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PREFACE.

The very favourable reception accorded to my book on

" Memory " and papers on " Colour-blindness " has in-

duced me to write this book for the benefit of those who

may have to test for colour-blindness.

The theory of colour-perception which I have ad-

vanced in this book is an application of the theory of

psycho-physical perception, described in my book on

"Memory," to the phenomena of colour-blindness and

colour-perception.

This book is essentially practical. The observations

are based on the careful examination of 116 colour-blind

persons and of all the recorded cases to which I could

obtain access. I should be glad to hear from any colour-

blind person concerning his views on colour, and the

difficulties which he has encountered. I have obtained

much valuable information from colour-blind persons

relating to facts concerning their colour-perception which
they have found inconsistent with the ordinarily accepted

views.

If the theory which I have given in this book be not
true, it must be very closely allied to the truth, as all my
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tlieoretical predictions are verified by facts. In examining
colour-blind persons, I avoided all leading question's, so
that no bias should be given to them one way or the
other. I have given a numerous series of cases which,
even if the theory be not accepted, are definite facts of
colour-blindness to which any future theory must conform.

The practical portion of this book is the outcome of
the work which I did at the request of the Board of
Trade.

I must here express my great indebtedness to the
officials of the Marine Department of the Board of Trade,
and especially to the late Mr. Gray, for the assistance
wliich they have afforded me in making my investigations.

Mr. Gray took the greatest interest in colour-blindness,

and spared no trouble to obtain efficient tests. It seems
remarkable to me that criticism has been almost confined
to the colour-tests of the Board of Trade, whilst those
used by the Navy and Eailway companies, which are

incomparably less efficient, have scarcely been noticed.
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COLOUE-BLINDNESS AND

COLOUK-PEECEPTION.

CHAPTEE 1.

HISTORICAL.

The first definite step towards an appreciation of th«
science of colour was made by Newton, by his researches
in optics and his demonstration of the compound character
of the sun's light. Kepler was the first to discover the
compound nature of solar light, but comparatively little

attention was paid to his observations. The experiments
of iSTewton attracted more notice, and his theories were
accepted by the scientific men of his time.

^Tewton was of opinion that white light is made up
of seven different colours : red, orange, yellow, green, blue,
indigo and violet, each differing in refrangibility.

Brewster was of opinion that there are three different
colours in the spectrum—red, yellow, and blue. He
believed that the simple spectrum is composed of three
different spectra— red, yellow, and blue. Helmholtz
pomted out, in a very able paper, the defects in Brewster's
methods of experimenting, and, except with artists, this
theory has been very generally rejected.

B
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CHAPTER IL,

THE PHYSICAL BASIS OF COLOUR.

Colour is a sensation, and not an unalterable physical

quality of bodies. The same substance may vary in colour

according to the conditions under which it is viewed. The

rays of light which give rise to the sensation of colour, are

unalterable, and it is the suppression or admixture of

certain of these rays that gives rise to changes in the

colour of an object. If we examine, with a prism, a beam

of sunlight admitted through a slit in a shutter, we notice

that the slit appears much broader than before, and

variously coloured. This is due to the unequal refraction

of the constituent rays of white light. A beam of sun-

light, examined in this way, gives a continuous spectrum
;

but if we take precautions to prevent overlapping of the

different rays, by using a very fine slit, and obtaining a

very sharp and defined image of the spectrum, we see that

it is not continuous, but subdivided by a number of fine

black lines. These lines, which were first discovered by

Wollaston, and twelve years later more fully described by

Fraiinhofer, are due to the absence in sunlight of the par-

ticular rays which would, when refracted, occupy this

position. Fraiinhofer marked out 576 of these lines, and

named the principal of them after the letters of the

alphabet. Light, according to Huyghens and Young, is
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due to the undulations of a medium called the luminiferous

ether which is assumed to pervade all space. There is

no direct evidence of this ether, but the theory explains

in such a complete manner all the various phenomena

of light, that it is hardly possible to doubt its correct-

ness.

There is considerable difference between the undula-

tions of air in the production of sound, and those of the

luminiferous ether giving rise to the sensation of light.

In the former case the waves are waves of condensation

and rarefaction ; that is to say, the direction of the motion

has the same direction as the sound. In the case of light,

the wave motion is perpendicular to the path of the ray.

The vibrations of a ray of light are in all azimuths, but the

movement of the wave is in each case perpendicular to the

path of the ray. Wave-motion may be admirably illustrated

by throwing a stone into a pond. The stone will, for a

short period of time, cause a depression in the surface of

the water. On account of this depression the adjacent

molecules of water will be raised above the horizontal level

of the pond, and a wave will be started. The molecules

forming this wave will then sink to- the level of the pond
and then below it, the adjacent molecules being influenced

as in the first instance. In this way the wave will be
propagated until either the bank is reached or the waves
become too feeble to influence the molecules of water ad-

jacent to them. It will be noticed that there is no real

transmission of matter
;
thu^, if there be a stick or leaf in

the path of the wave, it will be raised with the wave, but
left in the same spot after the wave has passed.

The following table * gives the length in inches of the
undulations corresponding to the light at the principal
dark lines of the spectrum :

—

* Ganot's " Physics," p. 586.
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Dark line. Length of undulationB in inches.

B
C

... 0-0000271

... 000002.58

... 0-00002.32

... 00000207

... 0-0000191

... 0-0000 1G9

... 0-0000159

E
F
G
H

The following is a table of wave-lengths in tenth-

meters, by Angstrom :

—

The velocity of light is 300 million metres per second,

or 300 X 10^^ tenth-metres per second. The number of

waves per second for any colour is therefore 300 X 10^^

divided by its wave-length as above expressed. Proceed-

ing in this manner we find approximately :

—

The respective vibrations for the rays at the ends of

the spectrum are as follows. For the extreme red, 395

billions of vibrations per second. For the extreme violet,

763 billions of \dbrations per second.

The rays of light which give rise to the sensation oi"

red are also less refrangible than the remainder, the

refrangibility increasing up to the violet.

From this it will be seen that a spectrum consists of

an enormous number of rays of light arranged side by

side, each differing from the others in wave-length and

refrangibility.

Besides the rays of light which compose the visible

A ..

B ..

C ..

7604

6867

6562

5895

5889

E ..

E ...

G ...

...

H, ...

5269

4861

4307

3968

3933

For A, 395 millions of millions per second.

D, 510 ,1

„ H, 760 „ „ „
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spectrum, tliere are two other sets of rays, which under

ordinary circumstances are not visible to the naked eye.

These are the heat-rays and the actinic rays. The former

are of lower refrangibility and have a longer wave-length

than the red rays ; the latter possess greater refrangibility

and a shorter wave-length than the violet rays.

Under certain circumstances these rays may be trans-

muted—that is, have their wave-length altered, and so be

made visible. Professor G. G-. Stokes has succeeded in con-

verting the ultra-violet into rays of lower refrangibility,

whilst Professor Tyndall has been able to convert the infra-

red into rays of a higher degree of refrangibility. If the

spectrum be looked at through a piece of cobalt glass, a

bright crimson band will be seen below the red, whilst

the presence of rays above the violet is demonstrated by
fluorescence and other phenomena.

The most important point concerning the physical

basis of colour is, that the rays of light giving rise to the

sensation are arranged in a series in the spectrum, and
that physically we are not cognisant of the limits of this

series. We know that there are heat-rays and actinic

rays because we have direct evidence of their existence,

but we do not know where the light series commences or

terminates. There may be rays considerably below the
red which are performing useful work, and which cannot
be brought under the direct evidence of the senses. In
order that the reader may be able to follow the theory
on which this book is based, it is essential that he should
regard the spectrum as a portion of a physical series, the
latter having, no commencement, termination, or definite

unit. The physical-light series, therefore, consists of rays
having different wave-lengths. A unit in the physical
series is represented by a single ray having a definite
wave-length. The physical basis of colour is the light
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which is reflected from or transmitted by a substance. '

Without these rays a substance will not only not be
coloured, but appear black. For instance, if we look at a
piece of ultramarine by thfe light of burning sodium it

appears black. Without light we cannot have colour,
and as the light of the sun is white, it must follow that
something must be added to, or subtracted from, this light

j

before colour can be produced. In the following chapters
;

it will be shown why a certain combination of rays gives I

rise to the sensation of a certain colour. In this chapter
'

it only remains for. us to consider what changes in the '

series are capable of giving rise to any sensation of colour,
j

The following are the ways in which white light is \

altered so as to give rise to the sensation of colour. i

1. Colours produced by Dispersion.—When colours are 1

produced in this way, the white light is not altered in

character. The constituent rays, on account of their !

unequal refrangibility, are spread out in the form of a
'

series. This is called the dispersion of white light. The
]

colours of the rainbow are good examples of colours pro-
J

duced by dispersion. *

2. Colours produced by Absorption.—In the case of i

opaque bodies a certain number of rays of light are ab- \

sorbed, and the remainder reflected, giving rise to a sensa-
j

tion of colour. In the case of transparent bodies, a certain
\

ny.mber of rays are absorbed, and the remainder trans- ,

mitted, giving rise to a sensation of colour. .

|

This is the commonest way in which colours are pro- *

duced ; the colours of flowers and pigments of all kinds
*

being due to this cause. When pigments are mixed the
j

resulting colour is that which is reflected by both pig- :

ments. It is in this way that yellow and blue pigments, •

when mixed, make a green. The pigments used are not I

pure—that is to say, the yellow pigment reflects green as
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well as yellow light, and the blue pigment reflects green

as well as blue light. When the two are mixed, the whole

of the light with the exception of the green is absorbed,

and so the resulting colour is green. A very simple ex-

periment will demonstrate this fact. If a piece of yellow

and a piece of blue glass be taken and a white cloud viewed

through the two it will appear green. The piece of yellow

glass may then be subjected to spectroscopic analysis : it

will be found to transmit in addition to the yellow rays

the orange, green, and some of the red rays. The blue

glass will be found to transmit, in addition to the blue

rays, the violet, green, and a band of red at the extreme

left of the spectrum. If the light transmitted by both

glasses be now examined, it will be found to consist

almost entirely of the green rays, hence the green colour

of the transmitted light.

3. Colours produced by Interference.
—

^The production

of colour by interference is admirably explained by the

wave theory of light. The following explanation will

show how these colours are produced. If we throw a stone

into a pond we shall start a series of waves. If, before

these waves have subsided, we throw another stone into

the pond, in a different place, we shall set up another

series of waves. The following phenomena will then be
noticed. "Where the waves meet so that the crest of one
wave corresponds to the crest of another wave, the two
will combine, giving rise to a wave twice the size of
either. If, however, the waves meet so that the crest of
one wave will correspond to the trough of another, the
water will remain calm and undisturbed. The light-waves
may interfere in a similar manner. When the crests of
the Hght waves correspond, both are reinforced, and the
light becomes brighter. When the crest of one light wave
corresponds to the trough of another of similar wave-
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lengtli, both are annihilated, and darkness is produced.
These plienomena are admirably illustrated by Newton's
rings. The rings are made by pressing a convex lens on
a piece of plane glass. Newton's rings, viewed by the
monochromatic sodium light, appear alternately light and
dark. Darkness will only be produced with monochro-
matic light. When ordinary daylight is used, the rings
appear coloured, because this light being composed of rays
of different wave-lengths, only a portion of the light will

be destroyed, and'so colour is produced. The colours pro-
duced by diffraction, thin plates, and polarization are due
to interference.

The above are the commonest ways in wdiich colour is

produced, but colour may be produced by alteration in

w^ave-length, as in fluorescence, or by light which has been
absorbed being given out again, as in phosphorescence.

It is therefore evident that in the absence of H^ht
colour is not produced, and that -colours having a similar

appearance to the normal-sighted may have a very different

composition, as far as the physical structure of the colour

is concerned. When I speak of the physical structure of

a colour, I mean the composition of the light which is

reflected from or transmitted by a coloured body.

If we take a small portion of the spectrum produced by

a good spectroscope we shall obtain a band of apparently

monochromatic light. If shutters be used to the spectro-

scope we shall not be able to say which is the red and

which the violet side of the spectrum. By this means we
obtain the purest possible colour. As has been previously

explained, the band is really made up of numerous waves

of light which differ from each other in wave-length and

refrangibility. For comparison let us take tw-elve yellow

bodies, choosing those which are as nearly as possible

similar in every respect. Then we find that the same
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colour may be produced in an almost innumerable number

of ways. Let us first deal with solar light. If this falls

upon a body and the particles of that body absorb some of

the blue rays it will appear yellow. It will therefore be

seen that the composition of this yellow consists of red,

orange, yellow, green, a few blue, and the violet rays of

the spectrum. Gaslight is a good example of yellow light

of the above composition. It is rare to find a yellow body

which reflects only the yellow rays of the spectrum. Most

yellow bodies reflect the orange rays and some of the red

and green. We may even have a yellow which contains

no yellow rays at all but is only a mixture of red and green

waves.
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CHAPTER III.

THE THEORY OF PSYCHO-PHYSICAL PERCEPTIOX.

The theory of psycho-physical perception was the necessar}-

sequence of certain views which I have taken of the nervous
system. These views differ very considerably from the
ordinarily accepted theories, and, as far as I am aware, are

entirely my own.

Most psychologists agree in assuming that the mind is

made up of a number of faculties. The phrenologists deserve

the credit of having classified these faculties and their

classification is a fairly good one. I may say that ^vitli

phrenology, as expounded by the phrenologists, I totally

disagree.

The name applied to these faculties is of secondary

importance. When we see that one man is able to per-

form the most abstruse calculations, whilst another nian is

hardly able to master the multiplication table, it is evident

that there is a difference between the two, which may be

admirably expressed by saying that the faculty of calcula-

tion is large in the first man and small in the second. We
have very little evidence to show where the faculties are

situated, whether they are spread over a considerable por-

tion of the brain, or whether they are confined to certain

convolutions. I am inclined to hold the latter opinion.

The following are the conclusions which I have come

to with regard to the perception of sensations :

—
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1. That in the cerebrum there are definite centres

liaving the function of conveying to the mind information

respecting impressions which have been conveyed from the

external senses.

2. That the seat of memory is situated at a lower

portion of the brain than the perceptive centre—that is,

at a point between the perceptive centre and sense organ,

probably in the optic thalami.

3. That all portions of an' impression of sight are

connected in the seat of memory ; that is to say, the

impression is not divided, but the whole exists as a faint

impression of that which was at first received. Thus, when

we look at a landscape a definite impression is conveyed

to the mind, and this impression is remembered as a whole.

Different portions of an impression may be accentuated

according to the relative size of the perceptive centres for

each class of impressions.

4. That the act of perception is the perception of

differences in a physical series, the mind as a whole being

made aware of these differences through definite perceptive

centres.

5. That the mind is only conscious of the impressions

in the seat of memory through the perceptive centres.

6. That defective size of a perceptive centre will pre-

vent the act of perception from being perfectly performed
;

that is to say, fewer points of difference are evident in the

physical series.

For the arguments and facts in support of the above
views I must refer the reader to my book on " Memory."

We can only have cognizance of the external world
as our senses and faculties inform us of its existence.

Any defect, either in the sense-organ or perceptive centre,

by preventing the perception of certain classes of sen-

sations, has
, the same effect as if the physical stimuli
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giving rise to the sensations did not exist. It is impos-
sible to explain to a man who has been born blind wliat
sight is

;
he is unable to appreciate what such a sense can

be, and so does not feel the want of it in the same way as
a man who has once been possessed of siglit.

The fact that defects in the estimation of sensations
may be due to some defect in the brain, has been very
generally overlooked by those who have been considered
authorities. Physicists, as a class, are too much inclined
to overlook the personal element when making their inves-
tigations. They appear to take for granted that the per-
ceptions of others are similar to those experienced by
themselves.

In the perception of a sensation there are the following

factors to be taken into consideration :

—

1. The physical stimulus,

2. The sense-organ receiving this stimulus.

3. The nerves conveying the effects of the stimulus.

4. The centre of memory receiving the whole impres-

sion.

5. The perceptive centres conveying to the mind infor-

mation concerning individual portions of the impression.

Therefore imperfect perception may be due to a defect

in any one or more of the above five factors.

What takes place in normal perception ?

Let us take, for example, the perception of size. To

illustrate this we must have a physical series. Let us

suppose that we have a series of spheres, differing in size

from the smallest object capable of being perceived by

the naked eye to a very large sphere. Each unit of tliis

series should differ from the adjacent units in a very slight

degree. This will approximately represent a physical

series. The appearance of this series to any person will

be the psycho-physical series for that person. A psycho-
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physical series is therefore a physical series as it appears

to the mind. The series will appear as if it were divided

into a number of units, each containing a number of

spheres of apparently the same size. It will then be

found that the person who is able to distinguish most

easily minute differences of size, will be able to see more

of these units than other persons ; that is to say, he will

not put so many of the physical units together, as being

exactly alike, as another person would. We then find

that people differ very much in the number of units which

they put together as exactly alike. So we are able to

make definite classes, varying from those who are able to

perceive very minute differences of size to those who
can only distinguish (by the eye) large and small objects,

and are therefore size-blind. It will be noticed that

individuals will mark out points in the series where the

difference between the units is so distinct that they would
have noticed it if these units had been shown separately,

and not in the form of a series ; others in which they are

able to notice a difference because the adjacent units are
present for comparison ; and others in which no difference

can be detected, even with the most careful comparison.
These latter will be included in an absolute psycho-phy-
sical unit. But the former class will form an approximate
psycho-physical unit—that is, a psycho-physical unit con-
taining physical units which are not easily distinguished
from each other, and are so much alike as to be put in the
same class and called by the same name. These approxi-
mate psycho-physical units are the most important, and
they are the ones to which definite names are given. As
the size of the absolute is proportional to that of the
approximate psycho-physical units, the latter are the only
ones which it is necessary to ascertain. Thus, if each of
the absolute psycho-physical units of a series contain
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more physical uuits than tlie normal number, it must
follow that the approximate psycho-physical units will be
fewer, as the length of the series remains the same.

This outline of the theory having been given, we can

discuss it in detail under the following heads :

—

1. A Physical Series.—Before we can have a psycho-

physical series, we must have a physical series. Physical

series agree in their ill-defined character. For instance,

let us consider a time series. It is impossible to conceive

liow there could be a commencement to time, or that time

can ever end, or that we can conceive a portion of time,

however small, which cannot be subdivided ; thus the

portion of time which light takes to pass through the

space of an inch can be divided into milUonths.

Again, let us consider a position series. This may be

illustrated with a compass. It is obvious that the circle

representing definite positions may be subdivided to any

extent. Innumerable degrees can be made between the

points of the compass, as one passes by imperceptible

gradations into another ; thus the space between N. and

N.W. could be subdivided any number of times, the cir-

cumference being, if necessary, enlarged.

With regard to a heat series, we do not know what

is the lowest or highest possible temperature, and it is

evident that there are innumerable gradations from one

degree to another.

It is the same with a sound series, which appears at first

sight to form an exception as far as the indefinite character

of the units are concerned. It is evident that we do not

know what is the lowest or highest possible number of

vibrations which bodies may be put into, but it appears

that there are definite units—that is to say, so many

vibrations per second. But the second itself is quite an

arbitrary standard of time, and it is quite possible, and
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appears to me probable, that there are innumerable degrees

between, say, 14 vibrations per second and 15 vibrations

per second ; for instance, 14j^, 14^^, 14 jig, etc., vibrations

per second. These may exist, but we are not able to

perceive them. An illustration will make this clear. It

is evident that a second is quite an arbitrary division of

time; we might with equal propriety have divided the

minute into one hundred, eighty, or fifty equal parts.

We can range sounds in a series from those which are

produced by 8 vibrations per second, to those which are

produced by 36,500 vibrations per second. Let us then

change the standard of time, and suppose that there are

only 59 seconds in a minute instead of 60, and then

estimate the vibrations per second according to this scale

of time. It is evident that nearly every one of the units

wiU have fractional vibrations per second. It is probable

that in some hundreds of apparently similar sounds that

there are not two alike, simply considering the vibrations

per second. For instance, supposing we take one hundred
sounds all apparently produced by bodies vibrating 75
times to the second, as ascertained by the most accurate

apparatus obtainable. There is nothing to show that one
body is not vibrating 75j^^ times per second, another
'^^3*^ times per second, and so on.

Then we may have a form series, the units ranging
from a perfectly straight line to the greatest possible
curve.

In the same way we may have a weight series. It
IS impossible to conceive a weight which cannot be
dimmished, and it is impossible to conceive a weight
which could not be increased. Also it is impossible to
conceive a unit of weight which could not be subdivided.

It IS the same with all other physical stimuli which
are capable of giving rise to definite sensations. These

c
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may be ranged in series, each of which has no definite

commencement, no definite termination, and no definite

unit.

For the purposes of physics, it is necessary to assume
a physical unit, though in reality we are not able to

define or obtain one. As long as these approximate
physical units each contain a similar number of the hypo-
thetical physical units, they will be adequate for purposes
of comparison. If we take one tenth of a second as re-

presenting an approximate physical time unit, it is evident

that we could make a series of an hour wliich would then

consist of 60 X 60 X 10 = 36,000 equal portions, each

of which would contain an equal number of the hypo-

thetical time units.

Tor the purposes of this book, I shall use the term

'physical unit as meaning the smallest conceivable portion

of a physical series.

2. A Psycho-physical Series.—By' a psycho-physical

series, I mean a physical series as it appears to the mind.

A psycho-physical series is a sensation which is referred

to external objects. It is obvious that the product of the

physical stimulus may be considerably altered before it

reaches the mind.

The chief points in which a psycho-physical series differs

from a physical series are, that it has a definite commence-

ment, a definite termination, and consists of certain definite

units. The limitation of the series is probably due to the

external sensory apparatus, and any unit of a physical

series not coming within the defined range is not perceived.

A high note which is heard distinctly by one person, may

be quite inaudible to another, and therefore he can form

no opinion respecting its qualities. It is the same with

the sense of smell. Professor Eamsay informs me that he

has met with many persons who are unable to distinguish
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that hydrocyanic acid has any odour whatever, whilst they

are able to recognize other odoriferous bodies. It is

obvious that if this condition were general, prussic acid

would be said to be odourless. Therefore, the definite

standard length of a psycho-physical series having been
found for the majority of persons, any increase in this

any individual will be a gain, and any decrease

a loss for the person examined. When the psycho-physical

series is shortened, the physical stimuli occupying the

shortened portion will not be perceived, and the same
result will be produced as if the physical stimuli did

not exist.

The psycho-physical perception of colour will be con-
sidered in the next chapter. Unfortunately we cannot
form series of other physical stimuli in the same way
that we can with the rays of light, and, therefore the
study, of the psycho-physical perception of these stimuli
is attended with as much difficulty as the study of colour
without the aid of the spectrum. Taking, for instance,
odours, we are unable to range these in a series, though
a good deal of light has been thrown upon the subject by
Professor Ramsay, who suggests that a series might be
formed in accordance with the molecular weight of the
odoriferous body.

