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ON THE PREVALENCE OF CHROMATO-PSEUDOPSIS
OR COLOUR-BLINDNESS.

THE co-existence of perfect vision in other respects with an inability,
more or less complete, to distinguish colours from each other, has
within the last few years attracted considerable attention. Some
very distinguished men, such as Dugald Stewart, M. Sismondi, and
Jaohn Dalton, have been the subjects of this peculiarity of sight, and
the last named, by reporting his own case, has earned at the hands
of the Continental Phi{’{.‘rﬁ{}plml‘s the unwelcome distinetion of giving
his name to the peculiarity in question. It has been called Dalton-
ism, and its subjects Daltonians. The countrymen of Dalton have
protested against the immortalising of his name, in connection with a
personal defect ; and the chemists of all countries might claim that
the term Daltonian is needed by them to distinguish those who
adopt the famous opinions of Dalton, concerning the atomic consti-
tution of matter. Other terms, accordingly, have been devised for
this affection of vision, chiefly of Greek origin, such as chromato-
pseudopsis, dyschromatopsis, dyschrosis, parachromatism, and the
like ; none of which are very enphonious, whilst most of them are
far from explicit. The term chromato-pseudopsis, i.e., Jalse vision of
colours, has, upon the whole, been preferred 1!3):," scientific men, and
it very fairly represents the general character of the affection under
notice, which more frequently shows itself as an abnormal pereeption
of colours, than as a total inability to discern them. Yet there are
cases on record (and I shall have to report one myself, occurring,
too, in the person of a house-painter) where the perception of black
and white, i.e., of degrees of illamination, was all that existed to re-
present the sense of colour, so that such a person might be justly
said to be blind to colowrs. And in all the subjects of chromato-
pseudopsis, there exists either mability to discern a single colour,
such as red; or inability to discern the difference between two
colours, such as green and red ; so that they may be said, with suf-
ficient propriety, to be blind to-red, or blind to the difference between
A












DR G. WILSON ON COLOUR-BLINDNESS. 9

exceedingly doubtful whether we should be able to discover that it
was. “}Pe' have it not in our power to subject an eye simply to the
influence of colour. Every luminous ray is (in the ‘]:].ll%'llilgﬁ of the
Material Hypothesis of Light) a bundle of colour-giving, heat-gi rm%,
and chemical or actinic rays, mingled in unequal proportion. KEach
colour-ray, therefore, carries along with it to the retina, a dlffe}'ﬂr:t
number of heat-rays and chemical rays. Thus, if for simplicity's
suke, we assume only three colours to exist, red, blue, and yellow,
then the red ray of the spectrum, which the painter metaphorically
styles a warm colour, is in reality much hotter when tried by the
thermometer, than the blue or yellow. The blue, which is the
coldest and darkest of the three primary colours, greatly excels the
red and yellow in the number of chemical rays which accompany it;
whilst the yellow, which is totally destitute of such rays, and con-
tains very few heat-rays, must necessarily consist almost entirely of
colour-rays ; and it further excels red and blue in luminosity.
The retina, accordingly, in so far as it is influenced by heat, will be
most affected by the red ray; in so far as it is susceptible of che-
mical change, by the blue ray; and in so far as it is influenced by
lumijmsity,%y the yellow ray; apart from the special impressions
made upon it by each ray in virtue of its colour.

When, therefore, we ask any one to gaze at a rainbow (which I
select as the great natural representation of many colours) and tell
us what he sees in it, we ask him to report on a series of complex
sensations, to the production of which the brightness, heat, colour,
and chemical force, present in the light by which he sees it, all do,
or at least may, contribute. Such a spectator, though absolutely
blind to colours, might retain susceptibility to all the other influences
of light, and would probably possess it in a higher degree than those
who were not colour-blind. lit IS certain at least, as the sequel will
show, that the colour-blind, of all degrees, often possess in perfection
the power of distinguishing shades of the same colour; and that
when they confound two ctﬁnurs, such as red and green, they assort
together, with great nicety, the light and dark shades of the one
with the similar shades of the other.

The most severe sufferer, accordingly, from colour-blindness, may
be expected to see as large and as perfect a rainbow or spectrum  as
others do, although to him it is colourless. The different bands,
such as the bright yellow, the dark blue, and the intermediate red,
will affect his eye differently, in virtue of their different luminosity ;
and if he had been accustomed from early life to distinguish degrees
of brightness by the terms yellow, red, and blue, we should never
cl;s::i::]vm', by Lis description of the rainbow, that he was colour-blind
at all,

}t 15 true, that if difference in luminosity were all that distin-
guished one band of the rainbow from another in the eyes of the
colour-blind, it should be possible to paint a spectrum in black and
white, which would satisfy them as well as a coloured one; and in
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I have not myself met with a case corresponding to those, although
I shall have oceasion, further on, to refer to a physician who con-
founds all colours. One, however, has been reported to me by Mr
Charles Inglis, of 48, Hanover Street, Edinburgh, who was well
acquainted with the party. Ie has recently gone to Australia, so
that he is for the present beyond the reach of inquiry. According
to his own testimony, and the belief of my informant, « he could not
distinguish any colours but black and white;” yet, strange asit may
seem, he was a house-painter. The explanation of his prosecuting a
calling, for which apparently he was so unfitted, is found in the fact,
that he was an excellent draughtsman, with a good eye for form,
and skilful in designing. He trusted to his wife to keep him right
in selecting and mixing colours; but on one occasion, when she was
out of the way, and workmen were scarce, he took a part himself in
paiuting a public building in England, which he had been employed
to put in order. He mixed the colours himself, and believed that
he had produced a stone-tint, with which he proceeded to cover
the walls; but after he had gone over some square yards, he
was informed that he was painting the building blue! I regret
that I can supply no farther particulars concerning this interesting
case.

2. The second variety of colour-blindness, where the nicer shades
of the more compesite colours alone are mistaken, is apparently the
rule rather than the exception in the majority of persons, at least of
the male sex, in this country. But the sense of colour is so little
cultivated amongst them, that the power of discriminating between
tints is often dormant rather than absent ; and the excessivel seanty
nomenclature of colours with which they are in general satisﬁ};ad_, does
not furnish the means of distinguishing between colours and their
shades, although that distinction may be perfectly well perceived.
Even educated men hesitate to pronounce between scarlet and erim-
son, and are often content to call both, throughout all their shades,
Led. Among the less educated, the reluctance to name colours is
still greater; and if difficulty in naming were accepted as implying
difficulty in distingnishing colours, we should be compelled to infer
that the true perception of these was a very rare gift. In examin-
ing, for example, one by one, the Chemical Class of the iZdinburgh
Veterinary College, amounting to some sixty persons, I found ti_
great majority decline to give names to any colours but red, blue,
yellow, i_{reen, and brown.  Purple and orange they would not name,
although they described the relation of these to red, blue, and yellow,
with sufficient accuracy. Without a little circumspection, accord-
ingly, one might easily be misled into the belief that colour-blindness
is much more common than it reall y is. DBut names of colours ean
quite well be dispensed with in exawining cases of this affection. A
safer method is, to request that a number of differently coloured
squares of cloth, or paper, or glass, or skeins of worsted, be arranged
50 that all of the same colour and shade are placed together. When
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mistaken for blue, still more frequently for red, and occasionally
for yellow. . :

Red is the primary colour most distracting to the subjects of
colour-blindness. For some it has absolutely no existence, for
many it is undistinguishable from its complementary green; and
the most famous cases of colour-blindness, including that of Dalton,
are connected with a confusion or identification of red with %I‘EEH.
A rarer but not less interesting case, is the identification of red with
black. Uncertainty as to red and green might be expected to imply
a corresponding uncertainty in discriminating the more complex
eolours into which they enter, and to a great extent this is the case.
Purple is confounded with blue, the red apparently not being visible.
Orange is called yellow. Olive is confounded with brown or rather
russet, the green in the one, and the red in the other, inducing the
same confusion as they do when seen together in a state of purity.

The following cases, which have come under my notice during the
last nine months, are, with one exception, published now for the first
time. Several I have had the opportunity of examining myself,
Several have been examined by others, who have reported them to
me. Others rest upon the authority of the parties themselves who
communicated them. The names of the parties have, at their own

uest, been omitted in the majority of cases; but as it is desirable,
for the sake of statistics, to gnard against the same case being de-
seribed by two observers, an‘%l counting as two cases, I have |1EICE[1
a list of the names in the hands of the %ditnr of the “ Monthly Me-
dical Journal,” so that those who encounter cases of colour-blindness
may learn from him, or from me, whether they are described in this
paper,

he letter of the alphabet, marking each case, is the ultimate, not
the initial, letter of the party’s name. I have been driven to this
departure from the ordinary practice by the somewhat singular cir-
cumstance, that one alphabetical letter largely predominates in the
surname-initials of my cases; so that on grounds as good as those
on which statistical conclusions are often based, I might affirm, that
persons whose surnames commence with a particular letter of the
alphabet, are more liable than others to colour-blindness.!

' Some have thought that colour-blindness was accompanied by a peculiar
colour of the iris ; others by a peculiar appearance of the pupil; others by a
peculiar expression of the eye ; others by a prominence in the middle of the
superciliary ridge (the phrenological organ of colour). Had the advocates of the
importance of any one of those physical characters, as an index of colour-blind.
ness, encountered as many examples of its occurrence, as I have encountered of
& common 1mtial in the surnames of the subjects of that peculiarity of vision,
they would probably have considered their view as established ; and yet these
cases might be quite exceptional, and prove to be unimportant as soon as the
mvestigation included a larger number of persons. It may illustrate the danger
of induction from too few particulars to mention, that the obnoxious initial
marked the surname of the first colour-blind person I encountered ; that it char-
acterises the four severest cases which huve come before me; that it oceurs in

n
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uniformly confounded with red or any other single colour, but simu-
lates many, and frequently ﬂf ears black, i.e., makes no luminous
impression upon the retina. WL, mdegd, is certain that he often
sees red quite distinetly, but he is not certain that he ever saw green ;
all colours, accordingly, on which he cannot at once pronounce, he
sets aside as probably green. A AN

This gentleman is an educated, highly intelligent person, and he
allowed me to test his peculiarity of vision in as many ways as I
pleased. : -

One of the modes which I adopted, was to ask him to assign

names to the colour-diagrams in Mr D. R. Hay’s “ Nomenclature of
Colours” (second edition). He has correctly distinguished the yel-
lows, and has not mistaken other colours for them, either by day-
light or candlelight. The blues are also rightly defined by daylight,
but other colours are mistaken for them, as the purple of plate 2,
which is ealled dull blue; the lilacs of plate 8, which are called dingy
blues ; and the blue-greens of plate 15, which ave called bluish-red.
By candlelight the green of plate 2 is called blue ; the blue-greens of
plate 5, blue; and the blue-greens of plate 11, reddish-blue and
blue.
The bright reds are distinetly discriminated both by daylight and
candlelight ; but, as implied in the last paragraph, bluish-greens are
mistaken for bluish-reds : and, as the sequel will show, certain shades
of red and green appear identical,

Greens appear under all names. Thus the pure greens of Mr
Hay’s first and second plates are referved to as reddi:ﬁl dark drab”
and. “light brown” by daylight, and as “reddish-blue” and ¢ blae”
by candlelight. The pale greens of plate 6 are pronounced to be
“ drabs” by daylight, and  drabs or greens” by candlelight, The
olives of plates 5, 8, and 19 are styled, as seen by cf;_ylfght, “browns ;”
and plate 23, which contains three shades of red and three of oreen,
is regarded as displaying by daylight six shades of dark crimson, the
greens being further described as rather browner than the reds, By
candlelight the same colours were seen as three * reds” and three
“dark drabs or greens,” Plate 29, which contains three different
shades of red and three of green, is deseribed as showing, by day-
_]ight, six Ipa,le reds, and by candlelight three reds and three reddish.
Elue]i. n addition, the darker shades of purple are all styled

ack.

_ T also tried Mr D. with coloured papers, powders, vegetable infu-

slons, and pieces of glass, Pure blues and yellows he did not mis-
take, nor bright reds when seen near ; but dull or dark reds were
confounded with green and sometimes with brown. Among the
greens, however, every mixed colour found a place, so that all the
paler shades of violet and red-purple, all the russets, yellowish-browns,
greys, and neutral tints wero arranged together, and along with the
true greens, regarded as shades of one colour, which was by pre-
ference styled drab. :
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DR G. WILSON ON COLOUR-BLINDNESS. 17

In plate 2d, as seen by gaslight, the hue called by Mr Hay citrine
is described as green, and the true green 1s named brown ; russet 1s
described as red; and purple as red and black ; olive as Mu:z.- and
black, and orange as dark red: In plate 11th, myrtle green is left
unnamed by daylight, and a darker shade of blue-green is described
as red and blue. Doth are described by gaslight as blue and grey.
In plate 13th, the lightest of three shades of yellow-green (pomona-
green) is called “orange” by daylight ; and the darker shades are
described as “ red and brown.” By gaslight the first appeared “ grey
and yellow,” the others “ grey and blue.” i &

Trom this account, it should seem that artificial light makes a

ater difference in My P.’s apprehension of colours than would be
inferred from his own account ; but it must be remembered, on the
other hand, that as he does not uniformly misname colours, it is
difficult to be certain how far this element of uncertainty affects the
results obtained with different lights.

I made many trials in other ways with Mr P. What struck me
most in his case, although it seems likely that it is a general accom-

animent of the extremer forms of colour-blindness, was the exhi-
Eitinn of a feeble hold upon colour, as a quality of bodies. Apart
altogether from confounding one colour with another, Mr P. fre-
quently hesitates to give any name whatever to bright secondary
colours, such as purple and green, and if one is suddenly shown
him, or if many colours of any degree are shown at once, he totally
declines to venture upon names. Thus, on some occasions he has
distinguished red ;mtf green liquids from each other, and on others
has confounded them. Red lead he pronounced to be red, but he
could give no name to the colour of vermilion. Small scales of
copper-red tinsel, exhibiting a bright metallic lustre, he thought
showed every colour. Red oxide of iron he recognised as reddish-
brown, but he could not describe the colour of the nearly similar
brown, or puce oxide of lead. The green oxide of chromium he
pronounced on one occasion to be black, and on another to be brown.
Grass appears to him sometimes green, but generally yellow, and
he knows only a difference of shade between ripe and unripe corn.

Two other points in connection with Mr P.s case appear worth
notice. The spectacle of many bright colours exhibited together,
which is a source of pleasure to those who have a normal perception
of them, painfully distracted this gentleman, and any lengthened
effort to match or arrange colours invariably produced headache,

On the other hand, he unconsciously betrayed an effort to supple-
ment his defective vision of colours by all secondary aids. If
coloured papers were shown him he fixed upon any difference in
shape, smoothness, or configuration, which they presented, and
when they were shown him again, recognised them by differences
which would have escaped most other eyes. He would frequently,
accordingly, have appeared to a stranger to recognise colours, where
in reality he was only recalling the form or condition of surface of
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DR G. WILSON ON COLOUR-BLINDNESS. 19

When [ showed him coloured powders he pointed to green oxide of
chromium and red oxide of iron, as shades of the same colour. He
also confounded dark reds with browns. When asked to select
from a number of pieces of coloured %h\sa all the specimens which
were red, the majority were rightly chosen, but two or three were

reen ; and in the same way, when assorting greens, he placed a
ew reds among them. : '

This gentleman has paid a ginntl deal of attention to chemistry,
but the colonrs of precipitates have been a constant cause of per-
lexity to him, umy he feels equally uncertain as to the action of
acids and alkalies on vegetable colours. . He has further noticed that
he is liable to confound pink with light blue, and that by artificial
light greens acquire a blue tint. ;
Unlike most colour-blind persons whom I have conversed with,

My Hughes is exceedingly prompt in his judgments on colours, and
adheres firmly to the names he first gives them. His case is a well
marked and interesting one, for it will be seen that he confounds
bright red with bright green, ruddy brown with dark green, pink
with pale blue, brown with red, and what, perhaps, is rarest of all,
black with red. He gave me a very interesting illustration of the
extent of his colour-blindness in reference to red and green. When
acting as assistant to the engineer of the Granton railway, he fre-
quently returned in the evening from Granton to Edinburgh on one
of the engines, without, however, taking any part in mana ing it.
On these occasions he observed, that although his undivided atten-
tion was directed towards the signal-lamps, the light of which was
visible to him a long way off; he could not, till he was close upon
them, distinguish whether they were red or green. Ie feels certain
that he could tell a blue from a red light at a distance which would
make green and red appear the same. He has no relatives with a
defective sense of colour,

Case IV.—Dr William Bryce, one of the four prize medallists
among the Edinburgh graduates in medicine of this year, was intro-
duced to me by Mr D. (Case I.) as one afflicted like himself, but
not so severely. Dr Bryce (who allows me to give his name) has
been aware of his defect for some years, and found it specially in-
convenient when engaged as a teacher of chemistry. He Imti)fre-
quently to ask, instead of telling his pupils, what the colours of
precipitates were, and he was uncertain as to the full action of
acids on litmus, and still more as to that of alkalies on turmeric.

His ﬂ'f'es had suffered a little from over-study, but vision is excel-
lent. The iris is hazel, and he is long-sighted. In the rainbow he
sees blue and yellow, but so far as he remembers no other colours ;
certainly not red or green. In natural obiects he distinguishes blue
and yellow readily, but he is very uncertain as to red and green,

I had but one interview with this gentleman, and was not able to
examine his case minutely, but its characters are sufficiently marked.
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DR G. WILSON ON COLOUR-BLINDNESS, 25

Three shades of pale azure blue, and three shades of lrown, he also

ronounced to be all green. I did not detect any confusion between
Er'ght red and bright green, but he counted them among his diffi-
cult colours, and regarded blue and yellow as the colours most
easily distinguished.

This case, it will be seen, presents little remarkable, and I would
not have recorded it were it not that it is interesting in a statistical
point of view, as I shall have occasion afterwards to notice more -
specially. Dr C. is one of three medical officers attached to a public
institution, and another of them is colour-blind as well as he.

Case VL—Dr E., the colleague of Dr C. referred to in last
Earafraph, is in several respects an interesting example of colour-
lindness. TLike many other colour-blind persons, he is a great
lover of the fine arts, and a skilful draughtsman. He was led in
consequence, early in life, to discover his inability to-arrange his
own palette, and was accustomed to rely upon a relative to select
his colours, whilst he had no difficulty in graduating their shades.
His eye is natural and quite healthy; the iris large and dark brown ;
the pupil very dark, ang vision apart from colour perfect. In the
rainll:nw he distinguishes blue, yellow, and orange. Green he never
sees in ity and he is very uncertain as to red. In coloured objects
he has no difficulty with blue or yellow, but he stumbles at red and
reen, and olive and brown. The reddening action of an acid on
lue litmus paper is invisible to him ; he has no difficulty, however,
n ﬂbserﬁn(% the action of an alkali on turmeric paper.

Reds and greens he does not always mistake ; but they are fre-
quently undistinguishable as separate colours, especially on such
surfaces as those of moss and of velvet. Green moss, indeed,
and red and green velvet make the same impression on his eye, so
far as colour is concerned. He is foiled also by worsteds of these
colours ; and on one occasion betrayed his peculiarity of vision by
his inability to see the contrast between the scarlet berries and
green leaves of the mountain ash. On another occasion, he was
surprised to find on returning home from a journey, that a letter
which he had written during %u's absence was one half in black and
the other in red ink.

A red brick house, which to others is a conspicuous object in the
landscape, even at a great distance, is to him an inconspicuous one,
and made out with difficulty solely by its form.

These results of his experience were confirmed upon trial. I
noticed also that ruddy browns were confounded with olive greens ;
by candlelight bluish greens were said to look bluer than by day-
light, and the contrast between red flowers and their leaves was
much more marked than by daylight. :

|W11‘4t interested me most in this case was the occurrence of colour-
blindness in a ﬁ'iend, whom I had known intimately for many years
without discovering or suspecting that Fe laboured under it, although

O
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“ Blue and yellow are to me the brightest of colours. Red (that is scarlet)
is to me a pleasing sober colour, which refreshes my eye as much as green;
indeed I cannot tell any difference in colour between certain shades of these.
Red sealing wax and grass, for instance, are absolutely the same exact colour,
Some shades of brown, green, and red, I cannot detect to be different. Prus-
sian blue and rouge have the same hue. A rose, the lips, a ruddy complexion,
and the face of a man discoloured by nitrate of silver, are to my eyes abso-
lutely the same. Yet my eye can appreciate most delicately the various
shades of all these colours, but they are all to me but shades of one colour, and
that colour varieties of what I see in the pure dee;l} sky orin Prussian blue—in
fact, blue in various dilutions. Red hot coals and gamhboge yellow are to me
identical in colour. Infusion of red cabbage deepened by alkalies, or reddened
by acids, to me exhibits no change of colowr, but only a greater intensity or
depth of colour in the acid jar—the actual colour remains absolutely the same.
I cannot detect cherries, strawberries, or the ved fruits from the leaves but by
their form.

* In purchases I have consequently made many mistakes. For instance, I
bought a red dress thinking it a green one. I have, on more than one occa-
sion, bought red and green trousers thinking they were brown, and had to get
them dyed afterwards to get them worn. In Paris, I bought a red cap to wear
instead of a hat, thinking it a green one ; in fact, I could give very many in-
stances of similar mistakes.

The only fact which somewhat stagrered me relative to phrenclogy was,
that a phrenologist, then unknown to me, now a valued friend, asked me one
day to answer him candidly whether I knew colour, as in me the bump of
colour was absent. Several phrenologists who have seen my head since have
agreed as to the absence of the so-called bump.

“ As to hereditary transmission I can say nothing. So far as known to me
none of my relatives had any defect in the perception of colour. My three
eldest children distinguish colours accurately ; it would be premature to speak
of the others who are under six years.

“I believe the affection to be much more common than is imagined. In
the cases where I made mistakes in purchases, the shopmen who served me
could not put me right ; for, knowing my defect, I always took especial care
to ask what the colour was lest I should make a blunder,”

In the preceding explicit account, Dr K. has, in addition to direct
statement, supplied an ineidental proof of his colour-blindness. He
refers to infusion of red cabbage as being deepened in colour by
alkalies ; but this infusion, which is nrigina%ly purple, is not rendered
darker by alkalies, but is changed into a bright green. An equally
striking, and withal amusing, evidence of inability to distinguish
colours is afforded by the chart of prismatic colours to which Dr K.
alludes. He was adventurous enough to prepare it himself, and the
result may be anticipated ; a youthful member of his family soon
1nfn_rmed im that one of the spaces was wrongly coloured ; and on
asking sight of the chart I found that what was called the violet
band was a full crimson, so that both extremities of the prismatic
spectrum were represented as red.

Such a chart could plainly but increase the evil which it hoped to
cure. It supplies a new occasion for the query, ¢ quis custodiet
ipsos custodes ?”

Dr K.’s inference that the shopmen in warchouses where coloured
goods are sold are frequently unable to distinguish colours, is founded
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Red cabbage growing, pickled, or in infusion, are all the most beautiful blues
I can conceive, and it was by not observing any change by acids in the infu-
sion of red eabbage, when attending Professor Hope’s chemistry class, where
I used to stare for the whole hour expecting to see the change, that I first be-
came fully convinced of my great defect. Red, again, in the lips, chuekﬂi
nose, roses (red), gooseberries, inflammations, and the like, looks blue to me !
—(I never saw a red rose in my life), and yet on recently taking up an oil-

aint, to illustrate to another my conception of the colour of the lips, you will
EB astonished to hear that I took up a green (ferre verfe). On another occa-
sion I was very much annoyed at a little boy who could tell a blue line of
water-colour, drawn across my finger, from blood ; 1 could see no difference.
Strawberries, cherries, ete., 1 can recognise without the slightest difficulty,
but I don’t trouble myself abount their colour ; 1 see only a difference as regards
what I call shade. Pinks, lilacs, purples, and blues, ave all the same colour,
only differing in intensity. Browns, russets, maroons, olives, citrines, and a
host of-others, are just anything that I can guess at, but I never get further
than red, brown, or green. The names of the other colours I don’t think I
ever uttered. Indeed I never speak of colours unless I cannot avoid it, and
the only practical mistake I ever made in regard to them was purchasing a
purple neckcloth under the impression that it was black. That was the only
mistake ; for a good reason, I never bought a coloured piece of dress, alone,
either before or since. I may mention that the same colour, when presented
to my eye on different objects, especially with unlike surfaces, often, I may
say generally, appears quite different on each.

“ 1 have now given you the best account I ean of my case. It appears to
myself, on reading it over, very absurd, and would lead one to ask, * What can
he see?’ Yet I have the firm idea and feeling in my own mind, that I see
colours the same, and as distinctly as you do, but they ;:-mdune no lasting
effect on the eye at all, and I cannot recognise them again.’

This gentleman has not, in any respect, exaggerated his difficulty
with colours. T have had various opportunities of testing his colour-
blindness, both before and since he wrote the account given above.
The result of one or two trials will best illustrate his condition. A

iece of railway red-signal glass, and another of green-signal glass,
teld up together, close to the eye in daylight, appeared to be sﬁadﬂs
of the same colour. He thought, nevertheless, that he could dis-
tinguish green glass; for having, shortly before this trial, glazed a
picture with bottle-green glass, he endeavoured to familiarize his
eye with the colour so as to guard against committing the mistake
again. However, when asked to select from a number of pieces of
coloured glass, those which were green, he placed side by side, green,
red, brown, yellow, claret, and pink; and when asked to state which
agpeared to him the purest or greenest green, he at once selected
the claret-coloured glass.

On another occasion, when requested to match coloured worsteds,
he placed the full reds and greens together, and put by itself a skein
of salmon-coloured® wool as bright yellow. In different pieces of
worsted-work he gave the same namé to red and to green, but was
not generally more disposed to call the supposed single colour by

' It may e as well to mention, that the salmon-colour referved to in the

text is a light shade of orange, taking its name from the flesh, not the seales
of the salmon. }
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The majority of them arve the volunteered confessions of sufferers
from culﬂur-{lindness, who communicated to me in writing their
condition. They are valuable as independent reports, not sent in
answer to questions, and free from any bias furnished by me. The
first, which is dated from London, is interesting as revealing the
experience of one who counts himself not a sufferer, but a gainer,
by his colour-blindness. Mr R. writes thus:—

Case IX.— Having read your letter in the ¢ Athenaeum’of the 2d April
(1853), and your request for information of unpublished cases of enlour-blind-
ness, I beg to offer some particulars of my own case, trusting it may be of use
to you. ?nm an engraver ; and, strange as it may appear, my defective vision
is, to a certain extent, a useful and valuable quality. Thus: an engraver has
two negative colours to deal with, ¢. e. white and black. Now, when I look at
& picture, I see it only in white and black, or light and shade 5 and any want
of harmony in the colouring of a picture is immediately made manifest by a
corresponding discord in the arrangement of its light and shade, or, as artists
term if, the ¢ffect. 1 find, at times, many of my brother-engravers in doubt
how to translate certain colours of pictures, which to me are matters of decided
certainty and ease. Thus to ‘me it is valuable, From my childhood, and I
am now in my forticth year, I have been totally unable to retain certain
colours in my mind, nor able to give their names when shown to me a second
time. This defect applies more particularly to compound colours, such as
green, purple, orange, and brown (this colour [ can never define) ; also the
difference between pink and pale blue, reds and yellows, blues and greens, reds
and greens ; but the appreciation of the various shades of colours (or the weight
of colours, as I may term it) is exceedingly nice and critical, Sometimes I
can see some reds and greens, by lamp-light. A few years ago I went to a
draper’s to buy some green baize, but unfortunately hought a very bright red,
- which was excessively painful to my eyes by lamp-light, but agreeable enough
by daylight. One of my brothers is equally defective, and I once knew a
native of Jersey—an engraver also—(but now dead) who was equally aflicted.
My grandfather was very deficient in his knowledge of colours, but I do not
know the exact extent.”

In a second letter, in reply to one from me, My R. writes :—

“When I was a pupil, some twenty years since, Erasmus Wilson (the emi-
nent surgeon), upon a phrenological examination of my head, pronounced me
unfit for an artist, because I was so deficient in the organ of eolour; but not
having felt the inconvenience, but rather the advantage, of this deficiency, I
continued the pursuit, perhaps unwisely. The colour of my eye (as I am told)
is a deep grey. The sight is natural and rather powerful, for I am able to see
very minute objects without assistance from glasses. 1 can also see very dis-
tinetly with but little light.

“ With regard to the rainbow, or solar spectrum, I can see clearly all the
shades of colour, but I am not able to say which is the red. The violet and
yellow are very clear and distinet.”

Those who have compared a coloured drawing, or oil painting,
with an engraving of it, will appreciate the nature of the ﬁifﬁcul?_',r
which Mr R. so easily surmounts. TIn heraldic engraving, for
example, a system has long been followed of representing each
colour by a separate set of marks. Thus, lue is represented by
horizontal lines; red, by perpendicular lines; black, by horizontal






DR G. WILSON ON COLOUR-BLINDNESS. 29

executing the foliage of a tree, provided it suited my ideas of depth, I have never
distinguished the difference, and have now some drawings WItIF, I am tPId,
bright red intermixed in the foliage ; and in one instance a sea-piece has light
pink crests to the waves, [ selected these myself, the assorted crayons having
become intermixed.

“ I am not entirely insensible to the difference of these eolonrs, but they ap-
pear to be infinitely less distinet than what others call merely varying shades
of the same colour.

“1 can distinguish scarlet better than any other shade of red, but tlya !:rrul:.:en
colours, as olive, or any approach to brown, chocolate, ete., and the distinction
which others recognise between warm and cold colours, I am quite insensible
to. Pale green and pink appear to be but slightly different shades of the same
colour, as also crimson and dark green. s 4

“ By candlelight I have a much more vivid appreciation of the difference be-
tween these colours—it is then quite an enjoyment to look at a fuchsia, or any
other crimson flowers which by day had heen lost amongst the leaves. But
scarlet is not then so vivid as by sunlight, and, unless the light is very strong,
scarlet appears nearly black, much darker than crimson. Yellow and blue are
very \riﬂr{) and distinet by daylight, but by candlelight the former becomes

le, and the latter nea.rﬂr resembles green, which also then becomes much

luer. The distinetion between blue and green by artificial light is indeed no
greater than befween red and green by sunlight.

“ A deficiency of daylight also makes scarlet resemble black, the flowers of
4 geranium which in sunshine appear much lighter than the leaves, after sunset
appear of a velvetty dark gloss, much darker than the leaves. I remember
once having been out with fox-hounds unusuall ¥ late, but when it was still
light enongh to ride across the country with safety, I could not in the least dis-
tinguish between a scarlet and a black coat, even when quite close to them,

* Whatever this defect arises from, it certainly is not caused by an insensibility
to the several colours, and their component parts—for instance, in the case of
green, I have a very vivid and distinct perception both of yellow and blue, and
after the eye has become impressed with either of these, green seems to assume
the opposite tint. I was much struck with this last s ring on looking for some

time upon some peculiarly brilliant double gorse, am‘ then turning the eye to
the green lawn, the blooms were most distinctly painted én blue upon the grass,
remaining for many seconds until the optic nerve resumed its power. Itwould
be curious to ascertain what the effect would be upon a red ground.
~ “Several other members of my family have the same defeet. I recollect the
late Lord V—— joking his wife for wearing a scarfet dress. She assured him
it was bright green ; and on comparing notes with him, I found that our defect
of vision was precisely the samae, although he had been scarcely aware of it
till that time.

“My brother, when a child, once picked up a red-hot coal, asking ¢ what
that funny green thing was?' The defect in his case has continued through
life. My other two brothers have a very distinct appreciation of these colours,
and no female member of our family has had the slizhtest trace of this defect,
neither, as you observe, have I ever met with a femm': who was thus affected.

“I have troubled you with these details, of which you may make any use
that you please, not mentioning, however, more than initials, and being per-
sonally unknown to you, I beg to refer to my brother-in-law, Mr C. K. Sievright,
Cargilfield, Trinity, Edinburgh, for my identity, if you attach any value to the
above particulars.” I would myself on no consideration undertake to distinguish
the ordinary signals used on railways, and have frequently remarked, before
reading your letter, that this was a very likely source of accidents,

“P.5.—It opensa curious field of speculation whetherany two persons call the
same colour by the same name. For instance, the sliy may appear to me what
you would call green, and the Brass may appear azure ; we all call these by
their conventional names, because the sky is sald by our predecessors to be blue;

D
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and I believe when seen by @ transmitted light (as in a druggist’s window),
they would strike me when far further removed, than if the light were merely

reflected. Y ] b
“ With regard to other colours, my E{B is certainly not very sensitive ; as

very dark green, brown, blue, claret, or black cloths, seem to be cut from the
same piece, and the chromatic faults of a bad object-glass to a microscope, do
not easily excite my attention.”

