptions.

Along with the last named two forms of hallueinations, 1 would
agree with Kanneaus in placing the following * stabile " hallucina-
tions. Slight stimuli, from any source will induce in the over-excited

1 Monaltssch. f. Psych. w. Newrol,, v.
* Vierteljalrsselirift f. wiss. Philosopliie, 1881,




MEMORY PICTURES 179

sensory centre visual sensations which will depend on the particular
condition of the centre, also on the state of the individual and
their reminiscences. The same appearance will always occur in
the same way under the same cireumstances,

The “erethism” hallucinations (abnormal excitement) form
another group. These occur when the person is thrown into a
specially violent excitement. The “ reflex hallucinations ™ which
result from the action of some other sense impression, according to
KraepPELIN, are not analogous to the ordinary reflexes, for they
must indicate a passage through the cerebral cortex at least.

lixamrnis or Hannveisarions, . T. A, Horrmany.—Passing
on to mdividual examples in the belles leftres, I call to mind an
instance in K. T. A, Horrumann's fantastic novel * Kreisleriana,”
which contains a reflex hallucination in the form of an anditory
sensation, and in that part which also relates to visual sensation,
a hypnagogic phenomenon. “ Not so much in dreams themselves
as in that stage of stupor which precedes sleep, and especially when
I have heard much musie, do I find a harmony of colour, music and
odour. It appears to me as though they all were caused in the
like m:,'Hl;urinns way by the light beams, and then driven to unite
in the most wonderful concert, The odour of a dark red carnation
has a marvellous magical effect on me ; mvoluntary I sink into a
dreamy condition and hear as though from the distance the notes
of the basset horn swelling and again sinking.”

GoETHE's Hannvcimvarions.—Amongst the many celebrated
intellectuals who have been subject to hallucinations, the best known
along with LiUuTHER, is GOoRTHE. One hallucination (the rider in a
light grey cloak) is considered as an illusion by Zienen. The
incident is in “ Warheit und Dichtung,” 1, 2, and runs : 1 was
riding along the footpath to Drusenheim, when the most remark-
able vision befell me. With the eye not of the body but of the
soul, I saw mwvsell riding towards me on the same road, and clad in
L c]-:nh which I had never worn, of light grey and gold. As soon
as I roused myself from this dream the image vanished. The
remarkable thing i1s that eight years later, I found myself on
the same road on another wvisit to Frederic ; by mere chance, and
not of my own choice, I was wearing the same cloak which I had
formerly seen in my dream.” Another phenomenon certainly
appears to be an hallncination, and was the origin of GOETHE'S
study of the morphology of plants. Joun. MULLER referred to this
account which GOETHE himself gave; he perceived a plant in s
skull ; 1t :1#%]11]1:*{1 and took on many diverse forms in succession,

GANGHOFER'S ACCOUNT 0F 11s HALLUCINATIONS.—I conclude
thi:‘-; chapter with the account which Gaxcuorer gives of himself

n “The Life of an Optimist, Book of Childhood " : “ During the
“EL]\ before Christmas, the Infant Christ &Lpp{"uvd to me every
evening in the twilight, a beautiful smiling child, lovelier than all
the children of the earth, clad in a white robe reaching to his naked
feet, with a bluish halo round his golden locks.

“When I moved in my bed and boldly gazed, the vision
vanished. Lying still, and with motionless eyes ﬂLmng into the
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darkness of my chamber, it returned and remained till I must
breathe. In the stillness and darkness of the night not only could
I see the Infant Christ, but also other things which I desired and
wished. I need only think of the chosen object, hold my breath
and look into the darkness, and it appeared to me ; I saw a violet
hazy sun, which changed into coloured rings revolving round each
other, and inside the cirenlating rings the object desired would
appear ; for a few seconds 1t would float about as though in the air;
then a change would begin, the vision being obscured by the
eolonred rings and finally disappearing.

“ Quarter of an hour later I could again see a vision, buf never the
same one twice in the same night. This wonderful gift remained
to me t1ll my 12th year and then was lost, to return again in my
18th year, when my heart first felt the deep p'a.sr-;mn of love: 1t
disappeared with this—again to return when, in ‘the riper years of
life, in spite of a sound l‘llﬂ";lql].{' severe mental work shattered my
nerves and sleep failed me. This colour- and fizure-seeing in the
darkness for years has been an entertaining sport for my sleepless
nights.

“The Infant Christ, whom 1 always saw before my school age,
changed, as I grew up, into the Good Shepherd with a lamb’s skin
on his naked shoulders, with a white crook, accompanied by John,
who resembled him as a twin brother.

“Then followed a time in which I always saw the boy Jesus, as
he astounded the seribes in Lhn temple ; this boy then changed to a
slight youth who meditated in the wilderness, or “mlﬂuLﬂ clad in
blue, through the fields and stroked the ripe ears of corn with a
gentle }mm] I also saw the transfigzored Saviour as he appeared to
the fluuhl;ing Thomas ; never did I see the Son of Mary in his

ony.

“ Pictures and images of the Crucified in His agony were things
which from childhood I did not like and could only look on with
revulsion.”

THE IMPORTANCE oF HALLUCINATIONS IN ART. — Just as in
audition colorée, hallucinations play an important part in the realm

of art ; GOETHE records that *‘ the metamorphosis of plants™ owes

its m-igm to a hallucination. The painter SPINELLO ARETINI is said
to have painted his Madonna from hallucinations. As a general
rule the artistic conception goes on quite unconsciously, and the
Image lem,ﬂ lives in the imagination of the artist: it is seldom
given to him in a manner |_1L‘1Ll"}]t1|:||(* to his senses,
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