3. An Absolute Psycho-physical Unit.—The absolute
psycho-physical units are the basis of every psycho-phy-
sical series. When a person has succeeded in obtaining a
match, which to him appears perfect, it is evident that he
has brought both stimuli within one of his absolute psycho-
physical units, because all physical stimuli included in
one of these units are regarded as identical. When a
violin is tuned to the piano the following takes place.
The A string of the violin is tuned until it is vibrating in
harmony with a certain A of the piano. When a person
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has succeeded in getting the two strings to vibrate in

apparently perfect unison, it is evident that he has brought
the two into one of his absolute psycho-physical units.

A musician with a more accurate ear, to use the

common expression^ would probably not be satisfied with

the result. Again, a person with no ear for music, to use

the ordinary expression, would be perfectly satisfied with

a match which was markedly incorrect to most persons.

A person who could not distinguish any difference in

sound between the bass and treble notes—and I have met

with such cases,—would be perfectly satisfied with any

match whatever. The perception of weight could be

ascertained by giving a number of persons a series of

weights, and telling them to pick out those which are

identical. To sum up, a perfect match indicates that

the physical stimuli are included in, an absolute psycho-

physical unit.

4. An Approximate Psycho-physical Unit.—An approxi-

mate psycho-physical unit contains physical units which

appear to be nearly alike. A difference can be distinguished

between different portions of an approximate psycho-phy-

sical unit ; but it is a slight diff'erence. An approximate

psycho-physical unit may be defined as a portion of a

psycho-physical series containing absolute psycho-physical

units the similarity between which is gi'eater than the

dissimilarity. A few examples, taken from the sense of

taste, will make this clear. All physical stimuli which

could be correctly defined by the word " sweet " would

come within one approximate psycho-physical unit. There

are many varieties of sweetness apart from the intensity

of the sensation ; thus sugar, honey, glycerine, and sac-

charin have each a particular characteristic sweetness, which

would enable them to be distinguislied from each other.

If portions of the same liquid were sweetened with tlie
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above four substances, it would be evident enough on tasting

one of these portions that it was sweet, but it would not

be so evident which of the four substances had been used.

On tasting successively the four liquids, the sweetening

agent used for each would be evident. When we have

obtained two mixtures which apparently taste exactly

alike when compared very carefully, the physical stimuli

are included in an absolute psycho-physical unit. An
approximate psycho-physical unit can be recognized with-

out comparison ; thus it is not necessary to taste an acid

substance to find out whether another substance is sweet

or not. The approximate psycho-physical units in a series

are comparatively few.

5. The Points of Greatest Difference in a Physical

Series.—As an example of the points of difference in a

series in which the physical units are apparently equal,

we can take the period of one hour as representing a por-

tion of a physical series, and one-tenth of a second as a

period representing an approximate physical unit. It is

evident that the two points of greatest difference in the

series are the first one-tenth second, and the last one-

tenth second. The third point of gTeatest difference will

be the half-hour. There will be two fourth points of

difference; namely, the quarter past the hour, and the
quarter to the hour. The next points of difference will

be four in number, and the first will be midway between
the starting-point and the quarter past.

It is the same with all physical series, the units of
which differ by an equal amount. If we take a weight
series, the commencement being one grain, and the termi-
nation one pound, it is evident that these are the two
points of greatest difference. The next point of difference
will be the half-pound, then the quarter and three-quarters
of a pound weights, and so on.
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But we can have a series in which the physical units
are not equal ; thus we can take a sound series in wliich
the units differ from those which are produced by 8
vibrations per second, to those which are produced by
36,500 vibrations per second. It is obvious that a sound
produced by ^ vibrations per second differs more from one
produced by 9 vibrations per second, than a sound produced
by 1000 vibrations per second differs from one produced
by 1001 yibrations per second. But we can, with the aid of

fractional vibrations per second, make the units differ to

an equal extent, and then the points of difference will be

as before.

6. The Points of Greatest Difference in a Psycho-phy-

sical Series.—We must first divide the whole physical

series into psycho-physical units
;

for, as no difference can

be made out between the physical units composing an

absolute psycho-physical unit, they must be regarded as

identical. The first effect of this is that the two points

of greatest difference in a psycho-physical series are not

necessarily the commencement and termination of the

physical series. Any two physical units contained in the

two terminal absolute psycho-physical units might be

compared. For the sake of convenience, both the absolute

and approximate psycho-physical units will be considered

to be represented by the central point of each unit, because

the appearance of the unit would be in no way changed

if physical units similar to this centre one were substi-

tuted for the others in an absolute psycho-physical unit,

and very little in the case of an approximate psycho-phy-

sical unit. In considering the points of difference in a

psycho-physical series, it is necessary to take into con-

sideration the effect which the physical stimuli have upon

the sense organ towards the termination of the series. Tims

in the case of sounds, a very high note, which was only
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just perceived, would not form such a marked contrast to

a bass note as one which was lower in the scale, and

perceived more decidedly.

Another point which has to be taken into consideration

in a psycho-physical series is the relative difference be-

tween the physical units
;
thus, there is as much difference

between a weight of fifty-nine grains and one of sixty

grains as there is between a weight of one grain and one

of two grains ; but it is evident that in the first case very

few persons would perceive the difference, in the second

case nearly every one would. The mind takes account of

proportional difference much more than it does of real

difference. The absolute psycho-physical units when seen

alone are distinguished with difficulty from other absolute

psycho-physical units occupying a position adjacent to

them in the series, and so in practice the approximate
psycho-physical units are the only ones which receive

definite names.

To look at the subject from a practical point of view,

it will be sufficient to remember that the theory is a

theory of perception of difference. We can illustrate this

in a practical manner with the discs to which I have
previously alluded. It is obvious that the discs presenting
the most marked contrast when compared, are the two at

the ends of the series. It is evident that if the difference

between the discs be slight, these are the only two which
will be distinguished with certainty. The next disc pre-
senting a marked contrast to the other two will be that
in the centre of the series. Having obtained these three
points, we can easily see how the series might be enlarged,
but in any series these three points wiU remain unchanged,
and will constitute the primary points of difference of the
series. It is evident, therefore, that if a person be able to
see four points of difference the series will not be divided
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into four equal portions, because the members of the series

at the ends and the middle will still remain tlie points of
greatest contrast. Where, then, will be the fourth point
of difference ? It is evident that if the members of the
series differ in a proportional degree, then the fourth and
fifth points of difference will appear at the same time, and
occupy a position midway between the ends and the middle
of the series. If, however, the members of the series do not

differ in a proportional manner, the fourth will appear

before the fifth point of difference.

In illustration of this I will take the example of weight

to which I have previously alluded. Let the physical series

be represented by a series of weights from one grain to one

pound. It is evident that the three points of greatest

difference are physically and psycho-physically the grain,

the pound, and the half-pound. Now comes a contrast

between the points of difference in a physical series and

the points of difference in a psycho-physical series. In

the physical series, the two next points of difference

appear together, and are the quarter-pound and three-

quarter-pound weights ; but this is not the case in the

psycho-physical series. In the psycho-physical series the

fourth point of difference is the quarter-pound weight,

the fifth the three-quarter-pound weight. The reason of

this is, that the proportional difference between a grain and

a half-pound is greater than that between a half-pound

and a pound. The half-pound is 240 times as heavy as the

grain, whereas the pound is only twice as heavy as the half-

pound. The sixth point of difference will appear on the

grain side of the series ; that is, there will be two points

of difference between the grain and the half-pound instead

of one. The seventh point of difference will appear on

the half-pound side of the second half of the series, there

being two points of difference between the half-pound and
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the pound instead of one. The series may be increased

indefinitely, additional points of difference being put first

on the grain side of the series then on the corresponding

half of the other side. It is evident that, however much

the series may be enlarged, the primary points of difference

will remain unaltered, because they always mu&t be points

of greater difference than any that can be perceived subse-

quently. Thus, however numerous the units in a psycho-

physical weight series are, the two points of greatest

difference must be the grain and the pound, the three

points of greatest difference the grain, pound, and half-

pound, and so on,

7. Effects of Defective Length of Psycho-physical Series.

—The above is written to show the variations which we
may expect in the perception of individuals when the

length of the psycho-physical series is. the same in each.

But the series is not necessarily of the same length in

each, and then other defects of perception will be pro-

duced. It is a well-known fact that persons differ very

considerably in the height of the notes which they are

able to hear. One person may hear a note which is

more than an octave higher than that heard by another.

Similar conditions are found with regard to low notes.

It must be remarked that the note produces no effect

whatever upon the person who is unable to hear it. As
far as he is concerned it is non-existent. The following,

given in the Medical Press, April 2, 1890, is an extreme
example of this condition. The writer, referring to the
1

' o
late Mr. Cowles, an American journalist, says

—

"It is stated that it was not until Mr. Cowles was
twenty-five years of age that he became perfectly cogni-
zant of his defect. Up to this time he treated all he read
about the songs of birds as nothing more or less than
poetical fiction. To him birds were perfectly mute ; and
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he was perfectly deaf to the shrillest and highest notes
the piano, fife, or other musical instruments. At lengtlj,
after considerable pains, he was convinced that he laboured
under some physical defect of hearing. When put to the
test in a room where a large number of canary birds were
singing very loudly, he declared he could not hear tlie

slightest sound even when placed close to their cages.
Moreover, it was found that all the sibilant sounds of "the
human voice were equally inaudible. The consequence
was, he, like the deaf-mute, never used them in his

conversation. Curiously enough, in all other respects his

hearing was not only perfect, but somewhat acute."

It is therefore obvious that when a psycho-physical

series is shortened relatively to that of other persons, the

physical units included in the shortened portion are not

perceived at all, and are practically non-existent. It is

therefore impossible for a person to form any opinion with

regard to their qualities, and in any mixture in which
these physical units form part of the exciting stimuli

they will have to be subtracted before the result can be

obtained.

When the length of a psycho-physical series is different

from that of the majority of persons, either shorter or

longer, the centres of the different units will not corre-

spond for both classes of persons. For instance, if one

end of a series be shortened for any person, the third point

of difference will be situated at a point rather nearer the

other end of the series than it will be for those whose

series is not shortened.

8. A Psycho-physical Impression as a Whole.—In the

foregoing pages I have described the psycho-physical per-

ception of a series. The result of this is that we have

obtained the units of perception. It now only remains to

sliow how these units are combined so as to make up an
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impression as ordinarily perceived. In this book it is not

my intention to show how many phenomena psycho-

physical perception will explain, but only that it will

explain the phenomena of colour-perception. I shall

therefore confine myself to impressions of sight. Impres-

sions of sight may be divided into four sets—those of colour,

form, size, and shade. A psycho-physical impression as a

whole is made up of the contiguous association of psycho-

physical units ; thus there will be the units of colour,

form, size and shade. It will be seen that one set of im-

pressions cannot be absolutely taken away from the others.

An impression of sight may be represented by a

coloured photograph. We know that most persons see six

definite colours. Let us suppose that most persons also

see six definite varieties of form, size, and shade. As I have

shown in the preceding pages, each psycho-physical unit

might be represented by the physical unit occupying a

position in the series corresponding to the centre of the

psycho-physical unit. Then, from the photograph, we
might construct a series of pictures which would approxi-

mately represent different varieties of psycho-physical

perception. In the case of the normal-sighted we should

construct a picture in which six different colours, six

different form-units, six different size-units, and six dif-

ferent shade-units were used. In the case of diminished

colour-perception only five, four, three, two, or one
colour would be used instead of six. In the case of

diminished form-perception, only five, four, three, two, or

one form-unit would be used instead of six. In the

above examples the results would only be approximately
correct, because approximate psycho-physical units would
be used

; thus all greens would be represented by one
colour. To obtain perfectly correct results, we should
have to use absolute psycho-physical units.
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What under ordinary circumstances is the result oi

diminished form-perception? It is that persons with
tliis defect do not perceive differences of form which
are evident to other persons. It is a very common
occurrence for two persons to be looking over a photo-
graph album, and one to say, " These men are brothers, are
they not ? " and for the other to. reply, " Yes ; but how
could you tell? There's not the slightest resemblance
between them." But the original speaker declares that
he sees a striking likeness. The reason of this is, that the
man who fails to perceive the likeness has a psycho-
physical form series the units of which are far less

numerous than those of his friend, and so he is not able

to perceive a difference less than that of the difference

between two of the units. This may be made plainer

with a simple illustration. Let six figures be drawn on
paper, four being perfect circles, but the other two differ-

ing from circles in having one diameter slightly shorter

than the other. Now, the above person would say that

these were six exactly similar figures, the difference

between the units of form making up the figures being

less than that between the units of his psycho-physical

form series. His friend would recognize the " likeness
"

between two of the circles. The countenance varies very

considerably in different persons ; but the above shows

how a person with a deficient perception of form is often

at a loss for a means of identification. Therefore, as

the distance between the adjacent psycho-physical units

increases so does the means of recognition diminish. A
picture may be inaccurate in colour, form, size, or shade, >

and a person with ability for perceiving differences of form,

but not those of size, will detect minute errors of form,

but overlook very great errors in perspective and other

points depending upon size. I have a friend who is par-
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ticulaiiy quick at noticing differences of size; and his

remarks when observing pictures are nearly always con-

nected with size—thus the length of the arm of one man
is out of proportion to the body, the height of a church in

the distance is too great, etc.

In the perception of shade we may have a physical

series in which the units vary from white to black. A
person with defective perception of shade will put two

shades of gray together as exactly alike when the match

is markedly incorrect to a normal-sighted person. This

defect is not necessarily associated with diminished colour-

perception. Thus we may meet with a person who has

excellent shade-perception, but very defective colour-

perception, and vice versa. Defective shade-perception is

of very little practical interest.

Observers do not take sufficient account of mental
deficiencies of perception when reasoning upon the func-

tions of the senses. Thus we cannot say for certain that

a photograph represents the image on the retina; in reality

it may be far more complicated. It must be remembered
that the impression of the photograph has to pass through
the same channel (the eye, optic tract, and brain) before it

reaches the mind
;
thus, if there were no colour-perceiving

centre, we should have no knowledge of colour however
plainly it was represented in the retina. An illustration

will make this clear. If total colour-blindness were uni-
versal in man no correct idea could possibly be formed of
the coloured image on a rabbit's, retina, because that
colour would be as much lost as any other. It seems to

me very probable that animals possess perceptions which
are not found in man, and we have no means of finding
out what these are.
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CHAPTER IV.

THE PSYCHO-PHYSICAL PERCEPTION OF COLOUR.

In this chapter I propose to show what we should theoreti-

callj expect on applying the theory of psycho-physical

perception to the perception of colour, with the spectrum
as the physical series. This chapter, like the last, is

almost entirely theoretical, the predictions being made in

accordance with the theory. It will be found that tlie

facts obtained by experiment are identical with the predic-

tions of the theory in the minutest particular, and there-

fore form the strongest presumptive evidence of its truth.

If the reader find difficulty in comprehending the theory

as described in the foregoing chapter, let him consider

that the whole theory is one of perception of difference,

and work out on paper the effects of a lessened perception

of difference. According to this theory, persons who are

colour-blind confuse colours, not because there is any

colour loss or alteration in the physical basis of colour,

but because they cannot see any difference between the

colours.

1. The Physical Series of Colour.—It is evident tliat

before we can have a psycho-physical series, we must have

a physical series ; and this is admirably represented in the

case of colour by the solar spectrum. This is the most

perfect example of a physical series which can be obtained.

By dispersion the sun's light is spread out in the form

of a series, the wave-lengths of the units gradually
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diminishing from the red to the violet. The presence ot

gaps in the solar spectrum in the shape of Fraiinhofer's

lines shows that the series is not a perfect one. The
presence of a very large number of Fraiinhofer's lines

shows that the spectrum is pure, and that the rays of light

do not overlap.

The points of greatest difference may be obtained by
measurement of the wave-lengths. It is evident that the

two points of greatest difference do not come within the

visual range at all, because the waves in the infra-red

present a greater physical contrast to those in the ultra-

violet than any two rays in the visible spectrum. If we
take the portion of the physical series represented by the
spectrum, the two points of greatest physical difference

are the first visible ray of red and the last visible ray of
violet. The third point of greatest physical difference
will be some point near the centre of the spectrum. The
next two points will be found between the third point of
difference and the ends of the spectrum. These and
subsequent points can be found with the aid of mathe-
matical equations.

2. The Psycho-physical Series of Colour.—Wlien a
physical series has been obtained, the mental impression
of this series constitutes a psycho-physical series. The
appearance of the spectrum to any person constitutes the
psycho-physical colour series for that person. The ques-
tion then is, What is the appearance of the spectrum to
the majority of persons ? Most persons say that they
can see six definite colours in the spectrum—red, orange,
yellow, green, blue, and violet ; and that one colour appears
to shade off into those adjacent to it. We can examine
the spectrum in another way—that is, by only observino-
a small portion at a time, either using shutters to a
spectroscope, or letting the spectrum pass through a slit
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wliicli only allows a small portion to pass. Wlien the

spectrum is viewed in this way it appears to he made up
of a series of monochromatic bands. The size of tliese

monochromatic bands differs with different persons ; that

is, a band which is monochromatic to one person is not

necessarily monochromatic to another. These bands are

absolutely monochromatic; that is, if a portion of green

were taken, the observer could not say which was the yellow

and which was the blue side of the portion of light shown.

But we know that the portion of light, though apparently

monochromatic, contains rays of light which differ very

considerably in wave-length, therefore we have a number

of physical units which cannot be distinguished from each

other. These units are seen under the most favourable

circumstances for the detection of any difference, the

adjacent colours being excluded, and yet they appear alike.

The first obvious inference to be drawn from this is, that

the rays of light occupying a monochromatic band are

identical for the observer as far as perception is concerned.

In the psycho-physical colour series, therefore, the absolute

psycho-physical colour units are portions of the spectrum

which appear—when the remainder of the spectrum is

shut off—monochromatic. For example, take the several

varieties of green wliich we can distinguish. As the band

of colour appears monochromatic, we could substitute an

equal number of any one of the rays of light entering into

its formation, without altering its appearance as far as

colour is concerned. From this it is evident that nearly

all the experiments whicli have been made by physicists

with regard to colour will liave to be looked at from a

psycho-physical standpoint, as tliis is a source of error

which appears to have been very generally overlooked.

As we can only tell an absolute psycho-physical colour

unit from the adjacent units by carefully comparing tliem,
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it is evident that the difference between them is not

sufficient for practical purposes, so we come to the approxi-

mate psycho-physical colour units, that is to say, colours

which can be easily distinguished from each other without

comparison.

These approximate psycho-physical units, for a normal-

sighted person, are six in number—red, orange, yellow,

green, blue, and violet.

AC D B

SED. ORANGE. VELLOW. GREEN BLUE VIOLET.

Fig. 11.

The above diagram represents a spectrum as seen by

a normal-sighted person. A and B represent the centre

points of approximate psycho-physical units, green and

blue; that is, colours corresponding to these portions of

the spectrum would be easily distinguished without

comparison. The rays included between A and C form

an absolute psycho-physical unit ; that is, the portion

of light included between A and C appears monochromatic.

If shutters were used to the eye-piece of the spectroscope,

the observer would not be able to say whicTi was the

yellow and which was the blue side of the portion of light

shown. If, however, he were shown the coloured band
from A to D he would be able to distinguish between the

colour at A and that at D. But if he were shown a colour

corresponding to D, and were asked to which portion of the

spectrum it corresponded, without being allowed to com-
pare it with other colours, he would find great difficulty

in indicating the right position. There are, therefore, six

.

definite points of difference in the spectrum, to a normal-
sighted observer, corresponding to the centre of each of
the colours, red, orange, yellow, green, blue, and violet.

D
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As each of the colours at these points must by the presence
|of the adjacent points blend with each other, we havej

the approximate psycho-physical units formed. It will
be seen that if the size of the absolute psycho-physical 1

units, as A C, be increased, the size of the approximate
!

units will also be increased. As the spectrum remains
the same length, the increase in size of the approximate
units results in their re-arrangement and diminution in

number, and hence colour-blindness. In the first degree
of ^ colour-blindness, five instead of six distinct points are

j

seen in the spectrum. Iti the next degree four, and so on,j

until total 'colour-blindiiess is reached. I

To return to the theoretical aspect of colour. We have''

to consider what are the points of difference in a psycho-

'

physical series of which the spectrum is the physical!

series. Let us suppose tha^t we have a spectrum, and have
|

to consider in what order the points of difference appear
|

according to the number which a person is able to see. It

'

is evident that if the perception of difference were very

defective, the spectrum would appear colourless and simply

brighter or darker, according to the intensity of the light;

a
.
person of this kind would be totally colour-blind, and

the whole of his spectrum could be matched with varying •

proportions of white and black—that is, gray. If the per-

ception of difference were not quite so defective as this,
,

the extreme ends of the spectrum would appear feebly ,

coloured, and the remainder gray. The spectrum would

appear as nearly all gray, but witli a tinge of red at one

end, and a tinge of violet at the other. It will be seen ^.

that as perception improves, the tinge of red and tinge of
^

violet will invade the gray and approach each other, <

because the wave-lengths need not be so proportionately

different before a difference is seen. It is obvious that all
,^

the colours of the normal-sighted which are include ! in ^i
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the coloured portions of the spectrum will be seen alike,

and may be represented by that colour of the normal-
sighted which corresponds to the centre of this coloured

portion. It is obvious that no difference will be seen in

coloiu- between the various portions of i the coloured band,
because if a person is not able to • see any difference

between yellow and blue, it is evident that he will, not
see any difference • between red and orange. What are
the two colours seen when the whole of the • gray has
disappeared ? As li have shown, the colour will be repre-
sented by that colour which in the normal-sighted corre-
sponds to the centre of each of the two ^colours. According
to the theory, these centre points ought to correspond to
the centres of the :two halves of the physical colour series.

The two colours should be complementary to each other.
It is evident that these complementaries must be those
which are closest to each other as far as the spectrum is

concerned. The complementaries which, are adjacent to
each other are yellowv and blue.

These colours are the yellow and blue, , having the
wave-lengths 2120 and 1781 respectively, the ratio of the
wave-lengths being 1190. These two colours should meet
between the blue and the green.

The next step will be the formation. of another point
of difference at the centre of the series ; that is to say, there
Avill be three definite points of. difference instead of two.
These three points of difference will be the centres of the
terminal psycho-physical units, and the centre of the
spectrum; that is to say, the three points will be the centres
of the red, green, and violet, of the spectrum.