Mr T. is a striking example of colour-blindness, not in so severe a
form as to abolish altogether the perception of the difference between
red and green; but such as to render the distinction imperceptible
when these colours are removed to the distance of a very few feet
from the eye; he plainly would be a most perilous engine-driver.
In his case also there is an occasional confusion of scarlet with
black, implying a very feeble sensibility of the retina to red. His
remark on his indifference to the chromatic faults of a lens, suggests
the possibility of colour-blindness proving an advantage to its pos-
‘sessor, in so far as the use of D[ftical instraments is concerned.

We are at great pains and cost to construct achromatic miero-
scopes and telescopes; but if we could make the retina achromatie,
we might, for many purposes, dispense with complex lenses to cor-
rect the chromatic aberration of light. Perfectly eolour-blind per-
sons may yet find themselves in demand as microscopic and telescopic
observers, and the highest authorities in their respective departments,
so far as form is concerned.

Ciase XIL—For the following case, occurring in a peer high in
her Majesty’s naval service, I am indebted to Lord Radstock.

Admiral ———, after referring to the comparative frequency of
colour-blindness in members of the peerage, continues :(—

* A younger brother of mine, long since dead, was fond of.drawing, yet once
he painted a sed tree in a landseape, without being aware that he had done so.
I myself, though fond of drawing, never attempted to colour, as I should have
done the same, unless the cake of colour had been properly marked. I find
that it is not that I do not see a distinction between two colours when laced
near each other, as in patterns or bales of cloth, but I should hardl y distin-
guish a red jacket hung on a tree, unless quite fresh from the loom. A red
tiled barn I should not distinguish in a landscape, but from knowing tiles are
red. The shades of green, of brown, and of red, perplex me most. Bright
scarlet is unmistakeable to me, but I chose a pair of green trousers once think-
ing they were brown. Pink and light blue puzzle me much by daylight : a
rose, for example, appears light blue to me. ]:J*'ink and light yellow are equally
Euzzling by eandlelight. As for signal-lanterns, I should know the difference

etween red and green if they were shown together, but I should be sorry if
the safety of a train depended on my look-out, when one light alone was ex-
hibited, as danger or no danger.

“ As a naval officer I should say, that the colour alone of flags can never be
relied on as sufficient to distinguish them. [ would not dispense with colour,
for in particular lights it assists the eye more than shape, especially when
flags do not blow out, or are fluttering in the breeze. But, on the other hand,
when transparent bunting, which has become worn, i8 seen against the light,
t]m darker colours are often mistaken for each other, and, therefore, it is essen-
tial, and is the practice in the navy to represent different colours in diffurent
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candles,” when the distinction which was invisible by daylight be-
comes apparent. Olives and browns, however, are as undistinguish-
able by one light as by another. 4o o :

My informant also mentions the case of a minister in the Society
of Friends, who selected scarlet cloth as the material for a new coat.
It is probably not an accidental thing, as I shall endeavour in an-
other place to show, that so many of the followers of George Fox
are colour-blind.

The last case in a male I shall mention was communicated to me
by the sufferer (as he may with special emphasis be called) himself.
He is a tailor’s foreman, and was unaware of his defect till four
years ago, when he was promoted to his present post, and for the
first time had to match colours for the journeymen. IHe was soon
involved in grievous difficulties. The scarlet back of a livery waist-
coat was provided with green strings to mateh. A ruddy brown was
put side by side with a dark green. A purchaser was informed
that a red and blue stripe on a piece of trouser-cloth was all blue ;
and in general greens were confounded with reds and browns, and
crimson with blue. He sent me examples of his ¢ matches,” which
display a colour-blindness of the extremest kind; and yet he had
not been aware of it for years, though working at a calling con-
stantly concerned with colour. These * matches” were accompanied
by a letter, in which he says :—

“ Perhaps you will be able to discover where the fault lies, and to give me
some advice in the matter. This I cannot expect gratuitously, but shall be
hn&]py to forward any reasonable charge, and at the same time feel greatly
in e]::tad to you, for if I do not improve 1 must certainly go out of the busi-
ness,”

He adds that he keeps his present place in consequence of his ex-
cellence as a cutter ; so that he is another example of a good eye for
~ form and outline accompanying blindness to colour,

Cases of Chromato- Pseudopsis in Healthy Females.

So far as I am aware no case of colour-blindness in females has
been described in detail. Preyious writers on this affection have
drawn attention to its rarity among women, and my own experience
Is exactly to the same effect ; although for reasons” already given, it
probably appears more rare than it is, and chiefly because the value
set by women upon a nice appreciation of colours, makes them re-
luctant to confess that they are not quick or accurate in judging of
them. But, on the other hand, the high standard of mﬂnur which
females acknowledge, enables them more readily than males to detect
shortcomings from it; and those who do not come up to it, should
at once be discovered by their more fortunate sisters. Yet though
I have made inquiry in many quarters, I have not in nine months
heard of more than six cases, and I have only had the opportunity
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in all objects it is the colour which she pronounces on with most
confidence. Blue she sees clearly, but some shades of lilac seem
blue: Red, green, black, brown, and lilac, she does not venture to
name uuuﬁcﬁantly, and greens and drabs are the same colour,
Mountain ash or holly berries are undistinguishable from their
foliage. In sorting worsteds, she can place no confidence in herself
in choosing, and all the lightest shades of colour are liable to be
completely mixed up. Mistakes such as have been referred to are
daily made. 1

Lady D. further mentions, that the colours of nature abound in
richness to ler senses, and the resemblance of pictures and draw-
ings to nature is equally and sensitively appreciated. But she qua-
lifies this in a later communication, by stating that the lye low
tints now (October) seen on the trees ﬂ.pgcar to me exactly the
same as those of their spring shades; indeed, I cannot conceive the
possibility of any one seeing them to be different.” As the terms
yellow may here be held to include all the autumn tints of the leaves,
and therefore various shades of orange, red, russet, and brown, and as
these to a greater or less degree seem identical with the yellow-

een and the bright green of the spring leaf-tints, there must be a
marked colour-blindness in the eye whic%l identifies them.

Lady D.’s father and one of her sons have the same peculiarity
of vision, and two nephews possess it at least to the extent of con-
fusing red with green, but her daughter, as already mentioned, is
totally free from colour-blindness.

Case XV.—The following case was communicated to me b
Mr 1. J. Moule, who received the account from the party concerned.
She writes as follows :

_“I do not know how to express myself well regarding the loss I am at to
distinguish colours, as I hardly understand fow it is myself, but I will try to do
so as clearly as I can. There are many colours the shades of which I confound ;
these are blue, lilac, pink, and purple, and if the various shades of these colours
were put before me, and mixed together, [ should be quite confused, and could
not tell to which each belongs, although I see that they are different. In
the same way I confound green, brown, and some of the alzpadea of orange. In
short, were I to tell the name of any colour correctly, it would be merely guess-
work. I can enjoy the beauties of nature, and the varied hues of the trees,
ete. ; but that there is some defect in my vision I am quite aware. Of this,
also, T'am certain, I can do nothing (oras yet have not been able) to improve it.™

This is a well marked case, and from the confusion of green with
brqu, and purple with blue, it is likely that the writer confounds
red with green. It might seem, from one passage, as if she saw the
different colours, and only had a diffculty with their names, but Mr
Moule incidentally informs me that, when engaged with coloured
worsted work, she always has the skeins marked, which shows that
the difficulty is a Real not a Nominal one.

E
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Case XVI,—For the next case I am indebted to Mrs Freeman,
Mallow, County Cork. :

“ When a girl, I attended, for a short time, a drawing class at Mr Charles
Barber’s, Liverpool, who still, I believe, exercises there the profession of artist
and drawing-master. 1 saw there a ‘grown up’ young lady, whose name I
forget, engaged upon a large water-colour landscape, and soon found, with
much surprise, that she was entirely unable to judge of the effect of the differ-
ent colours she used, The master would tell her to rub Prussian blue, red lake
and yellow ochre (or some other combination of colours), but he was obliged
to mix these in their proper proportions. If the names stamped on each
colour were legible, she of course used what she was directed to use, without
difficulty ; otherwise, she recognised the colours by the faste, and I remember
Mr Barber often cautioning her against this practice, especially with regard to
vermilion and gamboge. As to the mixed tints upon the palette she appeared
to have no appreciation at all of their differences, otherwise than that they ap-
peared darker and paler relatively.”

This case calls for no comment; it was probably as extreme as
any of those recorded in males.

Lie only case of colour-blindness in a female which T have had
an up%:}rtuniyy of personally examining was a somewhat peculiar
one, M. F., =t. 16; eye grey; vision perfect; long-sighted; is
errand-girl in a fruit and flower shop; and the frequent mistakes
which she made in reference to flowers, led to her defective sense
of colour being soon detected. She is a quiet, shy girl, slow for
her years, but not stupid, and she does not so much err between
unlike colours, as come to a tolerably just conclusion regarding them
with extreme tardiness. It was difficult to be certain of her true
condition, from the incredibly scanty nomenclature of colours which
contented her. It did not include the term green (not to speak of
purple and orange), and even after that word was suggested, and a
number of greens were shown her, she continued to call light greens
yellows, and dark greens blues ; and to speak of the paler Crimsons
and pinks as yellows. Yet when asked to assort worsteds and pieces
of glass according to their colours, she did it upon the whole cor-
rectly, only with great slowness, looking long at each colour, and
naming it hesitatingly. I came finally to the conclusion that her
case included two features : a very slow appreciation of the difference
between colours, and an equal difficulty in connecting the impression
or conception of a colour with its name. She is thus rather an ex-
ample of feeble than of false colour-vision but of this her case is a
marked one, To meet with a girl of 16, fond of reading, and intelli-

ent, who could not tell the colour of her dress, and wﬁa, after long
thinking and looking, was not certain whether to call a particular
colour blue, green, or yellow, is not common; and I find that all of
her own sex, who are aware of her defect, regard her as a very ano-
malous person.

. Case of Colour-Blindness induced by Cerebral Injury.

I have reserved for separate consideration, a peculiar and exceed-
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ingly interesting case of colour-blindness, occurring as the result of
a severe accident in the person of a surgeon at present resident in

Edinburgh.

Case XVIL—Mr B., who was introduced to me by Mr John
Struthers, lecturer on anatomy, studied here some years ago, and
afterwards engaged in practice in Yorkshire. In November 1849,
he had the misfortune to be thrown from his horse, and was taken
up in a nearly insensible condition, labouring under symptoms of
coneussion of the brain. He was confined to bed for months, and
has now a very imperfect recollection of what transpired during the
period ; but he has kindly procured for me from his medical attend-
ant, Mr Thom of Dobeross, a statement of his condition whilst under
his care. From this it appears that after rallying from the collapse
which immediately succeeded the accident, he suffered from severe
pain in the head, delirium, mental excitation approaching almost to
mania, loss of memory, and other symptoms of cerebral disturbance,
which did not subsivia for many months. Eventually Mr B. re-
Eained his health and resumed practice. He is not so robust as

efore, nor is he capable of so much fatigue ; neither is his power of
mental application, nor his memory so vigorous as it was formerly,
but he has wonderfully recovered from the serious accident which
befel him. One sense, however, appears to have been irremediably
injured. On recovering sufficiently to notice distinctly objects
around him, he found that his perception of colours which was for-
merly normal and acute, had become both weakened and perverted ;
and it has since continued so.

He has for the present resumed the study of medicine in Edin-
burgh, and has allowed me to test his vision of colours freely, All
coloured objects, he informs me, now seem strange to him. The
rainbow 1is Titﬁ destitute of hue, appearing as a white semicircle
aﬁainst the sky, or as a lunar rainbow does to most normal eyes, This
absence of colour in the solar spectrum, however, is largely due to
the weakening of Mr B.s colour-vision; for certain of the tints of
coloured objects held near to the eye are well enough distinguished,
especially yellow and blue. Bright shades alone are pleasant to look
at; dark shades appearing  a mass of confusion,” and uncomfortable
to the eye; red and green in all their shades are undistingnishable
from each other. These were Mr B.s conclusions concerning his
own case, and I found them fully confirmed on trial. Bright blue
and yellow he never mistook ; red and green, I may say, he never
knew ; and he put aside, as incapable of definition, all the more
mixed or composite colours. In short, without multi lying details, it
may be stated, that Mr B., in congequence of the m:::iglent which befel
him, has passed into what is the congenital condition of the colour-
blind. That he sustained some injury of the brain is his own belief,
and will probably be the conclusion “of all medical men who read
his case, and it points to the probability of pathological inquiry,
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fice to reoard them as offerine themselves to the eye in the three
modifications of full colours, ﬁm‘k shades and light s 1ades. 8

So far as I have observed and read, it is not characteristic of
colour-blindness to confound one of the full primary colours with
one or both of the others. There are persons as already noticed,
who are reputed to be unconscious of every colour, and who, of
necessity, see no difference between the purest and deepest red, blue,
and yellow. But such parties cannot be said to confound these
colours with each other. They neither distinguish nor confound
them ; they simply ignore them.

There are persons also like Mr P. (p. 17),and Dr Y. (p. 25),
uncertain as to all colours, and therefore liable to confound those
which are primary with each other; but on consulting their cases it
will be seen that they rarvely do confound these, and that their diffi-
culties are between primary colours on the one hand, and secondary
or more complex cnlluurs on the other. Dr Bryce mistook a very
red scarlet for yellow (p. 20), but this was at a distance, and may
be explained by supposing that his eye being blind to red, he saw
only the yellow in the scarlet. Professor N., however, confounds
carmine-red with blue (p. 33), and this appears an undoubted ex-
ample of the confusion of one pure primary colour with another.
Other examples, doubtless may occur, Eut certainly few eyes are so
false in their vision of colour, as to regard as similar or identical
chrome-yellow, carmine-red, and ultramarine blue, when these are
displayed, undiluted, and undarkened, in white light, such as that of
the sun, of the ignited lime-ball, or of the voltaic arc. Full blue and
full yellow contrast more strongly in these circumstances with each
other, to colour-blind eyes, than red does with either; and it is
with blue rather than with yellow (as will appear in the sequel) that
red is liable to be confounded.

Shades of the primary colours are greatly more liable to confusion
with each other by all eyes than the full colours are. There is a
very marked difference as to the point at which eyes reputed nor-
mal cease to perceive red, blue or yellow, when these are darkened
by the addition of black, or diluted by the addition of white. So
far as the deeper shades are concerned, blue suffers first from dark-
ening, and soon becomes undistinguishable from black ; red disap-
pears next, and yellow survives longest. To a colour-blind eye, on
the other hand, red, which is al ways the least visible of the primary
colours, appears first to become indistinet by darkening, then pro-
bably blue, and finally yellow ; and all of them become sooner indis-
tinct, 4. e., after a smaller amount of darkening, to the abnormal than
to the normal eye. This is an important fact which has not hitherto
been noted otherwise than incidentally, A review of the cases which
i have_published, and of those detailed by others, will justify the
conclusion that the sensitiveness to colour of a colour-blind eye
suffers sooner from the withdrawal of light than that of a normal
eye; and the fact is the move interesting that pereeption of form in
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;Prartial darkness appears to abide longest with the abnormal eye,
hus Mr P. states, that he is “very uncertain about any colour
when very dark” (and his “ very dark” may be measured by his
calling oxide of chromium black (p. 17), and that he distinguishes
“bright and transparent colours best;” yet, whilst working as an
amateur ]mtograp};ner, he found a very faint light, sufficient to see
by.. Dr ]} (p. 25) regards the quality of his vision, in reference
to form and outline as “ first-rate,” but browns, russets, maroons,
olives, citrines, and a host of others, are * anything he can guess at,”
an Mpur le he confounds with black,

r N. is quite insensitive to olive, or anything approaching to
brown, chocolate, ete. (P. 29).

Mr T. thinks himself better off than his neighbours, so far “ as
strength of vision, and clear definition, both of near and distant ob-
jects are concerned” (p. 31), yet he states, that ¢ very dark green,

rown, blue, claret, or ]:}lat:k cloths, seem to be cut from the same
iece,”
g The countess of D. cannot confidently decide between *red, green,
black, brown and lilac” (p. 37).

From these cases it will be seen, that dark shades of all colours,
compound as well as primary, are confounded with each other by the
subjects of Chromato-pseudopsis, and that it is only the expression of
a fact to say, that, apart from confounding colours, they become blind
to those they can see, in partial darkness, much sooner than others
do: or to state the truth otherwise, the diminution or withdrawal
of light sooner arrests the sensitiveness of a colour-blind than of a
normal eye to colour.

Tt is more characteristic of a colour-blind eye, however, to con-
found the light shades of the primary colours than it is to confound
their dark shades. When red, blue, or yellow is diluted with
white a point is ultimately reached with every E{e, at which the
excess ofF uncoloured light accompanying the colour renders the
retina insensitive to the impression of the latter. The light shades
appear to disappear to a normal eye in the reverse order of the
dark shades, yellow being the first to become undistinguishable from
white; then red; finally blue. Pale pink and fﬂlﬁ" yellow are
undistinguishable by many eyes, not otherwise faulty in their dis-
erimination of colours; and Wilkie was not the only painter whom
Haydon might have reproached for painting his flesh-tints in yellow.
Blue, on the other hand, must be very largely diluted before it be-
comes invisible to normal eyes, or is liable to confusion with light
red or yellow. To the colour-blind, again (especially to those who
frequently mistake full red?, pink and light blue are constant ]Emz.z!m,
and this ﬁmg before they have undergone great dilution with white.
A reference to the cases of Mr Hughes, Dr Y., Prof. N,, Mr R.,
Admiral ——, and the six parties authenticated by Mr S. will
illustrate this, Further, cases not unfrequently occur of persons
confounding pink and blue, who do not, so far as they are aware,
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confound other colours, Of these I have given three examples (p.
12) occurring in dyers. ¢ i ;

he pinks thus confounded with blues include diluted crimsons,
&. e,, red with a little blue in it, as well as diluted reds; and it is not
certainly surprising that an eye which cannot distinguish pale blue
from pale red, when these are placed side by side, should confound
these when they are mingled together. But there is this difference
to be noticed Eetween erimson and pure red, that the deeper the
latter the less liable is it to confusion with blue equally deep, whereas
the deeper (in the sense of the more purple) a erimson, the more un-
distinguishable does it become from full blue, as will be noticed more
at length further on.

Altogether, then, it may with great confidence be stated to be a
marked characteristic of cu[%m*—bﬁndness to confound with each other
the light shades of the primary colours, and by the term ¢light” is
not signified a mere tinge of colour. Dr Y., for example, sees roses
of all shades of red, blue (p. 25); and the skeins of pink and light
blue which I have seen put side by side as matches, were, to my own
eye, conspicuous for their amount of contrast of colour.

In connection with this matter, I notice that the Countess of D,
{E 37), and Mr P. (p. 16), both mention of their own accord,
that pale shades of all colours are perplexing to them ; and the gene-
ral conclusion may be drawn, that as a colour-blind eye suffers sooner
in sensibility to colour, from the removal or diminution of white
light than a normal eye, so it also suffers sooner from an excess of
uncoloured light. Its perception of eolour is limited in the direction
both of dark and of light shades much more narrowly than that of a
normal eye, whilst its perception of form and outline is as acute, if
1ot more so, especially when light is feeble.

Confusion of Primary with Complementary Colours—Red with
Green; Blue with Orange; Yellow with Purple.

The most important variety of colour-blindness is that which
shows itself in the confusion of primary with complementary colours,
and especially of red with green. Before discussing at length the
difficulties which attend the perception of red, I shal%dis[m&e of the
little I have to say concerning the other primary colours,

T am not aware of any case having occurred where blue was ha-
bitually mistaken for orange ; nor have I seen any indications of a
tendency to such a confusion among the colour-blind whom I have
examined.

The confusion of yellow with purple appears to be equally r
and I am not aware of any exam{:-le Ef itsP l;icurrence I:E!:in };na;::
cord. The great unlikelihood of its resenting itself had been rought
so forcibly before me by Professor }":E}lalld, In some important obser-
vations on colour-blindness, which will be given in the sequel, that
I had ceased to look for cases, when I unexpectedly encmmter:z:l, in
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uick succession, two examples of at least an approximation to the
identification of yellow with its complementary purple. Both oc-
curred in the persons of artillery soldiers at Leith Fort. Whilst
testing the colour-vision of one of them, I showed him a square of
chrome-yellow paper, which he at once pronounced to be purple.
Startled by so unlooked for a reply, I said nothing, but put in his
hands a bundle of coloured wools, and begged him to select the
purple skeins. The first he selected was chrome-yellow, then he
picked orange, pink, crimson, red-purple, and purple-brown, as if he
were feeling his way from yellow to purple, which last, however, he
did not reach. e stopped at the purple-brown, and continued
without saying a word, to retain the yellow skein in his hand as if it
came nearest to his idea of purple. % asked him to explain what he
understood by this colour, but he could not give any definition of it,
and when I showed him one by one the purple skeins, none of which
he had selected, and said these were purples, he at once accepted
them as such, and pronounced the yellow and orange to be yellows.
This man was very nervous during his examination, and especially
at first, but such a condition of discomposure probably favours the
manifestation of a latent weakness, and does not lessen the interest
of his case. The firm grasp he retained of the yellow skein, his long
glances at it hefore he selected other colours, {nis apparent content-
ment with its place in the same bundle with red-purple and purple-
brown, and yet his manifest perplexity asto all his colours bemg the
same, and his dead stop and refusal to name them, coupled with his
ready reception of a colour the o posite of yellow as purple, are ex-
actly the features of colour-blindness as I have constantly seen it in
those who confound red with green.
The other artillery soldier, on being shown a slate-coloured paper,
ronounced it to be yellow, but on this name being challenged,
Hescrihecl the colour correctly. On asking him why he had previously
named it differently, he re i’ied, that on first looking at it it had ap-
eared to him yellow. This }l:»erhaps was simply a case, where a
xed gaze on one colour brought up its complementary colour, ac-
cordine to the well-known law of such alternations. But even re-
garded as such, it is curious, for the man had done no more than
lance at the paper when he named it, whereas a normal eye must
ook long and steadily at a colour to bring into view its complemen-
tary ; and, moreover, in this case the complementary colour alone
was seen without a previous perception of its primary.

1 Above 700 soldiers in the Edinburgh garrison were examined as to the
uality of their vision of colours, but as they were purposely left in ignorance
of the object of the examination, many of them supposed that Mr Dun, who
assisted me, and myself were goveinment or military inspectors, and that dis-
missal from her Majesty’s service might follow the discovery of any defect in
their eyesight. We did our best to set the men at their ease, but several of
them were a good deal discomposed, and a few were somewhat sulky. The
particulars of this examination are given in another part of the paper.
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Altogether, therefore, both of the cases detailed are Franbly en-
titled to rank as examples of a slight or incipient manifestation of a
rare variety of colour-blindness, of which more marked cases will

be found if sought for,
Confusion of Red with Green.

The confusion of red with green, which first largely attracted
attention to colour-blindness, extends, though not equally, to all the
shades of both colours; and each is also liable to confusion with
other colours, so that the great majority of cases of chromato-pseun-
dopsis group themselves under red or green, or both. I shall first
consider the confusion of these colours with each other.

Red, without any tinge of yellow on the one hand, or of blue on
the other, is for most persons rather an ideal than a real colour, and
there is a very marked difference in the sensitiveness of eyes reputed
normal, as to the distinction between red and erimson, red and scar-
let, and crimson and scarlet :* but on this point it is needless to
dwell at length, for all those colours are confounded with n.
I wish, however, to notice, that as crimson by the addition of blue,
passes insensibly into red-purple ; and scarlet by the addition of red
nto orange, it s to be understood, unless otherwise stated, that by
crimson and scarlet are signified always the redder, and generally
the reddest shades of these.

No term includes a greater number of different shades of colour
than GrEEN, chiefly, no doubt, because nature presents to us on
every side so great a mass of green, and so many tints of it. I can-
not, accordingly, decide what colour exactly is signified by those
subjects of colour-blindness, who have communicafed to me their
cases in writing; but, in general, I intend by green, a mixture of
{Ellﬂw and blue, in which a normal eye sees no excess of either.

ery great differences occur in the judgment of different persons as
to the preponderance of one or other of its components in a green ;
and it would be convenient to have a standard siade for this abun-
dant and important colour, such, for example, as the green which
1s complementary to pure red, i.e.,, a compound of all t%le blue and
yellow in the solar spectrum. But very few are familiar with this
green, and I must leave each normal-eyed reader to choose for himself
a shade of this colour free from the least bluish or yellowish tinge.

! This is curiously exemplified in the apparent total inability of medical
men to determine whether arterial blood is scarlet or crimson. The poets and
painters appear to have unanimously decided that it is erimson ; whilst the
Spanish grandee Triden himself on his blood being blue. In reality, blood
shows all these colours, Seen through a vein it appears blue ; drawn from it,
It appears purple ; as it undergoes oxygenation it hecomes crimson and then
red. When coagulation commences, the yellow colour of the serum shades the
red into scarlet, and when allowed to dry up, blood becomes brown, We should
avoid a needless difficulty, if without affecting too great precision, we styled
living arterial blood, neither crimson nor scarlet, but simply red.

oy
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all cases the majority of skeins were rightly chosen,—five or six, for
example, in the so-called red bundle, were red, and two or three
reen ; and vice versa in the so-called green bundle. It is impossible,
think, to avoid the coneclusion that, to those v:r1m+ac.ted thus, the
sensation of red, when felt in its full intensity, is ['Ilstm‘nt from the
sensation of green; yet so slight was the difference to their eyes, that
they would not unfrequently, on looking at the two bundles, transfer
a red skein, as wrongly placed, from the red bundle to the green, or
the opposite ; and in no case, even when informed that certain of
the skeins were in the wrong heap, did they succeed in a just assort-
ment of them. Prolonged contemplation of the colours, indeed,
seemed in all cases to make matters worse ; and, in general, I have
found that the colour-blind, when informed that they have made a
mistake in selecting hues, become inereasingly uncertain concerning
them, and give up for the time attempting to distinguish between
them. -
It thus appears that red and green are both occasionally perceived
in daylight by those who more commonly are blind to them, and
that the majority of the colour-blind cannot be defined as possessors
of «Dichromic Vision,” in the strict sense of that term, although
it is quite true that they are only certain regarding the two primary
colours, blue and yellow. '
- In what has been stated, red and green are referved to as seen by
sunlight;; but it is a remarkable fact, which has not hitherto been
sufficiently regarded, that, by gaslight or candlelight, the distinction
between red and green,which to the colour-blind was so slight by day-
light, becomes in many cases quite apparent. My attention was first
directed to this matter by the statement of Mr N. (p. 29), that by
candlelight crimson flowers, such as fuchsias, which by day had been
lost among the leaves, stood out in contrast with the foliage, so that
it was < t)%en quite an enjoyment to look ” at them.

On reading this, I recalled the account given of his colour-blind-
ness by Mr D. (p. 14); “the flowers of a scarlet geranium I
cannot see distinctly by daylight; but by candlelight there is a
marked contrast between them and the leaves.” oy

Without any knewledge of Mr N.s statement, Prof. Y, repeated
(p- 32) his experience in nearly similar words, adding that he
“always delighted in going into a conservatory by candlelight, be-
cause all the purple and red flowers stood out in such brilliant eon-
trast to the green leaves;” and he further mentions that scarlet
flowers then appear brighter than by daylight. Mr R., who prof-
fered the account of his case, stated that,—* Sometimes [ can see
some reds and greens by lamplight” (p. 27), and in illustration of
this mentioned the very striking fact, that a baize curtain which
he bought as green by daylight, and which was then agreeable to
his eyes, proved excessively painful by lamplight, and turned out to
be “a very bright red.”

Dr E., in answer to queries, reported his experience to be exactly



48 DR G. WILSON ON COLOUR-BLINDNESS,

similar. Dr Y. whom, by daylight, T had found to make the great-
est mistakes between red and green, by gaslight made far fewer
blunders (p. 26).

Lastly, Mr S, reports one of the colour-blind persons known to
him as being in the practice of resorting to a room lighted with gas
or candles, when he wished to tell the d%‘erence between scarlet and

en, and crimson and blue (p. 34).

On looking over the cases recorded by others, I observe that the
better perception of red and green by artificial than by daylight
has not escaped the notice of previous writers. Dalton ﬁ::umi’ that
to some twenty colour-blind persons, including himself, “#ed and
scarlet have a more vivid and flaming appearance by candlelight
than by daylight ;” and that “in all points where we differ from
other persons, the difference is much less by candlelight than by
daylight.”* Mr Milne of Edinburgh, also, whose case is described
by Mr Combe, “calls crimson blue by day, and bright red by
candlelight.”

It thus appears that a large number of the colour-blind have dis-
covered that red, still more crimson, and to a less degree than either,
scarlet, are distinguishable from green by ordinary artificial light,
where they are not distinguishable by daylight. That both colours
appear different, seems certain from the letters I have printed, and
I refer to these because I have had comparatively few opportunities
of testing the colour-blind by artificial light. In Dr Y.’s case, how-
ever, I know certainly that red or green seen alone is distinguished
by gaslight where it 1s mistaken by day; and if each colour is thus
aftered. and rendered more visible by artificial light, the two, seen
together, must contrast much more strongly when illuminated
by it.

FI do not here enter into the explanation of the greater visibility
of red and its complementary colour by candle or gas light, which,
however, it may be remarked, is chiefly to be mugﬁt for in the dif-
ferent quality of this from sunlight; but three points demand notice.

1. ’lshe conclusion already insisted on, that red and green are
both occasionally visible to the colour-blind who habitually con-
found them, is greatly strengthened if vision by artificial light be
taken into uﬂﬂaiﬁeratiun as well as vision by daylight.

9. Those who confuse red and green by daylight continue to do
s0, though to a less degree, by artificial light.

3. From what is stated above, it follows that, contrary to general
belief, our present railway signals are safer, so far as lability to
mistake by the colour-blind 1s concerned, by night than by day.
But, as the cases of Mr Hughes and Dr Y. specially illustrate,
though safer, they are not safe. _ | '

To complete the discussion of red and green in their relation to
colour-blindness, two matters call for discussion from their interest in

1 Mem. Lit. and Phil. Soc., Manchester. 1798. Pp. 40, 41.
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connection with the physiology of this affection of vision, and their
importance in reference to the observation of colours by the colour-
blind.

In deseribing Dr Bryce’s case (p. 20), I have referred to the
effect of distance in rendering red invisible to him. Iis case is
not peculiar. Mr D., Mr T., Dr K., Dr E., Admiral ——, all refer
to their ceasing to distinguish red from green when removed to a
short distance from those colours, although they discriminate Phem
close at hand. My friend Mr David Stevenson, the accomplished
engineer of the Northern Lights, has suggested to me that the dis-
tant colour-blindness referred to may be only the result of ordinary
myopia or short-sightedness. That ordinary myopia affects the vision
-:}fY colours as well as of form or outline is unquestionable, but that
there is what may be termed “ chromic myopia,” or a short-sighted-
ness to colour, not accompanied by a corresponding short-sichtedness
to form or outline, admits, I believe, of distinet proof. Thus, Dr
Bryce described the cruciferous arrangement of the petals of a ver-
bena, but mistook its colour, of which he was reluctant to speak at
all. Prof. Y., who is long-sighted, and a practised ohserver with
trigonometrical instruments, states, in reference to the difference
between red and green as seen by daylight, that ¢though I can see
them well enough if near, at a little distance the contrast makes no
impression on me” (p. 32). Mr T. regards himself as better off
than his neighbours, “so far as strength of vision and clear defini-
tion both of distant and near objects are concerned,” but he adds,
that ““at a distance of about sixty yards it would puzzle me to dis-
tinguish the colour of a soldier’s coat, although the general outline of
the figure would enable me to pronounce upon its being that of a
soldier” (p. 30). Admiral makes a similar reference to a red
jacket andp to a tiled barn (p- 31); and Drs K. and E. are equally
foiled by red and green objects when removed to a comparatively
short distance from them.

From these volunteered statements of sufferers from colour-blind-
ness, I drew the inference that the perception of form and outline
remains with their eyes after that of red and green, as accompany-
ng shape, has been lost in consequence of the distance between tﬁra
:Eectator and the coloured object being increased ; and, conversely,

at on walking up to a far off red body, its shape is discerned before
its colour. With ordinary myopic eyes, the reverse I believe to be
the case. T have appealed to several friends, otherwise normal in
vision, who, like myself, are short-sighted, and we agree in the con-
clusion, that a letter, figure, or device, is visible to us as a shapeless
red blot at a distance wﬁ precludes us from giving any opinion
on its form. At the same time, I have laid Mr gtevcnsun’s sugges-

tion before the more accessible of my colour-blind acquaintances,
with the following result :—

Dr K. writes thus :—
“I have your letter relative to the suggestion that the non-per-







DR G. WILSON ON COLOUR-BLINDNESS. 51

Mr Hughes, also, has at my request made observations on the
velative visibility at a distance, of form and colour, as displayed in
the Royal Scottish Academy’s Gallery of Pictures, and reports that
he perceives the outlines of painted objects, after he has ceased to be
certain regarding their colour. In addition, a medical man, Dr .,
whose case I have not recorded, volunteered the statement that he
could, though at a considerable distance from them, recognise pop-
pies among green corn, so long as they were unblown, by the marked
shape of the drooping unexpanded flower ; but as soon as the green
ealyx was shed, and the scarlet petals were exposed, he lost sight of
them.

- These cases might suffice; but whilst I write, a party un-
known to me, spontaneously sends from Statham, Norwich, a letter
on his colour-blindness, in which regarding what he is about to
describe, as a peculiarityof his own case, he says :—* I can discern
red colours in general, at hand or within a few yards, but fifteen or
twenty yards off I cannot distinguish ripe cherries from leaves,
although when half-ripe they were quite evident to me.”

I fenﬁ assured, accordingly, that a colour-blind eye becomes insensi-
tive to red, or doubtful regarding it, at a much shorter distance from
a red object than a normal eye does, and ceases to perceive a difference
between red and green long before these have become invisible to the

erfect eye. In truth, it does not consist, so far as I know, with the

miliar experience of those free from colonr-blindness, to find that any
distance, however great, leads to an identification of red with green
and although what the great anatomist Dr Barclay loved to call expe-
rientia vulgaris is to be taken with due allowance, yet when we find no
normal-eyed person ever hinting at a temptation to mistake a distant
red object for a green one, whilst a number of colour-blind persons,
who have had no communication with each other, are found acknow-
ledging a prevailing temptation to do this, we cannot hesitate to
regard them as blind to red and green at distances which only
slightly diminish the contrast between these colours to those pos=
sessed of more favoured organs of vision. In su pport of this conclu-
sion, I would only further refer to two circumstances.

Lst, A very large number of persons have discovered their colour-
blindness by failing to distinguish red flowers or fruits from their
leaves unless very near them.

. 2d, Without any reference to the special question under considera-
tion, I have inquired at nearly all the subjects of chromato-pseudopsis
known to me what colours they saw in the distant rainbow, and
nearly all have replied that they did not see red or green, but saw
the other prismatic bands, or at least the yellow and blue. Mr B.
(in whom, however, colour-blindness was induced by cerebral injury)
sees 1o colours at all in the rainbow, and does not see red and green
close to the eye. But many of those whose cases I have reported
distinguish red from green close at hand, yet when they gaze on a
rainbow, at a distance from it which does not render them insensible
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to two of the three primary colours which it displays, cease to per-
ceive the third primary, red, and also green.

There appears thus to be a  chromic myopia” or short-sightedness
to colour, which, so far as I am aware, has not hitherto been gene-
rally recognised.

The last point 1 have to notice in connection with the identifica-
tion of red with green concerns the dark shades of both colours.
The addition of black to red converts it into brown, and a similar
addition to green changes it into olive, although that title is more
properly applied to a mixture of dark purple and green. The dark-
reds and dark-greens thus generated are great puzzles to the colour-
blind. Those mﬁm confound full bright-red with full bright-green are,
I believe, always equally at fanlt with dark-red and dark-green ; and
many who do not mistake the pure, fully illuminated colours are
stumbled by their darker shades. The particular proof of this will
be given in the record of the proportion of persons in the commu-
nity who err in discriminating colours; but here it is important to
notice that not only red-brown (red plus black), but orange-brown
(orange plus black), yellow-brown (yellow plus black), and russet,
or Pu%dy brown (purple plus orange), appear to many eyes iden-
tical with the darker shades of green. Dr Bryce, Mr Hughes, and
Dr C. illustrate this peculiarity of vision. The tailor’s foreman
(p- 85) has sent among his matches a ruddy-brown and a deep-

een. Dr K. and Admiral both refer to mistakes in pur-
t;gil;asing dresses, which betray the difficulty they encounter in distin-
guishing brown from green. Mr S. reports his six friends to be ve
taulty in this respect, and tells of one who lilurchased a bottle-green
coat whilst intending to provide himself with a brown one. A sur-
vey, moreover, of all the cases which I have recorded will show that
olive, which may be taken to represent all shades of dark-green, and
brown in all its shades (but especially russet or red-brown) are for
the majority of colour-blind eyes the same or very similar colours,

I dwell upon this point, because an inability to distinguish olive
from brown appears to be the E]i%}ltﬂst manifestation of that well-
marked colour-blindness which, when fully developed, ignores the
difference between full red and green. This slight colour-blindness
is of importance practically, inasmuch as those affected by it not
only confound dark shades of the colours in question, but are liable
to mistake tints originally bright when these are tarnished by time
and exposure, or when they are seen in twilight or dimly illuminated,
I have referred, under Dr Bryce's case, to the importance of this
slichter colour-blindness in reference to railway signals, and to this
I shall recur. _

It is important, also, in reference to the physiology of colour-
blindness, especially when taken in connection with the chromic
myopia already described. Shortened distance or increased darken-
ing, i. ., in both cases, diminished illumination, lessens the sensi-
tiveness of a colour-blind eye to red and green long before it
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annihilates the perception of these colours by a normal eye. _In this
we only see another illustration of that limited range of sensitiveness
to colour which has alveady been referred to as an unenviable pre-
rogative of the cnf(}ur—b]incr {}rian of vision. A slight excess of light
is sufficient to paralyse or exhaust its sensitiveness to colour; an
equally slight defect of light leaves that sensitiveness unaroused : in
both cases colours become invisible.

Confusion of Crimson with Blue.

The confusion of crimson with blue is one of the most character-
istic marks of colour-blindness. A reference to the great majority
of cases recorded in this paper will show that the subjects of chro-
matﬂ-pseudogsis have independently of each other discovered the

culiarity of their vision in reference to mixtures of red and blue.
Ifjfwﬂi sufice to refer to Dr Y., Prof. Y., Prof. N., and the Coun-
tess of D. They have also recognised that the deeper shades of
purple, as well as crimson, were liable to appear blue to them, and
have separately reached the conclusion that their eyes perceived in
mixtures of red and blue only the blue. Prof. Y., for instance,
states that, “when blue and red are mixed, the blue is apt to %ilf'
the red” to his eyes.

Dalton reports of himself, and of the persons, nearly twenty in
number, whose colour-vision resembled his own, that crimson ap-
peared to them blue by daylight, and of himself that blue, purple,
pink, and crimson seemed to him “ all referable to blue.”

Apart, therefore, from any hypothesis as to the cause of this -
limitation of colour-vision, it appears to be one peculiarity of the
colour-blind eye to be unable to discern red by daylight, if it be
mixed with blue; and a very slight addition of the latter is sufficient
to render the former quite invisible, so that a crimson which by
many so-called normal eyes is identified with red, by colour-blind
eyes is identified with blue. -

By candlelight, as alveady stated, the tendency to cenfound red-
purple (of which erimson is the reddest shade) with blue disappears,
or is greatly lessened, and the experience of a large section of the
colour-blind, including Dalton and the cases which he has described,
is embodied in the statement of Prof. Y. :—«With urples in daylight
the blue overcomes the red; in candlelight, the 1'&{11) either overcomes

%eaglue, Or appears in its just proportion, I cannot say which.”—

Confusion of Red with Black : total wnvisibility of Red.

By far the most remarkable variety of colour-blindness, in a
scientific pomnt of view, is that which shows itself in the identification
of red with black. This singular affection of the organ of vision

' Manchester Memoirs. 1798, Pp. 28-36.
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much darker than the leaves;” and that, in the same circum-
stances, he “could not distinguish between a scq.rlet a_nd_ a black
coat, even when quite close to them.” Further, in E:’l‘tlﬁcml light,
unless it is very strong, “scarlet aplpenrs nearly black.”

2. Mr T. (p. 30) describes similar peculiarities in his case. A
very brilliant scarlet anemone was with difficulty discovered in
a bed of flowers, although it was one of the most conspicuous of
them, and its position was known ; and when at last the eye caught
it, it appezu:eg as an ill-defined red blot. Scarlet poppies also,
growing amidst corn, constantly eluded Mr T.s notice. In these
cases, and especially the first, the flowers do not seem to have been
seen, but it is quite possible that they were not discerned, be-
cause they appeared green, and were confounded with the leaves,
not because they were altogether invisible. Mr T.’s own 1mpression,
however, appears to be that he did not see them at all; and he adds
the decisive fact in reference to one object,—*unless close to ripe
hawthorn berries I perceived no red, and even when near enough
to see the indiﬁdqu berries, the apFear to me for the first few
seconds rather black than red, and only gradually assume their red
hue.” It would thus seem that Mr 1.’s eye very tardily responds
to the stimulus of red light, so that a red object is first imaged on
the retina in black, making for a time no luminous or colorific im-
pression upon it, and only slowly clothing itself with colour.

3. A third example of blindness to red occurred in Mr Hughes
(p- 18), who frequently copied red lines in engineering draw-
ings in black. T have since learned from this gentleman that the
red which he is thus liable to confound with black is a rather dark
shade of erimson.

Greatly struck by those cases, for which I was unprepared by
what I had read of colour-blindness, I now made inquiry among the
subjects of that peculiarity of vision within my reach as to the rela-
tion which appeared to them to subsist between red and black. It
soon appeared that a liability to see red as black is by no means
uncommon among the colour-blind.

4. Dr E., on being applied to in reference to his experience in
the matter, recalled the circumstance of his having written a letter,

rtly with red, partly with black ink, without being aware of the

ifference. (P. 21).

5. Dr Y. could not at first recall any occasion on which red had
seemed black to him, but he afterwards observed that by gaslight he
could distinguish two lettered eards to be respectively red andéialuck,
which appeared to him by daylight of the same colour.!

! In deseribing Dr Y.’s case (p. 29), I referred to this confusion as having
occurred in connection with “the leather binding of church books,” but
I find that T had misunderstood my informant, who tells me that the
coloured objects mistaken, were cards elevated before the congregation in one
of the churches of Edinburgh, with numbers referring to tunes upon them,
and purposely painted in different colours to indieate which of two musie
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Purple Bundle. Fawn Bundle.
2 Crimsons (1 bluer than the other). . 1 Pale Green.
Unarranged. Yellow Bundle.
1 Black. 1 Pale Yellow.

1 Darlk Green.

In the arrangement above, no indications appear of a tendency
to confound red with black. The whole of the reds are arranged
among positive colours, and the majority are rightly arranged ;
whilst the solitary black wool is left unplaced, and remains apart,
along with a very dark green. In keeping with this exclusion of
black from the coloured wools (which, however, was the result of
much comparison of them with each other), T. R. could with diffi-
culty recall the fact of his having mistaken red paint for soot, and
he had not realized the truth that he was liable to confound red
with black, Yet he spontaneously added, on being reminded by
his companion of the circumstances attending the mistake in ques-
tion, that on'one occasion seeing a lady in church well known to
him, wearing what seemed to him “a black bonnet,” he asked her
for whom she was in mourning, and surprised her greatly by the ques-
tion, for her bonnet was of ¢rimson velvet.  He tells me that he has
mentally made the same mistake more than once since I first saw
him, but warned of his tendency to confound colours, he looked at
the apparently black bonnets in different lights, and satisfied him-
self that they were, or at least might be, red. :

Still more recently, he has been discovered by Mr Inglis to be
liable to confound red ink with black ink, and T have in my pos-
session a card on which one word is written in crimson, and the
other in ordinary ink, both of which appeared to T. R. equally
black. The characters are large, and the colours strongly contrast to
a normal eye, as they were intended to do by their writer. The card
in question, which contained two memoranda for the writer’s use,
fell accidentally in T. R’s way ; but to test the matter further, Mr
Inglis wrote an entire letter in red ink, which he requested his
friend to copy for him. Its colour led to no spontaneous remark on
T. R’s part, and when asked how the ink pleased him, his only
comment was, that he thought it rather blue ; he had been unaware
that the ink was red.

7. This difficulty in distingnishing inks, T believe, is by no means
rare. I have made the acquaintance of a clerk in the Edinburch
Post-Office, who has surprised his superiors by signing his name to
official papers in red ink. He did this unwittingly, and his cus-
tomary method of distinguishing red from black ink is by the dif-
ference in their respective odours.

I know of two utliner clerks in town who cannot tell red ink from
black ink till it dries, and who also rel upon the difference in
odour as a means of distinction between them.

Dr Rowe, of the Royal Asylum, Morningside, informs me
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that a friend of his, a banker near London, finding himself con-
stantly confounding red and black ink with each other, had a bottle
of a different shape provided for each, as a safeguard against further
mistakes. These facts may seem trivial, but they show how com-
paratively frequent blindness to red is.

8. A case probably as well marked as T. R.’s, occurs in the per-
son of a young clerical student in Glasgow, whom I shall call R.
MR, have been disappointed in seeing him, but Mr Peter
Stevenson, philosophical instrument maker, Edinburgh, who knows
him intimately, ascertained the following fact, which is sufficiently
decisive in reference to his vision.

He himself and his friends had long been aware that he was to
some extent colour-blind, and by way of testing this, he was asked
by Mr Stevenson, when recently in Edinburgh, to tell him the
colour of a web of children's handkerchiefs hanging at a shn]f-donr,
distant in a straight line, about forty feet from the window where he
was sitting.

The handkerchiefs in question were white, with rude designs and
letters printed on them from copperplates in crimson ink, so that at a
little distance they appeared pretty uniformlyred. R. M.'T. at once
pronounced them to be ¢ black like the El‘iﬂt of a book;” and as
the same designs are as frequently printed in black as red, an eye
disposed to confound these colours, and more familiar with the
former as occurring in engravings, would be put off its guard by the
character of the lettering and designs presented to it. I have seen
one of the handkerchiefs, which is of a bright, full crimson colour,
but I do not know the peculiarities of R. M. T.’s colour-blindness.
He is a student at Glasgow College, and Professor William Thom-
son has kindly engaged to test his colour-vision by the prismatic
solar spectrum, so that further information may be given in the
sequel concerning his case. . \ i

9. My friend, Mr John Crombie Brown, is acquainted with a
party S. N. (known also to Alexander Christie, Esq., A.R.S.A.),
who has a fine eye for form and outline, but is markedly colour-
blind. In early life he was apprenticed to an upholsterer, and on
one occasion being sent for black cloth to cover a coffin, he brought
scarlet.

Other cases less fully examined have been reported to me by
trustworthy parties. .

10. Dr David Skae informs me of a young medical man, formerly
an assistant in the Mnrningside_ Asglurq, who was frequently com-
pelled to appeal to others to decide for him, before sealing a letter,
which was red and which black sealing-wax. Mr Walker, the eye-
surgeon, also knew this gentleman, an?l recalls the fact of his mis-
taking red and black chalks for each other, when engaged in crayon-
drawing. e is at present in China, but has been applied to for
the particulars of his case.

11. Mr R. S. Grieve, the large carpet-maker, George Street,
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Edinburgh, tells me that he has often heard his father speak of a
weaver in his employment, who, besides matching red with green,
frequently matched scarlet with black.

12. To these cases I may add that of the Countess of D., who
enumerates together as colours she cannot confidently pronounce
upon, “red, green, black, brown, and lilac ” (p. 37).

After enconntering, without specially seeking for them, so many
examples of the confusion of red with black, I thought it exceed-
ingly unlikely that previous investigntnrs of colour-blindness should
not ﬁave met with cases of it; and on searching, it appeared that
they had.

Thus Mr Harvey has recorded the case of a tailor in Plymouth
who was otherwise colour-blind, and to whom black appeared
“ generally green, in -(Fa,rticu]ar cases crimson.” A purplish red
flower, the great snap-dragon (antirshinum majus) he pronounced to
be black, and “a very good match for my EMr Harvey’s| black
coat.” IHis master stu’ceﬁjr that ¢ being desired to repair an article
of dress that required black silk, he employed erimson ; and a simi-
lar mistake occurred on two other occasions.”

“ On another occasion, when a young gentleman’s dark blue coat
was brought to him for immediate repair, the mother was surprised
to find the elbow of the coat repaired with crimson.” ! In connec-
tion with this last mistake, Mr Harvey quotes a case recorded by
Dr Nicholls in the Medico-Chirurgical Transactions, where an
officer in the navy * purchased a blue uniform coat and waistcoat,
with red breeches to match.” Iere probably, as was the case with
Mr Harvey’s example, dark blue was undistinguishable from black,
and the latter would have been confounded with red also.

Dr Colquhoun of Glasgow has described the case of a gardener in
Clydesdale, who was originally a weaver, but gave up that trade,
“because he confounded the red, black, green, and purple threads.”?
It is further stated in reference to this person, that *he confounds
red with lilae, rose, brown, black, white, although he perceives the
difference of the light tints and dark tints;” and that “in bright
candlelight he cannot specify the shades of violet or brown, nor
those of black, which he takes for brown, red, green, or black.” In
other respects his case was an extreme one.

I finally turned to Dalton’s account of his own case, and that of
his fellows, and at first it appeared that he had distinctly ascertained
that he did not confound red with black, as I have alreadyg,r illustrated,
by a quotation from his paper. Sir John Herschel and Sir David

rewster also, who both paid much attention to Dalton’s case, have
E}*Tmmd their conviction that he saw as long a spectrum as others
did, but that the red extremity appeared to him yellow. He should,
of course, have seen a shorter spectrum than others, had red ap-

! Trans. R.5.E., vol. x. 1824, pp. 2565-269.

2 Glasgow Medical Journal, vol. ii. p. 12., 1829, quoted b
Scientific Memoixs, 1846, p. 168. L e Y Wartmann.
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peared black to him; and no one can avoid concurring in the con-
clusion of the great opticians named above, that Dalton did not
habitually fail to perceive the less refrangible end of the spectrum,
although it did not appear to him red.” Herschel, accor ngly, in
addressing Dalton, says:—* It is clear to me that you, and all
others so affected, perceive as light every ray which others do. The
retina is ewcited by every ray which reaches it.” And again,—
“It seems to me that we [the normal-eyed] have three primary
sensations where you have only two. We refer or can refer in
imagination all colours to three,—yellow, red, and blue. All other
colours we think we perceive to be mixtures of these, and can pro-
duce them by actual mixture of powders of these hues, whereas we
cannot produce these by any mixtures of others. . . . . Now,
to eyes of your kind, it seems to me that all your tints are referable
to two.”* A similar conviction is stated by Herschel, in his treatise
on light in reference to the colour-blind as a class:— All the pris-
matic rays have the power of exciting and affecting them with the
sensation of light, and producing distinet vision, so that the defect
arises from no insensibility of the retina to rays of any particular
refrangibility.”*

Sir David Brewster thus writes :—¢“1In all those cases [of colour
blindness] which have been carefully studied, at least in three of
them in which I have had the advantage of making personal obser-
vations, namely, those of Mr Troughton, Mr Dalton, and Mr Liston,
the eye is capable of seeing the whole of the prismatic spectrum, the
red space appearing to be yellow. If the red space consisted of
homogeneous or simple red rays, we should be led to infer that the
eyes in question were not insensible to red light, but were merely
incapable of discriminating between the impressions of red and
yellow light. I have lately shown, however, that the prismatic
spectrum consists of three equal and coincident spectra of red,
yellow, and blue light, and consequently, that much yellow and a
small portion of blue light exist in the red space;—and hence it
follows that those eyes which see only two cu}uurs, viz., yellow and
blue, in the Efectrum, are really insensible to the red light of the
spectrum, and see only the yellow with the small portion of blue
with which the red is mixed. The faintness of the yellow light
which is thus seen in the red space, confirms the opinion that the
retina has not appreciated the influence of the simple red ran.’”"

A reference to Dalton’s own account of the appearance which the
solar spectrum presented to his eyes, will show the compatibility of
those conclusions with what I have now to urge. Dalton writes
thus :—¢ I found that persons in general distingunish six kinds of

1 The quotations are from a letter as yet unpublished, but which will ap
in the forthcoming life of Dalton, by Dr W. C. Henry, by whom I have been
favoured with a perusal of it.

2 Enclye. Metrop. Article Light, p. 434.

3 Letters on Natural Magie. 1832, P.31.
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licht. He appeared to see as lengthened a solar spectrum in the
dﬁ‘ectiﬂn of the more refrangible rays as MI'},'(GI' us did, but at the
less refrangible end, when asked by Prof. Kelland to follow his
pencil as it was carried from the middle of the spectrum towards the
red, and to announce when he ceased to see colour, he invariably
arrested the pointer, whilst the red still seemed to our eyes vivid and
tull. So far as we could judge, from one-sixth to one-eighth of the
red was invisible to this gentleman.

The lime-ball spectrum was much fainter and less brilliant than
that of the sun, but nearly the whole of the red was not discerned
by T. R.

JFM:- B., it will be remembered, was congenitally perfect in his
vision of colours, but became colour-blind after a severe accident
which occasioned concussion of the brain. (Ante p. 39). Bright
blue and yellow are the only colours which he distinctly perceives,
and these only close at hand ; but he is not aware of any special
tendency to confound red with black.

He saw a much shorter solar spectrum than any one else, the blue
and the red ends being both truncated, and two colours only, yellow
and blue, being recognised. He was tried with the prismatic image
in various directions, and at successive intervals, but he always gave
the same answer, pronouncing fully one-third of the red extremity
to be undistinguishable to him from those portions of the sheet of
paper on which the spectrum did not fall. A faint, stray licht acci-
dentally cast upon the paper was plainly distinguishable to him from
the surrounding darkish space, but the extreme red, which, to the
eyes of Prof. Kelland, Prof. Hunt, Mr Walker, and myself, was
very vivid, was to him invisible. When requested to look at the
solar spectrum through a cobalt-blue glass, which, to normal eyes,
cuts off a portion of the red, but not the extreme red, he lost the red
altogether.

The lime-ball spectrum, when looked at by Mr B. with the naked
€ye, was in the same way invisible at its less refrangible extremity,
and what seemed to us a clearly defined red, conveyed no sensation
of either light or colour to his eyes.

&lthnug?m the examination I have reported was more hurried than
was desirable, no doubt remained on our minds, that a portion of
the spectral red, hoth of the sun’s light, and of that of incandescent
l1r_ne' was invisible to T. R. and to Mr B.; and further, that the
mlssmfg red was not replaced by yellow or any other colour, or by a
colourless luminous impression, but so far as could be ascertained
n a room not absolutely dark, was exchanged for black, or at least
a deep grey,

A}tugether? then, the proof of blindness to red, as a lmcuIim*ity of
thaiculuux:-himd eye, is, I think, complete, but I wish to guard
against being supposed to refer to it as constant in those in whom it
oceurs. On the other hand, it is only occasional, and the conditions
of its occurrence are as yet imperfectly known. The modifications
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in this section, and the confusion of red petals with green leaves, to
which the author has referred, as proving the obscurity of red to Mr
Troughton’s eyes, is so nearly universal among the colour-blind, that
I may thus far adduce Sir David as at one with me in regarding red
as appearing dark or darkish when seen by them.

He holds, however, also, it will be seen, the remarkable opinion
that the red light of the spectrum may appear much brighter, instead
of much darker, to a colour-blind eye than to a normal one, in con-
sequence of the former not perceiving the red, but instead thereof,
yellow light of the same refrangibility, which makes a much stronger
impression upon the retina.

Additional observations can alone determine whether the antici-
:Eated phenomenon ever occurs. Its occurrence, however, would not

e at variance with the appearance of red or crimson bodies as black
to a colour-blind eye, as they do not transmit or reflect yellow rays to
affect the retina. It is otherwise with scarlet bodies, which should
appear as bright yellow to eyes which simply ignored red. But it is
with green, not with yellow, that scarlet is systematically confounded
by the colour-blind, as a review of all the recorded cases will fully
demonstrate, and the green thus identified with scarlet is not a pale or
yellowish green, but a full, and often dark, shade of that colour.
Thus, Dalton compared sealing wax to one side of a laurel leaf, and
a red wafer to the other, and his doctor’s scarlet gown to the leaves
of trees; nor was his case in this respect peculiar, for the colour-
blind are constantly found unable to distinguish the petals of the
scarlet geranium from its leaves, the flowers of the wild poppy from
the unripe corn amongst which it is growing, and the holly berry
and rowan (or mountain-ash) berry, from their fﬂliaﬁ Moreover,
those who thus mistake scarlet, regard green as a darkish colour, and
confound it with drab.

From these facts, coupled with the observed invisibility of red, I
cannot avoid inferring that a colour-blind eye does not simply ignore
red in a compound colour, or receive no impression from it, when it
looks at scarlet, but that it sees the red as black ; and I suggest that
it is the mingled sensation of this black with the accom ﬂll{lﬂg vel-
Jow, that causes scarlet, and even orange, to appear a drab-like green.

A similar phenomenon appears in connection with mixtures of red
and blue. Ill?is eminently characteristic of the colour-blind (as has
been abundantly shown) to mistake such mixtures in all their shades
from pink and erimson, to violet and purple, for blue. It perplexed
me long in examining such cases to find that even the redder crim-
sons and the paler shades of these, such as oceur in the lips, and in
the petals of the fuchsia, in the rose, and the pink, were spoken of
by the colour-blind, in such decided terms as appearing blue to
them, that I could not help inferving that they received the impres-
sion of a much deeper blue than normal eyes would have obtained
from purples, or red-blues, simply deprived of their red.

Since, however, T have observed the total invisibility of red, T
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have inferred that the colour-blind do not see a red-blue as blue
sninus ved, but as blue minus red plus black ; in other words, the
red is not merely abolished, but is replaced by black, and the red-
dest purple must, in such circumstances, appear a very dark blue.

I am thus inclined to regard the confusion of scarlet with green
and of purple with blue, as phenomena of the same nature, and de-

ending upon the same cause as the confusion of red with black,
?rﬂm which they differ only in degree. I do not, accordingly, anti-
cipate that the colour-blind will generally be found to see the red
end of the solar spectrum brighter than others do, but the reverse ;
although it would be unwise to dogmatise on the peculiarities which
may be found in detached cases ot colour-blindness.

I have further to mention, that since reaching these conclusions, I
find that Prof. Dove has drawn attention to certain phenomena con-
nected with the normal vision of red, which are important from the
light they throw upon the subject before us.!

Dove Eas frequently observed that on leaving a picture-gallery at
the approach of night, a parting glance showed that ¢ the red coﬂ}ur
had ﬂlmgetherdisappeare!], while the blue appeared in all its strength.
Artists,” it is added, “ are well aware of this fact.” This is a phe-
nomenon presented to the normal eye, plainly differing, only in
degree, from that observed by the fox-hunter, w{m, as already men-
tioned, in dim twilight, lost the power of distinguishing a scarlet
from a black coat.

The longer visibility of blue than of red in faint light, Dove has
shown, may be rendered manifest by looking at a stereoscopie com-
bination, the halves of which are drawn in white on a black ground,
through coloured glass. '

If the one eye gazes through a red glass, and the other through a
blue one, the red lines are the most vivid whilst daylight is intense,
but, ‘““as the twilight advances, the red becomes weaker and weaker ;
1t finally disappears altogether, and instead of the relief formed by
the combination of the red and blue outlines, the blue alone is ob-
served as projection. . . . . If two red glasses be now placed
before the openings of the stereoscope, nothing whatever is seen ;
while with two blue glasses [even though ten times thicker than the
red glass], the relief appears in blue lines, and remains distinetly
visible for a quarter of an hour longer. Thus, the fact of the earlier
disappearance of the red rays is placed beyond a doubt.”®

It thus appears from the general experience of painters, and from
the special trials of Brewster and Dove, that we all become sooner
blind to red than to other colours, so that between us and the colour-
blind, emphatically so-called, ghere is but a difference in degree, and
they may with perfect justice insist upon applying also to us the
name which we have devised for them.

' On the Stereoscopic Combination of Colours, ete. By H. W. Dove.
Trgnalpu.t%litl.npu:hzs;?ct by Dr J. H. Tyndall. Phil. Mag., Oct. 1852, p. 241,
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One of these confounded full red and green, 2 confounded brown
and dark green, and 1 blue and green. {20

Dr Rowe, of the Royal Asylum for the Insane, Morningside,
kindly tested the colour-vision of the mz.tle attendants in that insti-
tution, and found among 42, 5 colour-blind.  Of these, 2 were ver
decided examples of the confusion of red with green; 1 mistoo
brown for green, and 2 blue for green.!

Anxious to extend the inquiry to a larger number of persons, I
obtained permission from the commanding officers of the cavalry,
infantry, and artillery detachments in Edinbur?h and Leith, to ex-
amine the vision of their men, and the results obtained were, in
several respects, important. Iovery facility was afforded by the
military authorities, to whom 1 have here to express my great obli-
gations for the service rendered me.

The investigation was made by daylight, in the latter part of
October 1853 ; and as the scanty leisure accorded to a soldier in a
short winter day could not be largely encroached upon, it was im-
possible, though some hours were devoted daily by Mr Dun and
myself, for nearly a fortnight, to the inquiry, to make other than a
rapid examination of each individual. Accordingly, as I was mainly
anxious to ascertain how far the prevalence of colour-blindness in
the community rendered the red and green signals in use on our
railways unsafe, I confined my observations almost entirely to the
difficulties attending the diserimination of red from green, and brown
from green; mistakes between other colours being noticed only
when they prominently presented themselves ; though even then
they were not always recorded.

The men were examined one by one; in the first place by asking
them to name coloured papers, or the diagrams in Mr D. R. Hay's
Nomenclature of Colours. Their catalogue of names, unless they
had previously followed trades conversant with colours, was in all
cases exceedingly scanty, including in general only the terms red,
blae, yellow, green, and brown (which last, however, was often
wanting) ; pmﬂle being scarcely ever named, and orange, I may
say, never. y requesting them, however, to refer the colours
shown them to red, blue, or yellow, all necessity for precise terms,
in the case of compound tints, was dispensed with, ang the risk was
avoided, of confounding those who could not name colours, with
those who could not distinguish them,

The majority answered prom tly in reference to red, blue, and
yellow ; lpurple was generally called either blue or brown, but was
nevertheless distinguished from these colours, when shown side by
side with them ; orange was almost invariably called red, and there
vas great uncertainty as to the difference between green and blue,
Those who gave reasonably intelligent answers in reference to the

! It was not thought advisable to include in the examination the patients of

the Asylum, as the amount of reliance to be placed on their answers could not
be determined.

1
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names of the primary and secondary colours, were dismissed without
further inquiry ; but if any mark{gt{ hesitation was shown in distin-
guishing red from green or brown, they were asked without naming
them to assort coloured papers, wools, and pieces of glass, and to
place those of the same hue together.

Proceeding in this way, 81 colour-blind persons were found among
437 soldiers of the 4th or King’s Own IﬂFﬂl’ltl‘}". Of these, 5 con-
founded full red with full green, and 1 pink with light green; 13
confounded brown with green, and 12 blue with green.

Among 177 soldiers of the Tth Hussars, 14 were colour-blind ;
4 mistaking full red for full green, and 1 pink for light green; 2
brown for green, 6 blue for green, and 1 yellow for pink.

Of the detachment of artillery at Leith Fort, 123 were examined,
5 of whom were distinct cases of?' colour-blindness, and 2 were doubt-
ful. Of these, 2 mistook full red and green, 1 brown and green,
2 blue and green, and 2 whose cases have already been referred to
(ante, p. 44), appeared to mistake purple and yellow.