It will be noticed in a psycho-physical colour series,
m which a person is able to see three colours, that the
two points of greatest difference will be between the
pomts of difference of a person who is only able to see
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two colours and the ends of the spectrum, because his

'

approximate units are smaller. Taking, for convenience,

the centre point of an approximate unit as representing
;

that unit, it will be noticed, that as more colours are seen,
|

these points are gradually moved towards the ends of the '

spectrum. Jn the normal-sighted, therefore, the two colours
'

presenting the greatest contrast are the red and violet.

There are many persons who, whilst admitting readily

enough that the three points of greatest difference in the

spectrum are the red, green, and violet, would object to '

red and violet being the two points of greatest difference.

It is evident enough, in the series of discs, that the largest
|

disc presents the greatest contrast to the smallest one;|

and, in the sound series, it is evident that the deepest bass^

notes form the greatest contrast to the highest treble,
(

provided that both are heard distinctly. There are several,

reasons why violet should not, at first sight, appear the.,

colour most strongly contrasting with red. The most-]

important reason is, that very few of the violets met

,

with in nature are pure—that is, the object is found toj

reflect some of the red rays in addition. If we compare
\

monochromatic strips of spectral colour we shall see|

that true violet presents the greatest possible contrastj

to red. The difference is admirably illustrated by using!

the terms warm and cold, which artists have applied to^

these colours. Again, when violet is contrasted with bluej

the former does acquire a reddish tinge, which is due to|

the effects of simultaneous contrast. • It is of the greatest!

importance that when one colour is being considered, th^

others should be excluded.
^ J

The other reason for not regarding red and violet a«

the most dissimilar colours, is that violet is regarded by

most persons as a mixture of red and blue. But red and

blue do not make violet, as will be seen by mixing the
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pure spectral colours. Eed and blue make a purple, which

plainly shows the element of red. Violet is a colder

colour than blue, and, instead of being a transition colour

between blue and red, it is more unlike red than blue.

Let the reader look at spectral violet, and he will be

unable to detect any red element whatever. This shows

that colours must be looked at as forming a series, not a

circle. As red and violet, and red and blue can be com-

bined we have a double series, one consisting of tho

spectral colours, and the other consisting of hues of purple.

Those who look at colour from a scientific standpoint,

regard the complementary of any colour as that which

contrasts most strongly with it. It will be found, on

referring to the chapter on the physiological phenomena

of colour, that this is not the case.

Another point for consideration is : Shall we take the

end members of the series as the points of comparison-?

In looking at the series of discs to which I have referred;

we should naturally take ITos. 1 and 20 as forming the

greatest contrast. But this would only be on account of

the knowledge we possess that IS^o. 20 is the largest disc,

and No. 1 the smallest. For all practical purposes, ISTo. 19

presents quite as great a contrast to No. 1 as No. 20 does.

If we cannot distinguish any difference between members
of a series, as far as we are concerned, they may be con-

sidered to be exactly alike.

It is evident that there is an absolute psycho-physical

unit at each end of the colour series, represented by the

spectrum. I have defined an absolute psycho-physical unit

as a portion of a physical series, in which it is impossible to

see any difference between the members of the series, even
under the most favourable circumstances, and with the
most careful comparison. Then, not only the end member
of the series, but any one of the members, included in the
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: absolute psycho-physical unit, might be taken to repre- i

sent the unit, without in any way affecting the result. !

In addition to there being an absolute psycho-pliysical !

• colour unit at each end of the spectrum, there is an i

; approximate colour unit, and these are the colours red
]and violet. As an approximate colour unit consists of a
;

iportion of a physical series, the members included being
'

not easily distinguished from each other, and so much
alike as to be called by the same name, ceteris parihis,

'

'the central point of this unit will be that which is most
,

iTepresentative of the colour. If any portion of the unit
^

presented any marked difference in intensity, it is probable

'that the most intense portion would be selected.

Having shown how the psycho-physical colour series

appears with three approximate psycho-physical colour

units, we must consider where the fourth point of difference

would be situated. As I have stated in the last chapter,

if the units- of a physical series differ from those adjacent

to them in a proportional manner, the fourth and fifth

points of difference will appear at the same time, and be |

situated at points midway between the centre and ends
!

• of the series. The units of the light series do not differ i

in a proportional manner if we are to regard the wave
\

theory of light as the correct one. Therefore, in the psycho- :

physical colour series the fourth point of difference will

;.appear before the fifth, and be situated at the point of

greatest difference. The waves of light at the red end of r

the spectrum are larger than those at the violet end, and,

therefore, the fourth point of difference will appear at a

point midway between the red and the centre of the green, H

namely, the yellow. An example with smaller numbers

will show why the fourth point of difference should appear
|

on the red side of the green. Let us suppose tliat we

have a series of vibrating members, the vibrations bein,^
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from 5 per second for the lowest member, to 100 per

second for the highest member. There will be much

more difference between the first and second member of

the series than between the last meml^er, and the one

just before it. In the first case there will be a difference

of
I,

in the second case jl^, a very much smaller fraction.

The fifth point of difference will appear midway between

the violet and the centre of the green. The sixtli point

of difference will appear on the red side of the foiirth

point of difference. There will then be two points of differ-

ence between the red and tlie centrv; of the green, namely,

orange and yellow. It is evident that when onm^e is

seen, the fourth point of difference—namely, yellow— will

appear to have moved more towanls the ^»'en, the fourth

point of difference now being a rombination of the two,

namely, orange-yellow. Tiiis can Ih3 seen to take pbu^e if

a spectrosco|)e bo arranged so that no oning«' is seen. A
spectrum of this kind can be obUiineil wilii a tine slit; on

slightly widening the slit si» that more light is a«lmitUMl

the orange will be seen, and the yellow will ap[)ejir to

change its position and move towards the green. The
seventh point of difference will appear between the grevn

and the violet ; that is to say, there will l)0 two points of

dilference, or colours seen, between the green and the

violet, instead of ona It is not necessary to consider tiio

extension of the series any further, because I have not met
with a person who could see more than seven colours in

the spectrum. The series could be extended ad mjinitum,

the extra point of difference being put first on the red side

of the green, then on the violet side.

I have now discussed the theory of psycho-physical

perception in its application to colour. I have shown
what we should expect from this theory in its relation to

colour-blindness. The (luestion is : Are these predictions
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fulfilled ? Yes
;
they are, in the minutest particular. Not

only does this theory explain all the phenomena of colour-
blindness in the most complete manner, but it accounts
for a number of phenomena which were previously unex-
plainable.

On referring to the frontispiece, it will be seen that
the majority of persons see six colours in the spectrum,
and that these colours appear at the points which I have
predicted.

In some cases seven colours are seen, and then the
seventh colour appears at the point where it should appear
by theory. In the fir&t degree of colour-blindness only
five colours, or points of difference, are seen in the spec-
trum

; in the next degree four- ; in the next, three ; then
two. Then a neutral band appears at the blue-green

junction, and this increases in size in different cases until

total colour-blindness is reached. Therefore, the vision of

the normal-sighted being hexachromic, the vision of the

colour-blind is pentachromic, tetrachromic, trichromic, or

dichromic. It will be noticed that the greatest difference

is to be found between the three-unit and the two-unit

cases of colour-blindness, the primary colours for each

being quite different. The two primary colours for the

two-unit are yellow and blue, and they each represent

half of the spectrum. In the case of the three-unit the

three primary colours are red, green, and violet. Eed
combined with green forms yellow ; violet combined with

green forms blue, so it is evident that these colours occupy

the positions which I theoretically allotted to them.

The following will give the normal-sighted reader the

best idea of this theory of colour-perception and the various

phenomena of colour-blindness. He knows that he can see

six definite colours. Let him for the five-unit imagine that

five of his adjacent colours are spread over the spectrum

;
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for the four-unit, four ; for the three-unit, three ; for the two-

unit, two ; and for the one-unit, one. Looking at the sub-

ject in this way, he will at once comprehend how it is

that the colour-blind are able to recognize colours and

correctly name them. As an example of this method of

looking at the subject, let us represent the two-unit by

the two adjacent units, blue and green. It is obvious

that a normal-sighted person could distinguish different

colours, even if only two were visible to him. Then
colours might be named in the following way. A dark

but pure green would represent red ; a very bright green,

orange ; the brightest possible green, yellow ; a bright but

not quite so pure green, yellow-green ; a, duller and not so

pure green, pure green; a mixture of the two colours,

blue-green
; a blue, with a trace of green, blue ; the purest

possible blue, violet. It will be noticed in the following

chapters that this is how a certain two-unit learned to

distinguish between colours, and his friends have great

difficulty in getting him to name them wrongly. Again,
if we consider the three-unit as represented by the three

colours, red, orange, and, yellow, of the normal-sighted,

we see how a mixture of red and violet gives rise in the
three-unit to a sensation very similar to green, as a mixture
of red and yellow with the normal-sighted gives rise to
a sensation very similar to orange.

To the colour-blind, colour as a quality of objects is

much less than it is to the normal-sighted, and in direct
proportion to the degree of colour-blindness. For this
reason the colour-blind rarely make remarks about colour,
and generally say that it interests them very little. In
the three-unit the three most distinct colours are red,
green, and violet—that is to say, the centres of their three
psycho-physical units. In the simple two-unit the colours
which are best seen are yeUow and blue, the centre colours
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of each of the units. This is a point which all simple
two-unit colour-bHnd agree about; they say that the
yellow buttercup and the blue fiky give them the strongest
and most contrasted sensations of colour. The three-unit
find that they have a large number of superfluous colours

;

their vision is trichromic, whilst that of the two-unit is

dichromic. The apparently superfluous colours will be

confused with those which they can see distinctly; this

will be especially the ease with purples, browns, and
grays. Eose, made up of a mixture of red and violet,

is a colour with which they find especial difficulty, and
according to the proportions of red and violet will the

colour be classified ; thus a purple containing less red than

violet will be classed with the violets, whilst a rose-red

containing more red than violet will be classed according

to its shade with red, orange, or yellow. A rose which

consists as nearly as possible of equal parts of red and

violet will often be mistaken for green, in the same way as

the normal-sighted fail to distinguish an orange made up of

red and yellow from a pure orange reflecting the orange

rays of the spectrum. The close -relation which purple,

green, and gray have to each other, -even for the normal-

sighted, is shown by the changeable silks of my Pocket

Test.

Colour to a person seeing the spectrum like Fig. 9 is

scarcely a quality of objects at all. The individual from

whom this diagram was constructed was a case of four-

unit colour-blindness for the left eye, and this condition

for the right : he said that to the right eye the spectrum

looked as if it were nearly all gray, but with a tinge of red

at one end and a tinge of blue at the other. The case is

described in full further on in this book.

With regard to the colours seen by each, the most typical

colour will be that corresponding to the central point of
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each unit. For the sake of uDiformity I have not repre-

sented this in the diagram. Thus the first unit in Fig. 6

should be represented by yellow, the second by blue-violet,

because these colours correspond to the central points of

each unit.

The number of approximate psycho-physical units seen

by any individual in the spectrum will be the number of

colours he is able to see, and under no circumstances will

he be able to see more than tliis number. We also

know that if any two colours belonging to adjacent units

be mixed—for instance, blue and green—we obtain a mix-
ture which is not a fresh colour, but one possessing the cha-

racteristics of both of its components,—that is, a modified

unit. Also in many cases, if we mix the colours belonging
to two units, not being adjacent ones, we shall obtain a

colour corresponding to that lying between the two. From
these facts we can deduce definite laws of colour-perception

which are applicable to all cases.

1. An individual can have no conception of a colour

which does not form one of his psycho-physical colour units,

or a very apparent modification of one of those units.

2. If the colours belonging to two adjacent units be
mixed, an impression of both units is obtained which is

plainly perceived as a mixture.

3. If two colours, not being adjacent units, be mixed, the
colour between the two will tend to be revived and brought
before the mind, or white will be the result in the case of
pure light, gray when there is partial absorption.

4. If any number of colours be mixed, the resulting
impression will be that of a unit, a modified unit, or white.

There are other alterations in a sensation which have
to be taken into consideration in individual cases, besides
those described in detail above. I have mentioned the
mfluence of the sense-organ in limiting a psycho-physical
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series, but the sense-organ might directly alter the
apparent colour of a body through absorption ; that is, the
colour will be relatively different from that of other
persons. For instance, the crystalline lens has a tendency
to become yellow with age : all objects to a person of this

kind will appear yellower than they would to a person
with a normal lens. These details will be discussed fully

in the chapter on the Qualitative and Quantitative Estima-
tion of Defects of Colour-perception.

The Effect of a Shortened Spectnim upon Psycho-physical

colour-perception. ^—In the preceding pages 1 have con-

sidered the effect of a lessened perception of difference, the

length of the psycho-pliysical series being the same in each

case.

The effect which' shortening of the psycho-physical

colour series from any cause would have upon psycho-

physical colour-perception now remains for consideration.

The first obvious effect would be, that the portion of

the series which was not perceived would, for that indi-

vidual, be practically non-existent. Therefore, any colour

consisting only of these rays would appear black, and these

rays would have to be subtracted from- the composition of

any colour in which they formed a component part.

The junctions of the various colours will also be

slightly different from that of the corresponding class with

a spectrum of normal length. It is obvious that the

perceptive centre can only be cognizant of sensations

which are conveyed to it, and sensations which are not

conveyed to it are for all purposes of perception non-

existent. For instance, let us consider the positions of the

junctions of the imits in a case of three-unit psycho-

physical perception witli sliortening of the red end of the

spectrum. This limited spectrum will have to be divided

into three, and then it will be found that both the red-
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green and the green-violet junctions are situated at points

occupying positions nearer the violet end of the spectrum

than the corresponding junctions of those with a spectrum

of normal length. The red-green junction, therefore, in a

case of this kind, will be situated in the yellow-green

instead of in the yellow as it is in three-unit cases with an

unshortened spectrum.

On referring to the details of the eases which I have

given, it will be found that these theoretical predictions

are verified in every particular.
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CHAPTEE V.

THE EUNCTION OF THE RETINA IN THE PERCEPTION OF

COLOUR.

The Structure of the Retina.—The retina may be

conveniently divided into ten layers.

1. The Pigmentary Layer. Many writers describe this

layer as part of the choroid, but the study of its develop-

ment shows that it forms part of the retina. It consists

of a single layer of hexagonal nucleated cells. These cells

are pigmented, and have processes which extend into the

layers formed by the rods and cones.

2. The Rods and Cones. Each of these bodies consists

of an outer and an inner segment. Their long axis is

perpendicular to the surface of the retina. The rods are

cylindrical and nearly of uniform size. The cones are

flask-shaped, the smaller end of the flask pointing to the

external surface of the retina. At the yellow spot there

are no rods.

3. The External Limiting 3Ie7nhrane. This is formed

by the expansion of the external extremities of the fibres of

Miiller. These fibres of Miiller form the connective-tissue

framework which supports the various layers of the retina.

4. The Outer Gramdar Layer. This layer is made up

of nucleated oval cells which are connected with the rods

and cones on the one hand and the cells of the inner

granular layer on the other. The cone granules—that is,
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those cells which are in connection with the cones—are

situated nearer the external limiting membrane than the

rod granules.

5. Tlie Outer Molecular Layer. This consists of mole-

cules and fine fibrillse.

6. The Inner Granular Layer. This layer chiefly

consists of nerve-cells which are bipolar and nucleated.

The outer processes anastomose with fibres from the rod

and cone granules. The other process is lost in the inner

molecular layer.

7. The Inner Molecular Layer. This consists of mole-
cules and fine fibrillse, being similar in character to the
outer molecular layer.

8. The Layer of Ganglion Cells. These are multipolar
cells. They are connected with the axis cylinders of the
optic nerve-fibres, and externally with the inner molecular
layer.

9. The Nerve-fihre Layer. This consists of the expan-
sion of the fibres of the optic nerve.

10. The Internal Limiting Membrane. This separates
the nerve fibres from the vitreous humour. It is inti-

mately connected with the fibres of Miiller.

The Physiology of the Retina.—The rods and cones
of the retina are practically the terminations of the optic
nerve, and directly sensitive to the influence of light. It
is not known what are the relative functions of the rods
and cones. It is stated that the rods cannot be necessary
for colour vision, because they are absent at the yellow
spot, the region in which form and colour vision are most
distinct.

The ordinarily accepted theory with regard to the
conversion of light undulations into a sensation, is that
light passes through the retina, and is reflected back from
the choroid. The undulations on their return throu-h
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the retina influence the rods and cones. The effect of tliis

influence is a molecular movement which is transmitted

to the brain, and becomes evident as a sensation of liglit.

It is diflicult to understand how it is that the light

waves do not influence the rods and cones in their first

passage through the retina.

In the outer limbs of the rods a purple substance is

found which is sensitive to light. This purple is sensitive

to monochromatic as well as to white light. It is bleached

most rapidly by the greenish yellow rays, those to the

blue side of these coming next, the least active being the

red. This visual purple is found exclusively in the rods.

Under the action of light the visual purple first becomes

yellow and then colourless.

The cliief arguments which have been used against

the view that the visual purple is an essential element

in vision are—its conspicuous absence from the cones, and

frogs whose retinas have been bleached by exposure to

light appear to be as sensitive to colour as other frogs.

I am inclined to think that tliis visual purple is one

of the essential elements in vision, and that the process

might take place in the following manner. That light

acting upon the visual purple causes its liberation from

the rods. This, becoming diffused at the back of the

retina, forms an actual photograph of the objects included

in the visual field. The function of the cones might be

that of conveying this impression to the brain. The

absence of rods from the yellow spot might be explained

by the assumptiorf that the visual purple which is liberated

from the rods surrounding the yellow spot is diffused into

this spot in sufficient quantity for distinct vision, and tliat

if there were rods in the yellow spot the quantity liberated

would be too great, and would interfere with distinct vision.

This view is supported by the following experiments,
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which I instituted on purpose. If we look at a gas flame

through a pin hole in a sheet of paper, the flame appears

to have lost the greater portion of its luminosity. If we
remove the paper with the pin-hole further from the eye,

and so that light from adjacent objects can enter the retina,

then the gas flame again resumes its original luminosity.

Tor the purpose of experimenting in this way, I obtained

a piece of black velvet, and, having cut a square hole in

the centre, I pasted a piece of cardboard on the velvet over

the hole. The internal surface of this cardboard I blackened

with ink. I then pricked a pinhole in the card from
within outwards. When this hole is close to the eye,

we can see not only the gas flame, but the whole of

the gas-globe. Now, the eye is constituted so that any
given portion of the retina can only receive light from
one object in the visual field. Therefore, whether we are

looking at the gas flame directly, or through a pinhole,

the portion of retina upon which the image of the gas
flame falls receives nearly the same amount of light.

When we are looking directly at the gas flame, the image
of this flame falls directly on the yellow spot, Now let

other objects be viewed through this pinhole, and it will
be found that unless an object be brightly illuminated,
it will not be visible at all. On looking at the fire the
yellow flames can be seen of greatly diminished luminosity,
but the red glow of the fire is not visible at all. We
could understand how a partial diminution in luminosity
might be produced by cutting off some of the rays from
the retina, namely those which under ordinary circum-
stances would fall on the peripheral portions of the cornea,
but I do not think that this could account for the very
great diminution in luminosity which occurs, and the
fact that dimly illuminated surfaces and the red glow
of the fire are not visible at all.

E
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If this theory be true, the importance of the iris is

greatly increased. By its action the amount of light

which enters the eye is regulated. The dilatation of the

pupil in darkness would be necessary in order that a

photographic image might be obtained, and its contraction

when the eye is exposed to • a strong light necessary in

order to prevent more than the requisite amount of light

from entering the eye.

The following are a summary of the results obtained

by Klihne * with regard to the visual purple.

1. That it is found in^ the outer segments of the rods

only.

2. That it gives a continuous spectrum.

3. That' by its means we can obtain definite photo-

graphs on the retina of an excised ' eye, and that these

photographs may be fixed.

4. That it is bleached most rapidly by the greenish

yellow rays of the spectrum, then by the green, and least

of all by the red.

5. That it becomes yellow, then white, under the action

of light.

6. That it is soluble in a solution of the bile salts.

The purple fluid thus obtained reacts to light in the same

way as normal visual purple.

7. That after being bleached it was regenerated by the

pigmentary layer of the retina.

8. That it is bleached by monochromatic as well as L

white light. W
The following experiment, which was first noted by

^ |

Helmholtz, lends considerable support to the theory which f\

j

* Zur Photochemie der Netzlmut. " Ueber den Sebpurpur," Ver-

handl. d. Naturbistorischmed. Vcreins in Heidelberg, Bd. L, 1S77.

Seheu ohno Purpur, " Untorsucb. pliysiol. Instit, Heidelberg," Bd. L,

1877. Ewald and Kubne, " Ueber den Sebpurpur," ibid.
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I have advanced with regard to the visual purple. He
says— *

" I would invite attention to the fact, that when very
bright light of any kind whatever falls upon a portion of

.
the retina, light of the same kind appears diffused as a
weak luminosity over a gfeat portion of the field of view.
The phenomenon is easy to be observed. Let a candle
be placed in the evening in the neighbourhood of a large

dark surface—for instance, of a door which opens into a
dark room,—and let the degree of darkness of the surface
be observed while the light is alternately concealed by
the finger and allowed to strike the eye. It will he
readily seen that as often as the rays freely enter the
eye, a white luminosity appears spread over the surface,
being brighter in the vicinity of the light, and spreading
itself weakly over the more distant portions of the surface.
The same is observed when daylight enters the eye from
an orifice in a dark screen. When the orifice is covered
by a coloured glass, the luminosity has the colour of the
latter."

HelmhoHz is of opinion that the phenomenon is due
to reflection of light from the posterior surface of the iris,
but it seems to me that, if this explanation were a true
one, the light would be reflected in an irregular manner
and not diffused over a large surface. If we accept the
view that the visual purple is liberated from the rods by
light, and diffused over the retina, the phenomenon is
mtelligible, as is the fact that the luminosity is bricvhterm the vicinity of the light.

Might not night-blindness be caused by destruction
ot a considerable number of the rods, and the visual
purple which is contained in them ? If the quantity of
visual purple were defective, a stronger light would be

* PMlos. Mag., Dec. 1852, p. 406.
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required for its diffusion into the ' region of the yellow

spot.

I am inclined to regard the arguments which have

been advanced against the view that the visual purple

has an essential part in vision, as easily explainable on the

above theory. According to the theory which I have

advanced, it would be absolutely necessary that there

should be no visual purple in the cones, these being

regarded as the conducting bodies. There are many

difficulties in the way in experimenting with a substance

of this kind : thus the purple colour may be the first change

in the bleaching process. The argument that frogs whose

retinas have been bleached see as well as frogs with

unbleached retinas, is fallacious, because the pigment-

cells of the retina may be secreting sufficient of the visual

substance for vision, but not sufficient for external recog-

nition. The presence of this substance is what I should

have theoretically expected on the psycho-physical theory.