The list thus given errs by defect, not excess, especially in refer-
ence to the confusion of red with green. In so rapid an inquiry as
I was under the necessity of making, only the more prominent cases
could be detected, and timorous, sulky, obstinate, or unwilling wit-
nesses had frequently to be dismissed, though their cases were sus-
picious, rather than prolong the detention of a company or troop of
their fellow-soldiers, who were waiting to be examined man by man
Those, however, who distinctly betrayed a tendency to confound
red or brown with green, were very carefully examined by Mr Dun
and myself together, and the attention of the officers present was
directed to the mistakes made, so as to secure us against any attempt
at deceit on the part of the men.' L

The results obtained in Edinburgh in 1852-55 are ﬁiven in the
following table, the two doubtful cases of confusion o yellow and
purple occurring among the artillmiymen being omitted, as well as
the one of yellow and pink among the Hussars; whilst the case of
pink and light green among the latter, and the similar case among
the infantry, ave classified along with red and green.

Each person is put down under a single head, but it 1s to be ob-
served that those who confounded red with green, also confounded
brown with green, and were uncertain as to the difference between
blue and green. I have no doubt, also, that several of those who
appear only as hesitating between brown and green, were liable to
mistake red for the latter colour. Two of the Hussars classified
under ¢ red and green” were brothers. None of the other parties,
so far as I know, were relatives.

' In one case only, I was cautioned, in his hearing, by a sergeant of h:;
ecompany, against crediting the statements of a soldier, as alike unwilling an
unable to speak the truth ; and although a subsequent private examination led
me to believe that he was a bona fide cage of colour-blindness, the man Was 50
ignorant and eccentric, that I thought it best to exclude him from my list.
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It is forther of importance to notice, that although the ob-
servations were made at Edinburgh, exceedingly few of the per-
sons examined were born in that city, and very few are settled
in it. The soldiers, who form more than half the number referred
to in the table, were chiefly from England and Ireland, a few
being from Scotland and Wales. The students of the mathe-
matical classes of the University, my own pupils, and those of the
Veterinary College, are mainly gathered from the various districts
of Scotland, and to a smaller extent from England, Ireland, and
Wales. The police are recruited from all quarters, and I believe
the same may be said of the attendants in theunrningside Asylum ;
at all events, the most marked cases of colour-blindness among
them, are presented by persons who have come from a distance to
Edinburgh. Altogether, then, the parties whose cases are reported
:fepresent fairly, though unequally, all the sections of our popu-
ation.

If to the numbers given in the accompanying table, those
obtained by Dalton, Prevost, and Seebeck, be added, the extent
to which colour-blindness prevails will appear more markedly ;
but I omit them, because Dalton’s numbers apply to 1793-94,'
and the cases enumerated by the other observers are not classi-
fied. IHow far any of the results are applicable to the entire com-
munity, I shall not attempt to decide; but the number of cases
of colour-blindness which have been discovered by every one who
has sought for them, shows that the general per-centage cannot
be very low. Only two of the cases (Mr P. and Mr D.) enu-
merated in the table, are described by me in this paper: I have
left many known to me undeseribed, wﬁilsl‘. fresh examples are con-
tinually presenting themselves. The experience of Professor Kel-
land, and Professor Allen Thomson, as to the comparative frequency
of colour-blindness, has been similar; M. D’Hombre-Firmas has met
with -::nrres?ﬂnding results in France;* and I learn from a gentle-
man recently returned from Germany, that Professor Dove, in some
lectures lately delivered in Berlin on colour-blindness, referred to .
the unexpectedly large number of persons he had found subject to
this peculiarity of vision, although experienced oculists in large
practice had never heard of a case.

Further: no fact is better ascertained than that colour-blindness
clings to certain families, and is hereditary. With few exceptions,
every one of the parties whose cases I have specially recorded in
this paper, has near relatives as colour-blind as himself. Thus,
Dalton 1ad a brother, and so have Professor L. (whose case T have
not deseribed), Dr 8., Mr N, and Dr Y., circumstanced like them-
selves in the matter of vision. Mr X. (whose case, however, is not
described), introduced to me by Professor Bennett of Edinburgh,

! Dalton himself lived till 1844, continuing to the end of his days as decidedly
t:nl;::—ur.-h]!nd as he was when he first detected his peculiavity of vision.
Liebig and Kopp's Annual Report, 1853, p. 131,
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has five brothers as defective in vision as himself. Mr D.’s father,
brother, sister, and nephew, are colour-blind; the Countess of D.s
father, a son, and two nephews, see colours as she does; and
Mr S. of London has, or had, five near relatives sharing with him
in marked colour-blindness. It seems, indeed, a safe estimate, that
every decided case of colour-blindness implies the existence of
another case of equal or similar severity in the person of a relative,
so that the numbers I have given as representing the proportion ot
colour-blindness in the community, may fairly be doubled.

For my own part, accordingly, I think it probable that the number
of persons in this country as markedly colour-blind as Dalton was, i.e.,
given to mistake red for green, brown for green, purple for blue, and
occasionally even red for black, is not less than 1 in 50 ; and includ-
ing all kinds and degrees of colour-blindness, 1 in 20. At all events,
the prevalence of this peculiarity of vision is certainly such as to
make it an object of interest and importance to the entire community.

In the table above, the number of colour-blind is estimated
on the assumption that they are uniformly distributed throughout
the community. Such an assumption must be made before any
per-centage taﬁle of statistics can be constructed, and for many pur-
poses it is a useful fiction. DBut after, in the case under considera-
tion, it has served the important purpose of showing how prevalent
colour-blindness is, it must be set aside, whilst we ask the question,
not less important, “ In what proportion are the colour-blind divided
amongst the population ”

Statisticians have made very few attempts to answer such a ques-
tion, in reference to the idiosyncracies or diseases which they have
discussed and tabulated ; doubtless because, however important they
may deem such queries, they have found it impossible to give 1‘&5)]1'{35
of almost any value to them. The law regulating the mode in which
the totally blind, the deaf, or the like, are distributed throughout
the community, must be one very difficult to discover; and it ma
‘be questioned whether the discovery would yield a result worth the
trouble of attaining it. But in the matter of colour-blindness, con-
sidered in connection with the use of coloured signals on railways
and at sea, it is scarcely more important to know what the per-
centage of cases is, than it is to learn to what extent these are con-
centrated i particular localities, and of more sparing occurrence in
others. The hereditary character of colour-blindness, must of ne-
cessity keep it running in certain lines of descent, and preponderat-
ing in certain families. - An instance of this, pertinent to the point,
is presented by the 7th Hussars, two of the most marked cases
among whom are brothers,

Apart, however, from relationship, as affecting the distribution
throughout the community of the colour-blind, it will be seen from
the table that their allotment among the population is, as might
have been anticipated, apparently most capricious, And hﬂ]‘mﬁ?ss
as it is, in our present state of knowledge, to resolve this seeming
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In the table above (p. 74) the same parties are not counted twice,
except of course, Dalton, along with his two sets of ])l;lpllﬂ. Among
the cavalry and infantry soldiers, one or two officers’ servants, and
musicians of the band, are included ; and the artillery were taken as
they presented themselves on the two days devoted to their exami-
nation. Upon the whole, however, each section of persons repre-
sents a set of individuals acting for weeks, months, or even years
together, as the staft’ of officials on a line of railway, or the seamen
of a ship, who are constantly using coloured signals, ave called to do.
The evi]fs which might arise in the employment or observation of
such signals, by bodies of men containing so many persons unable
to distingnish the colours preferred in signalling, will be referred to
in the concluding section of the A)aper. Tere I wish simply to pre-
sent the statistics of colour-blindness apart from any consideration

as to the conclusions they warrant.

I have no results, it will be seen, to offer respecting the prevalence
of colour-blindness among females. I have already stated my con-
vietion that it is rarer among them than among males, but only an
extended inquiry can show the amount of the difference in this
respect between the sexes. } :

Opportunities do not largely offer themselves in Edinburgh for
testing the colour-vision of an associated number of females, unless
in the Charity Schools, where the girls are too young, and, com-
paratively speaking, too uneﬁucateci to make their examination
satisfactory. I commend the inquiry to the teachers of the Schools
of Design, and the drawing-masters of educational institutions for
ladies, who have it in their power, without putting formal queries,
to ascertain with great precision the power of diseriminating colours
possessed by their female pupils. The surgeons, also, of the large
cotton mills or factories could, without much difficulty, examine the
bands of female workers under their charge. Their age would atone
for any defect in their education, especially in those cases where
their avocations led to their dealing with colours.

Reverting, in conclusion, to the colour-blindness of males, it is
worth a moment’s consideration how far this peculiarity of vision
characterizses one race of men more than another. It is, doubtless,
more common among the civilised nations, large numbers of whom
are doomed, by that division of labour, which is a great source of
their strength, to occupations which dwarf one or more of the ex-
ternal senses, than it is among the uncivilised races, each member
of whom cares only to do what is “right in his own eyes,” and cul-
tivates the powers of those eyes to the fullest.

Among both the civilised and uncivilised nations, however, there

on both the occasions he alludes to, his pupils were 25, or thereabouts, in
number : if his words do not bear this interpretation, it is as probable that the
refer to a smaller as to a larger number, for he was not over-burdened with
students in his early days.
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are doubtless great differences in original endowment, so far as the
sense of colour is concerned; and, as may be reasonably surmised,
there are corresponding differences in the extent to which colour-
blindness prevails among them. Thus, those eastern and southern
nations, who live under bright skies, among plants and animals of
vivid and brilliant colours, exhibit—partly as a prerogative of race,
partlg and largely as an effect of such colours daily impressing them
—a delight and skill in arranging, matching, and harmonising tints,
such as are incompatible witﬁl {:Dl{}ur-hliﬂtﬁ]ﬁﬂs, and imply its rare
occurrence in those whose love of colour and command over it are
50 great.

The Chinese, the Japanese, many of the tribes of Hindostan, the
Venetians, the Italians, the Spaniards, the Flemings, the inhabitants
of Southern France, and some of the northern Teutonic and Celtie
tribes have, as florists, painters, dyers, weavers, glass and porcelain
makers and stainers, excelled for centuries sister-nations in the
management of colours. Among untutored races, the Indians of the
American continent, the African tribes, the uncivilised races of
Central and Southern Asia, and the inhabitants of the islands in
the Pacific Ocean, have shown by their war-paint, their crowns of
brilliant flowers, and still more brilliant birds’ feathers, their brightly
stained skins and parti-coloured dresses, their dedication of the most
splendid coloured objects to their gods and their chiefs, besides
much else; that however different their canons of taste may be,
they are as passionate and exclusive lovers of colour, as the over-
civilised ancient nations who allowed none but princes to wear robes
dipped in the Tyrian dye, or to write with purple ink.

(En the other hand, the civilised nations of temperate climes,
where the summers are short and the winters long and gloomy,
living under sombre skies, amidst a Ifauna and Flora of pallid and
inconspicuous, or dark and subdued tints, and surrounded by masses
of green which satisfy, but do not excite the eye, care little for
briﬁiﬂnt colours in their dress or household adornments, compared
with the inhabitants of more sunny regions ; and probably are more
liable to colour-blindness than they.

A similar observation may probably be made, with the deductions
requisite in contrasting the condition of the external senses in civi-
lised and unecivilised nations, in reference to such races as the Esqui-
maux and Fuegians, and especially to the former, who live in regions
bereft of vegetation during the greater portion of the year, and pre-
senting to the eye little but the dazzling monotony of ice and snow.
The sense of colour must, to a great extent, lie dormant in those so
circumstanced, and become dulled through want of exercise. The
tribes in question and others in similar latitudes seem very indifferent
to colour, as an addition to their dress or ornaments.

The examination of single individuals of a nation, can, of conrse,
settle nothing concerning the endowments of the whole people ; but
I may mention here, as at least interesting in itself; that through the
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kindness of the parties themselves, who $ook a hearty interest in the
subject of colour-blindness, I have had the opportunity of testing the
colour-vision of Wong Fun, the Chinese student of medicine: of
Tiyo Soga, a Caffre student of the United Presbyterian Church;
and of the five Turco-Egyptian gentlemen who are prosecuting
medicine and physies in Edinburgh at present. Their appreciation
of colour is excellent, and certainly superior to that of the majority
of our own students, who have not accidentally or designedly made
colour a special object of study. The most expert of them all was
the young Caffre, an amiable, gentle, intelligent person, who named
the colours shown him with great rapidity and precision, although
his English vocabulary of colour-names was necessarily limited,
and matched Berlin wools and tinted papers with a readiness and
unhesitatingness, such as even practised professional colourists
might envy.

V.—THEORIES OF COLOUR-BLINDNESS.

The seat or cause of colour-blindness probably lies altogether be-
yond our reach; but whatever we can learn concerning it, is certain
to be of service in determining the extent to which we may hope to
cure or alleviate this affection of vision.

Amidst many minor diversities there are but two prominent phy-
sical theories ngculnur-b]indne.ss.

The one of these refers the false perception of colours to the chro-
matic condition of certain portions of the optical apparatus of the
eye; the other to the peculiar organization of its nervous apparatus,
imcluding so much of the brain as is essential to vision. This latter
view is now nearly universally adopted, although it is necessarily
greatly modified in its mode of statement by the metaphysical or
psychological views of those who embrace it. .

Chromatic Theory.

The first, or CHROMATIC THEORY (as it may be named), of colour-
blindness, has been proposed under one form by Dalton, and under
another by Brewster. Both are ingenions and interesting specula-
tions ; after considering which I shall offer some suggestions of my
own, in connection with a chromatic theory differing from either. -

Dalton was not convinced of the peculiarity of his own vision,
afthmeh he had suspected it before, till, as he tells us, I accident-
ally observed the colour of the flower of the geranium zonale by
candlelight, in the autumn of 1792. The flower was pink, but 1t
appeareﬁ fo me almost an exact sky-blue by day; in candlelight,
however, it was astonishingly changed, not having then any blue in
it, but being what T called red, a colour which forms a striking con-
trast to blue.”!

' Manchester Mem., 1798, p. 29.
K
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At a later period he observed “ that a sky-blue transparent liquid
modified the light of a candle so as to make it similar to dayli;,lht;
and, of course, restored to pink its proper colour by day, namely,
licht blue.”! From this observation 1?’1!3 came to a conelusion which
he thus states : “It appears therefore almost beyond a doubt that
one of the humours cﬂp my eye, and of the eyes of my fellows, is a
coloured medinm, probably some modification of blue. I suppose it
must be the vitreous humour ; otherwise I apprehend it might be
discovered by inspection, which has not been done.” *

Prevost appears to have been the only convert whom Dalton
gained to lis doctrine, during his lifetime,” and an examination of
his eyes after death, put an end to any prospect of his theory acquir-
ing new supporters. Mr Ransome, who examined Dalton’s eyes,
states that *“the aqueous humour of one of them was found to be
perfectly pellucid and free from colour. The vitreous humour and its
envelope (the hyaloid membrane) were also perfectly colourless. The
crystalline lens was slightly amber-coloured, as usual in persons of
advanced age. The tunics, retina, choroid and sclerotic, with their
subdivisions presented no peculiarity.”*

Further, on looking through the {mmnura of the other eye (after
the posterior portion of the outer coats had been remuved?, “ objects
of different colours, both by transmitted and reflected light, were
examined without any appreciable difference.”® Among the colours
thus examined, Mr gansome particularises scarlet and green.

This report of course disposes of Dalton’s theory so far as his own
case was held to support it; but it is worth a brief consideration
with a view to guniding future physiological and pathological re-
searches, whether colour-blindness ever depends on alterations in the
colour of the optical apparatus of the eye.

Physiologists have not recorded as familiar to them, the ocenr-
rence of a blue colour in the transparent, internal portions of the
eye. Sir David Brewster, indeed, says, « During the dissection of
many hundred eyes, I observed in several cases that the wvitreous
humour was of a decided greenish-blue colour.”® In the human sub-
ject, however, this must be rare, for Dr W. Mackenzie of Glasgow
(Surgeon Oculist in Scotland to the Queen), whose experience as
an eye-surgeon I need not enlarge upon, mforms me that he has
never witnessed this colour in the vitreous humour of the human
eye, which in early and middle life has appeared to him * colourless,
and in old age yellowish.” As colour-blindness, however, is not re-
garded, either by its subjeets or their medical attendants, as a disease,
it is not included within the province of pathology, and in truth, so
far as I know, Dalton’s case is the only one on record of a post-
mortem examination of colour-blind eyes. It must still, therefore,

L Op. Cit. p. 41. 2 Thid. p. 43.
8 Taylor’s Scientific Memoirs, 1846, p. 182. s
* Henry’s Life of Dalton, p. 202. 5 Op. et Loc. Cit.

® Phil. Mag., Aungust 1844, p. 137.
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be regarded as desirable to embrace all opportunities of examining
such cases in reference to the point before us.' _
Wartmann, it is true, affirms that even if the transparent IIIEIIIE
of the eye were blue, colour-blindness would not be the vesult : ¢ If,
says he, ¢ the passage of the luminous rays through a blue medium
sufficed to produce Daltonism, the habitual use of blue _glasses_fur
spectacles would have long ago confirmed this hypothesis, against

which it forms on the contrary a very strong argument.” " _
But this reasoning is of little value. Daltonism, or colour-blind-

ness of the kind which characterised Dalton, might not be induced
by a blue vitreous humour, but colour-blindness of some kind cer-
tainly would be. The experience of wearers of blue spectacles does
not furnish an experimentum crucis in reference to Dalton’s theory.
These are pale in colour, are only worn occasionally, and are gene-
rally, in virtue of their unavoidable distance from the orbit, and their
form and size, inadequate to exclude entirely white light from the
eye. Moreover, most wearers of ordinary spectacles, peep at short
“intervals over and under them, and then receive the impression of
uncoloured light, so that their congenital and acquired perception of
hues can only be slightly and transiently disturbed by the coloured
media through which they occasionally gaze. But if' any one will
make the experiment of covering the eyes with a sheet of deep red,
or green, or blue glass, so pressed to the face as to prevent light
reaching them otherwise than through it, and then ask another to
show him coloured bodies, he will find himself making as many and as
flagrant mistakes as any colour-blind person ever did. I have found
even glass-stainers who were accustomed to make allowance for the
effect of coloured transparent media in altering the tints of opaque
bodies seen through them, err very widely in their conclusions ; and
others were generally wrong in every colour except that which was
identical with the glass through which they were looking. In truth,
it needs no proof, that to fill the greater part of the eye with a blue
liquid, through which alone light is permitted to reach the retina,
eannot fail to induce a peculiar vision of colours, and that this cause
of chromatopseudopsis (properly so called), is worth the attention of
physiologists and pathologists.
At the same time, I entirely agree with Wartmann, in thinking

! The infrequency of such opportunities, and the corresponding desirable-
ness of improving them, is strikingly shown by the following statement with
which Dr Mackenzie has favoured me : —

** A curious fact about colour-blindness is the extreme rarity with which the

_» Subjects of it apply for advice to oculists regarding it.
¢ “ During the Iast thirty years I have treated at the eye infirmary and in private,
upwards of 4000 cases of eye disease ; and out of this number I do not recol-
Jeet more than two of colour-blindness. One of these wasa calico-printer, dis-
tinguished for his taste and success in his own line, and very unwilling to let
his diEfﬁct be known. T suspect this is generally the feeling of colour-blipd
people.
4 Taylor’s Scient. Mcm , 1846, p. 182,
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that Dalton’s theory “ could not explain the diversity of names given
to the same colour by different Daltonians.”* A colour-blindness,
indeed, dependent on the humours of the eye being coloured, would
be of a much simpler and more uniform kind than that characteris-
ing the cases which I have described. As exhibited by an eye other-
wise perfect, it would show itself as a ¢ constant error,” the extent
of which could, by comparison with the vision of normal eyes, be
ascertained and allowed for; and as it could not occur in any marked
degree, unless the humours were deeply coloured, it would be accom-
panied (especially if they were red or blue) with a faint perception,
in virtue of their imperfect illumination, of the forms and outlines,
as well as of the tints of bodies; whereas true colour-blindness
does not necessarily, or even generally, involve in doubt the dis-
crimination of aught but their colours.

A colour-blindness of this kind should also be characterised by
that colour being seen best (i.e., most normally), which tinged the
t.l'ans,l:l)arent media of the eye. A blue vitreous humour, manifestly,
would not prevent blue, nor a red one red, from being seen (a differ-
ence of shade only excepted) as normal eyes see them; and if true
colour-blindness were thus chromatic in its origin, it is yellow, not
blue, which should be found predominating in the eyes of those who
share in Dalton’s peculiarity, for yellow is the colour which they
see best. But there is no reason to think that the slight tinge of
this colour which was found after death in the lens of Dalton’s
own eyes, was at all more intense than that which appears in the
eyes of those who, with a perfect perception of colours, live to
so advanced an age as he did. Moreover, Mr Ransome’s observa-
tions on the unchanged aspect to his eye of red and green,
ex. gr., when seen through the transparent media of the deceased
philosopher’s eyes, render needless any further proof that colour-
blindness, such as Dalton’s, could not be induced by the change in
colour which the crystalline body had undergone. This change,
which, as occurring in advanced life in the lens, goes the length of
developing in it an amber colour, in addition to a paler yellow
tint in the vitreous humour, does not, according to the umiversal
testimony of eye-surgeons, lead to any alteration in the judgments of
colours. In truth, the aged are, in one respect, gainers by this
coloration of the humours, for there is good reason to believe that
Sir D. Brewster is right in his opinion, that *the retina receives a
more powerful luminous impression from yellow light, than from the

ure white light of which this yellow forms but a part;”* and
it this conclusion be just, the diminished sensibility of the retina
in advanced life is, to some extent, atoned for by the altered
colour of the light which falls upon it. There must, unques-
tionably, be some slight change in the perception of tints, as a
drawback to the gain %mm increased illumination, but this altera-

1 Op. et Loe. Cit.
2 Lond. and Ed. Phil. Mag., 1844, p. 130.
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tion has, no doubt, occurred too gradually to be sensible to the
subject of it. '

Sir David Brewster's chromatic theory of colour-blindness is
referred to by himself, simply as a conjecture, and is best given in
his own words. He is replying to a criticism of Wartmann’s, and
after some remarks continues :— During the dissection of many
hundred eyes, I observed in several cases . . . . that the retina had
a marked French grey or pale blue tint, which decidedly absorbed
red light. I knew that in cases of colour-blindness the vitreous
humour was not blue, or even greenish-blue, as Dr Dalton conjec-
tured ; but I could not assert that in the same cases the retina might
not be blue, and hence I was led to hazard the idea of a blue retina
as one which might be admissible as a cause of colour-blindness, but
only on the supposition that the choroid coat should prove to be the
seat of vision.”!

I am not aware that Sir David has sought, in later publications,
to extend this supposition into a full conclusion. He is at one with
the majority of philosophers in regarding the retina as the seat of
vision ; but his conjecture deserves notice as calling attention to the
colour of the retina as a possible cause of colour-blindness. I do not
know by what arguments it could be rendered probable, that the
choroid coat performs the function usually ascribed to the expansion
of the optic nerve; but excluding altogether the supposition that it
can, it appears to me that a coloured retina could not fail to alter
the perception of colours, even on the received view that it is itself
the seat of vision. To this, and to certain other speculations con-
cerning the extent to which the colours of the membranes within the
eye may alter its chromatic perceptions, I now turn.

The subject may be conveniently discussed under three heads,

1. Relation of the general colour of the retina to colour-vision.

2. Relation of the yellow spot of the retina to colour-vision.

d. Relation of the colour of the choroid to colour-vision.

1. Relation of the General Colour of the Retina to Colour-Vision.

It would be putting a question which no one can answer, to in-
quire, Can the retina transmit to the brain, or determine in the
mind, the sensation of its own colour? But it is more within our
power to answer the allied question, Would the possessor of ea. gr.
a blue retina have a different perception of blue, from the possessor
of the normal pinkish grey one? I think he would, whatever
answer be given to the previous query.

. A man of genius has declared that the “ eye sees all things but

itself;” but this fine thought is only partially true, for ph}*sin?ogists

have long been aware that by many -:Kwices (such as the vmiy simple
1

one of moving the eye tremulously, whilst looking through a very

! Lond. and Ed. Phil. Mag., 1844, p« 137.
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srpfﬂl hole in a card at the clear sky), the retina may be made
visible to itself, or at least a perfect spectral copy of it, becomes an
object of consciousness. Such being the case, it does not seem to
admit of doubt, that were an individual retina to have a marked
colour developed in it, this also would be perceived ; and that when
the possessor of such a retina made the familiar experiment of look-
inf, till the eye was f‘atiﬁued, at one colour, the complementary
colour which then appeared would be tinged by an added hue from
the retina.

But apart altogether from this, a coloured retina, though tran-
sparent, would certainly reflect some coloured light, and tﬁ;is light,
falling on an opposite portion of the membrane, would produce the
same impression, as light of the same quality from any other source
would do. It seems to me, therefore, certain that, admitting the
retina to be physically the seat of vision, its colour, if at all consi-
derable, w-::rurd render the perception of colours abnormal.

Now, accordingly, that oculists, by means of their ingenious
specula, can perceive the condition of the retina during life, it would
be important to know whether it exhibits a different colour in the
colour-blind, than it does in those whose vision is normal; and
similar observations could be made in post-mortern examinations.

Since writing the above, through the kindness of Dr W, R. San-
ders, Curator of the Museum of the College of Surgeons, Edin-
burgh, who first made his countrymen acquainted with the eye-
speculum of that accomplished physiologist and natural philosopher,
Professor Helmholtz of Koenigsberg,! 1 have had an opportunity of
observing, how strikingly the innermost recesses of the living eye
can be rendered visible gy no more complex apparatus than a gas-
flame and a slip of glass. Tt is very startling to see what for ages
has been named the camera obscura of the eye light up in a moment
into a dazzling camera lucida, sending through the iupil, brilliant
white, brassy, or crimson-coloured rays, according as the movements
of the eye-ball make the optic nerve, the “yellow spot,” or the blood-
vessels of the retina, the more immediate reflectors of the light which
issues. No one who witniesses this very beautiful phenomenon will
need further proof that the retina reflects in its normal state much
_coloured light, which, when the Eupil is contracted, must, in consi-

derable part, return from the back of the iris to the retina, and im-
press it as coloured light from without would do. And if this be
the case, & fortiori the development in any marked degree of a tint
such as blue or red on the whole retina must alter the visual per-
ception of colours.” S

t does not appear that, hitherto, variations in the general colour
of the retina have been observed, at least, in the human subject. Dr

! Edinburgh Monthly Journal of Medical Science, July 1852, p. 40.

2 Helmholtz’s description of the apparatus referred to in the text is contained
in his work entitled  Beschreibung eines Augen-Spiegels zur untersuchung
der Netzhaut im lebenden Auge. Berlin, 1851.”

i
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W. Mackenzie informs me that he has never seen it in healthy eyes,
other then “reddish or pinkish grey,” and such appears to be the
general opinion of physiologists who compare it in tint to the gre
substance of the brain. I do not anticipate that the tint of the
retina will be found to vary much in different persons, but it is one
of the points deserving attention in the examination of the eyes of
the colour blind.

2. Relation of the Yellow Spot of the Retina to Colour-Vision.

The remarks previously made apply strictly to the general colour
of the entire retina, but it appears to me singular, that no physiologist
has connected the existence of the normal yellow spot (the macula
lutea, or limbus luteus of its discoverer, S@mmerring) on the human
retina, with the perception of colour; but in truth, so far as I am
aware, no physiologist has suggested any use for it. The spot in
question is thus described by a recent authority :— '

“If we cut across a fresh human eye, so as to look at the hyaloid
surface of the retina, or if we carefully remove the sclerotic and
choroid coats, so as to expose to view its choroidal aspect, we are
struck with the rich yellow colour of one small spot about one-
twelfth of an inch in diameter, situated at the very bottom of the
eye, in the exact axis of the humours, 7.e., at about one-tenth of an
inch from the optic nerve. The colour is deepest in the young adult,
much fainter in the old. Tt exists in some monkeys, and according
to Dr Knox, in certain reptiles ; but in general it is wanting among
the lower animals, while it is quite constant in man. The colour
shades gradually off, and is deepest when seen from the inside.” *

The same author, writing in conjunction with Dr Todd, refers
further to the yellow spot in these terms: “It has been described by
some as a fold, by others as a foramen in the retina, and after several
examinations, we should speak of it as a small mound, or projection
of the retina towards the vitreous humour, with a minute aperture
in the summit. . . . . As for the colouring matter, it is not in grains
of pigment, but stains the several tissues, and soon disappears in
water.  Tlhe use of the yellow spot is unknown. It is interesting to
observe in connection with the perfection of vision over the spot, that
the principal branches of the artery and vein of the retina, above and

elow, curve round it at a distance, going, as it were, out of their
course to avoid it, so that only capillary vessels are found in its im-
mediate vicinity.” 2

There are differences of opinion among physiologists (into which
I do not enter), as to the exact structure of the retina at the limbus
luteus, but all are agreed that from its position at the bottom of the
eye in the very axis of vision, it must in man receive the most per-
fect image of an object which the eye, considered as an nptica} in-
strument, can produce ; and the production of which we instinctively

! Lectures on the Eye, by W. Bowman, 1849, p. 89.
? Todd and Bowman’s Physiological Anatomy, chap. xvii. p- J0.
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secure by turning the centre of each pupil towards those bodies which
we wish to perceive most accurately. ¢ Perhaps,” observe Todd
and Bowman, “it is only in, or very unear, the axis of vision, that
sight can be said to be perfect. The existence of the yellow spot of
Scemmerring at that point, continues a riddle which the most atten-
tive examination of its anatomy has not yet solved. And from the
absence of this spot in almost all the lower animals, we are led to
doubt its importance to perfect vision.”'

The almost exclusive limitation of the yellow spot to the eye of
man, Fr:uillts to some special service which it renders him; and I
hazard the following suggestions in reference to it. According to
the testimony of all who iave described it, it is exceedingly transpa-
rent, and as the retina is of sensible and even measurable thickness,
the light which falls upon its vertex, and passes through the limbus
luteus, must lose most of its blue and red rays before it traverses its
thickness and fully impresses it. It is truly thus by yellow, not by
white light, that ordinary perfect vision is ewercised by man, and I
cannot help connecting this fact with the special sensitiveness of the
retina to yellow light.

The yellow rays of the spectrum are confessedly more luminous
than the others, and even seem to make a stronger luminous impres-
sion on the eye, than the composite white light (of which the yellow
is but a part) does. It has further been amply shown in the pre-
ceding pages, that yellow is the colour seen best by all human
eyes. I suggest, therefore, that the spot of Scemmerring is a provision
for securing to the human retina the conversion of white light into
the more exciting yellow light, which makes the maximum impres-
sion upon it.

Nor must it be forgotten that the light which traverses the yellow
spot will be deprived, not only of its red and blue, but also of its
actinic or chemical rays, which are motoriously stopped by trans-
parent yellow media. What influence these rays exert upon the
vision, either of form or of colour, we do not know ; but they can-
not fail to affect it, for the retina, like the other portions of the
nervous system, is throughout life continually undergoing chemical
changes, which are essential to the performance of its function, and
these will be quickened, retarded, or altered in their character by
the actinic agencies. Now, the yellow spot which absorbs, and re-
tains within its thickness a much larger proportion of the actinic
rays which reach it, than other parts ot the transparent retina can,
must be the seat of chemical changes, differing in kind or de
from those which they undergo; implying a different amount of
molecular disturbance ; and, as can scarcely be doubted, occasioning
a different sensational impression. It may reasonably be inferred,
that this impression enhances the perfection of vision, and that one
object of the yellow spot is to secure its production. ~And if such be

1 Qp. Cit., chap. xvii. p. 55.
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the case, we can understand why the retina was made :,_'elluw, rather
than the humours of the eye; for had they been ﬂlf this colour, the
light which traversed them would have lost its actinic rays fi besides
parting with its red and blue, and heat-rays), before it reached the
retina; and the impression produced by white light containing a
large proportion of its actinic, chromatic, and thermic forces,
till_the moment of its traversing the retina and changing into
yellow light within its substance, must be very different from that
occasioned by light which has been filtered through yellow media
before it falls upon the retina.* i |

But whatever be the value of these suggestions, it does not, I
think, admit of doubt, that the colour of objects must seem differ-
ent to us, than it does to the great majority of animals in whose
eyes there is no yellow spot. Their whife must he whiter .f.han ours,
their yellow less yellow ; and all tints must wear for us “ a jaundiced”
look which they do not show to them. It is already ascertained
also, that the colour of the limbus luteus grows fainter as life advances,
and we may well believe that it varies in area, as well as in intensity
of tint in different individuals, whose judgments of colours must in
a corresponding degree vary. I do not think that such variations
can occasion colour-blindness, but they must oceasion diversities of
judgment among those who, unlike the truly colour-blind, are prompt
and unhesitating in their chromatic decisions.

Examples of these diversities occur every day, among those who
have spent the greater part of their lives in dealing with colours.
Every one must be familiar with the differences which appear
among colourists, otherwise equally practised, in their decisions re-
garding the less-marked tints and shades. Who has not heard

ainters, and critics of their works, discuss by the hour “flesh-colour,”
or “sea-green,” without any change of opinion among the dispu-
tants as to the true quality of these colours? This is not the result,
on the part.at least of the majority of those differing in opinion,
of colour-blindness, for its subjects are not pertinacious in their
conclusions regarding colour, and are not given to dispute re-
garding it.

I have been much struck with the same phenomenon as appear-
ing among dealers in coloured goods, and dyers. The remark has
been spontaneously made to me (and on that account impressed me
the more) on four different occasions, by the heads of carpet manu-
factories and dye-works in Edinburgh and Paisley, that they were
quite accustomed to find workmen who would “ match” unerringly
or dye to a pattern, reds, blues, yellows, greens, purples, browns,
and most of the other mixed colours, but who failed to satisfy others

! The diathermaney of the humours of the eye is very small, so that few of
the heat-rays which fall upon the cornea reach the retina : the actinic rays are
said also to be stopped by the transparent media of the eye, but the evidence
of this is not satisfactory.

L,
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spot and the visual powers of the eye, and it would be important to
know what differences it presents in those whose colour-vision is
normal, and those in whom it is the reverse.

There are difficulties, doubtless, in the way of such observations,

which can be made to purpose only by experienced oculists. The
appearance of the yellow spot in a perfect eye, as seen by Helm-
]mﬂz’s speculum is thus described by Dr Sanders :— The retina
sm*rauncring the white optic nerve is of a bright red colour, which
becomes deeper towards the periphery, and is caused probably by
the capillary blood-vessels, too small and too faintly illuminated
to be distinguished from the grey substance of the retina,
i The yellow spot of Scemmerring or spot of direct
vision, is of a dimmer yellowish-grey colour, without trace of capil-
lary vessels ; its observation is rendered difficult by reflection from
the cornea ; and the luminous image is much less bright than on
the adjoining parts of the retina.”?

These remarks apply, of course, solely to the vision of man; but
although the yellow spot is not found in the retina of the majority
of the lower animals, certain remarkable coloured objects occur in
the “ rods and bulbs” of that membrane in these creatures, which,
like the yellow spot of the human eye, may affect the vision of
colour. The objects in question show themselves in the outer or
choroidal ends of the rods and bulbs as “ globules resembling oil,
either colonrless or possessing most brilliant tints of yellow or crim-
son. In the Chelonian reptiles and in birds these are the most
beautiful.”? :

A portion of the retina of the tortoise, Mr Bowman tells us, shows
on its outer asFec:t, when seen through the microscope, “a most
clegant array of pale, of yellow, and of crimson globules, scattered
with regularity over the surface, the first being the smallest, and
the last the largest, . . . .

“In birds we have even a more beautiful pattern of colours. In
the sturgeon, among fishes, I have found the globules large
but colourless. In the mammalia they are either very small or
wanting,”?

I am informed that the skilful histologist, Hannover, has made
these ::":lnFulal" bodies objects of special observation, and has figured
them in his “ Recherches Microscopiques sur le Systéme Nerveusx,
18447  The subject is one lying beyond the compass of my
familiar knowledge ; but these remarks may perhaps induce compe-
tent nquirers to study the globules in the retina of many of the
Im‘]:fer animals in relation to their possible influence on the vision of
colour,

; Edinburgh Monthly Medical Journal, July 1852, p. 44
Bowman on Vision, p, 8. - ‘gp. et Loc. Cit.
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3. Relation of the Colour of the Choroid to Colour-Vision.

If the proposition be well founded, that the colour of the internal
membranes of the eye must affect its perception of colours, then the
choroid, which is the most fully coloured of the tunies, and the one
most liable to vary in extent and depth of coloration, must have a
vezf,* important influence on colour-vision,

n the normal human eye, the matter colouring the choroid and
posterior surface of the iris, is rather a pigmentum fuscum, than
nigrum, and is described as possessing a reddish-brown, a sepia, or
tobacco-brown tint. The amount of pigment and its particular
shade, vary in different individuals, according, especially, to age and
race. In the young it is much darker than in the aged, and it
is more abundant and deeper in tint in the dark than the fair races
of mankind.

Vision is held to be in all respects most perfect, when ceteris pari-
bus, the pigmentum nigrum is darkest, and by absorbing the rays
which have traversed the transparent retina, prevents the inter-
fering influence of cross lights within the (-hamier of the eye; but
I shall presently have occasion to show that this opinion calls for
qualification.

In the eyes of the aged, where the pigmentum nigrum becomes
very pale, and in those of the albino, where it is in great part or
altogether awanting, there is manifest reflection of light from the
choroid ;' but, in truth, by Helmholtz's arrangements, the choroid
of every healthy human eye can be shown to reflect much light ;
and as this light in moving towards the {}upil, traverses the retina,
including the yellow spot, as well as the blood-vessels, it must (even
if originally colourless) become coloured in its passage. The great
distinction, aceordingly, which has been drawn between the mirror-
less camera obscura of the human eye, and the brilliant tapetum luci-
dum which, like a concave metallic mirror, lies behind a large part
of the retina in the eyes of many of the lower animals, is, in reality,
much less marked than it has been held to be. Without, indeed,
the aid of any optical apparatus, the human eye can be seen to glare
and flash as that of a cat does; and from a very early period the
observation has been made, that the eyes of certain persons « shine
in the dark.” Dr Esser has collected several striking examples of
this as occurring in albinos, but it is not confined to them.® The late
Professor Jameson of Edinburgh states, that he had remarked a
luminous property like that of the cat’s eye, “in the eyes of
several individuals, principally females ;”¢ and Mr Cumming, before
Helmholtz published, hacll shown, “ that in the eyes of all persons,
where the pupil is tolerably large, a very decided reflection from the
bottom of the eye may be observed by placing the individual under

1 Mackenzie’s Physiology of Vision, p. 218. : ,
2 On the Luminousness observed in the Eyes of Human Beings, ete. Edin.
Phil, Journal, 1827, p. 164, 3 Qp. Cit., p- 301




THEORIES OF COLOUR-BLINDNESS. 89

trial at a distance of ten feet from a single gaslight, and dirm_.:t_ing
him to look a little on one side, when a strong glare becomes visible
to any one standing almost directly between him and the light. In
some persons this glare is exceedingly brilliant, like that from bur-
nished brass; in others it is fainter.”! Similar observations were made
at alater period by Briicke ;* and before either of these experimenters
had recorded his vesults, Dr Mackenzie had stated that: “In one
instance, Sir David Brewster saw a reflection of a bright red colour,
with a purplish tinge, from the bottom of the eye of a boy about ten
years of age. Ina girl at the Glasgow Eye Infirmary, I noticed
also a purple reflection.”®

The light, which in so many ways can be shown to be reflected
from the interior of the eye, is of course thrown back in part only
from the choroid. But that this membrane contributes largely to the
reflection, may be shown by the colour of the light which issues from
the eyes of those animals which are provided with a ragemm luctdum,
and from the colour of the pupil of the albino. In both cases the
tint corresponds to that of the choroid. It could not be expected to
be strictly identical, for the choroid being behind all the membranes
but the sclerotic, the light it reflects must traverse them and have
its colour altered in its passage, so that besides the influence of the
yellow spot in colouring this light, we may always expect an addition
of red from the blood-vessels, After making due allowance for this,
however, we shall find the proposition hold good, that the pale
choroid of the aged man, the red choroid of the albino, and the
silvery green tapetal choroid of the sheep, reflect respectively a yel-
low, a red, and a green light.

It comes, then, to be a matter of interest to inquire, what influence
such coloured light will have on the vision of colours: and as the
eyes of those animals which have shining fapeta, exhibit coloured re-
flection more strikingly than the human eye normally does, I shall
refer first to them, as well as to the albino’s eye, where tliere is so
great an abnormal reflection of coloured light, before considering the
reflecting power of the choroid in ordinary eyes.

The tapetum lucidum presents such an appearance in bright light,
as we might expect in a piece of metallic velvet, i.e., velvet woven
from the finest and most polished capillary threads of gold or silver
wire. It is thus described by Todd and Bowman :—“In many
quadrupeds and fishes the inner surface of the choroid, in its poste-
rior part, has a brilliant lustre, owing to the presence of a thick
layer of wavy fibrous tissue, peculiarly arranged, outside the cho-
roidal epithelinm (here colourless).”* The appearance of this
tapetum (ucidum varies in different animals, as will be seen from the

* Medico-Chir, Trans. Lond., vol. xxix. p. 283, Quoted in Todd and Bow-
man’s Physiological Anatomy, chap. xvii. p. 51.

? Miiller’s Archiv,, 1847, p. 225.

* Physiology of Vision, p. 218, 1841.

! Physiol. Anatomy of Man, chap. xvii. p. 25.
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following description by Cuvier, which contains the fullest account
I have been able to find of these variations. It leaves unnoticed,
however, a large number of creatures.

After referring to the Ruyschian membrane (the inner surface or
layer of the choroid) as more or less covered with a dark varnish
( pigmentum nigruom), he continues :—* The bottom of the Ruyschian
membrane is covered only with a very thin layer of this varnish,
through which its colour, which varies singularly in different species,
is perceived. In man and monkeys it is brown or blackish ; in
hares, rabbits, and hogs, of a chocolate-brown ; but the carnivora,
the ruminantia, the pachydermata, the solipeda, and the cetacea,
have bright and shining colours in this part. The ox has it of a
beautiful golden green aﬁmnging into celestial blue; the horse, the
goat, the %uffalo, the deer (cerf), of a silvery blue changing into
violet ; the sheep of a pale golden green, sometimes bluish ; the lion,
the cat, the bear, and the ﬁn]phin, have it of a pale golden yellow ;
the dog, the wolf, and the badger, of a pure white bordered with blue.
This coloured part of the Ruyschian membrane is named ¢ le tapis,
tapetum]. It does not occupy the whole of the bottom of the eye,

ut only that part which is not penetrated by the optic nerve.”!
In another part of this legon, Cuvier refers to the ray (which is
the only fish mentioned by him) as having the bottom of the eye of
a * beautiful silvery colour.” It may be added that the eyes of
more than one species of shark present the same appearance, and
judging from specimens preserved in spirits, where the tapetum
{ﬂﬂks through the semitransparent retina like tinfoil, and when the
retina is removed, like dulled silver, I infer that in the living eye,
the reflecting surface resembles this metal when purest and most
polished, in colourlessness and brilliancy. s uabdey

How far the enumeration given above exhausts the diversities of
colour observed in the Zapeta of different creatures, must be regarded
as uncertain, since whole divisions of the animal kingdom are un-
represented in the list. The recorded diversities are after all,
small. In fishes the tapetum may be compared to a concave mirror

of bright silver. In other animals it is such a mirror coated as it~

were with a transparent blue, green or yellow varnish ; but except
a tinge of violet, it is never red. Assuming the tapetum to act as a
reflecting speculum in the living eye (as I think it will presently
appear it certainly does), then a reason can be seen for its colourless-
ness in fishes, inasmuch as the medium in which they live is itself
in mass coloured, and absorbs a very large amount of the solar and
sidereal light which falls upon it, so that at considerable depths there
is comparative darkness, and the faint twilight which prevails will
certainly be reflected with less loss by a colourless taﬁetum than it
would be by a coloured one. Moreover, the pale phosphorescent
light of the sea, which must be regarded as to a considerable extent

! Legons d’Anatomie Comparée, (xii® legon) ; 2de Edition, t. iij., p. 418,1845.
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a substitute in its darker regions, for the celestial light of which
they receive so little, has so feeble a luminous intensity, that its
illuminating power would be much lessened by reflection from a
coloured surface, and a silvery white tapétum can turn to best ac-
count its faint rays.' i

That the tapetum of no animal’s eye is in its normal condition
red, appears sufficiently accounted for by two considerations :—1.
Red ]igﬁt of feeble intensity impresses the retina less than faint light
of any other colour (ante p. 53), so that if the tapetum acts as a
reflector, and is most serviceable when the quantity and intensity of
the light entering the eye are smallest, the worst tint it could pos-
sess would be a red one. 2. The transparent blood-vessels ramify-
ing on the retina, and in other parts of the eye in front of the tape-
tum, colour the light which it reflects through them, so that there
is in all animals, an unavoidable reddening of the light issuing from
their eyes, and a corresponding diminution of its illuminating power.
With a red tapetum this diminution would be still greater.

So far, then, as our knowledge goes, the metalline tapetum is
frequently white, sometimes }’Eﬁﬂ‘ﬁ", but in the majority of land
animals either blue or green ; and I am now to consider the question
what influence will the emission of, ex. gr., blue or green light from
a living animal’s eyes have upon its perception of colour? It will
conduce to perspicuity to take a single unguestionable example of such
emission of coloured light from the living eye, and no more striking
or familiar instance of this could be wished than that furnished by
the common cat, whose eyes proverbially ¢ shine green in the dark.”
The tapetum of this animal is yellow, but the light reflected from
it acquires a green colour before leaving the eye. This is not a
vulgar fancy. Dr Esser, who made a great many experiments on
the luminousness of cats’ eyes both before and after death, mentions
that when a few rays of sunlight were allowed to fall obliquely on
the face of a living cat whose eyes were in a straight line with his
own, he “observed a most beautiful green light;” and in twi-
light “a yellowish green.” The eyes of a cat just heheaded shone
far more vividly when its face was turned to the sun, than those of
the living animal, in consequence of the permanent dilatation of the

! In addition to its tapetum a fish has another meveable ocular mirror in its
golden or silvery iris, The external appearance of a fish’s eye, with the in-
contractile brilliant iris surrounding the large crystalline, exactly recalls the
apf)endaga,a!.tanhed to microscopes for condensing light on opague objeets,
called from its inventor a Lieberkuhn, and consisting of a cirm?]ar metallic
speculum, with an aperture in the centre occupied by a lens. In truth, how-
ever, the majority of fishes are altogether living mirrors ; the metallic byil-
lianey of their skins or scales making them powerful reflectors, Those who
have noticed to what an extent, in a dark night, the phosphorescence of the sed,
although fainter than early twilight, will render visible fishes in the water, at
a considerable distance from the observer, in virtue of their high refleeting
Enwer, must have been struck by the many beautiful provisions which have

een made for economising to the utmost the small amount of light which
reaches, or is generated within, the depths of the sea.
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diamond are, which, when transferred to total darkness after expo-
sure to light, shine for a time. Bl}t if the eye is thus e115:1uwml, its
power to phosphoresce is very Sllglltf and not less tl‘ﬂl:lslﬂllt; and
it is certainly as a reflector of light incident on it from without, that
the tapetum mainly confers luminosity on the eye qf' which it is a
part. The point is important to my discussion, inasmuch as it
shows that the coloured light issuing from the eyes of animals pos-
sessed of tapeta, has in great part been reflected from the very bottom
of the eye, and has thus completely traversed its transparent media,
before its emission ; so that every portion of the retina is liable to be
impressed by it.

he action of the tapetum is thus sufficiently manifest ; but many
able physiologists have found great difficulty in assigning a function
(or at least a useful one) to it, and there seems no agreement regard-
ing this point.  As these difficulties stand in the way of conelusions
I wish presently to urge, they must first be disposed of.

Benedict Prevost, after showing that the shining of a cat’s eyes
1s not phosphoric, continues:—¢ It has also been pretended that it
serves as a light to the animals which possess it, and that it assists them
in seeing, and guiding themselves in the dark. But the place which
the reflectors oceupy is reasonably a matter of astonishment ; for it
is not the light which proceeds from the eye to an object that enables
the eye to perceive that ohject, but the light which arrives in the eye
from 1t.”" ~ Dr Mackenzie quotes, with approval, this observation,
adding the more important comment :—¢ The purpose served by
the reflection of light by the tapetum is not understood. Reasoning
a priori, we should say it would render the eyes weak and impatient
of light.”* Todd and Bowman observe,—¢ This tapetum lucidum
must act as a concave reflector, causing the rays of light to traverse
the retina a second time, and thus, probably, increasing the visual
power, particularly when the quantity of light admitted into the eye
1s small.”®  This opinion, Dr Mackenzie thinks ¢ not likely to be
Just,” founding his objection on the absence of a tapetum from the
eyes of nocturnal I::ir&ls, which can see very well in what seems to
human eyes absolute darkness.*

Prevost’s observations seem scarcely called for. If any one cer-
tainly has imagined, that the mere lighting up of an animal’s eyes
would confer upon them the power of vision in darkness, although
the light issuing from those eyes was not returned to them from the
objects which it rendered visible, the fallacy of his notion deserved to
be exposed. But those who held such a view can have had no clear
idea of the relation of vision to licht from external sources, and it is
unnecessary to discnss minutely their opinions, Prevost, however, in
dismissing these, EL]]II]'JE-']IS to think that he has disposed of the ques-
tion—Does the light issuing from an animal’s eyes assist in render-

! Edin, Phil. Journal, 1827, p. 302 ? Physiol f Visi
idin, i . ogy of Vision, p. 220,
* Physiology of Man, ete., chap. xvii., p. 23. ¢ Physiology of Visiun,!]_:ll.:'ﬂﬂ 14
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ing objects visible to it ? and, finding no manner of use for this light,
gravely proposes the singular doctrine, that the use of the tapetum
is continually to empty the eye, especially during the day, of the
superabundant light, which, if not sent off, would lessen its delicac
of visual perception! It is plain, however, that the light thus ex-
pelled from the eye, whenever it fell upon a reflecting surface placed
in the axis of vision, would in great part be thrown back into the
eye, and render visible the object which reflected it. Instead, there-
fore, of its being a pretence, as Prevost would have us believe, that
such an animal as a cat is helped to see by the light issuing from its
eyes, it does not admit of doubt that, whether it wills it or not, it
cannot help seeing by such light, in so far as it is returned to these
organs by the objects on which it falls.

I am at a loss to understand how this function of the tapetum
should recently have been g0 much disregarded. It seems to have
fallen out of notice among our physiologists and natural philoso-
phers, althongh not sharers of Prevost’s views; yet I can conceive
no reason for this but the supposed teeble intensity of the light which
is emitted from the eyes of animals. It is feeble assuredly, compared
with sunlight, or even candlelight, but it is bright compared with
darkness, and seems the brighter the deeper the darkness. The
light of a cat’s eyes is not inferior to that of a glow-worm in inten-
sity : vet the light of the latter is seen from a considerable distance,
and close at hand, will enable one, whose eyes have been rendered
sensitive by darkness, to distinguish minute objects.

What light of such intensity will do for our eyes, it will do for
those of a cat, and none the less because it is returned to eyes from
which it was given out. It is true, that if the primary source of the
light reflected from the tapetum, and thereafter returned to the
retina, were some luminary of great brightness such as the sun, or
incandescent lime, or charcoal, the low intensity of the returned
light would prevent it from impressing the retina; but in intense
light, the tapetum is not needed, and, as will presently appear, does
not come into play ; and, in faint light, where the difference between
the luminosity of the primary rays falling on the tapetum and re-
flected from it, and that of those returning to the eye, is slight, the
retina will retain sensitiveness to both. An eye dazzled by sunlight
does not perceive candlelight; but candlelight does not paralyse the
retina to the faint phosphorescence of a fish which has begun to
decay ; and a much nearer approach in the relative luminous inten-
sity of two lights may occur without depriving the eye of the power
of discerning both. "Of this, one proof specially pertinent to the
topic under discussion will suflice.

In subjecting one’s eye to the seratiny of Helmholtz's speculum
held in the hand of another, the light of a bright gas flame is thrown
into the eye, and reflected from the retina and the choroid behind
it (as it would be from a tapetum), through the P“gﬂ : but though
there is the sense of dazzling {rom the flame, this does not prevent
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less brilliant objects from being seen distinctly. These are perceived
chiefly by the feebler rays of the flame falling upon them; and 1
refer to the fact here, simply to illustrate the simultaneous visibility
of lights of unequal luminosity ; but I notice, In passing, that the
light issuing from one’s eye, in such an experiment, 15 brighter than
some of the rays of the gas flame, and if reflected from external
objects into the eye, would certainly render them visible. :
The older physiologists seem fully to have realised this truth, and
to have gone beyond its recognition to speculations on the final cause
of the existence of a tapetum in the eyes of certain animals. Monro,
and as Cuvier states, “d’autres avant lui,—believed that the tape-
tum of the ox is green, in order to represent more vividly to it the
colour of its natural food.”* And it was probably a similar opinion
that led John Hunter to state that, ¢ in the cow, in sheep, deer,
horses, and 1 believe, in all animals feeding on grass, there are in
the same eye, certain portions of it che tapetum | white, and others
of a fine green colour.”* Monro, at least, and those at one with him,
certainly held, that the green light issuing from an ox’s eye was
reflected back to it from the grass on which it fed, and made it more
conspicuous to the animal. This is a particular example of the
general conclusion which I wish to urge—that from the eyes of most
animals possessed of tapeta, there issues (especially in twilight or
partial darkness) coloured light, by which, in part at least, they see
objects before them, and necessarily of a different tint from that
which such objects present to the eyes of animals without tapeta.
No creatures certainly are more free from colour-blindness, or more
keenly sensitive to the difference between red and green, than bulls,
rams, and turkeys, which are equally roused to madness by the spec-
tacle of the former colour, and equally composedly regard the latter.
Yet the same red rag, or green blade of grass, must present a dif-
ferent tint to each; for the ram’s tapetum is much greener than the
bull’s, and the turkey has no tapetum at all. These are examples
of a chromatic equation in animals, depending on the colour of the
choroid, which will prepare us for similar though less decided differ-
ences, due to the same cause, in the human eye; but to this I shall
return.  Before, however, passing to another subject, there is a prob-
able (I would say, indeed, a certain) use of the tapetum in some
animals, which, as it appears to have entirely escaped the attention
of naturalists, I briefly notice, although it has no direct con-
nection with the vision of colour. Cuvier observes, in reference to
Monro’s opinion, that its green tapetum assists the ox in find-
mg its green food, that ¢ this explanation does mnot apply to
-other species,” as assuredly it does not. A cat preys on nothing
Freen, and can receive no special help in finding its food from the
ight of that colour which issues from its eyes, although it will,

! Lecons d"Anatomie Comparée (legon xij.); 24 edition, t. iij., p. 419
3 Catulogue of Mugeum of . Coll. of Htirgn:’{ma in Lr.-miun, 11.§::-\‘i .I ii. p. 162
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simply as light, assist it in surprising its victims. But if such light
guides the cat to the mouse, it warns the mouse of the cat. There is
mercy to the victim as well as to his pursuer, in the endowment of
the latter with a brilliant reflecting choroid. The owl, which has
no mirrors in his eyes, and owes his acute sight to his large pupil
and highly sensitive retina, can steal unperceived in twilight, on his
prey : but the flashing green eyes of the lion, the ]mparcﬁ and the
tiger, must often have given timely though unintended warning of
their approach to their anticipated vietims; and the shark probably
cheats himself occasionally of a meal, through the unconscious
announcement of his approach, given by the appalling glare of his
immense eyes. But this is a digression.

Having then considered the relation of the tapetum to the reflec-
tion of light through the pupil on external objects, we are now to
lock at its relation to the reflection of light from side to side, within
the chamber of the eye, with a view to inquire how far vision will
be affected by such cross reflections, especially as occurring in the
human eye.

The observation of Dr W, Mackenzie (already quoted), that a prior:
reasoning leads us to infer, that the addition of a tapetum to the eye
would render it * weak and impatient of light,” has great force in i,
and has probably been acquiesced in hitherto. A good deal of irre-
gular reflection must oceur from a surface so unequal as that of the
tapetum is, and the lateral and anterior portions of the retina will
receive those scattered rays. It certainly appears, at first sight, as
if the resulting multiplication of cross lights could not fail to irritate
the retina and confuse the distinetness of vision.

This conclusion, however, I believe, has mainly been drawn from
the acknowledged condition of vision in human albinos, where all
the evils supposed inseparable from the presence of a tapetum cer-
tainly show themselves. But the eye of an albino (animal or hu-
man) is, in two important respects, unfavourably circumstanced,
compared with that of a cat or other shining-eyed animal. In the
first place, the albino's eye has no pigmentum nigrum on the lateral
and anterior portions of the choroid, any more than on its posterior
portion ; whereas the tapetum occupies only the latter region, and
the rest of the choroid is thickly covered with pigment, and increas-
ingly so anteriorly. In the second place, the iris of the albino is
free from pigment behind, and nearly so in front, so that it is
transparent, and when contracted to the utmost, offers as large an
area Fur the entrance of light as when it is fully dilated ; whereas,
in a cat’s eye, ew. gr, the iris is virtually opaque, and, when con-
tracted, allows only a very small amount of light to enter.

It is further to be noticed that, except in fishes, and to some ex-
tent in the marine mammalia, the avea covered by the tapetum luci-
dum corresponds to but a small portion of the bottom of the eye,
whereas the arrangement in the albino is equivalent to a conversion
of the entire choroid, including the back of the iris, into a reflecting
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tapetum. Thus John Hunter states, that thﬂ'ta‘petmn.'“ is aiwq,u&
placed at the bottom of the eye, in !he sh:npe of a _half—moon, ‘In"r'.lth
the circular arch upwards, the straight 11.11-: or d_mrneter passing
almost horizontally across the lower edge of the optic nerve. . . . .
This shape is peculiar to the cat, lion, dog, and most of the carni-
vorous tribe; in the herbivorous, the upper edge being irregular.” !

Moreover, limited as the tapetum is, only a small portion of its
surface is brought into action as a reflector, unless when exposed to
faint light. This is particularly the case in feline animals, where
the elongated pupil is at right angles to the tapetum, and NAITOWS
in sunlight to a small chink, allowing only a thread of light to
enter; but it is sufficiently striking also, in the eyes of herbivor-
ous animals, where the pupil stretches as a horizontal slit, parallel to
the tapetum, but not opposite to it when the iris is contracted. In
the albino’s eye, on the other hand, only the closure of the eyelids
defends the reflecting surface of the choroid from the access of
light. The fullest contraction of the iris is but equivalent to the
drawing down of a red window-blind : it alters the quality of the
light entering the eye, but not the extent of surface on which it
falls. :

We must thus set aside altogether the albino’s eye, as it presents
conditions greatly differing from those of the luminous eye possessed
of a tapetum: it is with the normal human eye that the animal’s
shining eye should be compared ; and it is this analogy which gives
special interest to the discussion.

If, then, we look at the circumstances under which the choroidal
mirror, or tapetum lucidum comes into play, it appears that it acts
only when the light falling upon it is feeble, and the iris is dilated.
It 1s in permanent action, accordingly, only in fishes, in which the
iris is immobile, and the eye is always exposed to a subdued light.
In land animals, such as the cat, it is, as it were, thrown out of
action except in twilight: and the wide-spread belief, even among
the eduecated, that the cat’s elyes shine in utter darkness, is the
best proof that the feebler the light, the more fully does the tape-
tum act.

In the first place, then, the light falling upon the tapetal surface
of the choroid is of low intensity, and therefore easily absorbed by
dark surfaces, when reflected upon them. Secondly, As the greater
number of the rays of light falling on the tapetum will simply
retrace their course when reflected from it, they will pass out of the
dilated pupil as they passed in, without impinging on the mem-
branes within the eye. Zhirdly, Those irregularly reflected rays
which do not follow this course, will nevertheless in greater part
have a direction forwards, so that they will fall upon the back of the
wis, or the more anterior lateral portions of the choroid—the ciliary
processes, and the ciliary body—and be absorbed by the pigment,

! Catalogue of Museum of R. Coll. of Surgeons in London, vol, iii., p. 165.



98 DR G. WILSON ON COLOUR-BLINDNESS.

which is thickest and darkest there. Fourthly, Of those rays which
are reflected from one point of the shining tapetum to allﬂtﬂﬁr, only
such as fall upon the seat of perfeet vision (which occupies a very
limited area) can materially interfere with the distinctness of visual
perception, and they must be very few.

The arrangement, in short, closely resembles that of a camera
obseura arranged to take a daguerreotype on a silvered plate, with
this exception, that the highly reflecting metallic surface corres-
ponding to the tapetum is flat, not curved, so that reflection from
one point of the surface to another, which is most to be dreaded,
cannot occur. This difference allowed for, it is still manifest that,
if reflection from the silvery surface does not prevent the production
of a perfect image on it, the similar reflection from the tapetum
should not prevent the production of a perfect image on the retina,
which lies like a thin film in front of it.

The presence, then, of a mirror in the back of an animal’s eye,
appears to be in no respect incompatible with distinet vision ; on the
other hand, I think there can be no doubt that it greatly enhances
it; and I urge this belief because, after the results obtained by
Cumming, Briicke, Helmholtz, and others, it does not admit of
question that between the mirrored animal’s eye, and the mirrorless
human one, there is only a difference of degree. A cat’s eye does
not more certainly reflect light, than the eyes of every one of us do;
and if his sight is disturbed by such reflection, ours must be also.
Yet what we call in our own case ¢ perfect vision,” is vision thus
disturbed, if disturbed it be, and the important question suggests
itself, “ Does not choroidal reflection increase instead of diminishing
the perfection of sight 2 According to the current theory of vision
it should not improve it. This teaches that the light which has tra~
versed and impressed the retina is thereafter absorbed by the pigment
of the choroid, lying behind it, and the more rapid and complete this
absorption is, the more perfect, ew hypothesi, the picture on the
retina. In a word, the whole eye being maintained a camera obscura,
it is desirable that its posterior wall, or surface, should be pars ol-
seurissima. 1 find no fault with this as a hypothesis; it is probably
realised in those sharp-sighted nocturnal animals, such as the lemurs,
which have no tapetum, a uniformly tinted choroid, and a very sen-
sitive retina, but it does not apply to the human eye, or to that of
a large number of animals. * In those animals,” says John Hunter,
“where the pigmentum nigrum is black, it is pretty uniformly so
through the whole; but in those where it is lighter it is not so uni-
form. The lightest part is always at the bottom of the eye, becoming
darker gradually forwards, and in such it 1s often quite black, viz.,
from the termination of the retina to the pupil; or if not black, it is
there much darker than any where else. ~This is generally the case

in the eyes of the human subject.”’

1 Catal, Mus. R.C.8,, London, vol. iii., p- 133.
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Later physiologists do not appear to have looked so particularly
into this matter as the great surgeon and comparative anatomist
did, but all are agreed as to the increased thickness and darkness of the
pigment on the posterior surface of the iris (uvea), and the internal
surface of the ciﬁm'y bud:,*, as well as between the folds uf" the ciliary
processes. One great object of the uvea unqu-%si:mna:llly is to render
the iris opaque, and prevent it from transmitting light, but it also
deprives it of the power of reflecting light, and the internal surfaces
of the ciliary body and processes must have an equally low reflect-
ing power. The wisdom of this arrangement is apparent. Seeing
that, whether for a beneficial end or not, light is reflected from the
bottom of the eye towards the pupil, had the uvea possessed a high
reflecting power, it would have returned the light which fell upon
it to the bottom of the eye, and thereby have infallibly disturbed
vision. The seat of perfect vision is opposite the pupil, so that if it
rapidly contracted, the increased surface of the iris would not merely
intercept many of the rays which passed through the dilated pupil,
but would, if the posterior surface of the iris acted as a reflector,
send them back upon the spot of clearest vision, and confuse the
image there. The occurrence of this in the eye of the albino is
doubtless one of the causes of his imperfect sight.