Its presence enables us to transfer the resolution of the

visual image from the retina to the brain. It is easy to

understand how the photograph on the retina is conveyed

to the brain through the cones and optic nerve fibres.

It will be noticed that the visual purple gives a con-

tinuous spectrum. It is probable that in persons with a

shortened spectrum the visual purple would be found to

give a spectrum shortened in the same way.

The following observations by Mr. Gunn are of great

importance. He says :
* " The changes produced in the

vertebrate retina by the action of light may be classified

as (1) Photo-Mechanical, (2) Photo-Chemical, (3) Photo-

Electrical."

* " On the Nature of Light-percipient Organs, and of Light and Colour

Perception," by R. Marcus Gunn, F.R.C.S., Eoyal London Ophthalmic

Hospital lieports, vol. xii., part 2,

11
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1, a. The best-known photo-mechanical change con-

sists in a wandering of pigment inwards within the fine

protoplasmic processes of the pigment-cells. A. short

exposure to a bright light' suffices to bring about a- distinct

wandering of the pigment,, and the more refrangible rays

seem to act most powerfully, the redi rays- least, and the-

yellow rays with an. intermediate strength..

&. Eecent observations of Van Genderen Stort and

Engelmann have made us acquainted with a second'

example of photo-mechanical action^ in the- vertebrate-

retina, viz., a shortening of the inner segments of the

cones under the action of light, and,; an elongation im
darkness. On exposure to light, therefore, the outer

segments are drawn towards the outer limiting membrane,
and avjay from the pigment-cells, while in darkness the-

opposite movement takes place.

2, a. Photo-chemical action is illustrated by the-

bleaching of the retinal purple in the rod outer segments
on exposure to light, and by its re-secretion in the pig-

ment-cells, especially in darkness.

h. Another photo-chemical effect on the retina, that is

as yet very imperfectly known, will, I think, ultimately,

prove to be of much importance, viz., the alteration in the-

reaction of the contents of the pigment-cells due to light-

exposure. This -seems to be an oxidizing process accom-
panied by the substitution of an acid for a previously
alkaline reaction.

3, It has been conclusively demonstrated that the-
action of light upon, the retina is accompanied by an in-
crease of the norm nl electrical current passing along the
optic nerve-to the brain. Different parts of the spectrum^
produce different amounts of increase, the yellow rays
having the- greatest power. From this part of the
spectrum- we have a, gradually diminishing action on
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either side until we reacli the ultra-red rays on the one
hand, or the ultra-violet on the other, when it is found
that no change whatever is produced in the electrical

current by. these. non-luminous waves.
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CHAPTEE VI.

NORMAL COLOUE-PERCEPTION.

Throughout this book I use the term "normal " to signify

the colour-perception of the large majority of persons,

namely the six-unit. Fig. 2 of the frontispiece represents

the spectrum as seen by this class of -persons. The pro-

portion which the six-unit bears to the other classes is

about twenty in twenty-five. About one fifth of the

number of educated persons of the male sex whom I have

examined have had a diminished colour-perception. The
class of the seven-unit is rare, not more than one person

in several thousand seeing seven colours dn the spectrum.

Since the time that Newton described the principal

colours of the spectrum as being red, orange, yellow, green,

blue, indigo, and violet^ most writers have adhered to the

division. Latterly, however, some writers on colour have
demurred at the insertion of indigo, and especially at its

insertion between blue and violet. If a six-unit were
asked to make seven colours he would add greenish yellow
to the list. It has also been pointed out that indigo is

a green-blue and not a violet-blue, and therefore could not
be placed between the blue and the violet. But under
some conditions indigo appears as a violet-blue.

The six-unit is the class to which I belong, therefore
a description of my own colour-perception will serve as
an example. I see six definite colours in the spectrum
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red, orange, yellow, green, blue, and violet. These colours
have the proportions marked out in Fig. 2. If a spectrum
be looked at as a whole, it appears as if one colour
gradually passed into another, in such a way as to make
it difficult to mark out the exact junction of the units.

However,, when shutters are used to the eye-piece of the
spectroscope, all but a small portioujof the colour may be
excluded. The junction can then be found with ease. I

see no trace of, the indigo of Newton in the spectrum, the
blue gradually passes into the violet without any change
in the nature of the blue. The- junction of the blue and
green of the spectrum has a peculiar appearance to me.
The colour is not what is usually understood as a blue-

gr<een, but appears as if the two colours overlapped at this

point, just as if the- torn edge of a piece of blue tissue-

paper were made to overlap a similar edge of green tissue-

paper. The edge looks attenuated, just as paper does

when torn in the wet condition. I have-not found any one

who possessed a spectrum of greater - length, than myself

;

the majority of persons see the spectrum, of the same

length.

In this chapter I wish, to show how colours should

appear, and the standards, of colour for comparison with

other classes of; persons.

A normal-sighted person sees six definite colours, and

a,: little consideration will convince a normal-sighted

person that thi$ is the case. These colours are red, orange,

yellow, green, blue, and violet. If we take a pure yellow

and a pure blue and place them side by side,. we- see at

once that there is no factor common to botji. Tlii^ fact

is obvious, and it seems difficult to conceive by any stretch

of the imagination that blue and yellow can possess a

common factor. When, however, we come to deal with

other colours, we find more difficulty in aj)iDreci{itmg how
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distinct they are from each other. This is due to artistic

training and imperfect colours. For instance, with red

and orange. The popular idea of red is erroneous, because

pure reds are uncommon. In the pigments in common
use there is not a pure red. Vermilion is an orange-red

;

Crimson Lake a violet-red. If we mix the two we get a
fairly pure red, and this colour bears no resemblance to

that of an orange. Again, many substances which appear
yellow in thin layers or in weak solutions, appear orange
if a thicker layer be taken or a stronger solution used.

This has a great tendency to make casual observers think
that orange is really only a deep yellow. A few experiments
will, however, demonstrate the cause of this. Let us take,
for example, a solution of Methyl-Orange. In a dilute
solution the colour appears as a very pure yellow. The
transmitted light, being examined by the spectrum, is

found to consist of the red, orange, yellow, green, and most
of the blue-green and violet rays, l^o blue rays are visible.
A slightly stronger solution being used the colour appears
as orange-yellow, and the transmitted light, being examined
with the spectroscope, is found to consist of red, orange,
yellow, and the yellow half of the green rays. The remain-
ing rays of the spectrum are completely absorbed. If a
still stronger solution is made, the colour appears as a pure
orange. The transmitted light being examined with the spec-
troscope is found to consist of the red, orange, and yellow
rays. If a stronger solution is used the colour appears
as orange-red; if a very strong solution is used the colour
appears red, only the red rays being transmitted. The
red rays of the spectrum are by far the most penetrating,
and, if a substance be transparent to these rays at all'
the probabiHty is that a thick layer of the substance will
appear red. It is obvious that a classilication of colours
may be made with the spectrum for a basis

; and, as a
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matter of fact, the spectral colours are the purest. We <

therefore start with red, orange, yellow, green, blue, and
j

violet. If we take two varieties of modified units it will
|

be sufficient for all practical purposes, naming the pre- I

ponderating colours last. The series will therefore be
|

red, orange-red, red-orange, orange, yellow-orange, orange-

yellow, yellow, green-yellow, yellow-green, green, blue-

green, green-blue, blue, violet-blue, blue-violet, purple, rose

and rose-red. If we wish to make smaller divisions we
j

can do so after the manner of the compass ; thus green-
j

blue-blue would indicate a colour midway between green-

blue and blue. The modified unit lying between red and •;

violet occupies a peculiar position, and it is necessary to
|

have more than two divisions. The first colour is rose, •

made by mixing equal parts of red and violet, and com-
j

plementary to pure green. Then we can have two more

colours—purple, consisting of equal parts of rose and

violet; and rose-red, made of equal parts of rose and red.

The above classification is the one which I have adopted

throughout this book.
^

In looking at the subject of colour from the standpoint
i

of the normal-sighted, we must keep very closely to the i

theory of psycho-physical perception. We know that under 1

ordinary circumstances six definite colours are seen. Let I

us consider how the spectrum looks to the normal-sighted ;

under conditions of varied intensity. On looking at the
]

ordinary solar spectrum we see that there are six colours :

having the proportions marked out in Fig. 2. If we .

diminish the intensity of the spectrum by using a finer slit i

for admitting light, we shall see that the spectrum clianges
|

in the following manner. First the orange band disappears,
.

and the spectrum has a very similar appearance to that

marked out by the five-unit. On still further diminishing

the sHt the blue disappears, and we have a very similar
^
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spectrum to that of the four-unit. On still further

diminishing the slit the yellow disappears, and we have a

spectrum possessing the characteristics of that of the

three-unit. On still further diminishing the size of the

slit the violet disappears, and only a dull red and green

are seen. On still further diminishing the slit a dull

green is all that is seen. These observations show how
the colour-perception of the normal- sighted may vary
under different conditions. It will be noticed that a

gradual diminution of intensity so far interferes with
perception that it may reduce a normal-sighted person
to a five, four, or three-unit. We cannot, however, reduce
a normal-sighted person to the condition of the two-unit

;

that is to say, to the normal-sighted, red. and green are
always visible as definite colours, and under no circum-
stances are likely to be mistaken for each other. It
will be noticed tliat, at a distance, modified units become
indistinguishable from the ordinary,units. As an example
of this let us take three coloured 'glasses, blue-green, pure-
green, and yellow-green, putting them in lanterns at some
little distance apart. If we now walk backwards from
these three lights we shall notice that the yellow-green
and blue-green begin to get more and more allied, and at
a certain distance the three become almost indistinguish-
able from shades of a pure green. It is always thus in
looking at colours. The modified unit becomes indis-
tmguishable from the unit which predominates in its
composition. The modified units are rarely visible in fire-
works seen at a distance. The colours of the stars might
for all practical purposes be made of the six true units of
colours. Persons may think that an exception should be
made m favour of the modified unit rose ; but they will
find It impossible to tell between a light red and a rose
when viewed at a distance.
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Colours may differ from each other in three respects. i

1. Difference of Hue.—The best example of colours
j

differing in hue is afforded by the spectrum. All colours
;

must be either units or modified units. I

2. Difference of Luminosity.—No coloured object can !

have the luminosity of a white object reflecting practically
'

the whole of the light impinging upon it. Therefore, if

we take absolute reflection as 100, a fraction of 100 will

give the relative luminosity of any body.

3. Purity.—The third respect in which colours may

differ from each other is purity, or freedom of the colour
,

from admixture with white light. Wlien I speak of a colour
'

being mixed with white light, I, have a different mean-

ing from that which is signified by most writers on colour.
;

By the fourth Law of Colour-Perception, if any number
\

of colours be mixed the resulting impression will be that
\

of a unit, a modified unit, or white. Some mixtures there- '

fore appear white, others appear coloured.. It is ob\dous
[

that if we mixed these' two mixtures we should get a
]

colour diluted with white. A- mixture of yellow and blue

gives rise to a sensation of white, as does a mixture of
j

blue-green and red; and yet these mixtures are quite
|

distinct, so much so that there is not an. element common
;

to both. The action of the two whites-on a photographic

plate at once shows how dissimilar they really are.

Ordinary white light is made up of waves differing

very considerably in their refrangibility, and lias a con-

stitution quite different from that which is made up of
|

a mixture of yellow and blue light. 1

It will be seen, therefore, that a colour may appear to

be mixed with white Hght and yet contain no true white

light. An example will illustrate this. If we take a

beam of sunlight and allow it to pass through a coloured
j

substance which is perfectly opaque to the blue rays, but !
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transparent to the rest of the spectrum, we shall obtain

a very bright yellow, apparently diluted with white light.

We know that a large number of the rays have combined
to form yellow; for instance, the yellow-green and orange,

the pure green and red. The violet and blue-green would
combine to form a blue. This blue would again combine
with some of the yellow to form white, which would
dilute the yellow previously formed.

It will now be as well to discuss the terms which are

used by artists and many writers on colour. It must be
borne in mind that we obtain nearly all our colours by
absorption of one or more of the constituents of white
light. The process, therefore, is one of subtraction, and
not of addition.

We can obtain a series of colours of the same hue
varying from the brightest and purest colour on the one
hand, and to black on the other. The former series are
called tints of the colour, the latter shades.

The terms used by artists are based on the assumption
that red, blue, and yellow are primary colours. The so-
called secondary colours are orange, green, and purple.
The so-called tertiaries are obtained by mixing two of the
secondary colours. They are really only simple colours
mixed with gray or black. It will be found that the
whole system of possible colours may be obtained with
the three variables which I have given.

The majority of people see six distinct colours in the
spectrum—red, orange, yellow, green, blue, and violet.
They have, therefore, six units of colour. Each of these
units forms the basis of a series extending from the
lightest to the darkest possible colour. Many persons are
under the impression that brown is a distinct colour.
It IS not, but a darker shade in either the yellow or
orange series.
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We can have a very numerous series of colours if the

modified units are counted as distinct colours. We can

have red gradually passing into orange
;
orange gradually

|

passing into yellow; and so on, to the end of the spectrum :

but it is obvious that we are not dealing with distinct '

colours, as we can distinguish the components of the ,

modified unit. Thus with blue-green we can plainly see
'

that the colour consists of green and an admixture of blue.
|

This cannot be done with the true units of colour
;

tlius,

take the two colours which are commonly supposed to
j

make green, yelloWj and blue, and compare them with
|

green. As representative pigments, Light Chrome, Emerald,
\

Green, and Ultramarine may be used. The three appear

entirely different colours, possessing no common factor.

The spectrum gives us the purest representation of
|

each of the six colours, but in order that the reader may
j

be able to form a fair idea of these colours without referring
^

to the spectrum, I will mention a few objects representing

as nearly as possible a pure unit of colour.

1. Red.—There is no pure red pigment in common use,

all incline either to ^dolet or orange. The common idea i

of red is an orange-red like Vermilion. A very fair red
|

maybe obtained by mixing Crimson Lake with Vermilion,
j

Deep ruby glass is a very pure red. Claret is of a deep 1,

but pure red colour. The red-browns represent the deeper
f

shades of red. |

2. Orange.—Orange-peel is a very fair representative

of a medium shade of this colour. Eed lead is orange with J

a slight admixture of red. Saffron is also a very fair |

orange. It must be borne in mind that the deeper shades *

of omnge do not incline to red, but form orange-brown. :

Copper represents a deep orange. The glow of a coal-tire
^

is a very fair orange.

3. Yellow. The pigment Pale Chrome is an excellent ;
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example of yellow. Sulphur is also a good yellow. Deep
yellow does not incline to red, but to yellow-brown.
Tan is a good example of deep yellow.

4. Green.—The pigment Emerald Green is nearly a
pure green. It inclines slightly to a yellow-green. Grass
is a yellow-green.

5. Blue.—Ultramarine made from lapis-lazuli is the
best example we have of a pure blue. A peacock's neck
towards sunset is a very pure blue. This blue as daylight
wanes becomes tinged with violet. A peacock's neck in
full daylight is greenish blue.

6. Violet.—One of the best examples of a pure violet is

the colour of the flower of some varieties of Lobelia, which
is used so much in carpet bedding. The cornflower is
also an example of a pure violet. Contrast a cornflower
with a poppy, and the vivid contrast which red and
violet form is apparent. The red colour of the poppy is
heightened, and the- violet colour of the cornflower also
becomes of a more typical violet. The fact that red and
violet form the greatest contrast of any two colours
becomes apparent in a marked degree. The best time to
see a pure violet is towards sunset. At this time the
violet rays are plainly visible, whilst the red rays are
only imperfectly perceived. A very fair idea of a pure
violet may be obtained by looking at a piece of light-
blue glass, contrasted with a piece of intensely bright red
glass. Simultaneous contrast prevents the red from beino-
visible in the blue, and throws the latter into the violet

Yioht
^'^^^ '''''^^^ ""^'"^ appearance of true
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CHAPTER VII.

THE COMPOSITION AND COMBINATION OF COLOURS.

In the pre\n[ous chapters I have show that it is impos-

sible for a normal-sighted six-unit person to see more

than six colours. If only pure colours—that is, colours

reflecting the corresponding rays of the spectrum, had to

be dealt with, the subject would present comparatively

little difficulty. But very few colours in nature are pure
;

thus, a piece of blue-gxeen glass, when examined with the

spectroscope, is found to be transparent to the violet, blue,

and green rays.

It is unnecessary to do more than allude to the results

which have been obtained by such crude experimental

methods as mixing pigments. These methods are useless,

because we do not know what is the exact composition of

the component colours.

With regard to the combination of spectral colours.

This is a great improvement on mixing pigmentary colours,

because we know the exact composition of each compo-

nent. There is, however, a source of fallacy which I do

not think has been pointed out, and that is tlie possible

alteration in the colour by the surface from which it is

reflected. The surface from which the colour is reflected

might partially absorb one of the component colours.

The least fallacious method of amving at the composi-

tion of a compound colour is to examine the light which
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is transmitted through a transparent coloured substance.

In this way we not only arrive at the composition of the

colour of the substance, but we are able to find out the

result of the combination of two or move colours. The
transmitted light may be examined with a spectroscope.

Glasses, when properly analyzed, may themselves be used
for the purpose of analyzing colour. Thus, if we have a

blue-green glass which is found to be perfectly transparent

to the violet, blue and green, and opaque to the other

half of the spectrum, we can at once see whether there

is any violet in a given red. If the colour be a pure red,

when viewed through the blue-green gl^ss it will appear
perfectly black, but if the red contain any admixture of

violet rays these will be visible.

Before discussing the composition of certain coloured
substances in detail, I will give the results of my experi-
ments with pure spectral colours. These were made with
a very ingenious apparatus, constructed by Dr. Hoffert,
which overcomes the possible source of fallacy I have
mentioned. The electric light is used, and the brilliancy
of the light can be diminished or increased at will. The
coloured light enters the eye without the intervention of
any substance. The observer looks through the eye-piece,
which is only a narrow slit, directly at the prism. The
source of light being movable, any portion of the spectrum
may be brought in turn before the eye.piece. There are
three electric hghts, so that any two or three colours
may be combined. A full description of this excellent
apparatus will be found in the Philosophical Magazine for
August. 1884.

The first fact which is apparent on mixing colours in
this way is, that unless the colours are of very similar
mtensity no definite change is made in the predominant
colour, In the following experiments, unless otherwise

•F
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stated, the colours were as nearly as possible of similar

intensity. When the extreme red is combined with the

other colours successively, no definite change is produced
until the blue is reached, then the colour shows a shade ol

purple which increases up to the violet.

A bright red, combined with an emerald green (the

cen.tre' green of the spectrum), gives a very fair yellow.

If the green predominate the colour is greenish white. If

the red predominate the^ colour is pink. Red and yellow-

green give a brighter and more yellowish green. Yellow

and red make a very fair orange.

Blue-green mixed with red gives a purplish white.

If the green be moved towards the green the colour

becomes green ; if towards the blue the colour changes to

purple.

Blue mixed with red gives purple, which is more

marked as the violet is reached. Blue mixed with yellow

makes white. The colours which give white are the most

characteristic of each:—namely, the purest blue and the

purest yellow. On moving the blue into the green the

colour becomes yellowish green. On moving the blue into

the violet, the colour is first pinkish white, then yellow,

owing to the feeble intensity of the violet. Besides being

the purest colours, the yellow and blue were of similar

luminosity. The white produced was more intense than

either of the colours, and very pure. On moving the

yellow towards the green the colour changes to blue with-

out a trace of green, and remains so until blue is reached.

Therefore, the combination of a green and a blue of appa-

rently equal intensity, instead of making a blue-green,

makes a blue of a brighter and lighter colour, without a

trace of green. Under no circumstances could I obtain

a definite blue-green. A green of greater intensity was

absorbed in a feebler blue. When violet was put as a
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contrasting colour next to the compound of blue and
green, the colour appeared of a faintly greenish shade,
a turquoise blue. On moving the yellow towards the
red, the colour becomes pink, then purple. Blue and
orange combine into a pink. Violet and yellow also make
a pink. Violet and yellow-green make a white. On
moving the yellow-green towards the red the colour
becomes pink, then purple. On moving the yellow-green
towards the blue the colour becomes faintly green at first

(junction of green and yellow-green), and blue afterwards.
Violet and orange make a pink.

With regard to the combination of three colours.
Violet and red make purple ; emerald green added to this
makes white. On moving the green towards the red the
colour becomes first green, then yellow. On moving the
green towards the blue the colour becomes violet. When
in the combination of purple and green, making white, the
violet was shut off, the resulting colour made by the
emerald green and red was yellow.

With regard to the combination of a green with a
purple which is made with a feeble violet. The resultant
IS yellow, and is attained at the same point as before—
namely, at the emerald or centre of the green. On movino-
the green to the red the colour becomes first green, then
yeUow at the yeUow-green. On moving the green to the
violet the colour is first pink, and then becomes more and
more purple.

It is not impossible to make a violet by combining
any of the other colours of the spectrum. Blue and red"
when combined, make a purple, and under no circumstances
make a colour which resembles the violet of the spectrum
Ihe addition of red to blue gives this colour a warm
appearance, which is quite different from the cold violet of
the spectrum.
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The other method to which I have referred, namely

that of ascertaining the composition of transparent sub-

stances (glasses or solutions) with the spectroscope, may

now be considered. In this way we are able to get over

the apparent source of fallacy wliich might arise from the

nature of the body from which the coloured light was

reflected. Thus, in the case where spectral light is com-

bined upon a screen, we have to take into consideration

the influence which the screen might have upon the colour.

I have already shown that it is not necessary to have the

whole of the rays of the spectrum in order to make white

light. Therefore a substance might be perfectly white,

and yet absorb many of the rays of the spectrum. When

coloured glasses or solutions are examined with a spectro-

scope, the light passes directly through the instrument to

the eye. If we have a glass which is purple in colour, and,

on analysis with the spectroscope, find that the glass is

opaque to all the rays of the spectrum with the exception

of the green and the red, it is obvious that green and red

make purple. Kven in this method of testing the com-

position of a coloured substance there is a source of fallacy

^namely, the alteration or absorption of some of the con-

stituents of the coloured light in their passage through the

glasses of the spectroscope.

When the composition of the colour of a glass is

known, it can be used to find out whether there is any

of a certain colour in the light reflected by an opaque

substance.

The following is the composition of the Light Eed glass

used in the Classification Test. The glass is transparent

to the red, orange, and yeUow. It is nearly opaque to

the violet, only that portion which is adjacent to the blue

being seen. There is a dark absorption band, commencing

at the junction of the yellow and green, and occupying
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about one-fourth of the green. The green at the region of

the blue-green junction is obstructed to a certain extent

;

the remainder of the green is visible as a bright band.

For an analysis of the light transmitted through the

other glasses used in the Classification and Lantern Tests,

see the Chapter on " The Tests for Colour-Blindness."
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CHAPTER Till.

THE PHYSIOLOGICAL PHENOMENA OF COLOUR.

A THEORY of colour-perception, in addition to explaining

the phenomena of colour-blindness, must explain the

physiological phenomena of colour. The theory of psycho-

physical perception does this in a very complete manner,

the phenomena being a necessary accompaniment of this

theory.

In reading about the physiological phenomena of colour

I found the most contradictory statements with regard to

facts. Chevreul makes all these phenomena consistent with

the red-blue-yellow theory of Brewster, and the supporters

of the red-green-violet theory give the facts as correspond-

ing in every way with this theory. It is obvious that both

sets of facts cannot be true. On going through the various

experiments I found that the facts as stated by Chevreul

were in nearly every case correct, though his explanations

are erroneous. On looking over his book it will be

noticed that he was aware of facts which were inconsistent

with his views. Thus, when talking about the complemen-

taries, he, wishing to prove that, two complementaries being

contrasted, the only effect is a change in intensity, says

with regard to Orange and Blue, " Blue, the complemen-

tary of orange, being added to blue increases its intensity.

Orange, the complementary of blue, being added to orange,

increases its intensity." He then adds as a note, " Upon
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repeating these observations with a deep blue and an

orange which is not too red, the two colours appear

commonly to become redder." I agree with the fact

stated in this note. I have contrasted many blues and
shades of orange, and the invariable result has been that

they both appear to become redder. I have shown these

pairs of colours to other persons, and their observations

have agreed with mine. But what do the supporters of

the Young-Helmholtz theory say with regard to these two
colours ? They also declare that colours differ on simulta-

neous contrast by the addition of the complementary.
But their complementaries differ from those of Chevreul,
and so the results will not be the same. Thus yellow, the
complementary of blue, being added to orange makes
this colour orange-yellow; whilst green-blue, the com-
plementary of orange, being added .to blue makes the latter

incline to green-blue. That is to say, the predictions of each
theory are opposed, and the facts agree with neither. It

must be obvious to the reader that, if the facts were as
stated by the supporters of the Young-Helmholtz theory
—namely, that colours on being contrasted differed from
each other by the addition of their complementaries they
would be easily explainable by a theory of perception of
difference, the explanation being that on contrast they
became more unlike. But the facts are not consistent
with this view, and so I had to repeat the whole of these
experiments. Before discussing the various well-known
phenomena of contrast, I will refer to the various sources
of fallacy which I found in making my experiments.

1. Colours to he contrasted must not be placed so that
reciprocal adsorption can take place. Chevreul, in his
excellent book, describes the different methods by means
of which he obtained various greens by combining blue
and yellow threads. He says that the first essential in
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combining threads in this way is tliat the yellow and blue

threads must contain little or none of the third primary
colour (red), or else the brilliancy of the green will be
impaired. Tlue colour obtained in this way is produced
by the absorption of the yellow and blue, and the

reflection of the common factor green. In making these

experiments, therefore, the contrasted substances must be

placed so that reciprocal absorption cannot take place.

2. The contrasted colours should not he very small.—The
reason of this is, that if the contrasting surfaces be very

small an opposite effect will be produced, through the rays

from both substances falling on one nerve-fibre. I made a

series of experiments to prove that this was the case. I made
a mosaic of small pieces of coloured cardboard, each piece

being about half an inch long, and one sixteenth of an inch

wide. The mosaic was made of the two colours placed

alternately. The effect in every case was that the colours

appeared as if the contrasting colour had been added to it

;

for instance, in combining blue and green in this way, the

green appeared to have a shade of blue, and the blue

appeared to have a shade of green. In combining blue and

yellow in this way both appeared grayer, there was no

tinge of green in either.

The subject may be considered under the following

heads :

—

1. Complementary Colours.

2. After Images : (i.) Positive, (ii.) I^egative.

3. Simultaneous Contrast.

4. Successive Contrast.

5. Irradiation.

6. Colour Fatigue.

1. Complementary Colours.—There are certain pairs of

colours which, when mixed, give rise to a sensation of

white. These colours are said to be complementary to
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each other. The complementary of red is blue-green
;

that of orange, greenish blue ; that of yellow, pure blue
;

and that of yellow-green, violet. The complementary of

pure green is not a simple colour, but a mixture, namely
rose. The complementary colours may be best examined
by means of a polariscope, and thin slices of selenite of

different degrees of thickness. On viewing one of these

plates of selenite we shall obtain a uniform iield of

colour. Tor instance, if we examine a plate of selenite

giving a field of red, on rotating the prism of the

polarizer the following phenomena may be observed.

The point at which the field of red is brightest having
been obtained, on rotating the prism the red becomes
of less and less intensity. When the prism has
been rotated through 45°, the field will be white. On
continuing the rotation of the polarizer the complementary
colour of red, blue-green, will come into view. This blue-
green will be brightest when the prism has been rotated
90° from the starting-point. The rotation being continued,
at 135° from the starting-point, the field is again white.
On continuing the rotation the red again appears, and
increases in intensity until the point of maximum intensity
IS reached at the starting-point. These colours can be
shown to be exactly complementary to each other. The
cause of the production of these complementary colours
now remains for consideration. In accordance with
the theory of psycho-physical perception, the normal-
sighted will perceive any mixture of colours as a unit, a
modified unit, or as white. It is, therefore, not surprising
that the mixture of two colours representing the whole of
the spectrum should make white. The complementary of
any colour can be obtained by the subtraction of the
colour itself from white light. It therefore follows that
the complementary of any colour consists of a mixture of
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the remaining rays of the spectrum. The position of the

complementary corresponds for all persons, with a spectrum

of normal length, though it is differently interpreted

according to the colour-perception of the individual.

is a list of true spectral comple-followingThe

mentaries :

—

Red
Orange

Yellow

Yellow-green

Green

iBlue-green

Green-blue

Blue

Violet

Rose

2. After-images.—After-images may be of two kinds

—

Positive or Negative. The following will illustrate tlrese

phenomena. If we gaze very intently at an object of a

red colour, and then look at a sheet of white or gray paper,

we shall see an image of the object upon the paper, but

of the complementary to orange, namely green-blue.

Positive after-images are produced by gazing at a bright

object for a short time, and then shutting the eyes. The

after-image will be of the same character and colour as

the object wliich gave rise to the sensation. It is therefore

only a continuation of the original sensation.

A point in connection with the colours of negative

after-images, which does not appear to have received

proper consideration, is that the colour of the after-image

is not the true complementary of the colour which has

been looked at. !For instance, the after-images of some

coloured cards were as follows :

—

Deep Red
Deep Yellow

Green

Blue

Rose

Greenish Blue

Violet

Orange ...

Greenish Blue

Violet

Rose

Orange

Green

Red
Yellow

Blue
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The reason of tMs will be clear after reading the

remainder of this chapter.

The following are the results of a numerous series of

experiments, made in order to determine the changes which
take place in the colour of the after-images obtained by
gazing at the sun.

1. An after-image is rarely seen unless looked for,

or the sun is directly looked at. Thus we may walk
along a country road with the sun shining directly in

our faces, and see no after-images, the attention being
directed to other matters ; but I have found, when reflecting

on the nature of after-images, that it is very difficult to

prevent myself from seeing them if the sun be shining
at the time.

2. The after-image is much more persistent if looked
for and carefully observed, than it is if no attention be
paid to it.

3. The following are the changes which take place in
the colour of the after-image, the bright sun having been
looked at for a second, and then the eyes turned towards
the blue sky, and the after-image watched until its dis-
appearance, the eyes being kept open the whole time.

First a positive yellow image of the sun is seen, sur-
rounded by pure green. The whole then changes into
pure green, which becomes blue-green, then blue, then
violet, and then very dark (black). A red element then
comes in, and the after-image becomes purple, and then
gradually fades away.

The same result is obtained with one or both eyes.
4. The left eye being shut, the sun is viewed with the

right eye. This eye is then shut, and the left eye opened.
An after-image is seen with the left eye.

5. The purple after-image is very persistent. If the
attention be occupied with another subject for a minute
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or two, and then the sky be looked at, an orange after-

image will be seen. This on Ijeing looked at rapidly

changes into purple.

6. When the attention has been diverted from the

after-image for some little time, and it be then looked

for, it will be found to be yellow. If the eye be now
closed, a bright blue image will be seen, surrounded by a

pure green halo. On opening the eyes the yellow image

is again seen, but surrounded by a purple halo. If the

eyes be now shut, a blue and green image as before will

be seen.

7. If the previous experiment (No. 6) be carried out

with one eye only, the other being bandaged, and the

yellow images (there may be a number) looked at, and

then the right eye closed, and the left eye opened, the

after-images will be seen. They ^vill have the same size,

number, and arrangement, but will be bright blue instead

of yellow. This blue rapidly fades away.

8. The colour of the after-images varies with that of

the background.

9. If the eyes be closed any time when the purple

after-image is visible, a pure green will be seen.

10. When several after-images have been obtained,

and are of a purple colour when viewed against the sky,

they appear pure green when seen against a black back-

ground.

11. If the eyes be closed before the purple after-image

has been obtained, blue surrounded by green Avill be seen.

12. If the sun be not very bright, as on a misty day,

the after-image appears as pure green. This gradually

fades into gray. It is not surrounded by any colour, and

does not change colour.

13. If the sun be looked at, and the eyes shut, the

following changes take place in the colour of the after-
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image. First, yellow surrounded by green, then blue-

green, then blue, then violet, then blue, then blue-green,

then green, then yellow-green, and then, if the hand be
put over the eyes so as to give a black background,
yellow.

14. When the eyes are shut, the colour of the after-

images varies according as the eyes are simply closed or

closed and covered with a handkerchief, so that the back-
ground is absolutely black.

15. The colours vary according to the brightness of
the sun on the day of the experiment.

16. The following is the result of an experiment with
a moderately bright sun, the eyes being simply closed.
The after-image was first green, .then green surrounded
by violet, then blue surrounded by violet, then blue sur-
rounded by purple, then green-blue surrounded by red,
then blue-green surrounded by purple, then green sur-
rounded by purple, then yellow-green surrounded by
purple, then yellow surrounded by purple. The after-
image then became colourless and faded away.

17. The change in the colour of the after-image varies
according to the duration of the primary stimulus. The
following four experiments were made with a moderately
bright sun. The sun having been observed for a second,
the eyes were closed and covered with a handkerchief, so
that the background was absolutely black.

(i.) The after-image was first green, then violet, then
blue, then green surrounded by purple, then vellow sur-
rounded by purple, then orange surrounded " by purple,
then red. It then faded away.

(ii.) The after-image was first green, then blue, then
green-blue, then blue-green, the^ green, then yellow, then
blue. It then faded away.

(iii.) The after-image was first green, then blue sur-
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rounded by violet, then blue-green surrounded by red, then

'

green surrounded by purple, then blue surrounded by
purple. The blue then appeared to merge into the purple,

the whole becoming purple and gradually fading away.

(iv.) The after-image was first green, then blue sur-

rounded by violet, then all violet, then blue, then green

surrounded by purple, then yellow surrounded by purple

;

then the purple edging gradually encroached upon the

yellow until nearly the whole was purple, the yellow

remaining as a faint spot in the centre ; the purple then

became surrounded by blue, and then the image gradually

faded away. The handkerchief was then taken away

(the eyes being kept closed), and the image returned as

a green disc against the red background. On opening

the eyes, and looking at the sky, the image became

yellow.

18. The second green mentioned in the above experi-

ments (17, i., ii., iii. and iv.) having been obtained, the

handkerchief was taken away, the eyes being kept closed.

The green at once became blue.

3. Simultaneous Contrast.—The phenomena of simul-

taneous contrast have been worked out very extensively

by Chevreul. He, however, adopted the red-yellow-blue

theory, and considered that the differences of simultaneous

contrast may be expressed by saying that the comple-

mentary of each colour was added to the opposite one.

But the complementaries are not those given by him.

Thus the complementary of red is blue-green, not pure

green. The complementary of blue is yellow, not orange.

The complementary of purple is green, not yellow. It is

obvious, therefore, that the changes produced by simul-

taneous contrast are not those suggested by him.

The following contrasts are based on observations made

with Dr. Hofifert's apparatus for mixing spectral colours.
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In this way the changes which pure spectral colours

undergo when compared are evident. I have made
numerous experiments with pigmentary colours, and find

that in nearly every case the change undergone by a

pigmentary colour corresponds to that with a spectral

colour. I have a book which I constructed to show the

change which pigmentary colours undergo when con-

trasted. Each, page contains one colour shown upon a

white surface and on coloured surfaces. The observations

with spectral colours are, however, incomparably more
important, as it is impossible to reason upon mixed colours

until the changes which pure colours undergo have been
definitely determined.

Though Dr. Hoffert's apparatus was not constructed
with a view to ascertain the phenomena of simultaneous
contrast, it is admirably adapted for the purpose. The
apparatus is constructed so that two colours, either pure
or mixed, are seen side by side, all other light and colour
being excluded.

The following are the changes which are met with in
simultaneous contrast.

A light colour being contrasted with a dark colour, the
light colour appears to become lighter, and the dark colour
appears to become darker.

The following pairs of colours being contrasted—

'" ••• ... becomes more intense
Blue-green inclines to Blue

••• )i Hed
„ Blue

„ Orange

,t Violet

„ Yellow

becomes more intense

Green-blue

Yellow ...

Blue

Yellow-green

Violet
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becomes more intense.Green

Rose

Red
Orange ...

Red
YeUow ...

Red
Yellow-gruen

Red
Green

Red
Blue

Red
Violet ...

Orange ...

Yellow ...

Orange ...

Yellow-green

Orange ...

Green

Orange ...

Blue-green

Orange ...

Blue

Orange ...

Violet

Orange . .

.

Rose

Yellow ...

Yellow-green

Yellow ...

Green

» » )»

inclines to Rose- red

„ Yellow

„ Rose-red

„ Green

„ Rose-red

„ Pure Green

becomes more intense

inclines to Blue-green

becomes more intense

inclines to Violet

becomes more intense

inclines to Red
Green

Red
Green

Red
Blue

Red
Blue

Red
Violet

Red

becomes more intense

inclines to Yellow

Violet

„ Orange

,, Green

Orange

Bine
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Yellow . .

.

Blue-green

Yellow ...

Violet

inclines to Orange

„ Blue

„ Orange

becomes more intense

Yellow ...

Eose

inclines to Yellow-green

„ Violet

Yellow-green

Green

Yellow-green

Blue-green

Yellow-green

Blue

Rose

Red

Green

Blue-green

Green

Blue

Green

Violet ...

Blue-green

Blue

Blue-green

Violet

Blue-green

Rose

Blue

Violet

Blue

Rose

Violet

Rose

»

»

5>

5>

5>

Yellow

Blue

Yellow

Blue

Yellow

Violet

Violet

Orange

Yellow-green

Blue

Yellow-green

Violet

„ Yellow-green

becomes more intense

inclines to Green

„ Violet

ft

5»

5>

>»

»

5»

Green

Purple

Green

Red

Green

Purple

Green

Red

Blue

Red

G
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With compound colours, of a composition rarely met
with in nature, the changes were similar to the deduction
of the colour on the contrasting side. The changes were
more marked than with simple colours. For instance,

a compound yellow made by mixing red and green, on
being contrasted with red and orange, becomes a decided

green ; on being contrasted with green or blue, the colour

becomes a decided pink. This result is similar to that

produced by the deduction of red on the one hand, or

green on the other, from the compound colour. The com-

pound yellow when compared with spectral yellow does

not undergo any change in colour, but its compound
character becomes more evident. It looks like a yellow,

but not like a pure yellow. A white made by mixing

yellow and blue becomes lavender when contrasted with

green, violet when contrasted with red, orange, or yellow.

It will be seen that the only pairs of colours which do

not alter in hue when contrasted are green and rose, and

red and violet. The other colours alter as follows : When
both colours lie within the spectrum, and neither are

terminal units (that is red or violet) each colour appears

as if it were moved more towards the end of the spectrum

furthest away from the other colour. When a terminal

unit is contrasted with other spectral colours it appears as

if the other terminal unit had been added to it if the

contrasting colour be one lying between it and the centre

of the green. If the contrasting colour is situated at a

point further from the terminal unit than the centre of

the green the terminal unit will not change colour, but the

contrasting colour will appear as if it were moved more

towards the other terminal unit. The change of colour

in simultaneous contrast is always greatest with colours

occupying closely adjacent positions in the spectrum scale.

The effect of contrasting blue-violet with violet, or orange-
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red with red is greater than that of contrasting any other
spectral colour with the terminal units. The effect of con-
trast is in direct proportion to the nearness of the colours.

When pigmentary colours are contrasted with white
or gray, the latter changes in colour as follows :

—

Deep Red
Orange

Deep Yellow

Green

Greenish Blue

Blue

Violet

Rose

Greenish Blue

... Blue

... Violet

... Rose

... Red

... Orange

... Yellow

... Green

In the first column are the names of the colours con-
trasted with white.

4. Successive Contrast.—If we look at a number of
blue-green pieces of cloth and then at a piece of red cloth,
the latter wiU appear of a much more brilliant colour than
it would have appeared if it had been the first piece of cloth
shown. Similar changes are experienced with other colours.

The results obtained by successive contrast are similar
to those obtained by simultaneous contrast, only they are
more satisfactory and decided. The method I adopted
was as foUows. With a selenite sUde and a polariscope
I was able to obtain definite colours. Then, after lookincr
at a field of one colour for a short time, I looked at
a field of another colour and noted the appearance of
the latter. After waiting a few minutes I noted the real
colour of the field. The effect of the contrast of red and
blue was very marked, even when a red inclining to rose
was employed. I looked at a field of red for several
mmutes until the red appeared nearly black from colour-
fatigue. I then changed the field to one of pure blue.The first effec was as if a cloud of greenish blue passed
across the field, immediately disappearing, and leaving a
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field of violet. This field of violet was very much paler

than the blue at which I was really looking.

5. Colour-Irradiation.—If a smaU patch of coloured

material lying on a wliite ground be gazed at for a short

time, the ground will be tinged of the colour which would
appear by simultaneous contrast.

6. Colour-Fatigue.—If a colour be looked at for some
time the eye and brain will be less sensitive to that colour

than to other colours, and will be most sensitive to its

complementary. It is well known to drapers that a red

cloth will appear much more brilliant if some green cloths

have been previously exhibited.

I have given the facts of the physiological phenomena

of colour as I myself see them. It will be noticed that

these facts differ in many respects from those given by

the supporters of the red-blue-yellow theory on the one

hand, and those of the red-green-violet on the other. It

is curious to notice how these facts differ. The chief

point in which the facts above stated differ from those

recorded is that of the simultaneous contrast of blue and

red. It will be noticed that I have stated that when blue

is contrasted with red the blue inclines to violet, and not

to green as stated by others. I must confess that I was

rather surprised to find this result, as I saw no reason to

question the view that in simultaneous contrast the colours

differed by the addition of the complementary. It will

be noticed from the theory of the perception of difference

that the addition of the complementary would increase

the differences between colours as much as possible. But

we must not regard the colour series as a circle. It is

evident that this series is physiologically a straight series,

and that the violet waves differ from the red more than

the blue-green ones do. When violet is contrasted with

red both become brighter.



THE PHYSIOLOGICAL PHENOMENA OF COLOUR. Oo

The explanation of simultaneous contrast must be con-

sidered apart from complementary colours. The phenomena

are most marked when the colours contrasted correspond

to near positions in the spectrum. The theory that each

colour differs by the addition of the complementary of

the other would not explain the differences, because the

contrast would be greater in cases in which the colours

were not so closely allied. To take as an illustration a

pure yellow and a yellow tinged with green. The com-

plementary of yellow, namely blue, added to the greenish

yellow, makes a greenish white. The complementary of

greenish yellow is a blue differing very little from a pure

blue, being inclined towards violet-blue. The addition of

this complementary to the pure yellow would make it

white, tinged with blue. Whereas the effect of contrasting-

the two colours is that the yellow inclines to orange, and

the greenish yellow to yellow-green.

Again, let us take yellow and green and contrast them.

It is obvious that the complementaries of these two- colours

differ much more than those of greenish yellow and yellow.

Thus the complementary of yellow, namely blue, added

to green makes blue-green, whilst the complementary of

green, namely rose, added to yellow makes pink. Now,

yellow and greenish yellow differ much more markedly

when contrasted than yellow and green do.

The phenomena of simultaneous contrast must be

considered purely as measuring the differences between

colours. When one colour is contrasted with another the

difference between the two becomes more marked—that

is to say, the lower colour apparently occupies a position

a little lower down the scale, and the higher colour a

position a little higher up the scale. The closer the

positions occupied by colours on the scale the more
marked the differences become. We have to consider the
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effect of the modified unit purple. Does a blue contrasted
with a violet make the latter appear more purple ? It

is obvious enough that if once an element of red be
admitted in the violet the colour is no longer a true violet,

but one of the modified units between violet and red. But
the contrast of blue with a violet which has or has not an
element of red will make that colour incline to red. This

does not make the colour series a circle, but is simply due
to the fact that the unit red is capable of combining with

the unit violet, to give rise to the modified unit purple.

The question now comes for consideration. Are these

phenomena due to changes in the retina, or to changes in

the brain ? I am inclined to think that the phenomena
are partly retinal and partly cerebral, and the following

experiments give support to this view.

1. A definite complementary, having the shape of the

object looked at, may be seen even if the eyes be kept

moving during the whole of the experiment, so that the

coloured object shall occupy respectively every portion of

the visual field. The complementary is not so vivid as

that produced by a fixed gaze.

2. If we look intently at a coloured object with the

left eye, the right being bandaged, and then suddenly

close the left eye and look at a piece of white paper with

the right eye, a complementary -svill be seen. This will be

of a less intense character than if seen with the left eye.

3. If. we bandage the right eye and obtain a comple-

mentary with the left, on looking at this complementary

for a short time, and then closing the left eye and looking

at a piece of paper with the right, we shall see an after-

image having the colour of the original object.

A careful consideration of the facts given above will

show that they may be classified under two heads :

—

1. Those due to psycho-physical perception.
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2. Those due to colour-fatigue of the retina and brain.

The first class includes all those changes in which the

colour appears to be shifted to a higher or lower point

in the colour-scale. The second class includes all those

changes in which a complementary colour is apparently-

seen. The changes in all cases are greater when both

effects are combined, and least when they are opposed.