There is thus, at least, provision made against vision losing in
distinctness from deep-seate&? reflection within the eye, but I venture
to suggest that it gains in distinetness from it. Let us look first at
an eye with a tapetum, where the reflection is greatest. The first
effect of this tissue (which I shall further assume to be colourless),
acting as a mirror, will be to return the rays of light which fall upon
it, through the retina. 1 have already quoted Todd and Bowman’s
opinion, that this “will probably increase the visual power,” and Dr
Mackenzie's objection to this conelusion, because quicli'(-sigllted night
birds have no tapetum. The majority of physiologists take no
notice of the matter, and Todd and Bowman’s statement is certainly
vague. Can it be doubted, however, that what is equivalent to two
rays of light falling upon the retina will produce two impressions ?
We send a capillary sunbeam through the retina in one direction,
and instantly return it through that membrane, a little diminished
In intensity, in the opposite direction: if it determined a sensation
in its first passage, what is there to prevent its doing so in its
second? If, for simplicity’s sake, we suppose exactly the same
points of the retina to be traversed by the incident and the reflected
ray, then (unless the luminous intensity of the incident ray was so
great as by its passage to exhaust the sensibility of the retina) the
reflected ray will repeat somewhat less powerfully the impression
made by the incident one. The difference will be as great as there
15 between a sound and its echo, but not greater.

On this view of matters, the tapetum, especially in twilight, will
serve t!:a important purpose of ma&dn every perceived ray of light
tell twice upon the retina, so that the sensation it prnrﬁmos will
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%ithher be increased in distinetness, or in duration; and probably in
oth.

The human eye has no tapetum, and the light reflected from its
interior, comes unquestionably in part from the surface of the retina
but the pale surface of the choroid behind the retina also acts as a
mirror, and must serve the same purpose as the tapetum in the
eyes of the lower animals, The effect of this choreidal reflection on
our vision, must be the same as that of tapetal reflection on the
visual perception of animals. All optical images will be twice
depictE(!l on the retina, and every luminous sensation will make a
deeper and more lasting impression upon us, than it otherwise
would have done. The pale colour of the choroid at the bottom
of the eye, is thus as beautiful a provision for effective vision, as its
darl colour in front.' '

If those conclusions are well-founded, their application to colour-
vision is direct. The tapetum in a multitade of animals is coloured,
and from this it follows that the impression made upon the retina by
the reflected ray, must differ from that produced by the incident
one. Thus, the incident ray in all cases being white; in the felidae
the reflected ray will be yellow; in the herbivora, it will be blue or
green ; and with both we may contrast the albino, where the white
incident light will in great part be reflected as red light. Colours
cannot appear the same to eyes so endowed. The feline, the herbi-
vorous, and the albino eye, must contribute respectively a yellow, a
blue or green, and a red tint, to every object they perceive, and
must judge differently of the same colour.

There must be similar, though smaller differences, in the normal
human eye, for the choroid varies much in tint in the different
races and in different individuals. In the Museum of the London
College of Surgeons, there is a considerable collection of prepa-
rations from the eyes of fair and dark {)ersﬂns of the same and of
dissimilar races, specially intended to illustrate this, and also that
the colour of the choroid corresponds to that of the hair. John
Hunter thus comments on the subject:—* There are few of the
human species that we can say are perfectly white. They rather

ass from the black into the brown, red, and even light yellow

and we find the pigmentum, . . . . . . varying through all the
different corresponding shades. In the Afiican negro, the black-

ness of whose hair and skin are great distinguishing charac-

I The objection to such views, drawn by Dr Mackenzie from the absence
of a tapetum in nocturnal birds, is valid against those who hold that only by
an internal mirror can vision hy dim light be secured. I do not advoeate this
opinion, for, plainly, great dilatability of the pu_pll, and exalted sensitiveness
of the retina, will secure this power for a mirrorless eye; and physmio%y
abounds with examples of similar results secured by dissimilar causes. I would
notice, however, that there is an anatomical Dh%ta'.nllﬂ!'l to the occurrence of a
tapetum in the eyes of birds, in the occupation of its site by the singular organ
called the marsupium, or pecten, which is supposed to take part in the adapta-
tion of the eye to vision.at different distances.
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teristics, the pigmentum is also very black. In the mulatto, who
has not the s]l);in so dark as the African, but the hair nearly as
black, this pigmentum is of a shade not quite so deep, yet still it
does not approach so near to the middle tint as the skin, rather fol-
lowine the colour of the hair. In people of a swarthy complexion,
as Inn:Tiaus, Turks, Tartars, Moors, ete., we find the hair always of a
jet black, and this substance of a much darker brown than in those
that are fair. In people remarkably fair, . . . . we find this pig-
mentum following the colour of the skin and hair; being in some
of a licht brown, and in others [albinos] almost white, according to

3]

the colour of the hair in such people.

There are thus (excluding the albino) variations of colour in the
human choroid from pale yellow to the darkest brown, which must,
more or less, be communicated to the light reflected through the
retina, from the membrane behind it, and affect the perception of
colonr. Apart from individual differences in the":iludgment of tints
occasioned by this, there must be constant national ones. The dark
and the fair races will present a different “ chromatic equation;”
the advantage, so far as normal perception of colour is concerned,
being probably with the dark-eyed, in whom the deeply-tinted
f:]lnrnidp will reflect less coloured light to add its impression to that
of light from without, than will be the case with the paler choroid
of the fair races. -

On reviewing what has been stated in the three preceding sections
(ante p. 81), on the general colour of the retina; on the special
colour of its yellow spot; and on the many variations in colour which
appear in the choroid, it is manifest that though the light furnished
by the sun, or by artificial luminaries, may reach a number of living
eyes unaltered in quality, it will be so altered in colour within them,
by the influence of the membranes referred to, that very different
chromatic perceptions will be determined by the same primary light.
Within the eyeball, unquestionably, there will be, to some extent, a
neutralisation of coloured rays by their complements, ending in
their conversion into white light, or in their entire extinction.
Of this, one striking example is afforded by the eyes of herbivorous
animals, where the light reflected from a green tapetum, afterwards
passes through transparent red blood-vessels, and, doubtless, not
without undergoing a loss; whilst another portion, traversing the
less vascular parts of the retina, will mix with the rays reflected
from the blood-vessels, and produce white light. But the green
colour of the light actually emitted from the eyes of the animals in
question, shows that these effects are only partial, as we might ex-
pect them to be. And neutralisation of eoloured light, in either of
the ways referred to, can only affect the light whi{:ﬁ has traversed
the retina, so that, after making all allowance for its occurrence, the

' Catal, Mus. R.C.S., Lond., vol. iii,, p. 163,
N
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It thus appears that a total absence of :-igmez!t ﬁ'mq the choroid,
and a replacement of the dark surface found in ordinary human
eyes by a brilliant red one, is not incompatible with a perception of
colours,such as a skilful observer, like Wartmann, thoroughly alive to
the existence of colour-blindness, could not distinguish from a purely
normal perception. But the conditions of the Albino eye are very
- peculiar, and the small number of Albinos, and these very yﬂunf;,
who were examined by Wartmann, cannot be considered as finally
disposing of the question, Is the Albino vision of colour the same as
that of the non-Albino eye? especially when the peculiarities of
colour-vision exhibited by Sachs, the only adult, educated subject of
albinism whose experience is fully on record, are taken into account.’

Nevertheless, I am not disposed to assert that colour-blindness, of
the kind Dalton and his fellows exhibited, can be oceasioned by such
modifications in the colour of the membranes of the eye as I have
drawn attention to. But an extreme chromatic equation, not always
distinguishable in its practical manifestations from veritable colour-
blindness, may certainly be occasioned by the varying condition of
the membranes referred to, and on this account I have, in the intro-
duction to this discussion, spoken of such manifestations as deserving
to be ranked under a special chromatic theory of colour-blindness,

I close this section with the expression of the hope, that the colour
of the membranes within the eye-ball will now be an object of more
frequent and minute examination by physiologists and pathologists,
than it has hitherto been. My friend, Dr Beddoe, has indirectly
supplied much interesting information on this subject, in his little
work recently published,” containing the results of an examination
during life, of the colour of the eyes and hair of some 5000 of the
Scottish people, representing nearﬂ,’r all the districts of their country.
According to the observations of John Hunter, already quoted, in
which physiologists generally concur, a dark choroid and dark hair
go together, and vice versa. In the future enumeration, accordingly,
of cases of colour-blindness, it is desirable that the colour of the ]{;air
should be recorded, as it cannot be expected or desired that the
majority of the colour-blind should speedily become the subjects
of pathological investigation. The colour of the iris generally, but
this country, where it is much less known than it deserves to be. Had I been
aware of its existence at an earlier period, I should gladly have quoted from it
and I shall have occasion, in the sequel, to refer to it more fully. I infer, from
its title, that it is a reprint from the Memoirs of ¢ La Société de Physique et
d’Histoire Naturelle de Genéve,’ for 1848,

171 ur% this the more that I learn from Wartmann's second Memoir, that
the late Dr Cunier published cases “where several dyschromatopsic [colour-
blind] females presented the greater number of the symptoms assigned by Beer
and other oculists, to the absence of the black pigment of the choroid.” These
appear to have been colour-blind Albinos, but I cannot ascertain the particulars
of their cases, which are recorded in * Annales d’Oculistique, t. 1, p. 490,” a
work of which only the later volumes are accessible in Edinburgh.

lﬂi‘lﬂ Contribution to Scottish Ethnology. By John Beddoe, B.A., M.D.,
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colours depends upon a particular part of the brain lying over the
roof of the orbit, and, when largely developed, rendering one part of
the superciliary ridge specially prominent. *II"I the ‘:w:-rt]s of Mr
Combe, * Observation proves that those individuals in whom the
portion of the brain which is immediately above the eye, beneath the
eyebrow, is largely developed, possess in a high degree the faculty
of distinguishing colours.” s ,

The question whether a prominence in one part of the eyebrow
characterizes those who have the power of readily distinguishing
colours, and, conversely, whether a Eatness or depression is found in
- the same region in those whose sense of colour is imperfect, plainly
admits of settlement without discussing any portion of the meta-
physics of phrenology. The thesis maintained by Mr Combe and
other phrenologists is, that not only is a feeble normal perception of
colours accompanied by a small development of the superciliary pro-
minence which they term the organ of colour, but that this organ is
still more decidedly depressed or absent in those who are colour-blind.
In support of this conclusion, they have published accounts of several
well-marked cases of colour-blindness, in which the organ of colour
was defective or absent. Among the cases also which I have re-
corded, Dr K. and Mr R. have reported that they have been pro-
nounced by phrenologists to have the same defect. Mr D. also
informed me that the organ of colour was wanting in him.

The general result, however, of more extended inquiry has not
been favourable to the phrenological conclusions. I have made no
eranial examination myself of any of the cases of colour-blindness
known to me, not from indifference to the matter, but because, as I
must frankly confess, I am unable to distinguish such differences
between the development of one superciliary ridge and another, as I
find other observers declare themselves able to do; and I therefore

ive no opinion, founded on personal observation, on this question.
There has been no want, however, of inquirers; and the general
result, so far as my knowledge extends, has been the following :—
Wartmann, in his first memoir, observes, “I must say that among
the Daltonians whom I have examined, the organ in question (t.e.,
of colour) was in general but little evident, except in two of them, in
whom it was remarkably prominent.”*

The late Liord Jeffrey was pronounced by phrenologists to have a
feebly developed organ of colour.? He, however, was not only free
from any trace of colour-blindness, but, as he has recorded himself,
receive ﬁreat delight from the spectacle of brilliantly coloured ob-
Jects, and had a remarkable power of matching colours from
memory.*

Szokalski, who has had great experience in cases of colour-
blindness, and agrees with phrenologists in the belief that there

' Taylor’s Scientific Memoirs, 1846, p. 184.
¥ Combe’s System of Phrenology, 3d Edition, p. 405,
* Op. eit., p. 406, and Edin, Rey,, Nos, 88 and 89.
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is a cerebral organ of vision, and that this is diminished in
volume in the colour-blind, adds, notwithstanding, “ We know well
that phrenologists place the organ of colour in the middle of the
superciliary arch ; we have, however, examined serupulously and
with great pains many persons who have presented very decided de-
pressions of this arch ; but despite of the best wishes in the world,
we could never discover in them any trace of chromato-pseudopsy.”?

Mr W. White Cooper observes on this passage, “neither does our
own experience support the theory of the ;ﬁn‘enalugiats; in two
well-marked Daltonians examined by us, the whole superciliary
region was remarkably well developed.”?

The whole of the observations referred to above were made on
the head during life, and are open to the ohjection to which all such
observations are liable, that they identify the internal development
of the brain with the external configuration of the skull. This ob-
Jection is specially pertinent in reference to the phrenological organs
situated in the neighbourhood of the frontal sinus, and that it is
not a speculative diffieulty, can be shown by a very curious example
which has not hitherto come before writers on this subject. At the
post-mortem examination of Dalton’s body, the following fact was
observed, as stated to Dr Henry by Mr Joseph A. Ransome,
Dalton’s medical attendant, who made the examination ; “ Mr Ball
(formerly assistant to the late Dr Spurzheim), was present, and tuui
casts of several parts of the brain and the cavity of the skull. He
pointed out a remarkable prominence on the frontal portion of the
orbitar plates (which represents the phrenological site of the ¢ organ
of colour’), and the imperfect or deficient development of the convo-
lution of the anterior linbes, which rested upon them. Of course,
Mr Bally adopted this as the true explanation of the Eenu]ia.rit}r of
Dalton’s vision; and we as witnesses (not only without faith in
phrenology, but even opponents), are bound to record the fact.”?

Here, then, according to the judgment of those present, there ap-
peared a marked deficiency in that portion of the brain which phre-
nologists regard as the organ of colour, in the person of the most
famous example of colour-blindness, and though he were not famous,

' Quoted by Mr W. White Cooper, Article Fision, Cyc. of Anat. and Physiol.

2 Op. et loe. cit. )

: Hgm'j"s Life of Dalton, p. 201. It seems proper to inform the reader,
whether disposed to draw conclusions favourable or unfayourable to the IJ].'I'_'EB—
nological explanation of colour-blindness, that Dalton died at the age of 78,
seven years after an attack of paralysis, which permanently impaired the use
of the right side, as well as the power of articulation, and the memory of
words, Several slighter attacks succeeded in the intervening years, an *the
last proved fatal. Lesions of the brain, such as occur in cases of the kind,
were found after death, the particulars of which will be found in the work
quoted above. How far a diminution in velume, or apparent imperfect deve-
lopment of the anterior cerebral lobes, may have been connected with the ad-
vanced age, and repeated attacks of paralysis which Dalton had undergone, I
will not pretend, even remotely, to determine, but the brain was certainly not
in a normal condition at the time of the post-mortem examination.
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his case would deserve record as the solitary one where the brain
itself was examined. Something, as I have implied in a note, must
be deducted from the value of this case on the ground of the effects
which time and disease had produced upon an organ so liable to de-
rangement as the brain. Let it be assumed, however, that no such
deductions are ecalled for, and then the truth I wish to dwell upon
will be more fully appreciated, namely, that during life no phreno-
logical sign of colour-blindness appeared on Dalton’s forehead.
Those who have seen him, or who are familiar.with his busts or
portraits, will be aware that his head, which remarkably resembled
that of Sir Isaac Newton, was like it in exhibiting prominent eye-
brows. The superciliary ridﬁe in truth, projected very markedly
so as to overhang the eyes. If any man would have been selected
by phrenological signs as the possessor of an exquisite sense of colonr,
Dalton would have been. ]i’el; assuredly, if Newton and Dalton
had been contemporaries, and had simultaneously published and
compared their descriptions of the colours of the rainbow, they must
have beén hopelessly perplexed to account for statements, so strangely
conflicting, regarding a common object of vision.!

The doctrine, accordingly, that colour-blindness depends upon
the absence of that portion of the anterior lobes of the brain in
- which phrenologists place their organ of colour, has not been sub-
stantiated. It may be quite true, nevertheless, that there is a part
of the brain specially connected with the vision of colour, as we are
quite certain that a part, and only a part, of this organ is essential
to the integrity of vision in general. li?mt the researches of physio-
logists do not, as yet at least, justify the conclusion that any portion
of the brain so situated as to impress its form upon those parts of
the skull which can be examined during life, is peculiarly related to
the sense of sight; and I entertain no expectation of further investi-
%atin:-u lending more justification to the phrenological hypothesis.

olour-blindness is, in the great majority of cases, only partial,
and although I differ from most previous writers on this sub.
ject in regarding it as aﬁ'ecl:inpi the perception of the lighter and
darker shades of all colours ; still it has been abundantly shown that
the greater number of the colour-blind do not mistake yellow or
blue when full and well illaminated ; nor have they any difficulty
with white and black. If, then, an organ of colour is essential to
the perception of blue and yellow, ez, gr. there seems no reason why
the majority of the colour-blind should exhibit a deficiency of more

! T have not trusted to my own judgment in referving to Dalton’s fore-
head, although I have seen him, and ]E;;u.ve examined a fua!, taken from his
face after death, as well as many portraits of him. Dr Henry, to whom I re-
ferred the question, Had Dalton a Ipmminem superciliary ridge ? informed me
in reply, that, unwilling to trust his memory on the matter, he had consulted
a copy made by machinery from Chantrey’s faithful bust, and found the eye-

%mga strongly marked in it as he remembered them to have been on the living
ead.



= . : | L | n -
] ] f =3 1 7 : - ;
I | 1 - |
I L ¢ 14 1 i f =y
= | I Ak . .




THEORIES OF COLOUR-BLINDNESS, 109

of different tones, they will resemble the retina of a Daltonian who
confounds different colours.” An experiment is then described, in
which the panes of a closed window which at first vibrated only
under the influence of certain notes or tones of a piano in the win-
dow-recess, were by prolonged daily use of the instrument thrown
into vibration by several additional tones to which at first they did
not respond ; and conversely acquired their original indifference to
these when the piano was left unused for six months. According
to this view, the retina, to use Wartmann’s own words, “is in a
state analogous to that of an elastic system which two or more musi-
cal tones throw into resonance with equal ease.”?

The theory of Professor Kelland, which I subjoin, was first ex-
plained orally to the Royal Scottish Society of Arts, in April 1853, on
the occasion of my reading a communication on Colour-Blindness,

o & & a
and was shortly atterwards reduced to writing at my request.”

“ AN ArtempT To ExPrAIN CHROMATOPSEUDOPSIS. By the Rev.
Privie Kerrasy, Professor of Mathematics, University of Edin-
burgh.

“ On the undulatory theory, light is due to vibrations, and differ-
ence of colour, like difference of pitch in music depends on nothing
else than the period of pulsation, or the time occupied by a vibrating
particle in performing its oscillation. The whole scale of colours 1s
comprehended in something like the same limits as the octave in
music—the extreme vibrations being performed in times which are
very nearly in the proportion of two to one. The sensation of a
given colour is therefore due to the reception by the retina of pulsa-
tions of a given period. In what way the retina performs its func-
tions we do not precisely know. As the instrument in conveying
pulsations, it may be presumed itself to vibrate agreeably to their
period. We shall, accordingly, regard it in its normal state, as a
vibrating system capable of responding to pulsations of every period,
within eertain limits, and of conveyingto the mind the sensation which
we term colour appropriate to each period. Butin other states of the
eye, this appears incapable of being effected. The retina, for instance,
vibrates more readily in accordance with one period of pulsation than
with another. Thus one eye may be very wéll dispusec]l to respond to

g ?ﬁ{ cit., p. 48. Wartmann’s Deuxiéme Mémoire, from which these views
are taken, was read to the Ph}rsmal Society of Geneva, on 9th Oct, 1848 ; but
from a reference in that memoir to a second edition of his first paper on colour-
E{g;?_ﬂe?i! cﬁuﬁlled in la Biblinthéque Universelle, the publication of the
3 nud}jslﬁ?}m“ 0 goes hack to June or July 1845, (Deuxiéme Mémoire, PP-
* As a certain resemblance occurs between the theories of Wartmann and
Kelland, It 1s proper to mention that the latter was not aware of the former's
opinions till t e autumn of 1854, when, on first becoming myself acquainted
with Wartmann’s  Deuxitéme Mémoire,” I showed it to Professor Kel d.

O
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vibrations of the period of the yellow, so as to be powerfully affected
by it; another may be almost insensible to the red, so as to be
searcely able to discern faint objects of that colour. This constitutes
one form of chromatopsendopsis. But a more remarkable form is that
in which the powerful complementary colours produce the same im-
pression on the mind. This would appear to be owing to the facility
possessed by the retina for starting into vibrations -D{F every period,
when excited by those of one only, just as a musical pipe or string
gives all the notes of the chord at the same time, or as t&le different
strings of a harp vibrate when only one has been struck, The
retina, in this case, may be compared to a piano, or rather to one
octave of a piano without dampers; the sound of one note causes
all the others to vibrate at the same time, but not with equal
intensity ; the centre note between the note struck and its octave
being most {JDWEI‘ful].:F affected. Assuming this analogy to be
correct, we should expect to find that, in a retina so constituted,
every colour would be mixed more or less with its complement.
In the case of green or red, the complementary red or green
respectively is of equal intensity with the original, and consequently
the same impression may be produced on the mind whether the direct
red raises up its complementary green or vice versa. On the other
hand, the powerful yellow having as its complement the weak
purple, we should not expect that it would be matter of indifference
which is the direct agent and which the subjective impression. Ac-
cordingly, we find many eyes unable to distingnish green from red-
but few apt to confound yellow with purple.

“«To eves constituted as I have supposed, those combinations of
colour which by contrast produce the most powerful and pleasing
impressions on others ought to be rather unpleasing, since contrast
of colour in the one is replaced by difference of tone in the other.
We have reason to believe that a similar phenomenon occurs relative
to sound : we know, at least, that many persons are totally insensible to
the pleasurable sensation of melody, but whether or not such persons
experience a different impression of pitch from that which affects ordi-
nary ears, has not probably been ascertained. Persons have been
known destitute of the power of distinguishing one air from another,
provided the rhythm of both were the same, but whether this has
arisen from mere dulness of diserimination of tones, or from a positive
similarity of impression from tones which, to ordinary ears are very
different, has not, perhaps, been well investigated. It is not 1m-
possible that the latter hypothesis is correct, at least it involves
interesting matter for further inquiry.” 4

The ingenious theories of the professors of Geneva and Edin-
burgh will be acknowledged by all to assist us 1n forming a clear
and vivid conception of what may be the condition of the colour-
blind retina, and they very probably f'ill‘I}‘:Sh not only a picture of its
condition, but to some extent a fac-simile of its mode of abun.rmal
action. IKelland’s theory is the more complete of the two, mas-
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much as it both provides an explanation of that simple insensibility
to a colour, such as red, which we do no more t!mn name when we
call it colour-blindness ; and also of that EGI]:FL‘ISIUEZL of eolonrs with
each other, which is likewise simply named when it is called, Chroma-
topseudopsis: whereas Wartmann’s theory only accounts for the
latter, Pn the preceding sections, however, of this paper, it has
been shown that there 1s a positive insensibility of the retina in
many persons to red light, which excites neither the sensation of
luminosity nor of colour; and further, that the dark shades of all
colours, primary, secondary, or mixed, are not distinguished by the
colour-blind from black, and that the very light shades are not dis-
tinguished from white. ~Apart thus from the tendency to confound
colours with each other, there is, on the part of the colour-blind, a
positive inability to perceive certain of these. Their vision of such
colours is not false or confused ; they have no vision of them at all.
The condition of a retina thus insensitive to colour appears more
like that of a vibrating sonorous body which cannot be made to
sound by strokes, or impulses of a certain intensity, than one which

asses into vibration if any other elastic substance in its neigh-
Emlrhund begins to vibrate.

An addition, therefore, must be made to Wartmann’s hypothesis,
and whether we adopt Kelland’s theory, or not, we seem to be fully
entitled to affirm that the cerebro-retinal apparatus of vision in the
colour-blind is, either through congenital defect, or subsequent
morbid change, unendowed with that sensitiveness to colorific im-
pressions which it possesses in those whose vision is normal. It is

robably the retina that is the chief seat of this diminished sensi-
Eilit.gr to colour, and the simpler form of colour-blindness might fitly
enough be called chromatic amaurosis.

?I.—J&DV&NT&GE.E AND DISADVANTAGES OF COLOUR-ELINDNESS ;
ITS PREVENTION AND CURE.

In discussing the evils (which must take precedence of the advan-
tages) of colour-blindness, I do not propose to enumerate minutely
the disadvantages which it entails on its subjects, but to confine my-
self to certain of the more formidable difficulties or dangers in which
it involves both themselves and others who trust to their judgment
in reference to colours.

It will be convenient to discuss the subject under three divisions.

1. Does colour-blindness admit of cure?

2. Does it admit of temporary palliation or correction ?

3. For what professions is colour-blindness a disqualification?

L. Does colour-blindness admit of cure?

Congenital colour-blindness is certainly incurable ; and the case
of Mr B. (ante p. 39) shows that when induced by injury or
disease, it may become as irremediable as if it had been an inherited
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and that he continues to confound carmine-red by daylight with
blue. There plainly has been nothing deserving the name of im-
rovement in his case. :

Lastly, the Countess of D., whose case has been described Ym-
viously, as it showed itself in 1853, has not appreciably altered in
her colour-blindness since its peculiarities were described by Wel-
laston many years ago. 4 :

Those cases may suffice to illustrate the permanency of this affection
of vision ; but they are not singular. Among my colour-blind ac-

uaintances there are probably none who would not sacrifice a great
Heal to see perfectly ; and nearly all have endeavoured to cure them-
selves of their visual idiosynerasy, but not one reports a cure, and the
best educated and most observant among them are the most decided
in declaring that they have given up all hopes of amendment.

It is difficult to convince many that this conclusion is a just one.
Those whose own sense of colour is delicate, and who are led by
taste or profession to live much among coloured objects, are slow to
believe that any eye can be so peculiar in its endowment, as to make
the blunders Shich the colour-blind do, even in reference to what
they would call “a staring” red or green. Such colourists insist,
that carelessness, indifference, or improper education, lies at the
bottom of the mistakes which the “supposed” colour-blind make,
and profess themselves willing to undertake their cure; of which,
however, they record no ecase.

I have no doubt that a certain amount of improvement in the
Judgment of colours may be induced in most colour-blind persons,
who have not attempted self-education in reference to their chro-
matic perceptions, or been unconsciously led to study colours. For
as they generally perceive blue and yellow without difficulty, and
distinguish, within certain limits, the tints and shades of many
colours, their perception of those must, and certainly does, admit of
improvement by education. But this improvement does not lessen
their tendency to confound certain colours and certain tints and
shades. When we find an engraver who, for the greater part of his
life has been gazing all day at paintings, purchasing a red window
curtain for a green one: a tailor, whose eye has been for hours daily
fixed on cloths of very varied colours, matching green tape with
scarlet linen, at the risk of losing his situation: an experienced
field-geologist compelled, when surveying a red sandstone district,
to take a companion with him, to point out where grass ends and
sandstone begins: and a teacher of chemistry evading, as much as
possible, the questions of his pupils concerning the colours of bodies;
we cannot doubt that after education has done all that it can towards
developing the sense of colour in the colour-blind, they remain as
helplessly prone to make their characteristic blunders as before. A
cruwnmﬁ example of this has recently presented itself to me. In
the establishment of a painter and glass-stainer, who is an obstinate
disheliever in the existence of colour-blindness, my attention was
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recently divected by his fellow-workmen to a youth, who had been set
to re-paint the devices on the shafts of a sheaf of arrows. These
devices, consisting of alternate circles of red and green, had not been
effaced, but only dulled; yet the painter executed his task by paint-
ing all the »ed rings green, and all the green rings red. The case
was remarkable for the direct reversal of the c{}ﬁ-}sum in question,
and this by one who had them before him to compare, both on his
palette and on the arrows. Yet the party who committed this mis-
take was an excellent draughtsman, much esteemed by his master,
and surrounded at his daily work by splendid specimens of stained
glass. The mistake which he made soon ceased to be a solitary
one, for his fellow-workmen having since its occurrence, put him to
the test, found him uncertain in his judgments of many colours, and
on examining him T found him commit the characteristic errors of the
colour-blind. Here, then, was the possessor of an educated colour-
blind eye, making such mistakes, as no normal-eyed person, however
uneducated his power of vision might be, could or would make.

Education, then, can do nothing towards curing colour-blindness,
nor in truth can anything else. Dr Trinchinetti, an Italian physi-
cian, believing that the seat of this affection of vision is the crystal-
line lens, gravely proposes its extraction, as a radical cure of the
evil! T would not refer to this proposal, which requires no formal
condemnation, were it not that & have met with a case which a

cars to prove (what needed, however, no proof) that colour-
E]indness would survive removal of the crystalline lens.

I have recently been visited by Mr J., who has had both lenses
removed for cataract. The one lens was removed some years
ago, by Dr James Duncan of Edinburgh, the other recently
by Dr Macmurdo of London. His vision is good, and his ordinary
perception of colours normal, but in reply to some casual questions
on these points, he surprised me by stating that, whilst suffering, on
a recent occasion, from vertigo (to occasional attacks of which he is
subject), he was astonished to perceive that all the persons he met
in the street were dressed in green, “recalling,” as he said, “the
descriptions of Robin Hood's men.” This false perception continued
for some hours, and has since on several occasions returned. Here
a susceptibility to colour-blindness remained, though the lenses were
gone, and had the affection been congenital, instead of temporary,
we may justly infer that it would have equally remained.

9. Does colour-blindness admit of temporary palliation or correction ?

As colour-blindness is certainly incurable, the possibility of palli-
ating or temporarily remedying it becomes an important question,
and the prospect of a satisfactory answer 1s far from hopeless. 1
shall discuss, first, the methods of assisting the colour-blind which
have been proposed by others, and afterwards suggest certain which
have occurred to myself.

I Wartmann, 2de Mémoire, p. 38.
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1. Comparison of doublful with known cﬂfmzirs.fi't means of
guarding against mistakes, relative t_ﬂ cal_mu's, “’h]ﬂh 15 U'}fL“EStiﬂﬂ-
ably of some service to the colour-blind, is the reference of doubtful
hues to a chromatic scale, accurately tinted and named. But this
means of correcting error soon finds its limit, as the mismatchings
of red with green, olive with brown, and purple with blue, charac-
teristically made by the colour-blind (although both colours are pre-
sented to the eye together), are sufficient to show. And, in truth, I
strongly suspect that the first ehromatic judgments of the colour-
blind are often more trustworthy than their later ones, and that in
general they are at least of equal value. This remark speciall
applies to the confusion of red with green, where each so rapidly calls
up its complementary to the colour-blind eye, that it is quickly dis-
abled from determining which was the primary and which its com-
plement.

2. Protracted gazing on coloured bodies.—Szokalski and Seebeck
have recommended, as a means of ameliorating the condition of the
colour-blind, their steady gazing, first, on a coloured surface, and then
on a white or black one,* but from what has been stated in the pre-
ceding section, and previously in reference to the general education
of the eolour-blind, this proposal seems of no value ; nor is any proof
offered that it has been of service.

3. Use of coloured transparent media.— It has occurred to various
observers that assistance might be afforded to the colour-blind by
eausing them to look through coloured transparent media at the
colours which were doubtful to them. Wartmann observes on this
point : ¢ There exists a very easy means of rectifying, to a certain
extent, the error of the appellation of colour. This means consists
inexamining coloured objectsthrough a transparent medium, as a glass
or a liquid of a certain known tint. Suppose this tint red ; the Impres-
sion of a green body and of a red body the same at first to the naked
eye, will become manifestly distinguished by the use of the trans-
parent screen.  This method appears to have been practised for the
first time by Professor Seebeck, the father, towards the year 1817.
Nothing can equal the surprise of a Daltonian when the errors which
he commits every day in the appreciation of colours are thus dis-
closed to him. Unhappily the tint of the coloured glasses and their
number cannot be prescribed in advance; the impossibility of a
rigorous classification of the innumerable varieties of Daltonism
obliges us to choose them @ posteriori for each particular case. We
may add, that their employment only remedies mistakes in the specific
nature of colours, and leaves in general those which apply to one and
the same tint.”* Dr Steebach has carried oat this proposal the
length of recommending the use of coloured spectacles.” Trinchinetti
advises that the glasses should be of the colour which is the comple-

! Wartmann, 29¢ Mémoire, p. 50.
* Taylor’s Scientific Memoirs, 1846, p. 185.
¥ Wartmann, 2de Mém., p. 50.
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ment of that liable to be seen falsely.! To this Wartmann justly
objects, because “ Daltonians do not judge correctly of comple-
mentary colours ;” but his own proposal to employ transparent media
of other colours is liable to as great objections.