As an instance of this, let us take a series of coloured

cards and put a small piece of gray paper on each. It

will be noticed that the greatest effect is produced on the

green and rose cards, the gray paper in each case being

tinted of a decided rose or green, according to the colour

of the card. Again, the least effect is produced in the

case of the red and violet cards. In the case of these

latter, it is difficult to detect any alteration in the colour

of the gray. In the case of the green and rose cards, both

factors tend to make the gray appear tinted with the

complementary colour.

The explanation of complementary colours by my
theory of retino-cerebral perception is as follows. When
the colour-perceiving centre in the brain has just been
perceiving rays of a certain kind, it and the retina are

directly afterwards less responsive to those rays than to

rays of a different degree of refrangibility, and so sur-

rounding objects will appear to be deficient in that colour.

For inst-ance, if a person has been looking at a red object
and then looks at a piece of white paper, the perceptive
centre not being actively responsive to the red rays, the
white appears to be deficient in the red, and is perceived
as blue-green, which is the colour obtained by mixing the
remaining rays of the spectrum. As I have previously
stated, the blue-green seen will not be the true com-
plementary of red, but a much bluer colour, really a
greenish blue. This is due to contrast.
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CHAPTER IX.

OBJECTION& TO PREVIOUS THEORIES OF COLOUR-PERCEPTION.

A CONSIDERATION of the facts which I have given, shows
that neither the Young-Helmholtz nor Hering's theory of

eoloTir-perception will explain the phenomena of colour-

blindness in a satisfactory manner.

With regard to the former of these theories, Helmholtz
modifying Young's theory of colour-perception, assumes
that there are in the retina three sets of nerve-fibres, the

stimulation of the first set giving rise to the sensation of

red, of the second the sensation of green, and the third

the sensation of violet. He assumes that all kinds of

light stimulate all three sorts of fibres, but in a difierent

proportion. The following diagram shows the propor-

tional stimulation of each set of nerve-fibres by different

varieties of pure light.

7 2 3

R O Y G- B V
Fig. 12.—Diagram of the three primary colour-sensations. (Holmgren.)

No. 1 curve corresponds to the red set of fibres, No. 2

to the green set, and No. 3 to the violet set. The height

of the curve represents its proportional stimulation by
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the variety of light indicated by the letter. Thus pure

yellow light stimulates the red and green sets of fibres

considerably, and the violet set slightly, fche resulting

sensation being yellow.

Holmgren has applied this theory to the phenomena

of colour-blindness. He divides the colour-blind into the

following classes :

—

A. Total colour-blindness, in which only one set of

fibres is present in the retina, and so the individual can

only perceive colours as varying degrees of light and shade.

B. Partial colour-blindiiess, in which one set of fibres

is completely absent. There may be three varieties :—

(i.) Eed-blindness.

(ii.) Green-blindness;

(iii.) Violet-blindness.

C. Incomplete colour-blindness, in- which one or more

of the three sets of fibres are defective.

The following objections may be urged against this

theory :

—

1. Perception of Shade.^—First with regard to those

cases which have been classed under the heads of com-

plete red-blindness, complete green-blindness, and com-

plete violet-blindness.

If one set of fibres, responding variably to rays of

light of different degrees of refrangibility, were removed,

it ought to follow that the perception of light and shade

of a colour-blind person should differ from the normal in

a corresponding degree. Thus we can represent either of

the above varieties of colour-blindness by the preceding

diagram, with the corresponding curve removed. In the

case of red-blindness we should remove the red curve,

green-blindness the green curve, and violet-blindness the

violet curve. This, according to Holmgren, gives us a

key to the colour-perception of the colour-blind.
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Let us take the first and, according to Holmgren, the
commonest variety of colour-blindness, namely red-blind-
ness, in which the red set of fibres is supposed to be
absent. Then all colour sensations will be made up of
green and violet, the junction of the two curves being at
the blue-green. According to this theory, spectral red
will excite the green perceptive slightly, and the violet

perceptive still more faintly, the resulting sensation being
a green of very feeble intensity. Spectral green will

excite the green perceptive to its maximum degree of

stimulation, and the violet perceptive considerably, the

resulting sensation will therefore be a very bright green.

From this we should expect that the colour-blind who had
been diagnosed as being red-blind, would match a bright

saturated red with a dark green. They would also match
shades of orange and yellow with less saturated but darker

shades of green.

This, however, is not the case ; and for illustration we
can take a typical case of redgreen-blindness (a two-unit

with a spectrum of normal length, without a neutral band

in the blue-green), and give him a large number of coloured

wools, there being a considerable variety of shades of red,

orange, yellow, yellow-green, and green, and tell him to

pick out those which are most alike in every respect, and,

if possible, to find identical wools. It is necessary that

the reds and greens should be pure—that is, reflect no

violet or blue light,—because to the two-unit, violet and red,

like blue and green, make a gray. It will then be found

that the colour-blind will make matches corresponding

exactly to those of a normal-sighted person. Thus he

win match a red of a certain shade with a green of a cor-

responding, and not a darker shade. The same with the

shades of orange and yellow-green.

The fact that many colour-blind persons are able to
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match shades of colour very accurately has been stated

by many writers.

Nichols* has made many experiments in order to test

the sensitiveness of the eye to colours of a low degree

of saturation, and the perception of shade. He found that

colour-blindness does not affect to any marked degree a

person's ability in this respect.

The immense importance of this fact, as a proof that

the Young-Helmholtz theory is a fallacy, does not appear

to have been recognized, or, as far as I am aware, even

mentioned. Colour-blind persons would make very poor

engravers if they represented a light red as black. When

it is considered what a very considerable effect upon the

perception of shade, even a slight shortening of the

spectrum has, the effect of the subtraction of one-third

of the light-perceiving fibres, would have an effect upon

shade which could not be overlooked. The following

diagrams (Figs. 13, 14, 15) show the marked effect upon

the perception of shade which the subtraction of one set

of fibres would have, according to the Young-Helmholtz

theory. The curves should be compared with those con-

structed by Captain Abney and Major-General Testing.

It will be seen that, whilst the shade of any given green

is not altered to any great degree, reds must appear very

dark indeed.

We can put this objection in the form of a mathe-

matical proposition constructed from the diagrams.

Let A equal the amount of light which the brain

receives through the red set of fibres, B that received

through the green set of fibres, and C that received through

the violet set of fibres. Let the curve A be removed.

* " On the Sensitiveness of the Eye to Colours of a Low Degree of

Saturation:" Edward L. Nichols, Ph.D., American Journal of Science,

vol. XXX., p. 37.
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Then spectral red will have lost seven-eighths of its

luminosity, only one-eighth of the retinal stimulation

perceived by the normal-sighted taking place. But

B C

R O Y B V
Fig. 15.

Fig. 13 is the diagram representing the three primary colour-sensations of the Young-

Helmholtz theory.

Fig. 14 is a luminosity curve for a normal sighted person, constructed from the above

diagram.
Fig. 15 is a luminosity curve for a red-blind, constructed from the above diagram.

spectral gi-een only has its luminosity diminished one

quarter. Therefore, if the red and green have been
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adjusted so as to appear similar in shade to the normal-

sighted, they must appear dissimilar m shade to the red-

blind, because if unequals be taken from equals the

remainders cannot possibly be equal. But on examina-

tion a redgreen-blind is found, who says that the two

colours are identical in every respect, both in colour and

shade ; that is to say, unequals being taken from equals

equal remainders are left, which is absurd. Therefore the

theory is untrue.

This proof appears to me so conclusive that, if the

Young-Helmholtz theory had not received the support

of men of great ability, I should have rested content with

the above objection, the difference in the subtraction being

so great, that its effect upon shade could not have

escaped notice, even with the roughest examination, far

less with careful examinations directed specially to this

point. Out of respect, therefore, to those who have

supported the theory, I will discuss in detail other

objections which have occurred to me in the course of my
investigations.

2. Varieties of Redgreen-blind.—If the Young-Helm-

holtz theory were true, there would be definite varieties

of colour-blindness—namely, the red-blind in whom the

red-perceiving fibres were absent, and the green-blind

in whom the green-perceiving fibres were absent. But

this division, which has been made by Holmgren, is quite

artificial. Many observers have noticed that those who

have been found to be red-blind at one examination have

at another time been found to be green-blind.

Compare two diagrams, one with the green curve of

the Young-Helmholtz theory removed, and the other with

the red curve absent. It will be seen that the mistakes

made in each case would be quite different. In the case

of red-blindness a neutral band would be found in the
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blue-green, whilst in green-blindness the neutral band
would be found in the centre of the green of the spectrum.

I know of no recorded case in which a neutral band has

been found in the centre of the green. I have invariably

found the junction of the two units at the blue-green

junction of the normal-sighted.

A redgreen-blind will be found to make the mistakes

of both classes, and this is especially evident if he be set

to classify a large number of coloured objects of different

materials. He makes a classification in accordance with

the two units he possesses, and the slight modifications

met with are due to the presence of a shortened spectrum,

or a neutral band in the blue-green.

3. Direct Evidence of Colour-blind Persons.—According

to this theory, a colour-blind with the red-perceptive

absent ought to see green as the most representative colour

of the first unit ; but the simple two-unit invariably say

that yellow is the colour which they see, and, as they are

speaking of spectral light, there can be no question about

the purity of the colour.

Dr. Pole * says, referring to this theory :
" This theory

is in great favour owing to the eminence of its authors,

and the support of many distinguished physicists. But

objections have been raised to it on several grounds, one

of the most forcible being that it does not accord with the

experience of the colour-blind. If there is any one fact

more unequivocally deducible from their evidence than

another, it is that the less refrangible colour they perceive

corresponds to yellow, and not to green. In my own

case, which I believe is a typical one, my long-wave colour

is most vivid and positive, and it is an absolute certainty

that its maximum splendour is excited by the buttercup,

or by the pigment Chrome Yellow, or by the sodium line
;

» " Colour-blindness :" Dr. Pole, Nature, 1879, p. 479.
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whereas objects that I hear called green give me no definite

impression at all ; sometimes they assume a debased, dirty,

or washed-out buttercup-colour; sometimes they look

black or gray, and sometimes they even give my opposite

sensation, blue. How, therefore, it can be argued that my
most brilliant buttercup sensation' is excited by green

objects rather than yellow ones, is to me unintelligible."

4. Variable Shortening of Red End of Spectrum.—The

shortening of the red-end of the spectrum, which is

occasionally very great, is not explained. This shortening

is very variable, and is often not present at all. Thus, in

the case of Dr. Pole, and many others whom I have

examined, the spectrum was of the normal length. This

shortening is not connected with the diminution in the

number of the units. I have found considerable shorten-

ing of the red end of the spectrum in a four-unit colour-

blind, and it may be met with in a person whose units are

of the normal number. The shortened portion of the

spectrum is not perceived at all ; that is to say, the colour-

blind says that the field is quite black when the portion

of red or violet which he cannot perceive is present. Then
the line of demarcation is quite abrupt, so how are we to

explain this according to the theory ? For instance, take a

colour-blind who is able to perceive half of the red of the
spectrum. How is it that the green and violet perceptives
are able to respond to one half and not the other of the
red ? Also, how is it that the degree of shortening is

variable ?

5. Variable Shortening of Violet End of Spectrum.—The
shortening of the violet end of a bright spectrum, which
is often met with in both partial and extreme cases of
colour-blindness, is not explained. In many redgreen-
blind the violet end of a dull spectrum is considerably
shortened. The violet perceptive being normal, how can
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this be explained ? It is not entirely due to the lessened

intensity, because if a portion of violet more towards the

middle of the spectrum be taken, and its intensity reduced

until it is only just visible to the normal-sighted, the

colour-blind will recognize it as well.

6. The Class of the Seven-unit.—The theory will not

explain why certain persons can see seven colours in the

spectrum.

7. Complementary Colours.—The fact that the two-unit

colour-blind see the complementary colours in one unit,

is a very strong point against this theory. The two-

unit colour-blind do not see complementary colours as

readily as the normal-sighted do, but, if the directions

I have given be followed out, they will be able to see

them. Under these circumstances we can obtain a com-

plementary which corresponds to that seen by the normal-

sighted. According to the Young-Helmholtz theory, if a

red-blind saw a complementary of red at all, it should be

blue ; but I have only once received this answer. I have

had two-unit colour-blind call the complementary of red,

yellow and yellow-green, as well as those who have called

it blue-green and pointed out the correct colour.

The theory will not explain the fact that comple-

mentary colours, which are obtained by looking for a

short time at a coloured substance, are different from those

obtained by mixing spectral colours. The former differ

from the latter in being situated at a greater distance from

each other in the spectral scale. Thus blue is the true

complementary of yellow, but the coloured after-image

obtained by looking at a blue object is orange. The

after-image obtained by looking at a yeUow object is tinted

violet. .

8. Simultaneous Contrast.—The phenomena of simul-

taneous contrast are not well explained by this theory.
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The theory does not account for the fact that blue con-

trasted with red inclines to violet. According to the

theory the blue should incline to green. The theory does

not account for the fact that colours which occupy a

closely adjacent position in the spectral series are more

altered than those which are situated at a relatively

greater distance.

With regard to shadows coloured by contrast. If we

take a piece of ruby-red glass and interpose a pencil

between it and a piece of paper, the paper will be coloured

red by the transmitted light which passes through the

glass. The interposition of the pencil will, however, cause

a shadow to fall upon the paper. This will be tinged with

the colour which would appear by simultaneous contrast.

As the shadow will appear greenish blue directly it is looked

at, the phenomenon cannot be due to over-stimulation of

the red set of nerve-fibres. Besides, the portion of retina

which receives the coloured shadow has not received the

colour itself, and so its fibres cannot have become ex-

hausted.

9. Successive Contrast.—The phenomena of successive

contrast present similar difficulties.

10. After-images.— (i.) The fact that an after-image

can be seen when the eyes are shut and all light excluded
is not explained by this theory, (ii.) The fact that an
after-image of a complementary colour is seen with an
eye which has been kept closed, the coloured object
having been observed with the other eye, is not explained.

11. Variations in Intensity.—The fact that we can see
only three colours in a spectrum of lessened intensity,
namely red, green, and violet, has been brought forward
as a fact in favour of the Young-Helmholtz theory of
colour-perception. As a matter of fact, it should be
brought forward as a strong fact against this theory

;
thus.
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why should the rays of light occupying the position of the

D lines of the spectrum be seen as red ? They ought,

according to this theory, to be seen as a yellow of low
intensity

;
because, whether the rays of light be many or

few, they would equally stimulate the two primary sensa-

tions. I do not think that the theory accounts in a

satisfactory manner for the presence of yellow and blue

in the spectrum. The spectrum ought to have the

appearance which it has to the three-unit—that is, the

yellow should be replaced by reddish green. "Why should

a new colour, yellow, appear ?

12. Colour-mixing.—There are many facts in the mLxing

of spectral colours wMch this theory will not explain,

particularly the fact that red and green when mixed will

make a pink, which is very similar to that made by mixing

red and violet. It is true that red and green may be

proj)ortioned so that a yellow is obtained, but the fact

that they make a pink has to be explained.

13. Structure of Retina.—The microscopic structure of

the retina affords not only no evidence of there being three

sets of fibres, but direct evidence that such is not the

case. The evidence of the latest observers shows that the

cones, as a whole, expand under the influence of one kind

of light, and contract when submitted to another kind.

14. Colour-blindness through Hypnotism.—It has been

stated by some hypnotists that colour-blind persons have,

when under the hypnotic influence, been able to sort and

arrange colours like normal-sighted persons ; whilst many

normal-sighted persons have been made temporarily colour-

blind by hypnotism.

These experiments I have not yet confirmed, but I see

no reason for doubting, their accuracy. If true, they form

important evidence against the theory. Hypnotism could

not replace a congenitally defecti^•e set of nerve fibres,
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but it is easy to understand how a concentration of nervous

force might make a small faculty have temporarily the

same influence as a normal-sized faculty has constantly,

and so enable a person to distinguish between units

prei-iously alike to him. In the same way we can under-

stand how the withdrawal of nervous force would diminish

the function of a normal-sized faculty. We meet with
analogous conditions of other faculties. Most persons are

cognizant of the effect of hypnotism upon the emotional

faculties.

15. Temporary Colour-blindness in Insanity.—Dr. Savage
imforms me that temporary colour-blindness is not un-
common in cases of insanity of an emotional-hysterical

type. It seems to me very improbable that there is abro-
gation of function of one set of fibres in cases of this kind.
The symptoms point to disorder of the brain.

16. Temporary Colour-blindness in Congestion of the
Bram.—Bronuer states * that congestion of the brain will
cause a temporary colour-blindness. This plainly points
to" the brain as the seat of this affection.

II. With regard to Bering's Theory of Colour-percep-
tion.—This theory is not nearly as plausible as the Young-
Helmholtz, and wiU not explain so many of the phenomena
of colour.

Hering assumes that there are three substances in the
retina which are variously acted upon by rays of light, beino-
disintegrated by one colour and built up by another': firs^
a substance which is disintegrated by red and built up
by green

;
second, a substance which is built up by blue

and disintegrated by yellow
;
and, third, a substance which

IS dismtegi^ated by white and the other dissimilative
colours, and built up by black and the other assimilative
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colours. Hering says that the hlack-wliitc substance

is most acted upon by the yellow rays of the spectrum.

The red-green substance is acted upon by three parts of

the spectrum, red at each end, and green in the middle.

The blue-yellow substance is acted upon by the whole of

the spectrum with the exception of the green. It will be

seen that spectral red acts upon the blue-yellow substance

as well as upon the red-green substance, and that spectral

violet also acts upon both substances. The only spectral

colour which is capable of giving rise to a pure sensation

of colour, according to this theory, is green.

1. Perception of Shade of Colour-blind Persons.—The

arguments which were used with reference to the Young-

Helmholtz theory equally apply to this theory, substituting

' chemical substance ' for ' set of nerve-fibres.' When we

find that there is no alteration in the perception of shade

there can be no loss of importance of any light-perceiving

substance.

2. Spectral Examination of the Colour-blind.—Accord-

ing to the theory a redgreen-blind should see spectral

red and orange as yellow, and spectral green as wliite, but

a redgreen-blind sees red, orange, yellow, and green as

colours which in no way differ from yellow. Also, if a

redgreen-blind person saw spectral red and orange as

yellow, and spectral green as white, he would not confuse

red and green. But he does confuse red and green, there-

fore the theory is fallacious.

According to the theory a blue-yellow blind should see

spectral red and orange as red; spectral yellow and blue

as white and black
;
spectral green as green, and spectral

violet as red. I have not met with a colour-blmd person

who has seen the spectrum in the above way; and I am

not aware of any recorded case in which spectral blue has

been seen as black. From this it is seen that the theory
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is inconsistent with the established facts of colour-blind-

ness.

3. Complementary Colours.—There is no evidence to

show that red and green, and blue and yellow are opposed.

AVhite and black may be opposed, and each of the colours

may be opposed to black, which is the negative of white

and of all colours. The simple colours are not comple-

mentary as Hering states, thus the complementary of red

is bluish green, not green. The antagonistic colours of

Hering do not annihihate each other, but combine into a

white manifestly more intense than either of the colours.

It is unnecessary to discuss any further objections to

this theory.

It may be well to consider the restrictions which facta

put upon theory in connection with colour. From the fact

that many colour-blind persons are able to match colours

with regard to shade with perfect accuracy it is evident

that there can be no loss of any light-perceiving portion of

the retina. It is therefore evident that any theory which

assumes this loss must be a fallacy. A retinal theory, to

be consistent with this fact, must assume the existence of

separate organs in the retina for the perception of colour

and light. There are two separate organs in the retina

—

the rods and the cones ; but then the rods are absent from

the fovea centralis where the perception of light and colour

are both most distinct. Then, as colour is not a physical

property of bodies, it is very difficult to comprehend how
it could exist apart from light. It is easy enough to

understand how shortening of the spectrum might be due

to some retinal defect, because, in this case, a certain number
of rays are not perceived, and there is light as well as

colour loss.

Deductions made from a few cases are useless, because
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the essential facts cannot be separated from tlie individual
detaHs

;
thus I am not aware that any previous observer

has separated shortening of the spectrum from colour-
blindness due to defective perception, and until this is
done the facts are very difficult to explain. Then, the
colour may be modified by the media of the eye. From
this it wm be seen that it is necessary to obtain the details
of a large number of cases, and note those facts which are
common to all.



CHAPTER X.

THE CLASS OF THE SEVEN-UNIT.

I HAVE described the colour-perception of the normal-

sighted, but there still remains a class who have a colour-

perception different from the normal-sighted, and yet are

not colour-blind. These persons see seven colours in the

spectrum, and the division is different from that of the

normal-sighted. See Fig. 1 of the frontispiece. The per-

centage of these persons is very small. There is probably

not more than one in every two or three thousand. I have

met with three cases. One was a mechanic, who was

pointed out to me as colour-blind because he had persisted

in callinj? a colour blue which his fellow-workmen all

agreed in calling a violet. I examined him with the

spectrum, and he marked it out as in Fig. 1. He persisted

in saying that there was a dark blue visible between the

blue and the violet, though I could see no definite colour

at this point, neither was the spectrum particularly dark.

This is, in all probability, how Newton marked out seven

colours in the spectrum. He tells us that he and a friend of

his, who was noted for having a particularly good eye for

colour, obtained similar results. Newton would not have

been likely to have marked out a colour which he could

not see.

The seven-unit also see the orange band of a larger size

than the normal-sighted.



104 COLOUR-BLINDNESS AND COLOUR-PERCEPTION.

^

Many become aware that they differ from the normal in
this respect. Thus, when I was testing a man who pos-sessed
very accurate colour-perception, and whose occupation
consisted in matching and arranging colours, I picked out a
violet and asked him what colour it was. He said, " I should
call it a blue ; some people would call it a violet." I then
picked up a very dark blue, and said, " Would you put it

with this?" "No," he replied, "I should not; it is a
distinct colour. People seem to class so many colours

under one name."

All the persons I have found belonging to this class

have been very fond of colours. The first individual whom
I came across was an amateur artist, who, his employer
told me, paiuted very well.

It is perfectly certain that individuals belonging to

this class see more in colour than the normal-siiihted.

They can match colours with greater ease, and have
a better memory for varieties of colour. They can also

recognize differences in colour which are not perceptible

to the normal-sighted. This we should expect, as their

absolute psycho-physical units are smaller. In order to

prove this increased power of colour-perception I con-

structed a test in the following way : I painted a ground

of Prussian blue, and then, when the colour was dry, I put

an after-tint of another colour over it, keeping a careful

record of what I had done. In most instances I put the

after-tint only over half of the disc. On looking at these

coloured discs I am unable to tell, without referring to

my note-book, the colour of the after-tint.

I took these discs to a well-known artist, but he failed

to tell the colour of the after-tints. A pupil of his, how-

ever, a boy of fourteen, looked at the discs, and told the

colour of the after-tint correctly in each case. Ho

apologized for seeing the colours like this (because hi^^
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master was so incredulous), and said that he had some-

thiug the matter with his eyes when a child.