I am far from wishing to affirm that a colour-blind person may
not be aided in correcting his chromatic errors by such a use of
coloured glasses as Seebeck and Wartmann recommend, but after
many trials with my colour-blind acquaintances I have found none
who could turn the suggestion to practical account. My trials have
been chiefly made upon those who confounded red with green, to
whom Wartmann, in illustrating the use of coloured transparent
media, specially refers, but I have met with no success. Nor does
this surprise me ; I should have heen surprised had it been other-
wise. How could it be expected that an eye to which the same glass
seems sometimes red, sometimes green, should be assisted in distin-
guishing between opaque hodies of these two colours by looking
through the glass? The colour of the glass is not a constant quan-
tity for the colour-blind, any more than the colour of the bodies
looked at through the glass. If the last were actually red, and
appeared of this tint to a colour-blind eye looking through it at
red, the latter, we may presume, would appear redder; but if the
glass appeared green whilst looking through it at red, this would
probably also appear green, for the same cause (whatever it be)
which falsified the colour of the transparent medinm, would falsify
that of the opaque one. The only coloured transparent media which
can be expected to serve the colour-blind are such as do not alter
in apparent colour to their eyes, and the choice must therefore be
restricted to those which are blue or yellow. I'shall presently seek
to show that yellow media promise to be serviceable, but the con-
sideration of this belongs to another place.

4. Employment of touch to distinguish colours—Wartmann has
pointed out the interesting fact, that in one well marked case, a
colour-blind person “ corrected by the help of touch, a part of the
erroneous juggments which he formed regarding colours,”* and he
had reason to believe that several other ¢ Daltonians” were similarly
endowed.

The first example of colour-blindness I encountered (Case IL.,
Mr P.) possessed the power in question to some extent, and I found
it useless to show him the same pieces of coloured paper more than
once, as he recognised them the second time, but not, as he dis-
tinctly declared, in virtue of the coloured impression they made on
his eye. It was only in part, however, by touch that he effected
this recognition, for slight differences n shape,_ aﬂﬂi_:ieutal rough
points, folds, wrinkles, and the like, cau ht his quick eye, and
assisted him in reaching his conclusions. It seems to me exceed-
ingly probable that this gentleman, whose sense of touch was prac-

1 Ibid, p. 39. # 2de Mémoire, p. 35.
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tised and delicate, conld have taught himself to detect by means of
it differences between pieces of paper, cloth, linen, silk, and the like,
dyed with different substances. The physical properties of pig-
ments are sufficiently diverse, to alter in different ways the surfaces
or substances which they colour. Wools, ex. gr.; dyed with certain
compounds are much harsher to the touch than those dyed with
others; the mineral pigments, such as Prussian blue, or chromate
of lead, in general producing rougher surfaces than the organic
dyes, such as indigo. A wool dyed with a mineral green might
thus be distinguished by the touch, from one dyed with a vegetable
red, although the colour-blind eye could detect no difference between
their tints.

These conclusions are strengthened by a consideration of the fact,
that even among those who are totally blind, examples occasionally
occur of a power to distinguish colours by the toucl%.‘ The fact has
been denied. But many of my readers must have seen the power
in question exercised by a blind man in Stirling, whom I have fre-
quently conversed with in my boyhood. He was regarded as one
of the celebrities of the place, and was brought to strangers to earn
a small fee, by telling the colour of their cﬁ'esses by feeling them.
This I have seen him do with men’s dresses promptly" and
correctly.®

It seems quite possible accordingly, that colour-blind dyers,
weavers, clothiers, and other workers among textile fabrics, may use
their fingers to correct the errors of their eyes; and further, that
the keen vision which (colours apart) they generally possess may,
acting in unison with touch, turn to account those superficial, inter-
stitial, and molecular differences which are the concomitants of

! Wartmann, 2de Mémoire, p. 86, gives a list of references to the published
cases, amounting to some three, but thinks the existence of a tactile discrimi-
nation of colours not yet sufficiently established.

? Alexander Lyon, the party referved to in the text, familiarly known in
Stirling as Blind Alick, was born in 1761, and died in 1836. A sketch of him
1s in existence from the pencil of George Harvey. He lost his sight in eatly
infancy, and grew up untutored till he was eighteen years old, when the indi-
cations which he displayed of a very retentive memory, led to his being sent
to school, through the interference of some benevolent friends. Here he
acquired an acquaintance, believed to be complete, with the contents of the
Bible, through hearing it read, verse by verse, by his schoolfellows ; and in
after life he could repeat any portion of it on a moment’s warning. IHis know- °
ledge in this respect was often tested, but was never known to fail. It was
the fruit solely of a powerful memory, exercised upon the only book which he
had the opportunity of hearing largely read in his early days, and did not
imply any regard for its precepts, of which his life was a daily contradiction.
So far as I can learn, he acquired the power of distinguishing eolours by mani-
?u]nt.mg the dresses of his schoolfellows, as a means of distingunishing them

rom each other, when they tried to deceive him as to their identity, by using

feigned voices. Tt does not appear that  he could indicate the colonrs of sille
or cotton fabrics by touching them,” as I learn from Mr Shirra, an intelligent
draper in Stirling, who knew Blind Alick well.

l!-
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different colours, in consequence of these inhering in different
chemical compounds.

In addition to the methods of mitigating colour-blindness which
have now been discussed, I sugtgest the two following, the first of
which, at least, is probably of more importance than any as yet
made known to us.

1. Substitution of artificial light for daylight in the ezamination of
colours.—The very striking difference between the aspect of certain
colours to many nfﬂ:lm colour-blind by daylight and artificial light, has
been so fully referred to previously, that here I only discuss the prac-
tical application of the fact. The colours whose aspect varies most,
are red (including crimson and scarlet) as contrasted with green;
and pink, crimson, and other tints or shades of purple (especially
red-purple), as contrasted with blue.

It is only some among the colour-blind who report themselves as
seeing colours thus differently by different lights. But the number
thus circumstanced is large, and the conclusion to which Dalton
came, that there was much less discrepance between the judgments
on colours of the colour-blind and of the normal-eyed, by candle-
light, than by daylight, probably admits of wide application.

1t is at least certain, that to very many an alteration in the quality
of the light by which colours are regarded, causes these, as Dalton
expressed it, to be “astonishingly changed.” Supposed greens
become by candlelight, reds; and blues are turned into pinks and
crimsons. The contrast in appearance under the opposite illumina-
tions is so great, that among the cases of colour-blindness which I
have recorded, there are as many as six persons who have dis-
covered that they could mitigate their Eculiarity of vision by the
employment of artificial light. Thus, Mr N., Prof. Y., and Dr E,,
have resorted to candlelicht as a means of increasing their enjoy-
ment of flowers, which, it erimson, ap}Beared, when seen by it, much
richer in colour than by daylight. Dr Y. has discovered that by

1 Since writing the above, I have received the following communication
from Mr Shirra, referred to in the preceding note. It suﬁplies a confirmation
of the conclusions in the text all the more valuable, that it was written in
total ienorance of my opinions, and not in answer to any queries.

[ have heard of a woman, blind from her infancy, residing in Cambus-
barns, who practised the occupation of a *pirn-filler’ (that is winding yarn
on bobbins). Her sense of feeling enabled her easily to judge of the different
sorts she was engaged with. If she were winding blue, and had finished one
spindle, she would lay her hand on the next spindle, and could tell easily
whether it was blue, green, purple, scarlet, or black. White she distinguished
by her sense of smell, it being ‘smeekit,” or fumigated with sulphur.

¢ have heard that practical dyers are able to distinguish coloured yarns by
the sense of touch, as well as the sense of sight, some peculiarity being im-
parted to the wool by the combination of substances used in dyeing, which
gives it a peculiar character, sufficient to be known by mere contact.”

Tt will Ec seen that wool alone is referred to in this statement. The colours
of linen, cotton, silk, velvet, and the other fine-thread fabrics are plainly much
less easily detected by touch than those on wool.
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gaslight he can profit by chromatic distinctiﬂns_, which are lost upon
him by day. Mr R. can recognise, by lamplight, reds, which he
mistakes for greens in the sun; and most striking of all, Mr S.'s
friend (ante p. 34), who deals in coloured goods, has long been
in the habit of appealing to a gas-flame in a dark room, to decide
between scarlet and green, and erimson and blue. Those cases
are sufficient to show that every colour-blind person may find it
worth while to try the effect of artificial light in correcting his
false yisual perceptions.

What quality of light is best fitted to secure this correction
remains to be rﬂ;termined, and an inquiry into the matter could not
fail to supply much interesting information. From a few trials, I
feel satis!li:’ed that the whiter and more intensely luminous arvtificial
lights, such as the lime-ball and the electric charcoal light, induce
the same confusion in the perception of colours as sunlight does.

Between the ordinary artificial lights, there is not apparently an
‘appreciable difference, but candlelight alone, has been specially
examined. Dalton ascertained that in the prismatic image of a
candle-flame, the red extremity was much more vivid than that of
the solar spectrum, and from the mode in which he refers to the
candle spectrum, it seems certain that there was no such dark shade,
or dimly illuminated band at its less refrangible end, as there was
generally to his eye in the spectrum of the sun.

It should thus seem that to the colour-blind (in so far, at least, as
they are represented by Dalton), the red rays of a candle-flame are
visible, to an extent those of the sun are not, and in consequence
red bodies are much less liable to be considered green; and pink,
or crimson bodies, to be considered blue by candlelight than by
daylight.

In speculating on the cause of this difference, with a view to its
practical application, we cannot fail to recognise as chiefly import-
ant, the feeble intensity of candlelight as compared with that of sun-
light, and the unlike ratios in which the coloured rays are distributed
in the two kinds of light. So far as luminous intensity is concerned,
the difference is immense, and as one peculiarity of the colour-
blind eye is to see no colour in very lightly tinted bodies, 4.., where
much uncoloured light simultaneously falls upon the retina; and
another is to perceive form and outline by very faint light, we may
attribute in part the improved vision of the colour-blind by a candle,
la.m.p, or gas-flame, to its feeble intensity compared with sunlight.
It is plain, however, from the case of Mr N. (ante p- 29), that
if the mtensity of the light fall below a certain point, then the reds
which were formerly seen, change into black, or become totally in-
visible. There is a practical limit thus set (varying no doubt with
each eye), to the employment of faint light as a means of assisting
the colour-blind.

It is to the chromatic qualities, however, more than to the feebler
laminosity of artificial light, that we are probably to look for the
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service which it renders those whose vision of colours is abnormal ;
for it does not appear (though perhaps the matter has not been suf-
ficiently investigated) that there is any degree of intensity of solar
light by which they make fewer mistakes than by full daylight;
whilst, on the other hand, it has been fully shown that in twilight,
even the normal eye betrays, in a minor degree, that blindness to
red which is so characteristic of chromatopsendopsis.*

The colour of ordinary artificial light is sensibly different from
that of daylight, compared with which it is yellow or orange; in
other words the proportion of blue rays is smaller, and of yellow
and red rays larger than in daylight. It seems probable, ac-
cordingly, that the preponderance in artificial flames of yellow
light to which the colour-blind eye is keenly sensitive is a great
cause of its better vision by such flames; but the presence in
these of red rays which impress the abnormal organ of vision, as
the red light of the sunbeam does not, must also largely contribute
to the improved Herm&ptiun of colours. There must also be some
proportion of red and yellow rays, in other words some quality of
artificial light, best fitted to approximate to normality, the vision
of the colour-blind. That in a candle we have this quality of
light at a maximum is matter of surmise, and experiment alone can
show among the artificial lights in ordinary use which ﬂEpI‘nachEB
most nearly to it. The colour-blind could Iargely assist themselves
by comparing their arrangements of coloured objects by different
flames with a settled chromatic standard; and others conld assist
them by noting what colours they saw in the prismatic spectra of
such flames. %have but one fact to mention in reference to this

uestion. In the course of the trials made along with Professor

elland on the visibility of the red end of the solar spectrum to
the colour-blind, the opportunity was taken to test the vision
of those present by a soda-flame, fed with oxygen, and made to
illuminate wall papers of very varied colours. To those {eﬁ -
ing themselves as normal-eyed, these became all undistinguishable
greys, whilst Dr Y. and T. R. saw, as they declared, many colours,
and pointed out two sectors of a seven-tinted cirele as green: the
one was green, the other red, so that they seemed to see colours at
least as well by the soda-flame as by daylight.®

1 Very bright and-very faint light both diminish the sensitiveness of the
colour-blind eye to colour, and therefore there must be a point of medium
luminous intensity, where colours are best seen by it; but as the reports of
cases of colour-blindness, in effect record the sum or mean .uf the experience of
its subjects under all ordinary intensities of light, and register their most per-
fect judgments, it is plain that the difference between their best and worst
decisions on colours, by light not extremely bright or faint is small ; not
greater, certainly, than that between the similar decisions of those whose vision
: 1 +
% ;ITIEEint of much interest in connection with this subject, but on which I
can communicate nothing certain, is the extent to which t’lm: substance or
texture of a coloured body, and the nature of the dye, affect its relation to
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It is not probable, however, that the different colour :m(!. lesser
luminous intensity of artificial light, are the only causes of its use-
fulness to the colour-blind. Much of this may depend on the dif-
ferent amount and intensity of the thermic and actinic forces in light
from different sources, which assuredly vary immensely, and, as
yet, have been imperfectly measured in most cases. .

Further, two flames may have the same colour, and yet contain
rays of very different refrangibilities. Thus the extra-spectral (or
fluorescent) rays of Mr Stokes are greatly more abundant in some
blue flames than in others (as they also vary in colourless flames),
and two of those which to the ordinary observer appear iden-
tical, will, nevertheless, affect the eye (normal or abnormal) very
differently, for, whatever theory of light we adopt, we must suppose
that rays so unlike in their refrangibility, as the least refrangible
blue of the visible solar spectrum, and the most refrangible blue
of the extraspectral space make a different impression on the retina.
The same remark applies to rays of other colours, and trial can
alone decide how their distribution in a flame affects its influence
on the colour-blind.

2. Employment of yellow or orange transparent media to reduce
daylight to the quality of ordinary artificial light.—If artificial light
assists the colour-blind in distinguishing colours, it should seem
possible to correct their daylight chromatic errors, by conferring upon
the light of the sun the properties (whatever they are) which enable
artificial light to restore colour-vision to the colour-blind. “

It seemed possible to effect this to some extent by passing day-
light through yellow or orange media, and, accordingly, I obtained
four pieces of glass stained with oxide of silver, and transmitting a
pale yellow or orange light. They are referred to in the sequelgas
1, 2, 3, and 4, being numbered according to their intensity of colour
from the palest to the deepest. Two of them, 3 and 4, appeared
yellow when looked through, but reflected from one surface a bluish-

green light. These glasses, as will presently appear, proved of most
service to the colour-blind.!

solar and artificial light as seen by the colour-blind. From what we know of
normal vision, however, we may infer that silk and wool, ez. gr. of the same
eolour by daylight, will not necessarily, to their eyes, undergo the same kind
and amount of change by candlelight. Thus, green silks and wools, which
by daylight match very well in the estimation of the normal-eyed, often prove
very indifferent matches by gaslight, owing partly, doubtless, to the difference
of textile arrangement, partly to the difference of dye. I have recently been
shown a lilae silk ribbon which to those (all of normal vision) who have seen
it by daylight, appears to match closely with a lilac worsted. By gaslight,
however, the latter becomes a cold grey, harshly contrasting with the silk
which appears less brilliant, but otherwise little altered in tint. The colour-
!:ulu:n‘]i we may be certain, have similar experiences, and we must not wonder
if artificial light assists them more in seeing certain coloured stuffs than others,
! Mr Stokes refers the twofold colour of silver-stained glasses almost entirel
to a fulse internal dispersion of light, and not to that true dispersion whic
he has named fluorescence (On the Change of Refrangibility of Light. By G.
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Specimens of the fonr glasses were sent to Professor ) My
R., and to the colour-blind friend of Mr S, (ante p. 34.) Professor
Y. derived no benefit from them; Mr R. found two of the falsel
fluorescent ones of some use, and they were markedly serviceable
to Mr S.’s friend.

Mr R. writes,—“1I have delayed veplying to your letter until I
could give your experiments a fair and equitable trial. The glasses
(all of them indeed) deepen or rather brighten the reds, but do not
affect the greens so much. I can distinguish the reds by the aid
of the glasses much better than I can the greens.”

In a second letter he adds,—¢ Yesterday and to-day being very
bright days, I have tried a series of experiments with the yellow
glasses, and in all cases found No. 4, the most decided and certain in
its results. No. 4, you will perhaps recollect, is a combination of
two colours, one on each side of t}le glass. = This gave a decided
and very marked difference between red and green. Secarlets it
made very bright and light, while crimsons were made decidedly
red and fiery.” :

From Mr S. I received the following statement written by the
party (ante p. 34), who was in the practice of resorting to a room
containing a gaslight to distinguish between scarlet and green, and
crimson and blue. ¢ With the glass marked 4, I can see bright
colours nearly as well as by lamplight, so that I can see the same
difference between green and scarlet, and crimson and blue, as by
artificial light, but it being rather dull I cannot see any but very
bright colours. With No. 3 I can tell which is green, but not quite
so well as with 4; Nos. 1 and 2 are of very little use.”

Three additional pieces of glass, all to some extent falsely fluor-
escent, but paler in tint than No. 4, were sent, and were thus re-
ported on :—

“I find the last three pieces of glass answer admirably, as they are
clear, and show the colours almost exactly the same as they appear
to me by lamplight, so that I can easily see the difference in most
bright colours. A

¢ All three of the pieces show a difference sufficient for me to
know green, but No. 3 makes green look nearly black, while red
looks brighter.”

It will be seen from those statements that there is a prospect of
success from the use, by the colour-blind, of glasses tinged yellow
or orange, or of window-screens of these colours for rooms in which
coloured things are to be examined ; how far the false dispersion of
the glass affects its utility I cannot determine.

Stokes, M. A., Phil. Trans. 1852 ; and R. Hunt's Researches on Light, 2d edif.
1854, p. 312) ; but the latter phenomenon was displayed to some extent by
the glasses alluded to in the text, which were coloured throughout their entive
thickness. The mass of the glass owes its tint to a silicate of the oxide of
silver which becomes wholly or partially reduced to the metallic state at one
surface during the process of staining, rather as an unavoidable result, than as
a thing nimefnt by the stainer.
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I have not included the proposal just discussed, in the consideration
of the snggested use of coloured glasses by other writers, because
it was not the chromatic characters of yellow transparent media
which led me to suggest them, but their power to confer upon day-
light sent through them, certain of the properties of artificial light,
as this affects the colour-blind eye.

That the colour of the modified light is one cause of its action on
the eye cannot be questioned, and Sir David Brewster's opinion
that yellow light has a special exciting power over a torpid retina,
may be fitly connected with this conclusion ; but on that opinion
I do not build much, nor was it known to me, when I suggested
the use of silver-stained glasses to the colour-blind. Their eyes are
not torpid, but, so far as perception of form and outline is concerned,
preternaturally sensitive to the action of light ; nor do sufferers from
ordinary amaurosis see better by candlelight than daylight, but the
reverse. -

I do not refer to these matters because the theory of the beneficial
action of yellow glasses is practically important, but because I wish
to impress upon the reader that it is not the mere colour of a glass
or other transparent medium, that is to be regarded as the criterion
of its probable utility to the colour-blind. The latter (and I only

rofess to assist those among them who distinguish colours better

y candlelight) must select transparent media for themselves, pre-
ferring those, whatever their colour, which cause daylight transmitted
through them, to appear as artificial light does; and it must not be
Fnr%lotten that the chemical composition and molecular structure of
such media, on which their relative transparency, fluorescence,
diathermancy, and power to transmit or arrest actinic force depend,
are probably of as much importance as their colour. Thus; of four
yellow glasses stained respectively with uranium, silver, iron, and
organic matter, it is probable that though their tints may be the
same, they will not be of equal service to the colour-blind; for the first
is highly fluorescent, the second moderately so, the third and fourth
scarcely at all; and a similar remark is applicable in some degree to
glasses stained with the same substance, but different in structure
and composition.

Further, we must not expeet to make other than an imperfect
approach to the conversion of daylight into artificial light, by trans-
mission of the former through coloured or other media, for we are as
yet very ignorant of all the points of difference between them.

8. For what professions is colour-blindness a disqualification ?

The little which art can do towards palliating colour-blindness;
and the hopelessness of curing it, demonstrate the necessity of ex-
cluding from certain professions, where that is practicable, those who
suffer from it. Children in whom it is discovered should be dis-
suaded from callings such as the house-painter's, the dyer’s, and
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weaver’s, which have largely to do with colour; and where there is
a choice, should not be strongly encouraged to follow professions
like that of the analytical chemist, naturalist, botanist, geologist, or
Ehysicinn, which, though they admit of prosecution to a great extent

y those whose sense of colour is defective, cannot be studied in
some of their most important relations as sciences or arts, by such
as are. Unless, therefore, the bias is strong towards the professions
in question, it should be turned in another direction, though where
it is powerful, as in Dalton, it will vanquish the obstacle which
colour-blindness oceasions,

So far as regards the fine arts, I believe that an instinctive or
readily developed consciousness of an imperfect apprehension of
colour, will keep the colour-blind, who have a strong love for them,
from attempting to excel as colourists (though certainly this rule
does not aFwa}rs hold), and that such persons will be found to
possess an eye for form, and outline, light and shade, chiaroscuro,
aerial perspective, and the other achromatic aspects of pictorial
objects. This admits of ample employment and gratification in such
mono-chromatic works as crayon, Sepia, and Indian ink sketching,
in lithography and engraviufg, and most fully of all in architecture
and sculpture. It is in truth much more the economical than the
asthetical chromatic arts which are forbidden to the colour-blind.

The professions, for which colour-blindness most seriously dis-

unalifies, are those of the sailor and railway servant, who have

aily to peril human life and property, on the indication which a
coloured flag or a lamp seems to give. Fortunately a ship is seldom
under the guidance of a single person, and in her Majesty’s vessels
the colour signal-men are selected from a large number, and are.
ascertained to have a quick eye for colour. In merchant ships, the
choice must necessarily be made from a much smaller number, and
the appalling yearly list of lost vessels which appears in our Wreck
Returns, awakens the suspicion that more than one of these fatal
disasters may have resulted from the mistaken colour of a light-
house beacon or harbour-lamp, which on a strange coast, and with

erhaps the accompaniments of a snow-storm or a thick fog, has
geen wrongly deciphered by a colour-blind pilot. :

On railways the danger attending mistakes of signals is much
greater than at sea, esgecially in this country, where trains travel at
a very high speed, and succeed each other at very short intervals.
Incidental reference has been made to this subject in various parts
of the preceding pages, and it is much too extensive to be dis-
cussed at length here. Thus much only can be said: The most
marked peculiarities of the colour-blind are shown in mistaking,
(1) bright red for green; (2) dark red for brown; (3) red for
black ; and (4) dark or light shades of all colours for each other.
The caution-signal, green, is thus liable to be mistaken for the
danger-signal, 7ed and the latter (when it appears black) not to be
seen at aﬁ.
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no other perception of colour than that implied in the dis-
tinetion between light and shade.

The great majority, however, of the colour-blind distinguish
two of the primary colours, yellow and blue, but they err with
the third, red, which they confound with green, with brown,
with grey, with drab, and occasionally with other colours ;
and not unfrequently red is invisible to them or appears
black. The colour-blind thus possess a bicolor or two-colour
vision, so far as the primary colours are concerned.

Moreover,no one of the secondary coloursisuniformly visible
to them ; orange, if tending towards yellow, appears to be yel-
low ; if inclining to scarlet it is mistaken for green; purple is
confounded with blue ; and green with red and drab and brown.
The tertiary colours, such as olive, russet, and citrine, are
also confounded with each other, and with green, dark red,
and brown.

Further, the lighter tints (among themselves) and darker
shades (among themselves) of all colours, primary, secondary,
and tertiary, are mistaken for each other, and for white in the
case of the tints, and black in the case of the shades, even
when not very pale or very dark.

The colour-blind thus perfectly distinguish only two colours,
yellow and blue, and these only when deep or full ; but as they
are liable to mistake purple (orother mixtures of red and blue)
for blue, they in reality are clearly cognizant only of yellow.

The identification, confusion, or misinterpretation of
colours thus occurring, is most important, practically, in re-
ference to red and green ; but colour-blindness is most easily
detected by the confusion of certain tints of purple, such as
pg.le violet, lilac, or pinlk, with blue ; and if lilac or pink is thus
mistaken by daylight, the other mistakes characteristic of
colour-blindness may be regarded as certain to occur.

By ordinary artificial light, such as lamps, candles, and
coal-gas yield, red is less liable to confusion with green than
by daylight; and the redder purples cease to appear only
blue. Artificial light thus lessens colour-blindness, but does
not abolish it, for mistakes continue to be made of the same
ku'ui, though not to the same extent as before.

!.‘he false, uncertain, defective, or negative vision of eolour,
which thus characterizes the colour-blind, is compatible with
perfect vision in other respects, and is frequently if not gene-
rally accompanied by a very nice ?ermptiun of form and

outline not only in full but in faint light.

I1. Of the Number of the Colour-blind in the Community,

Colour-blindness oceurs in all ranks of the commun ity, and
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perceived, appeals to the sense of Form as well as to that of
Colour; indicating Safety, by pointing, as 1t were, withsone
hand to the left ; Caution, by pointing with one hand to the
right, and Danger, by spreading out two hands.

The discs correspond to the double fan vanes, and are
cireular or oval plates, pierced with five or more holes, and
placed on vertical spindles or axes, so that the edge of the
disc or either face can be turned to any point of the compass.
The one face is painted GREEN, and signifies, to a train ap-
proaching it, * Caution—go Slow !’ The other face is
painted RED, and signifies *“ Danger—Stop!” The EDGE of
the disc turned towards a train implies © 41l Right—Go On!”

On some railway lines the discs are red on one side, and
white on the other; and have corresponding lights, so that
they signal only Danger and Safety; but in the more com-
plex system, previously described, the arrangement is such
that on the summit of the dise, and turning with it is a triple
lamp, showing by night a red light above the red face of the
dise, a green light above the green face, and a white light
above the edge. This lamp, when unlighted as throngh the
day, presents a different appearance, according as the edge
or the coloured faces are turned to the observer. Thus, when
the green face is towards the observer, the lens-tube of the
white lamp points to one side, for example to the right,
thus 1. When the red face is towards the observer, the
white lamp points to the other side (to the left), thus 7.
And when the edge of the dise is towards the observer, the
red lamp projects on the one side, and the green on the
other, so as to resemble the letter T. There is thus apart
from colour a difference in form in the summit of the disc-
pillars, but the amount of lateral projection is very slight, in
truth, so small, that it can only be seen from a short dis-
tance.

The semaphores are tall pillars or masts, which, in their
simplest form, have one arm shutting up within the post,
like the blade of a clasp-knife in its handle, and admitting
of being opened out and fixed at an angle to the pillar.
The arm is painted red on the face turned towards the en-
gine-driver, and white on the opposite face. When shut up
within the pillar, it signifies “ ALL Rienr.” When raised
to an angle of 45° it denotes “ CAUTION ; and when raised
to an angle of 90° “ DaNGER.” A triple lamp is also at-
tached to the semaphore pillar, showing, as in the other ar-
rangements, a white, green, and red light.

The flag-signals call for no special description. They
consist of pieces of woollen gauze (bunting), a foot or more
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2. Red and Green, in virtue of their relation as comple-
mentary colours, call up each other if eitherisintently gazed
at. The eager watcher of a signal is thus exposed to the risk
of mistaking the summons to stop, for that to go slow ; so
that he exhibits in a very faint degree, the liability to mistake
red for green, which is so marked in the colour-blind.

3. Red and green, if of corresponding tint or shade, har-
monize as complementary colours to a natural eye, so that
it passes readily from the one to the other without the sen-
sation of abrupt transition. It would be better if a harsh
contrast existed between the colours of the caution and danger
signals, so that the eye might be startled and offended by a
passage from either to the other, as the ear is by the shrill
discord of the steam whistle.

If those whose vision is normal, are thus liable to mistake
by day red and green for each other, those who are colour-
blind are still more so. Red and green, with the excep-
tion perhaps of lilac and blue, which are too similar how-
ever to all eyes to be suitable for signals, are their greatest
stumbling-blocks: to some, when fresh and bright, however
near at hand: to others when new, if seen from a little
distance : to all increasingly when light is imperfect.

The effect of time and exposure on the opaque signals
is to darken the reds into browns, and the greens into olives,
but such browns and olives are as perplexing to the markedly
colour-blind as bright reds and greens, and moreover stumble
the less extreme subjects of colour-blindness, by whom the
purer reds and greens are tolerably well distinguished.

Those observations, it will be remembered, refer solely to
the discrimination of colours by daylight. Their general ten-

light ; or, to be more exact, suppose it to transmit a less percentage of the total
incident light than the red does, it will then appear darker than the red. After
sunset we lose the direct rays of the sun ; andas twilight advances we get only
rays which have suffered several reflexions in the higher regions of the atmo-
sphere. We know from the blue colour of the sky that light reflected from the
atmosphere abounds in the blue rays of the spectrum ; and the more refrangible
rays are precisely those which will most easily suffer reflexion, and might be ex-
peeted to abound in twilight: while rays from the red end of the spectrum will
be less liable to reflexion, and will probably be wanting in the twilight. The
advancing twilight will therefore be made up more and more as darkness ap-
proaches, of blue or highly refrangible rays, and less and less of red, or slightly
refrangible ones. The consequence will be that the red glass will transmit a
constantly decreasing, and the blue glass a constantly increasing proportion of
the whole incident light ; and at length the red glass will become almost opagque
;ﬂfthe light falling on it, while the blue will appear more transparent than
efore.”

Opaque red and blue bodies act in the same way towards reflected light as
transparent ones do towards transmitted light. There is thus a twofold ob-
jection to the use of red signals by day, for they are least trustworthy when
light is fading, when of course they are most needed.
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dency is to show, that by such illumination, red and green
are the worst colours that can be selected for colour-blind
handlers or interpreters of signals; and that these colours
have no such superiority in the case of the normal-eyed as to
make their retention specially desirable.

The question then arises, are there any colours visible to
the colour-blind, and as visible to the colour-seeing as red
and green, which may be substituted for these, as equally
suitable for both classes of observers? The answer un-
fortunately is less satistactory than could be wished.

To begin with the colour-blind. If a triple system of
safety, caution, and danger colour-signals is essential to
the proper working of railways, then the colour-blind must
be excluded from the office of signallers. They distinguish
by daylight only blue and yellow, and these solely when full
in tint and well illuminated. It is true that they also see
black and white, which in ordinary language are reckoned
among colours. But by age, tarnish, imperfect light, snow-
storms, fogs, &ec., blue becomes indistinguishable from
black, and white from yellow : moreover the colour-blind are
liable to doubt regarding the particular tinge, or chromatic
value of every colour, so that it is useless to expeet them
to distinguish anything more in the hours that intervene
between sunrise and sunset, than one light colour from one
dark colour; and it matters comparatively little what two
colours are employed, provided the one approaches to white,
and the other to black : in truth were all signal-men colour-
blind, and two signals sufficient, white and black would be
preferable to colours properly so called.

If white and black were employed, it might be possible to
introduce azure or sky blue as a third signal, for 1t is visible to
all (or nearly all) eyes, and in the morning and evening twi-
light shows distinetly, (for the reasons already given), where
red and green cannot be distinguished. But though in favour-
able circumstances white, black, and blue might be distin-
guished from each other by the colour-blind, they could not be
trusted to deal with three unlike colours under doubtful illumi-
nation, especially if taken by surprise as railway servants on
occasions of special emergency must, in the majority of cases,
be. I refer to the matter here chiefly because the value of
Blue as a signal-colour has not been recognised in reference
to those whose vision is perfect, to whom I now turn.