I have also used squares painted with various mixtures

of colours in order to test the seven-unit, with the same

result. It is obvious that practically this class is of little

importance, as they are able to recognize all the differences

in colour which are perceptible to other persons, and they

are able to recognize differences which are not perceptible

to others. It is probably on this account that systems of

colour nomenclature have found little favour, and there is

not a definite system in general use. It will be noticed

in Fig. 1 that the blue encroaches on the green of the

normal-sighted. A seven-unit person would therefore

call a colour a blue which a normal-sighted person would

call a green. This is just the opposite to the mistakes of

the colour-blind, who include a portion of blue in their

greem
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CHAPTEE XI.

THE QUALITATIVE AND QUANTITATIVE ESTIiLV.TION OF

DEFECTS OF COLOUR-PERCEPTION.

Before discussing tlie methods which should be employed

to ascertain the degree of colour-defect of a colour-blind

person, it is necessary to consider in detail the causes of

colour-blindness. These may be ranged under four heads.

I. Colour-defects due to absorption of certain rays by

the media of the eye.

II. Colour-defects due to non-excitability of the visual

substance or optic nerve-fibres by rays of light of a certain

wave-length.

III. Colour-defects due to pathological conditions.

IV. Colour-defects due to imperfection of the colour-per-

ceiving centre.

Each of the above subdivisions requii-es to be con-

sidered separately. On examining a case of colour-blind-

ness, we must ascertain under which of the above heads

the defects must be classed. We may meet with any one

of the above conditions alone or combined, and it is this

want of classification wliich has made the study of colour-

blindness so difficult.

An examination with the spectrum should first be

made to ascertain the psycho-physical perception of tlic

individual examined, and whether there is shortening of
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the spectrum for bright light, or light of diminished

intensity.

With regard to the first class, namely, colour-defects

due to absorption of certain rays by the media of the eye.

I think that the importance of defects due to this cause

lias been very much exaggerated. The absorption is so

slight in comparison with the quantity of light which

enters the eye, that in the absence of any other colour-

defect there would scarcely be any alteration in the appear-

ance of colours. Again, the colour-perceiving centre would

become less sensitive to impressions of the predominant

colour, and more sensitive to those of its complementary.

I have carefully looked for a case in which the whole

colour-defect might be put down to absorption by the

media of the eye, and have not been able to find one. The
case of Mulready will, however, serve as an example of

defects of colour-perception due to this cause. It is well

known that the pictures which he painted in his later

years are too blue, and in order to be seen to the best

advantage they have to be looked at through a yellow
glass. The cause of this defect was the yellow tint which
the crystalline lenses acquire with age,

The degree of colour-defect due to absorption may be
ascertained quantitatively. The result, however, will be
only relative to that of the examiner. For instance, Mul-
ready relatively to most persons saw too much yellow in
nature, whilst the same persons taking Mulready as a
standard saw too much blue. In order to ascertain quan-
titatively the degree of the defect we must first exclude
colour-blindness due to defective psycho-physical percep-
tion, and colour-blindness due to a shortened spectrum,
and then test the individual with an apparatus for mixing
spectral colours in definite proportions. The appearance
of definite mixtures should be noted. A certain amount
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of blue being found to neutralize a definite amount of

yellow for the examiner, it should be noted whether more,

or less blue is required for the examinee, and the relative

proportions of each colour. The yellow and blue must in

every case correspond to definite points of the spectrum

scale. The intensity of the colour may be regulated Ijy

increasing or diminishing the intensity of the source of

light. In the same way the jiroportions of red and green

necessary to make yellow, and the proportions of green

and violet necessary to make blue should be ascertained.

The proportions of the different complementaries neces-

sary to make white should be recorded.

There is not much to be said about Class III., namely,

colour-defects due to pathological conditions. These rarely

exist apart from other diseases of the eye, and are fully

considered in treatises on these diseases. The remainder

of tliis chapter will be devoted to considering Classes II.

and IV., namely, colour-blindness due to shortening of

the spectrum, and colour-blindness due to defective psycho-

physical perception.

Methods which are employed in order to ascertain tlie

nature of the colour-perception of the colour-blind must

be separated from, and considered entirely apart from

those which are employed in order to determine whether

colour-blindness be present or not for some definite prac-

tical object. The length of time which must be spent

over one case, in order that it may be subsequently used

as a basis for classification, is generally very great. The

results obtained by the following methods agree in all

particulars.

A. Information afforded by the Colour-blind them-

selves.

—

Wo may obtain very valuable information from

the colour-blind, if their remarks be taken down without

question. It is absolutely necessary that no leading ques-



ESTIMATION OF DEFECTS OF COLOUR-PERCEPTION. 109

tions be asked. A colour-blind person who talks about

a greenish purple probably belongs to the four-unit class,

whilst another who talked about a reddish green would

probably belong to the three or two-unit class.

The following questions should be asked :—

1. How long have you found difaculty in distinguishing

colours ?

2. What colours do you confuse ?

3. What effect has gaslight upon colours ?

4. Does distance make any difference in the appear-

ance of colours ?

5. Are you fond of colours ? What is your favourite

colour ?

6. Does the ordinary classification of colours appear to

you correct 1 . .

7. Give examples of objects which appear of a decided

colour,

8. What colours appear the most definite ?

9. Have you tried to cultivate a knowledge of colours,

and, if so, with what result ?

10. Have you any relative who cannot distinguish

colours ?

He should then be asked to name a large number of

coloured objects. This method of examination is very useful

as a preliminary, because a colour-blind person will name
colours in accordance with his psycho-physical perception

of colour, and we shall thus obtain a very good idea of

the class to which he belongs. Many writers on colour-

blindness have stated that naming colours is a useless and
misleading method of examination, because the colour-blind

must use the conventional colour-names, and use. them at

random. But this argument is a fallacy, because the colour-

blind do not name colours at random, but in accordance

with their ideas of colour. I will make this clear with an
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example. Let us compare the class of the seven-unit with
that of the six-unit. The former class of persons see a

definite colour at the point of junction of the blue and
violet of the six-unit. It is evident, therefore, that the

seven-unit are able to classify colours corresponding to

this portion of the spectrum, and would give a definite

name to the class, whilst the six-unit are not able to make
a correct classification, and call the colour either blue or

violet. When a colour-blind person names a colom- in

strict accordance with his ideas on the subject, he tells us

which colour the object under observation resembles to him.

Naming colours is a method of roughly classifying them,

and the errors may reveal the nature of the defect. For

instance, a two-unit would never call yellow, blue ; or blue,

yellow : whilst he would call red, green ; and green, red.

A three-unit never calls red, green ; or green, violet : but

calls violet, blue ; and orange, red. The subject of colour-

names will be considered more fully in a later chapter.

Anything abnormal or uncommon about the eyes

should be noted. In many colour-blind persons a curious

appearance of the eyes may be observed. In most persons

the lower lid covers the edge of the iris; but in manj^

colour-blind persons the lower lid does not extend as far

upwards as the iris. This gives a very odd and unnatural

appearance to the eyes. I mention this because it has

enabled me to detect several colour-blind persons.

Wilson speaks of a peculiarity of expression in the

eyes of certain of the colour-blind. He says

—

"One has an absent, anxious glance, with something

of the expression which amaurosis gives, only the pupil

is small. One has a startled, restless look. The other

two have an eager, prying, aimless air. The character

common to them all, and to the other cases I have seen,

is this aimlessness of look."



ESTIMATION OF DEFECTS OF COLOUE-PERCEPTION. Ill

It is very difficult to obtain a definite idea of the

expression described by Wilson. Many normal-sighted

persons have an anxious glance when being examined,

and I tliink that this depends upon the temperament of

the individual.

The reader can obtain an idea of the expression which

1 have described above, by looking at a spot on a mirror

on a level with the eyes, and then, keeping the eyes fixed

upon this spot, bend the head forwards imtil the sclerotic

is visible below the iris.

B. Examination with the Spectrum.—Erom a scientific

point of view, this is the most important method of

examination, as it gives the key to all the mistakes made.

The eye-piece of the spectroscope which is used must be

pro\i.ded with shutters, so that any portion of the spectrum

may be separated from the adjacent colours.

Both the solar and gas spectra may be used. The
difficulty with the latter spectrum is that it contains a

paucity of blue rays, and on this account presents a sort

of natm^al blue-green junction.

The spectroscope should be arranged so that yellow

occupies the middle of the field, with green on one side,

and orange and red on the other. The examinee should

then be asked to name the colour of the field. I have
invariably found theWo-unit colour-blind reply, Yellow;"
the three-unit, " Eed, gradually passing into green

; " the
four-unit, " Eed, yellow, and green," and the normal-sighted
have named all four colours correctly. It is necessary to
commence the examination in this way for two reasons

;

the first, is that it gives us at once a very fair idea of the
colour-perception of the individual ; the second, is that it

prevents the colour-blind from making colours, and so
saves time. If we commence—as I did at first—by asking
the colour-blind to mark off the red, then the next colouit
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and so on, if he be edncated, with a knowledge of colour.s

and of the spectrum, he will try to find some guiding

point, and then calculate the position of the colours. 1

have had a two-unit colour-blind mark out all the colours

(not correctly) in both the solar and gas spectra, wlien

I examined him commencing with the red. Subsequently

I examined him again, commencing in the above way,

when he remarked that the field was all yellow, showing

at once that he belonged to the class of the two-unit

colour-blind. The half of the red, orange, yellow, and

about half of the green present a field of almost equal

luminosity. The colour-blind person does not know what

he is going to see, and therefore answers cts he sees, whilst

any normal-sighted person at once sees, and names the

colours shown. The next process is to ascertain the points

of junction of the different units. This is done by moving

the spectrum until the pointer of the eye-piece is situated

at the junction between the two colours. The shutters of

the eye-piece are useful here, so that all the colom*s vrith

the exception of that du-ectly under obser\'ation may be

excluded. There "udll then be usually no difficulty in

ascertaining the correct junction.

The bands of colour having been carefully marked out,

the examinee should be tested Avith regard to the length

of his spectrum for bright light, whether normal in length,

or shortened at either the red or the violet end. This

may be done with the aid of the shutters so as to insure

perfect accuracy. Half of the field should be black, and

the other lialf should contain the termination of the

spectrum, either the red or the violet end. The examinee

should then be requested to push in the shutter until all

colour just, and only just, disappears from view. He

should then be tested with a spectrum of diminislied

intensity, obtained by nearly closing the slit of the
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spectroscope. If the spectrum be shortened for coloured

Light of diminished intensity, the examinee should be

tested with coloured light more towards the centre of the

spectrum. Thus, if the violet end of the spectrum of

diminished intensity be shortened, one shutter should be

placed over the shortened portion, and the remainder of

the violet allowed to occupy the field. The examiner

should then reduce the intensity of this portion by closing

the slit until the violet is only just visible to him, and

then test the examinee with it. I have always found

that the colour-blind are able to see the colour. This

experiment gives us two important facts—namely, that

there is really shortening of the spectrum of diminished

intensity, and that it is not the diminution of the intensity

only which causes the non-recognition of the light. The
points of greatest luminosity in the spectrum should also

be ascertained.

I consider the above the most accurate method of

examining the colour-perception of a colour-blind person.

Small personal details will not affect the result of the

examination. For instance, if we are examining two
colour-blind persons whose psycho-physical perception is

similar, but one has much yellower lenses than the other,

the result will not be altered, because the absorption of
a certain number of blue rays will not prevent those blue
rays which are transmitted from being perceived as blue,
and will not affect other portions of the spectrum. The
object of the examination is to find out the appearance
which the spectrum has to different classes of persons.
The examinee is shown a portion of the spectrum which
has a certain definite appearance to the normal-sighted.
Take, for instance, the examination of a three-unit. A
person belonging to this class, on being shown the red,
orange, yellow, and green, of the spectrum, says that he

I
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sees red, greenisli red, reddish green, and green. Kow, to

a normal-sighted person, yellow appears as a definite

colour, not as reddish green, in fact it is impossible for

a normal-sighted person to form any idea of a reddish

green. There are many other methods of examining the

colour-blind mth the spectrum, a favourite method being

with mixtures of spectral colours. But there are obvious

disadvantages in examining in this way, thus if a three-

unit had got into the habit of calling a gi-eemsh red,

yellow, he would equally call a mixture of red and green,

yellow, and this mixture appears yellow to the normal-

sighted.

If the wave theory of light be accepted, then the first

step towards a proper appreciation of the physiological

phenomena of colour must be made with reference to the

effect upon the mind of different portions of the spectrum.

It is obvious that we cannot properly comprehend the

influence of mixed lights upon the mind until we under-

stand the perception of the simplest and purest kinds of

light. A spectrum has a definite appearance to all persons,

but what we wish to find out is, does the impression

which one person receives from the spectrum correspond

mth that received by another person? that is, are the

impressions identical ? A normal-sighted person sees six

definite colours in the spectrum—red, orange, yeUow, green,

blue, and violet. The names applied to these colours

are of little importance. It is sufficient to find out

that the junctions of the colours correspond. But when

one person says that the junction of his blue and green

is at a point nearly in the centre of the blue of the

normal-sighted, it is obvious that the spectrum presents

a different appearance to him from that which it presents

to the normal-sighted. Again, when a person says that

in his opinio]! there is no definite colour at the point
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occupied by the yellow of the normal-sighted, but merely

a transitional colour which is accurately named when
called red-green, it is evident that he sees the spectrum
differently from the normal-sighted. This methocl is one
of a comparison of pure colours under the most favourable

circumstances, and the accuracy of the results obtained
is borne out by other methods of examination. Supposing,
for instance, that a four-unit colour-blind is shown the
blue and the violet of the spectrum, he says that there
is only one colour in the field, namely violet. The fact

wliich we have obtained under these circumstances is

that he does not see the difference between blue and violet,

which is so evident to the normal-sighted, but receives a
single impression from the whole of the waves of light
mcluded in the portion of spectrum occupied by the
external two-thirds of the blue and the violet of the
normal-sighted. In no other way can we obtain such
definite facts as to the appearance of the spectrum to the
colour-blind, and we must remember that the appearance
of the spectrum must be the basis of all ideas of colour.

C. A General Classification of Colours.—This method
of examination affords abundant confirmatory evidence of
the truth of the spectroscopic examination. The colour-
blmd will classify in accordance with their psycho-physical
perception. Coloured objects of different materials should
be used, so as to force the examinee to use his colour-
perception in classifying them. I use coloured wools
silks, enamels, cards, glass, solutions, velveteens, porcelain
discs, and coloured papers. This is necessary, because an
ordinary redgreen-blind will not put a green and a yellow
wool together, because the latter appears so much brighter •

but he will put a green silk skein with the yellow wool
skein, and he will put red, green, and yellow glass with
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Very accurate results may be obtained in this way,

as the majority of the colours of coloured objects cor-

respond to'similar points of the spectrum. Many persons

are able to find out whether a colour is a gi'een or a blue

by comparing it with a green or a blue respectively.

There is no reason why they should not do this as long as

they do not obtain any aid from the relative lummosity

of the colours. For this reason a large number-about

150_of coloured wools should be given to the co our-

blind to classify. This having been done, a few only ot

different-coloured materials should be given at a time, so

that they may be matched with the wools, and not among

themselves. The colours used should represent the whole

series of colours, red, orange, yellow, yeUow-green, green,

blue-green, blue, violet, purple, crimson, and numerous

shades of brown and gray.
-,

•
i t i ..r. iwpri

I have each colour in the series which I have used

numbered (irregularly and with no system), so that i can

l^^l Lo^^ of the mistakes made, and the exact colour

of the objects mistaken.

In addition to the ordinary .coloured objects, I use

several pieces of changeable silk f^^on. Tlu.e of th^

pieces I have included in my Pocket Test, Is^s. 110, 120

Td 121. These colours show that colours apparentl

identic! to the normal eye, have often a very diffei-en

compol^^^ which the change from natural to artific.nl

Haht may brins out in a marked manner.

'
cScations should be obtained by gasbght as .'ell

'?,Shod ot examination gives us definite facts

Xhis momoa
... . j, colour-bUnd. Many

.vhieb are use nl

^-^^^H'^l^^^^^^^ because the colours

Pl'y«'"»'"^y *f f two ; c 'of coloured wool, one red

:ror^:;rgivo^
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with one person, and to similar sensations with
'
another

person, we have obtained definite facts. On referring to

the chapter on the classification of the colour-blind, it

will be seen that the classification of coloured materials is

in accordance with the spectroscopic examination. As I

have stated in the first part of this chapter, the alteration

in the appearance of a pigmentary colour by absorption

of some of the reflected rays by the media of the eye,

has been very much exaggerated. If we find that a person

is able to classify three hundred pieces of coloured material

as the normal-sighted would classify them, we may con-

clude that this person is normal-sighted. I have found

that an examination with coloured wools gives us very

accurate information as to the colour-perception of an

individual. The mistakes made are in accordance with

the psycho-physical colour-perception of the person ex-

amined.

D. Test by Painting.—This method shows the colour-

perception of the individual examined very accurately

A large number of colours should be arranged on plates,

both primary and mixed, so that the examinee may have
as little mixing as possible to do himself The theory of

psycho-physical perception should be carefully borne in

mind in arranging the colours, and then the examiner
may insure mistakes being made. Thus, even with the

five-unit reddisli orange is a decided red, so that if colours

corresponding to points well within the limits of the en-
larged unit be used, the colour-blind are certain to make
mistakes. In testing the two-unit, for instance, light red,

olive-green, and bright yellowish green should be put on
the plates as prominent colours. The colour-blind should
be told to paint the whole of one colour before proceeding
with the next. As the colour-blind only see perfectly
definite colours at the centre-points of their approximate
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units, they will, when representing a colour, only be

satisfied when they use a colour corresponding to this

centre-point. The four-unit have the centre of their

violet-unit corresponding to the blue-violet of the normal-

sighted, and they will always represent blue by this colour

if they have the opportunity, in preference to Prussian

Blue, which would be used by the normal-sighted. The

ordinary two-unit colour-blind rarely uses Crimson Lake

to paint the reds, as a normal-sighted person would, but

uses light red, or olive-green.

I use a variety of the small German pictures for little

artists. These pictures consist of a copy which is very

fairly coloured, and a pencilled outline, so that the student

has only to fill in the colour. I have a series, consisting

of thirty-eight paintings and five colour-matches executed

by persons more or less colour-blmd, and under various

conditions of light. The mistakes made show the colour-

perception of the artist very accurately.

Plates II. and III. are constructed from the pictures

painted by colour-blind persons.

Pig. 16a represents Pig. 16 as painted by a four-unit

colour-blind person. He has represented blue by gi'eeii,

red by crimson, and pink by yellow.

Pigs. 18a and 19a represent Pigs. 18 and 19 as pamted

by persons belonging to the class of the three-unit. Pigs.

18& and 1% represent Pigs. 18 and 19 as pamted by

persons belonging to the class of the two-unit. It wiU be

noticed that the mistakes made in each case are different

and characteristic. In Pig. 18« yellow has been repre-

sented by red, blue by violet, and brown by red. The

crreen is also of a different hue to that of the copy.

!n Pi" 19a the reddish portion lias been correctly

painted, but brown has been represented by green. The

crreen is also not so yellow as that of the copy.
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Figs. 17a, 181), 1%, 20a, 21a, and 22a are from

paintings by -persons belonging to the class of the two-

unit. Figs. Via, 185, and 22a are by persons with

spectra of normal length. The two-unit who painted

Fig. 20a had a spectrum shortened at both ends. The

person who painted Fig. 1% had a spectrum shortened

at both ends, and a neutral band in the blue-green. The

two-unit who painted Fig. 21a had a spectrum shortened

at both ends, and a very large neutral band in the blue-

green, green, and blue ; hence both red and green have

been represented by gray. The person who painted Fig.

16« had a spectrum shortened at the red end, whilst the

three-units who painted Figs. 18a and 19a had spectra

shortened at both ends.

Figs. 18a, 185, and 20a were painted by daylight.

Figs. 16a, 17a, 19a, 195, 21a, and 22a were painted by
gaslight. Many authors state that colour-blind persons

can distinguish red from green by gaslight. Fig. 22a
shows that this is not the case.

E. Examination with Colours at a Distance.—The
examinee should be examined in order to find out whether
distance makes any difference in the appearance of colours.

Tlie examination with the Lantern Test is a practical

examination, and distance is imitated. The details of
this examination are described fully in a succeedino-
chapter.

F. Examination for Twin Colours.—The candidate
should be asked to pick out from the bundle of wools any
pau's which appear absolutely identical in colour and
shade. He should be allowed to compare them very
carefully, so as to make sure that he has selected pairs
which appear exactly alike to him.

G. Examination as to the Perception of Shade.—The
examinee should be asked to match wools of different
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colours, only paying attention to tlie shade. Tlie point

of non-recognition of the colour and light of the spectral

colours when reduced in luminosity by the method de-

scribed on p. 113, should be noted.

H. Test as to the Perception of Complementary Colours.

—The colour-blind person should then be tested as to his

power of seeing complementary colours. A method which

I have found very effectual for this purpose, is to let the

examinee look through a piece of coloured glass at a gas

liame for about forty seconds, and then look at a sheet of

white paper. A great advantage of this method is that the

composition of the colour of the glass used in the experi-

ment can be accurately determined by the spectroscope.

The examinee may also be tested with the after-images

of coloured cards, and shadows coloured by contrast. The

latter may be obtained by interposing a pencil between a

piece of coloured glass and a sheet of wlnte paper, the

glass being between the light and the paper.

I. The Colour-top.—This is an instrument which lia.s

been used very extensively by physicists in order to form

colour equations. The colour-top was first described by

ISTewton, but does not appear to have been used by him.

Maxwell's name is associated with this top. He says

—

" The coloured paper is cut into the form of discs, each

with a small hole in the centre and divided along a radius,

so as to admit of several of them being placed on the same

axis, so that part of each is exposed. By slipping one

disc' over another, we can expose any given portion of

each colour. These discs are placed on a little top or

teetotum, consisting of a fiat disc of tin-plate and a ver-

tical disc of ivory. This axis passes through the discs,

and the quantity of each colour exposed is measured by

I graduation on the rim of the disc, which is divided into

a hundred parts.
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" By spinning the top, each colour is presented to the

eye for a time proportional to the angle of the sector

exposed ; and I have found by independent experiments,

that the colour produced by fast spinning is identical with
that produced by causing the light of the different colours

to fall on the retina at once,"

In order to test the results of experiments made in the
above way, I constructed an apparatus which is only a
modification of the above-mentioned colour-top. The
apparatus consists of six' wooden discs, each being three
inches in diameter, and half an inch thick. These are
arranged on an axle connected with a series of wheels, so
that the discs can be rotated, by turning a handle, with
considerable velocity. Attached to the circumference of
each disc are two hps, so that pieces of coloured cardboard
may be put round the circumference of each wheel. It
will be seen that any number of colours may be combined
on one wheel, and compared with colours on other wheels.
This method of experimenting allows colours under exactly
the same conditions to be compared, which is not the case
when the colours are placed horizontally and one colour
occupies the centre of the disc whilst the other is more
towards the circumference.