Seeing that the colour-blind cannot be trusted to
distinguish more than two colours, and may not always be
confident concerning these, it would plainly be the best plan
(if colour-signals ave retained) to exclude such persons alto-
gether from the office of signal-men ; but as the exhibition or
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interpretation of signals may uccﬂ,siﬂnaﬂly fall to HIBJDt of
parties generally engaged in other duties from which it
would be difficult and perhaps unjust to exclude them, be-
cause their vision of colour is not normal ; and as railway
passengers have a direct interest in the signals used upon
railways being such as all can distinguish and understand,
it is desirable that those colours should be preferred which
are best distinguished by the majority of persons.

Yellow is unquestionably the colour (properly so call?dj
most visible to all eyes, but it is too liable under imperfect
illumination to be confounded with white, to admit of being
used along with it, nor could it, with any advantage, be sub-
stituted for it.

Blue comes next in visibility to Yellow, and might be ad-
vantageously substituted for green in all day signals. An
azure or sky-blue can be readily and cheaply obtained. It
is not confounded with red by the colour-blind. It is as
visible to the normal-eyed as green under full illumination, and
contrasts more sharply with red than its harmonizing comple-
mentary green does. Further, it has the peculiar advantage of
remaining visible in faint daylight, and of contrasting strongly
with red in such circumstances. Were it employed, the
colour-blind would make fewer mistakes, and the colour-
seeing would have an additional assistance in distinguishing
the ecaution (blue), from the danger (red) signal, whilst
white might continue as at present the sign of safety.

2. Of the Perception of Iled and Green by Artificial light.

Light transmitted through coloured bodies seems more
easily distinguished by the colour-blind than that reflected
from coloured surfaces. This at least is the case with red
and green glass throngh which artificial light is sent, and
accordingly the lamp-signals are less liable to mistake b
the colour-blind, so far as colour is concerned, than the vane
and flag day-signals. But the liability to confound red
with green, though less marked, still continues, even when
the lamps are near the spectator; and when the distance is
greater, red and green lights are not only mistaken for
each other, but also for white lights.

This last mistake, according to the eurious observations of
Professor Tyndall, may also be made by those whose vision
is normal, especially if red and green lights are alternately
seen from a distance in quick succession ; then apparently
the combined impression of these complementary colours
cannot be distinguished from that of white light.

There are other objections of more or less weight to the
use of red in lamp-gignals. Of these I mention three,—
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L. Mr Henry Lees, the intelligent secretary of the Edin-
burgh, Perth, and Dundee Railway, has drawn my attention
to the effect in altering the impression of distance, which the
darkness of the red lamps as compared with the brightness
of the white ones occasions. A red light seen from a dis-
tance seems much further off than a colourless light side by
side with it, the eye assigning a less proximity to the less lu-
minous lamp, in conformity with its experience of the different
apparent brightness of lights of the same colour and lumin-
osity placed at different distances from it. The effect of
this misconception of distance must necessarily be to make
danger-signals appear less near than they are, so that the
red tail-lamp of a railway train standing still, will appear
to a train following it, further off than it actually is, and the
standing train will incur a great risk of being run into by
the moving one.

There is great reason for thinking that many railway col-
lisions have been occasioned by a miscalculation of distance
originating in this way. On one of the English railways
(the name of which it might be inexpedient to mention), where,
as I learn from one of its engineers, trains follow each
other at very short intervals through the greater part of the
twenty-four hours, red tail-lamps were found so useless in
preventing trains from running into each other, that they
were replaced by the oldest perhaps of all night-signals,
namely an open iron cage containing burning fuel, which by
the dimensions of its glowing mass and the cloud of smoke
and flame rising from it was conspicuous at a great distance.
Where red lamps are retained, it would seem desirable to

associate them with white so as to enable their distance from

the spectator to be more accurately determined than it can
be when they are seen alone.

2. A second objection to the red lamp was prominently in-
dicated by a writer (who did not give his name) in the Times
Newspaper two years ago, in reference to an appalling col-
lision on one of the Irish Railways. I have mislaid the re-
ference, and cannot give the writer’s words, but he argued
that an engine-driver, who must often assist his stoker in sup-
plying coal to the furnace of the locomotive, and be exposed
to the intense fiery glare of the blazing fuel, cannot be expected
immediately thereafter to recognize a small red flag or red
lamp unexpectedly waved in front of his engine ; and he fol-
lows this just remark by the suggestion that red port-fires of
great intensity and brilliancy should be shown as danger-sig-
nals on sudden emergencies. '

In truth an eye, dazzled by the red glare of a locomotive
furnace, would not only be unaffected by a smaller lame of
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the same colour, but in obedience to the familiar optical law
of successive cnmplemen tary contrast, would see or tend to
see all lights green or greenish.

3. Professor James Forbes pointed out many years ago, as
the result of an observation accidentally made at a railway
station, that a light seen at night through steam blowing off
from the escape valve of an engine-hoiler appears of a deep
orange-red like that of nitrous acid vapour.? Now it must
often fall to the lot of engine-drivers to watch lamps through
such an atmosphere which will convert the (white) safety
signal into a danger-signal ; completely alter the colour of
the (green) caution-signal, and so darken the aspect of the
(red) danger-signal as to render it invisible.

There are thus serious objections attending the use of
red lamps on railways, yet our choice of coloured glasses is
so limited that it is extremely questionable if the substitution
of another colour for red would be of any service. The ad-
vantages which blue possesses for day-signals do not attend
its application to lamps. Blue glass is opaque to full daylight
compared with red and yellow, and still more to lamp or
gas-light in which blue rays are deficient, so that it is the
worst of all colours for a night signal-glass. On the other
hand, the abundance of yellow rays in ordinary artificial
flames points to yellow glass as one eminently visible by
their transmitted rays. But in addition to its costliness it
is difficult to secure a yellow which is so deep as to be dis-
tinctly distinguishable from white at a distance, and yet so
pure and not inclining to orange (as the ordinary silver-stained
yellow glasses generally do) as not be mistaken for red. Yel-
low deserves, however, a trial, either as a substitute for the
red or the green signal, or as adding to our means of securing
safety by association with them.

It is not to be denied that the employment of one set of
signal-colours by day and another by night is a disadvantage ;
but an increase in the safety of travelling would more than
counterbalance this; and as white would remain the safety-
signal, and red could be retained as the caution-signal, but
one signal would vary, which might be blue by day and yel-
low by night. The principle which should guide us is plainly
that the danger-signal should be the most conspicuously vi-
sible of all, and were this principle unreserved] ¥ carried out,
white lamps would replace red as danger-signals. But as
the ordinary lights of the carri ages, and at the stations, and
in the neighbourhood of buildings are and must be white,
we are of necessity debarred from the use of uncoloured

! Lond, & Edinb. Phil. Mag. 3d series, vol. xiv., p. 121,
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white, or leather, which could have a fresh white surface
given to it daily if necessary, would probably be preferable
to the semitransparent, less conspicnous bunting at present
in use, and the entire flag should be considerably larger than
those now employed. I would farther suggest, that instead
of a flag, it might be advisable to employ a more conspicuous
body, such as a polished reflector. A hollow ball of tin or
of glass silvered inside, or two vertical vanes of tin or silvered
glass, at right angles to each other, and placed at the end of
a staff, would reflect light in whatever position they were
held, and might catch an engine-driver’s eye, where flags
failed to do so.

Itis of course impossible, to render visible a small signal to
an engine-driver, who does not keep a look-out in front, or is
engaged in assisting his stoker in managing the furnace-fire,
at the time when the warning is given. To meet such a con-
tingency, some eminently startling and conspicuous signal,
such as a rocket, a blue-light, or a red port-fire, alone would
suffice. Port-fires are in nominal use on one of the English
railways, but apparently they are rarely employed. They
deserve more attention than they have received, for the great
defect attaching to all our occasional or hand-signals, is their
smallness and inconspicuousness. An engine-driver knows
where to expect stationary signals along a railway line, and
looks out for their indications; but an unexpected signal
must compel his attention, if it is to be of any service, nor
can it ever be seen, or obeyed too speedily.

The night-signals as already stated, whether stationary or
moveable, are significant almost solely by their difference in
colour. The insufficiency of this system, however, is in-
ereasingly attracting attention, especially in reference to the
meeting-points of several railway branches, where the risks
of collision are unusually great.

At the Leven Junction of the Edinburgh, Perth, and Dun-
dee Railway, Mr Bouch, C.E., has erected a very effective
compound signal, which illustrates the felt necessity of not
trosting to colour alone, and the mode in which it may be
combined with form. It employs the combination of colour
and form by day as well as by night, in the following
way :—

One white Dise denotes SAFETY by day ; and one white
light, safety by night. One green fish-tail denotes CAUTION
by day; and ene green light, caution by night. Two red dises
denote DANGER by day ; and two red lights, danger by night.

This arrangement was not intended (as I learn from Mr
Bouch), to meet the case of the colour-blind, but simply to
assist the perception of those whose vision is normal. The
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without hesitation, of less than no service. The red lamp may
be mistaken for green, or the reverse, and a collision deter-
mined by the mistake. In no case will a colour-blind pilot be
absolutely certain as to the colour of the side-light, and the va-
cillation which shall attend his attempt to come to a conelu-
sion may not be exchanged for action till it be too late to pre-
vent a collision, Further, as a pilot, conscious of his colour-
blindness, will guide himself mainly by the direction in which
he sees a light crossing his bows, he is exposed to the disad-
vantage of watching a green or a red light, which is not visible
so far off as a white one, and is also liable from its ecompa-
rative obscurity to appear further off than it actually is.
Moreover, from all my examinations of the colour-blind, I
am satisfied that however conscious they may be of their pe-
culiarity of vision, they will always, it given to understand
that an object is coloured, try to decide what its colour 1s,
and yet, in the majority of cases, hesitate regarding the jus-
tice of their conclusion. The distraction of mind thus occa-
sioned is fatal to that promptitude of action which must often
be the first duty of a pilot.

The Admiralty Notice, from which I have quoted, con-
tains in a note the statement, that ¢ the system of night-
lights laid down in the above regulations has been adopted
in Her Majesty’s Service, and by the Governments of the
principal Foreign Maritime Nations.” This announcement
must be read with grave apprehension by all who are familiar
with the statistics of colour-blindness; for colour alone 1s
relied upon to instruct a pilot how to steer clear of a steamer
in a dark night; and the mistake of red for green, or
the reverse, would be still more disastrous at sea than on
shore, for the object of a railway danger (red) signal would
often be sufficiently secured, though it were interpreted only
as a caution (green) signal; and the purpose of a caution
signal would be more than secured if it were understood as
a warning of danger. But at sea, to mistn.ke_ either of these
lights for the other, would equally and inevitably lead to a
vessel being steered so as to determine a collision. .

In Her Majesty’s Naval Service, and in our Commercial
Marine, the safety at least of the larger vessels is in charge
during night of a whole watch of men;.but even in those
ships the steering of the vessel is not unfrequently under the
gnidance of a single pilot, whose word is law, and who may
be colour-blind, but unconscious of the fact, or afraid to con-
fess it. And in smaller vessels, especially those not in Her
Majesty’s Service, it is notorious, that whatever the theory of
night-watching may be, the fact is that the safety of a ship
is often to all practical intents in the hands of the steersman
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tinguishing visible objects ; and it should, therefore, assuredly
be retained in signals. I have the authority of railway engi-
neers for stating, that frequently when a signal is seen by
reflected light,—for example, by the sun’s rays shining from
behind an engine-driver upon a signal which his train is ap-
proaching,—its shape gives no assistance in discerning it if it
is projected against a background of its own colour; as the
green signal may be against trees in leaf, or hills in pasture,
and the red when tarnished or as seen by twilight, against
newly ploughed ground. That this difficulty is generally re-
cognised, I infer from the fact, that on several railways the
red side of the signal-vanes is painted with a white border,
and on others the centre of the green side, where there is an
open star, has its rays painted white. On the North British
Railway, in the immediate neighbourhood of Edinburgh,
green is dispensed with, and the vanes are red, with a white
border on the one side, and red alone on the other.

As the most normal eye thus needs every help in dis-
tinguishing signals by their colour, when their form is un-
certain, it is desirable that the simplest means of detecting
colour-blindness, and of estimating its extent, should be
known to those concerned in the appointment of signal-men.

The most testing colours by daylight are red as compared
with light-green ; brown as compared with olive and dark-
green, and lilac, as compared with blue.

By artificial light, in addition to the colours named above as
exhibited by flags and painted opaque surfaces, coloured lamps
will, of course, be employed ; and red, green, and purple glass,
viewed by transmitted light, are also useful by day. In all
cases the vision of colour should be tested at various distances
from the coloured object; andnone should be passed who err
in the majority of trials regarding a signal seen from the
furthest point at which it must be swiftly interpreted to se-
cure safety. For it must not be forgotten that certain of the
colour-blind distinguish pretty fairly colours (such as red and

een) near at hand, which they confound at some distance.
And for a similar reason their vision should be tried under vari-
ous degrees of illumination, and in particular the visibility of
the testing colours by twilight should be specially ascertained.

Candidates for appointments where good eye-sight is re-
quired, are not likely to exaggerate their defects of vision.
Whenever, therefore, any hesitation in distinguishing colours
is manifested, it should be further tried by giving the party
under examination, parcels of differently coloured cloth, paper,
glass and the like, and requesting him to assort them accord-
ing to their colours. Reds, greens, browns, and lilaes, should
form an essential part of these parcels, but not to the ex-
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clusion of other tints and shades. No person markedly colour-
blind, will, I am persuaded, escape detection if tried in this
way, and the kind and number of mistakes which he commits
will measure the extent of his colour-blindness.

The mode of examination thus explained is within the
reach of railway-superintendents and ship-nm:sters, and will
serve every practical end. But where railway-servants,
sailors, soldiers, or others, undergo preliminary examination
by a surgeon, a more minute examination might be made, and
in another way. Mr James Clerk Maxwell, of Trinity Col-
lege, Cambridge, a mathematician and natural philosopher of
the highest promise, has devised a most simple and effectual
means of discovering the nature and extent of colour-blind-
ness. It is described in the communication from Mr Max-
well which is appended to this (page 153), and at greater
length in a paper which appears in the Transactions of the
Royal Society of Edinburgh, Vol. xxi., Part ii.,, p. 275. To these
the reader is specially referred ; but it will not be out of place
to state here that Mr Maxwell employs a disc of pasteboard,
or metal, provided with a spindle, so as to admit of 1t being
spun as a top or teetotum. The spindle is in two pieces, and
can be unscrewed so as to allow dises of eoloured paper, per-
forated in the centre to receive the spindle, and with a slit
corresponding to a radius of the dise, to be placed on
the upper surface of the top, the rim or circumference of
which is divided into 100 equal parts. The paper dises admit
of being placed above each other, and any portion of one
dise may be made to appear above another, by passing one
edge of its slit through the slit in the other.

Thus, let a dise of red and a dise of white paper be placed
together on the top, the white being the lower of the two;
we may then, if we choose, cover the white entirely by the
red, so that the latter only shall appear; or at will, bring the
white through the slit in the red so as to let one-tenth, one-
twentieth, one-twelfth, or the like quantity of the surface of
the white cover that amount of the surface of the red. When
the top is made to spin, one of the tints (dilutions with white)
:uf red will be obtained, and the quantity of red and white in
it may be measured by the graduation on the circumference
of the circle.

In the same way a circle of red and a circle of black will
gwpe the shades (deepenings with black) of red; and the

elicacy of an eye in distinguishing the nicer gradations of
colour, may be quantitatively determined.

Again, small dises (half the diameter of the larger ones)
of green, and of white or black paper, may be placed on the
colour-top above the larger red and white or black dises, so
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It may have been the most memorable thing about him when he pub-
lished the account of his peculiarity of vision in 1798, But now, his
discoveries in Physics, and above all, his speeulations on Atomics, are
the things that make him famous, and Daltonism should signify the Doe-
trine of Indivisible Chemical Atoms; and a Daltonian, a believer in
such. I submit, therefore, that it is as unbecoming to commemorate by
Daltonism and Daltonian the defect in the eyes of Dalton, as it would
be to signify by the word Soeratic the possession of an ill-shaped nose
like that of Socrates.

NOTE B,
ON THE PARALYSING INFLUENCE OF INTENSE LIGHT ON THE RETINA.
In connection with page 42,

As stated in the text, ** when red, blue, or yellow is diluted with
white, a point is ultimately reached with every eye at which the excess
of uncoloured light accompanying the colour renders the retina insensi-
tive to the impression of the latter.”” I had recemtly an unexpected
opportunity of observing the paralysing influence of intense light on the
retina, which, thoongh not bearing more on the phenomena of colour-
blind than of normal vision, seems of sufficient interest to deserve record.

On the evening of the 6th of June 1855, a severe thunderstorm, ac-
companied by a very splendid show of lightning, visited Edinburgh. With
1o special object, other than to observe the splendour of the sight, I shut
myself, about 11 r.x., in a small room, commanding a full view of the
southern sky. Between the intervals of the lightning, the illumination was
very faint, but a road-lamp, about a hundred feet distant, shining obliquely
through the window, cast the shadow of its bars distinctly on a side wall.

When the great flashes came, they lasted for an appreciable time, were
rose-coloured or pale-purple, and very brilliant, and I was startled by
observing, that after their oceurrence I became for a sensible period totally
blind. The sky, the window, and the reflection on the wall, utterly
vanished. I felt as if some solid, opague, black mass touched my face,
a sensation quite different from that experienced in ordinary darkness ;
and from this I emerged in a moment, to perceive the window and its
frame.

I was taken by surprise the first time this blindness occurred, but as
the discharges of lightning continued till midnight, I repeated the obser-
vation with the same result more than a dozen times, placing my finger
on the upper eye-lid so as to make certain that I did not close it in con-
sequence of the flash. I observed no complementary white bars on a
black window, or any yellow spectrum answering to the purple flashes;
the retina was utterly paralysed, and presented no luminous image
at all.

The high luminous intensity of electric flashes is generally u‘r.'_arlﬂ?ked, ‘
owing to their colour, although attention has been directed to their bright-
ness by more than one writer. Sunlight may be as bright or brighter,
but we cannot voluntarily subject our eyes to its influence, as we can or
rather must, to the glare of lightning, whose duration is so fleeting, that
we cannot escape from its brightness,
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have not heen so fortunate as to encounter any of these cases, 8o as to de-
scribe its peculiarities. As the ladies in question, however, betrayed them-
selves, when purchasing silk, by the characteristic mistakes of the eolour-
blind in reference to red, and were known not to be able to distinguish
Poppies among unripe corn, there can be no question conecerning the quality
of their vision. The general tendency, however, of my later inquiries, as
of my earlier ones, is to show that colour-blindness is very much rarer
among women than men. From Wartmann's Deuxiéme Mémoire, p. 19,
which was not in my hands when the text of the statistics was written, 1
learn the particulars of an interesting case illustrating this. Dr Pliny
Earle, of the United States, numbers among seventy-one relatives, thirty-
two of whom are males and twenty-nine females, twenty cases of colour-
blindness, but of these eighteen oceur in the males, and only two in the
females.* Wartmann also quotes from Dr F. Cunier a remarkable example
of colour-blindness attaching to the females rather than to the males in a
family line, and this through five generations.

Madame O., residing near Mons, cannot distinguish deep blue from
cherry-red. Her mother and her two sisters are similarly cireumstanced ;
her brother's vision is normal. Madame 0. has had six children, one son,
who is not colour-blind, and five daughters, whose vision is like her own.
The oldest of these daughters has four children, two of whom are girls, and
have inherited the vision of their mother. The second has a boy and a
girl,—the latter is colour-blind. The third has one child, a boy, whose
vision is normal. The fourth is not married. The fifth has left a boy,
who is short-sighted, but not defective in his perception of colours. So that
in this line colour-blindness has descended solely through the mothers,
and solely to the daughters. The original account of this singular case
is contained in Annales d'Oculistique, t. i. p. 417. (Quoted in Wart-
mann's 2de Mémoire, p. 19.)

NOTE E.

ON THE RELATION OF THE YELLOW SFOT OF THE RETINA TO COLOUR-
YISION.

In connection with page 83.

Mr James Clerk Maxwell has communicated to me a very interesting
observation on the relative visibility of yellow and blue light when re-
ceived on the yellow spot of the retina, which, in illustration and exten-
sion of the subjects discussed at pages 83-87 of the text, I give here in his
own words, from a letter dated July 27, 1854,

‘¢ Last year I was observing the spectrum formed by a long slit, using
a single prism and the naked eye. I then first observed that a peculiar
dark appearance (which I supposed to belong to the blue near the line F)
extended only to that part of the spectrum to which the eye was directed ;
above and below, the blue was much brighter, and by moving the eye,
the blue spot ran up and down the blue band of the spectrum as if con-
fined in a groove. I found that none of the other colours became dark
in the same way when looked at directly.

= At page 112 T have erroncously represented Dr Farle as having only seventeen
eolour-blind relatives.
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test of the transmissibility of the chemical rays of light by the humours
of the eye. Only the daguerreotype-plate, or the highly-sensitive surface
of collodionized glass, or calotype-paper, could determine the question,
As it was of interest, in relation to the Theory of Vision, to settle this
point, I gladly availed myself last autumn of the offer of Mr Allan B,
Dick and Mr John Spiller, both of the Metallurgical Laboratory, 28 Jer-
myn Street, London, to make the requisite trials. The former had been
my laboratory pupil and assistant for several years, and was known to
me as a skilful manipulator and very conscientious observer; the latter
received the same character from my friend, Dr Percy, the Professor of
Metallurgical Chemistry in the Jermyn Street School of Science, and has
the reputation of being an experienced photographer. The collodionized
glass plate with the rhombic image on it, and the negative pictures of the
key, and of the window-curtain referred to in the succeeding statement,
were sent to me, and fully coincide with what is related concerning them,

Experiments to determine whether the Chemical Rays are tromsmitted
through the Humouwrs of the Eye, By Messrs Dick and Spivier.

An ox-eye was prepared by cutting away the sclerotic until the cho-
roid came into view ; a circular aperture of one-eighth of an inch in dia-
meter was then made through this membrane and the retina, which laid
bare the vitreous humour at a point opposite to that where the light
enters. The eye was then supported in the brass mounting of a photo-
graphic lens (¢. ¢., a brass tube adapted to the front of a camera) resting
at the posterior end on a ring of cork which fitted tightly into the tube,
and retained in front by a diaphragm, so as to permit the eornea to pro-
trude. From the arrangement of the fittings, we are quite satisfied that
no light, excepting that which passed through the eye, could enter the
CAIMmerd.

Within the dark box, a strip of black paper with a diamond-shaped or
rhombie aperture occupying the greater part of its breadth, was extended
aeross in front of the prepared collodion plate, so as to throw its image on
the latter in the event of any chemical rays finding their way to it. The
camera was then pointed to the sky (the morning being bright and the
sun shining), and the plate exposed for fifteen seconds. On developing
with solution of sulphate of iron, a very decided picture appeared. The
glass plate which accompanies this paper was the result of twenty seconds’
exposure.

The conclusion derived from this experiment, although perfectly satis-
factory to those who arranged the apparatus, is open to the objection on
the part of others, that the picture does not present any prima facie evi-
dence of its being the result of rays which have passed through the eye.
We therefore endeavoured to copy photographically the actual image
which is depicted on the retina. To do so, another bullock’s eye was
carefully dissected, so as to open a circular space of about three-eighths of
an inch in diameter at the back of the eye, the retina was removed, and a
very thin film of glass, in shape like a watch-glass, substituted for it ; this
supported the vitreous humour in its original position, and served alsn_i:a
prevent its contact with the photographic paper placed behind to receive
the impression. In another trial, the retina was left untouched, without

altering the ultimate result.
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author of the “ Nomenclature of Colours,” who does not himself propose
a name for the ambiguous colour, will, I am sure, not deeline to acknow-
ledge that such mixed tints are not easily defined, even by those who
have made colour-nomenclature a special study, and that even educated
amateurs have only a single vague term, such as buff, drab, or stone
colour, to apply to them throughout many shades. Mr Hay’s statement
also, that Lord Jeffrey appeared, in fixing on the colour of the walls of
his dining -room, to make little or no allowance for the influence of the
drapery, furniture, and other accessories of the room, in affecting the
tint of the walls, is at best a most uncertain conclusion. Lord Jef-
frey’s silence on these points is held to signify that he was indifferent
to the contrast of colours, although it took the artists the greatest trouble
to paint a wall so as to please him, His action here was surely as ex-
pressive as words could have been. Only recently Mr Hay himself, Field,
Chevreul, and a few other authors, have accustomed us to remember in
our house decorations, how much the quality of one colour is affected by
its proximity to another. It is too much,surely, to expect that a private
gentleman who had never handled colours, should be as much and as
conseiously alive as a skilful and experienced professional painter, to the
effect of approximated tints in altering the appearance of each other:
the great majority of educated men would still, I apprehend, if judged
by their formal references to the subject, appear to be as indifferent as
Lord Jeftfrey to the modifications of colours induced by their juxtaposi-
tion. If he was indifferent, why was he so fastidious? I cannot indeed
avoid asking Mr Combe and Mr Hay if it is not singularly at variance
with their conclusions, that a person ex hypothesi so deficient in appre-
ciation of colour as Lord Jeffrey, should so pertinaciously insist upon a
particular subdued tint, and no other, being applied to his walls. One
would have expected him, according to Mr Combe’s view of his case, to
have chosen some brilliant colour, and to have been by no means nice
as to its exact tint or shade.

Nor am I at all satisfied that Mr Combe is justified in his conelusion,
that Lord Jeffrey was blind to the existence of harmonic relations be-
tween colours. His denial that such relations existed, is at least no proof
that he was not alive to them. Mr Ruskin denies the complementary
harmony of colours, and yet shows by his writings that he fully appre-
ciates it. Lord Jeffrey’s Association-theory of Beauty led him to attri-
bute to anything rather than a native power of perception, the pleasure
which contrasted sights or sounds gave him ; but most certainly (as the
dining-room wall illustrates) all colours did not equally please him, and
the question of real importance, but on which we have no evidence, is,
what were the contrasts of colour which gave him pleasure, not how did
he account for that pleasure.

But I shall be content to urge that Lord Jeffrey’s perception of single
colours was perfect. On this point there is no room for doubt. Mr
Hay states, in his letter to Mr Combe, that In respect to single colours
Lord Jeffrey was peculiarly fustidious in his choice ;" and in the text ::tf
this work I bave referred to his recorded delight in looking at bril-
liant eolours, and his rare power of matching colours from memory,
He was thus the very reverse of colour-blind, and yet he had the phre-
nological index of Colour-blindness. The organ of Colour was to a great
extent wanting in him, and yet he possessed the power of distinguishing
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was unable to detect the false notes of his piano, or the unintended
discords of his orchestra. When it is remembered that yellow, blue,
white, and black are visible, when fully illuminated, to most of the eolour-
blind, and that red in favourable circumstances is also visible, it will be
apparent that there is ample room within the circle of these colours for
the manifestation of a sense of colour-harmony. And, accordingly,
the colour-blind do not exhibit indifference to the pleasing and displeas-
ing contrasts of colours, to the extent of their colour-blindness. To
some of them colour is ®sthetically a negative quantity, a source neither
of pleasure nor pain. To others again, within the compass of their
chromatie vision, colours are an object of delight, and their contrasts are
to some extent perceived. My friend Dr E., for example, and I had ad-
mired flowers together for years without my discovering his colour-blind-
ness. Mr N. (p. 29) states that *“ it is quite an enjoyment” to him to look
at crimson flowers by candle-light. Prof. Y. (p. 32) has always * de-
lighted in going into a conservatory by candle-light, because then all the
purple and red flowers stood out in such brilliant contrast to the green
leaves.”” Mr T., although liable to mistake red for black, is *“ fond” of
scarlet and crimson, and at the distance of a few feet can see them well
enough (p. 30) ; and Lady D. states that *“ the colours of nature abound
in richness to her senses’ (p. 37.)

. I would commend (and in no captious spirit) these cases to the con-
sideration of phrenclogists. Conceding, for the time, that there are
such cerebral organs as they suppose, the cases adduced appear to ren-
der most improbable the theory that one such organ is alike the instru-
ment of the recognition of colour as a simple phenomenon, and of the
contrasts, harmonious and inharmonious, of colours judged ssthetically.
To refer, therefore, as Mr Combe does, to colour-blindness, as if it were
the extreme or worst result of absence of the organ of Colour, and to a
defective sense of colour-harmony as a slighter manifestation of the same
affection of vision, is to employ the language of a hypothesis which our
experience shows cannot be true, however true it may be that there is a
portion of the brain specially related to the perception of colour.

The question is one of interest to psychologists of every school. They
have long recognised that a sensuously acute * hearing ear” and an
esthetically sensitive ** musical ear” are two different things, seldom pos-
gessed in equal degree, and that the former is a greatly more common
endowment than the latter. _

The eye is similarly circumstanced, and many of the totally blind
must possess in a dormant, yet it may be not altogether inactive condi-
tion, the sense of colour-harmony. Locke’s famous blind man, who
likened scarlet to the sound of a trumpet, was possibly employing this
sense when he made his strange comparison, at which we should per-
haps wonder rather than smile. J : .

The recognition of colours in themselves is a ml:ﬂpnratwely simple
intellectual act, which probably many of the lower nmmn.ls mu‘perfm:m
as readily and perfectly as ourselves. Children, especially girls, dis-
tinguish colours with a celerity and certainty whu.::h no ?dult can sur-
pass ; but in their doll-dressings and other chromatic ﬂ.ﬂ‘i"‘l‘ﬂﬂs, they s!huw
little relish for harmonious colouring, and delight chiefly in gaudy tints.
Tt is not, I believe, till adolescence is passing into manhood or woman-
hood that the power of apprehending colour-harmony shows itself with
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Forbes, Helmholtz, Maxwell, and others, have brought out the very un-
expected result that although yellow and blue mixed in one way produce
green, mixed in another way they produce pink ; and this result, as well
as others, Las led some observers, following in this respect Young, to
deny to yellow and blue the character of primary eolour-sensations, and
to replace them by green and violet ; whilst, as Mr Maxwell has very for-
cibly illustrated, any three colours may be regarded as primary, provided
by their union they comstitute white light. The phenomena of colour-
blindness, nevertheless, assign to red a specialty and prominence among
colours which warrant its being made a primary, and it is the enly
colour which all opticians are willing to consider such. If, however,
red be retained as one of the chromatic primaries, the other two need
not differ much from yellow on the one hand, and blue on the other.
Mr Maxwell, accordingly, whilst declining to speak definitely on the
non-red primaries, in the absence of any method of determining their
nature, observes that ‘“ one must correspond to blue, and the other to a
green verging to yellow.”—P, 158. (See also Trans. R.8.E., vol. xxi.,
p. 287).

There is thus comparatively little difference introduced in the lan-
guage employed to describe the features of colour-blindness, by altering
two only of the primary colour-sensations. If all three, however, were
altered, as it is quite competent for any theorist to alter them, provided
those he substitutes produce by their union in certain proportions white
light, then the language applicable to normal and abnormal eolour-vision
would demand a corresponding alteration. DBut the phenomena of
colour-blindness furnish so strong an argument for regarding red as one
of the primary sensational colours, that it is likely to keep its place as
such whatever alteration be made on the other two; and as the one of
these will have much blue, and the other much yellow in it, we may,
without introducing any material error, call them simply blue and yel-
low, especially as these, along with red (including white and black), can
be made to yield all the colours of the painter, dyer, or pigment-maker.
Accepting these terms, then, we may say that the normal eye reduces its
colour-sensations to three, and analyses white light into three coloured
elements, one of which is red ; and that the colour-blind eye, on the other
hand, reduces its colour-sensations to two, and analyses white light into
two elements, neither of which is red ; for colour-blindness takes its cha-
racter more from its non-recognition of red than its positive recognition
of blue and yellow, (or of the other two primaries whatever they are),
and might with some propriety be called An-erythiic (No-red) vision.

The essential distinction which can thus be drawn between perfect
normal colour-vision and fully-developed colour-blindness, has not till
recently been distinetly recognised. Young's hypothesis of a threefold
retinal or cerebro-nervous arrangement of the normal eye, each portion
of which is the organ of one of the three primary colour-sensations, pre-
pared the way for the doctrine discussed above. This doctrine was also
stated with the greatest clearness in Sir J. Herschel's letter to Dalton,
quoted at p. 60; but, though written in 1832, this letter has only be-
come known to others than its first receiver since its publieation by Dr
Henry, in his Life of Dalton, p. 25. To Herschel we are indebted for
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