The most obvious faUacy of this method of experi-
menting is, that the colours mixed are not pure ; thus if
the colours of the tapes be yellow and blue, we' are not
mixing pure yellow and blue light, but all the rays of
light which go to make up the yellow on the one hand
with aU the rays of light which go to make up the blue
on the other. By the polariscope we can split white
light into two portions, one yellow and one blue, and
these, on bemg mixed, will again combine into white light
From this it will be seen that, in the mixture of yellow
and blue light which reaches the eye from the coloured
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tapes, the whole of the rays of the spectrum may be

represented. Maxwell says that similar results are ob-

tained with this method of experimenting to those ob-

tained with pure spectral colours. If this be the case, it

will strongly support the following proposition: If a

mixture of huo j^ure spectral colours gives rise to a certain

colour, then a mixture of rays giving rise to the sensation of

one of these colours being mixed with a series of rays giving

rise to the sensation of the other vnll produce a similar

colour. It is necessary that the above proposition should

be proved to be true before results obtained by colour-

mixing in this way have any scientific value.

J. Other Methods.—In addition to the methods men-

tioned above, I have tested colour-blind persons with

regard to their power of seeing after-images and colour-

changes due to contrast ; the appearance of objects through

coloured glass ; their perception of colours of a very low

degree of saturation; the perception of slight modifica-

tions of pigmentary colours ; their memory for colours

;

and with coloured objects, which markedly change by

artificial light.

With regard to other tests for colour-blindness. My

Pocket Test°will be found useful, but could not be used

for testing sailors or engine-drivers, because the candidate

could buy one and study it with the aid of a normal-

sighted person.

The test is based on the theory of psycho-physical

perception, and I have found it answer admirably.

Several examinations with this test are recorded in

Chapter XIII. It consists of 112 single threads of wool,

thirteen pieces of twisted silk, nine small pieces of

cardboard, three pieces of changeable silk ribbon, and

one piece of green velvet. These (witli the exception of

the end threads of each row) are numbered consecutively.
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The end threads of the first four rows are numbered from

I. to VIII. in Eoman numerals, and form the tests
;
they

are Orange, Violet, Eed, Blue-green, Rose, Pure Green,

Yellow-green, and Electric Blue. The changeable silks

change very considerably when taken from daylight to

gaslight, the most marked change being from bright

green to purple. The series of colours, I have selected

and arranged so as to confuse the colour-blind and force

them to be guided by their colour-perception, whilst the

quantity of colour is amply sufficient for the normal-
sighted to pick out the colours with the greatest ease.

The two most important test colours are the Orange and
Violet, Nos. I. and II. The person examined should be
asked to pick out the shades of colour similar to No. I.

(orange). If he do this correctly, he probably possesses
normal colour-perception, and may be passed. If, how-
ever, he match the test with reds or pinks, he is

more or less colour-blind, at best belonging to the five-

unit class. If, in addition, he match the Violet test, No.
II.

,
with blue, he at best belongs to the four-unit class.

The three-unit colour-blind, in addition, matches the Blue-
green test, No. III., with green. Other mistakes will be
made; thus the two-unit will match the Orange test,
No. I., with yellow-green and yellow-brown, but the above
are^ the diagnostic signs for each class. Most of the
varieties of the colour-blind will be readily detected in
this way. The other four tests are confirmatory and
elucidatory, modifications occurring when there is shorten-
ing of the spectrum or a neutral band is present.

The special advantages of this test are :—
1. The colour-blind can be ranged definitely in their

proper classes.

2. Central Scotoma can be detected with its aid.

3. The series of colours are arranged so as to confuse



124 COLOUR-BLINDNESS AND COLOUR-PERCEPTION.

the colour-blind, whilst the normal-sighted easily match

the test colours.

4. On account of the introduction of different materials,

the relative luminosity of colours does not serve as a guide

to the colour-bhnd.

5. Portability.

6. The wools, etc., are kept clean.

7. An important colour is not likely to be lost.



CHAPTER XII.

COLOUK-BLINDNESS DUE TO DIMINUTION IN THE VISUxiL

RANGE.

There is another variety of colour defect which is quite

separate from diminution in the number of the psycho-

physical units, and that is due to shortening of the

spectrum. The spectrum may be shortened for bright

light, or for light of diminished intensity. The amount
of shortening is very variable, and many cases of fwo-
unit colour-blindness are met with in which there is no
shortening. When a spectrum of diminished intensity is

shortened, it mil be found that the diminution of intensity

will not wholly account for the defect. For instance, let

us take a colour-blind person with a spectrum shortened at

the violet end for light of low intensity. If the shortened
portion be cut off with a shutter, and a portion of violet

internal to this be taken, it will be found that he will

recognize this, even if its intensity be reduced to a point
at which it is only just perceptible to the normal-sighted,
and considerably below the intensity of the defective
portion at the point of non-recognition. I have not been
able to find a colour-blind person who failed to recognize
the green as some colour or light, even when reduced to
the lowest degree of intensity visible to the normal-sighted.
This shortening of the spectrum, either at the red or the
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violet end, appears to be very common, and is a frequent

accompaniment of true colour-blindness. This condition

is probably due to some defect in tlie retina, wliereby it

is unable to respond to rays of light of very low or very

high refrangibility, or in some cases to both, the bright

gas spectrum being shortened at both ends.

The shortened portion is indistinguishable from black
;

that is to say, not only is the red or violet not perceived

as a colour, but it is not perceived at all. The importance

of ascertaining whether there is shortening of the red end

of the spectrum will be seen, when it is borne in mind

that the red rays, especially those at the extreme left of

the spectrum, are the most penetrating and visible when

the others are obscured. There must be few who have

not noticed the red appearance of the sun on a fogg}' day.

The power these red rays possess of passing through semi-

opaque bodies may be demonstrated by taking about eight

pieces of neutral smoked glass, and looking at the gas flame

through them. On looking through a single piece of glass

the gas flame appears dimmed, and not quite so yellow.

On looking through three pieces, the flame is distinctly

reddish, and the purity of the red is only increased by

adding another piece. This red is only slightly dimmed

by using all eight pieces. An examination with the

spectroscope in the same manner, shows that the colour

is due to a band of red on the extreme left of the spectrum.

The practical outcome of this is that a colour-blind person

whose spectrum is shortened is not able to see a red light

under conditions in which it is very obvious to the normal-

sighted.

It now remains to consider the influence of a shortened

si)ectrum upon colour-vision. The first evident fact is,

tliat bodies reflecting only light, the rays of which occupy

the shortened portion of the spectrum, appear black.
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Nearly all colours are compound ; that is to say, the

coloured body reflects other rays than those of the colour

seen. Thus a blue-green glass may transmit the green,

blue, and violet rays of the spectrum. The colour of a

body is usually the centre unit of all the rays reflected

or transmitted. Let us suppose that we have a substance

reflecting the green, blue, and three-quarters of the violet,

the colour of the body being green. Then, if we had

another substance which reflected the whole of the violet,

it would appear blue. But with a person who could not

perceive the terminal fourth of the violet, the colour would
look exactly the same as the green one, and, as he could

not distinguish between the two, he would be in continual

difficulty with blues and greens.

All colours reflecting rays occupying the shortened

portion, appear darker than they do to the normal-sighted,

and are always matched with darker colours belonoinor

to a point more internal. Thus a two-unit colour-blind

with a shortened red end of the spectrum matches a red
with a darker green.

It will be noticed that a shortened spectrum, especially
if one end only be affected, may interfere very little with
the general appreciation of shade.

If for instance, we take a case in which the red end
of the spectrum is shortened, so that only three-quarters
of the red of the normal-sighted is seen ; then all bodies
which equally reflect or transmit these rays can be
correctly compared, because a similar portion of light
has been removed from each.

It IS only when one colour reflects or transmits the
rays occupying tlie shortened portion, and the other does
not, that there is any definite interference with the
appreciation of shade. Again, if neither colour reflects
or transmits rays occupying the shortened portion of the
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Spectrum, there will obvioiisl}- l)u no interference witli

the appreciation of shade.

A very common mistake due to shortening of the red

end of the spectrum is the confusion of pink and blue.

If a person Avith considerable shortening of the red end

of the spectrum is shown a pink which is made up of a

mixture of red and violet, the red consisting of rays occu-

pying the extreme left of tlie sliectrum, only the violet is

visible to him, and so the pink appears as violet without

a trace of red. This pink is therefore matched with a

violet or blue very much darker than itself.

Mistakes which are due to shortening of the spectrum

may be remedied if we subtract the rays occux^ying the

shortened portion from the colour of confusion.

Tor instance, if w^e take a blue and a pink wliich have

been put together as identical by a person with a shortened

red end of the spectrum, and look at them through a glass

which is opaque to the red but transparent to the re-

maining rays of the spectrum, both will appear alike in

line and shade.

A person with considerable shortening of the red end

of the spectrum will look at a red light (which is so

dazzlingiy bright to a normal-sighted person as to make his

eyes ache after looking at it closely for a few seconds),

at a distance of a few inches, and remark that there is

nothing visible, and that the whole is absolutely black.

It is obvious that the light must only consist of rays

occupying the shortened portion of tlio spectrum.
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CHAPTER XIII.

THE CLASSIFICATION OF THE COLOUR-BLIND.

In the preceding chapters I have discussed the causes of

colour-blindness. The chief causes are

—

1. Diminution in the number of psycho-physical colour
units.

2. Shortening of one or both ends of the spectrum.
An examination with the spectrum gives a key to the

colour-vision of any person. We can record the number
of units which a person sees in the spectrum, and the
degree of shortening in each case. It will then be found
that persons wiU make mistakes in accordance Avith the
examination with the spectrum. In the first class we
may include those persons who, whilst belonging to the
class of the six-unit, have a spectrum which is shortened
at one or both ends. The remainder of the colour-blind
may be classified according to their psycho-physical colour-
perception. Then, if the normal-sighted be designated
hexa^chromic, the five-unit may be called pentachromic
the four-unit tetrachromic, the three-unit trichromic the
two-unit dichromic, and the one-unit totaHy colour-blind
In addition, the degree of shortening of the spectrum
should be recorded, if present. In the case of the two-
unit, the presence or absence of a neutral band should be
recorded. When present, its relative size should be qiven
It IS obvious that a classification which is based upon
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what the colour-blind actually see must present many
advantages over one wliicli is based upon theoretical

deductions. Though the facts on which these classifica-

tions are based were obtained in the first place by theory,

tliis has no effect upon the circumstance that they are

facts with which any future theory must conform. In

this classification I have therefore given typical cases,

and the methods which I used to ascertain the colour

-

perception of the individuals examined. The coloured

plate at the commencement of this book is constructed

from actual cases with the single exception of Fig. 10.

This figure represents a case of total colour-blindness,

a condition which has not at present come under my
observation. Fig. 2 in the frontispiece represents the

spectrum as seen by most persons. This may therefore

be called the normal, and aU other cases compared with

it. This is done in the plate by dotted lines, which pass

through the points of junction of the adjacent units in

the psycho-physical spectrum of the six-unit. This shows

the corresponding points in the other psycho-physical

spectra.

From a consideration of the theory of psycho-physical

perception, it will be seen that the cases included in each

class are not necessarily exactly alike, because the classi-

fication is made in accordance with the number of ajpproxi-

mate psycho-physical units seen. Cases to be exactly

alike would have to correspond in the number of absolute

psycho-physical units. A classification in accordance

with the number of approximate psycho-physical units

seen is sufficient for all practical purposes, because the

mistakes made by those included in one class only vary

in degree. Take, for instance, the class of the three-

unit :°we may have three-units bordering on the class

of the four-unit, or bordering on the class of the two-
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unit
; but in neither case will the mistakes made incline

either to the four-unit on the one hand, or the two-unit
on the other. The mistakes made will be those of a
typical three- unit; but they will be more prominent in
the case of the person bordering on the two-unit than
in that of the person just below the four-unit. The
reason of this is evident on considering the theory of psycho-
physical perception. A person belonging to the class of
the four-unit is able to see yellow as a definite colour, but
a tlu-ee-unit only sees yellow as reddish green

; therefore,
directly perception is reduced to a point below that neces-
sary for perceiving yellow as a distinct colour, three-unit
mistakes will be made. The same applies to those cases
which border on the class of the two-unit. As long as
the colour-perception of an individual is sufiacient to
enable him to see three definite colours in the spectrum
he will not make the mistakes of the two-unit class, as
he IS able to see red, green, and violet as definite colours.

Six-unit with Shortened Spectrum.

^

The following case illustrates the condition of a six-
unit with a shortened spectrum.

A. A.—This gentleman told me that there was some-
thmg wrong with his perception of colour, as he confused
colours in some materials and not in others. His con-
fusing colours was rather the exception than the rule, and

han "n^J^. T T'^'
''''' colour-blind some days

Sght ^ ^
"'"'''^ ^^'''^'^ ^^^^ by

I. Examination with Solar Spectrum.-He marked outthe junction of the colours correctly enough, airthe co^mencement of his red agreed with mine.
^
kis viofetTas

shortened by about one-sixth for bright li^ht
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II. Examination with Pocket Colour-test.

1. Daylight.

I. Yellowish red. 67, 76, 111. Oraiige.

II. Mauve. 9, 33, 65, 68, 77, 103, 93, 129. Violet.

III. Brick-red. 36, 95, 116. Red.

IV. Blue-green. 80, 11, 51, 122. Green.

V. Lalte. 52, 21, 41, 31, 79, 130, 127. Rose.

VI. Green. 100. Green.

VII. Yellow-green. None similar.

VIII. Blue. 3, 45, 40, 56. Blue.

2. Gaslight.

I. 79, 7, 12, 76, 116, III. Orange, red, and crimson.

II. 82, 88, 93, 90. Violet and brown.

III. Beddish broion. 7, 12, V. (This, he said, had a little more

brown in it.) 62, 67, 76, 79, 104, 111, 116, 123. Red, rose,

and orange.

IV. Gi-een or Blue, perhaps Greenish hlue. 2, 15, 45, 51, 56, 75, 78,

84, 92, 100. Blue-green, green, and blue.

He v,'as very doubtful what to call IV. On looking at it

again, he said that he thought there was more green than

blue in the colour.

V. Yellow-hroivn, Burnt Sienna, or Burnt Umber. 31, 38, 62, 76,

104, 99, 111, 123. Rose, brown, red, and orange.

VI Lavender. 40,32,11,56,81,86. Green, blue, and blue-gi-een.

VIL Pearl-gray. 18, 23, 43, 50, 101, 125, 115. Light rose, fawn,

gray, and green.

VIII. Deep hlue. 3, 20, 24. 49, 55, 66, 72, 108. Blue, green, and blue-

green.

In this and other records of examinations with my

Pocket Colour-test, the number of the test colour is put

first: I. being Orange, II. Violet, III. Bed, IV. Blue-

oreen V. Ptose, VL Green, VII. Yellow-green, and VIII.

Electric Blue. PoUowing this is the name given to the

colour by the examinee. When no name appears it

shows that the examinee was not able to name the colour.

Then come the numbers of the confusion colours of the

test, selected by the examinee. These are followed by

the real names of the confusion colours selected.
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I tested him by gaslight with a book of coloured

pictures. He could not distinguish pink from blue in

some cases. He called very dark green, blue. By gaslight

he never seemed very certain of any colour.

In this case it will be noticed that the selection of

colom-s by daylight is very similar to that made by the

normal-sighted. The mistakes made by gaslight are quite

different to anything that I had previously encountered.

They do not correspond to any recorded case. I was at

first very much puzzled to account for the mistakes, as

the examination with the Pocket Test was made some
weeks before the spectral examination. The shortening

of the violet end of the spectrum gives a key to the mis-
takes made. Let the reader take a piece of yellow glass,

such as that in the Classification Test, which is opaque to

the violet and blue rays whilst it is transparent to the
green, yellow, orange, and red rays. On viewing the
colours in the Pocket Test through this glass the selection
made above is explained. A normal-sighted person,
having to make a classification of the colours through the
yellow glass, would make a very similar selection. The
reason why the mistakes made by gaslight are so very
much greater than those made by daylight is that there is
a paucity of blue rays in gaslight. A shortening of the
violet end of the spectrum, which would have very little
effect by daylight, would have a very considerable effect
by gaslight.

The paucity of the blue rays, and the shortening taken
together, would make blue and violet almost invisible by
gaslight

;
whilst the preponderance of blue rays in day-

light would prevent the shortening of the spectrum from
having much effect.

I have not personally examined an individual in whom
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the red end of the spectrum has been found shortened

with a normal number of psycho-physical colour-units;

but the following case recorded in a letter in the Times,

January 25, 1890, seems to be an example of this class.

G. P. says

—

" My late wife was partially colour-blind. She could

not see at a distance the colour of a red railway signal.

She could not see the red coat of a soldier at two hundred

yards distance; a bright orange-colour display of the

aurora borealis was to her white. Yet when the objects

were near she could distinguish colours perfectly. The

red geraniums near my window she could see as well as

I could ; but those a hundred yards off were lost in the

green. She could choose and compare coloured silks or

worsted, and could paint well, and was a remarkably

good colourist."

The details of this case are not suf&ciently clear to

enable me to say for certainty that the woman mentioned

above had normal psycho-physical colour-perception, the

only defect being a shortened red end of the spectrum.

Every fact given, however, points to this conclusion. Eed,

at a distance, is seen almost entirely by the rays at the

extreme left of the spectrum, and, if the spectrum were

shortened, these rays would not be perceived.

Five-unit.

This is the first degree of diminished colour-perception.

Figure 3 of the frontispiece represents the spectrum as

marked out by this class of the colour-blhid. Colour, as

a quality, is lessened to persons of this class. If asked

to match a colour, they find difficulty in doing so, and

have not a very good memory for colours. When

examined with the spectrum, they are found to be
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deficient in the orange band of the normal-sighted. If

the examinee be acquainted with the colours of the spec-

trum, he may try to mark out an orange band, but he

generally fails, and commences the yellow at the point of

termination of his red band. The yellow does not occupy

exactly the same position as that of the normal-sighted,

the true yellow being slightly encroached upon by the

gTeen. The blue band is also less distinct, being encroached

upon by the violet and the green.

This examination gives a key to the mistakes made
by this class of the colour-blind. They always find

difficulty with orange, rarely using the word, and regard-

ing it as a superfluous term. By artificial light they
confuse orange with reds, pinks, and browns. They do
not see as much difference between the modified units

and the units themselves as the normal-sighted do. Thus
they are rarely able to say, without comparison, whether
a certain green is a pure green, or has a shade of blue in
it, to use a common expression. In the same way, they
confuse crimson and scarlet, deep purple-violejb and violet.

When examined with my Pocket Colour-test, by day-
light, they put 7, 12, III., 116, and 111 with I., in pre-
ference to the shades of orange. No. 76 is generally
chosen, but 99 and 109 are rarely included, being classed
with yellows. III. and 116 are fairly pure reds. Ill is an
orange-brown. 7 and 12 are not pure reds, but reflect a
considerable amount of violet light, they are therefore
very unlike I. By gaslight, 79 and 107 (rose-colour)
are often put with I.

Four-unit.

Figure 4 of the frontispiece represents the spectrum as
marked out ])y this class of the colour-blind. Persons
belongmg to this class can only see four colours in the
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spectrum. These four psycho-physical units are red,

yellow, green, and violet. The red band has increased in
size, and meets the green at about the centre of the yellow,
which is recognized as a colour at the point of junction.

The blue band has disappeared, the green and violet bands
meet at a point which corresponds fairly accurately with
the junction of the middle with the inner third of the blue

of the normal-sighted. Two-thirds, therefore, of the blue

are included with the violet, one-third with the green.

It will be noticed that in tliis class the green band is

broader than it is in any other. Marking off the green

from the blue of the spectrum gives them considerable

trouble, and when they have accomplished this, they are

rarely satisfied with the division. The reason of this is

obvious. When speaking of the five-unit, I said that

their blue-green junction was in the blue of the normal-

sighted. In the four-unit the junction is stUl more in

the blue, but it is difficult to get the exact point marked

out, because they have always been accustomed to hear a

colour which appears green to them spoken of as blue.

When they are set to classify a number of coloured objects

they will put blues and blue-greens with the greens.

Many blues will be put with the violets, and only one or

two blues of the most marked character will be classed as

blues.

They find more difficulty in distinguishing crimson

from red than the five -unit, and put orange, red, and rose

together as reds. Orange seems to give them especial

difficulty.

The spectroscopic examination gives a key to the

mistakes made. The chief mistake is that of putting blue

with violet ;
thus, when examined with the Pocket Test,

24, 49, 55, and 106 (blues) are put with the Violet test

Ko. IT. These colours correspond to a point of the
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spectrum external to the middle of the blue, and are

therefore classed with violet. Colours which correspond

to the inner third of the blue, as 40 and 45, are classed

with green. The fact about their own colour-perception

which they generally remark is, that they always iind

difficulty in telling blues from greens without comparison.

This class find great difficulty in telling the modified

units from the units, classing crimson with red. Colour
is to them a feeble quality of objects.

The following two cases belong to this class, and are

important because in each case the person has known of
liis defect, and has done his utmost to remedy it. Both
belong to the educated classes, and were well acquainted
with colour-names. The first is a case of four-unit colour-
blindness with shortening of the red end of the spectrum,
the second with shortening of the violet end of the spec-
trum. The details of a case of four-unit colour-blindness
with an imshortened spectrum are given at page 201.

B. A., Male, aged 17.—He was well acquainted with
the fact that his sense of colour was defective. He had
tried to overcome the defect without success. He was
perfectly cognizant of the various colour-names. His
chief difficulty consisted in distinguishing between blues
and greens, and, by gaslight, between yeUows and light
grays.

I. Spectroscopic Examination {Gas Spectrum).—Re saw
four distinct colours in the spectrum—red, yellow, green,
and purple. The spectrum was shortened at the red end
for bright light, about one-tenth of the red of the normal-
sighted not being recognized. The spectrum at the violet
end was of the normal length. When the shortened
portion of the spectrum was cut off, he was able to re-
cognize red of very low intensity. He said the yellow
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band was too small to be defined. He said that both the
red and the green were brighter than the yellow. He put
the junction of the green and the purple at about the
junction of the middle with the inner third of the blue of

the normal-sighted.

II. Classification of Colours.

I. Daylight.

Group 1. Vermilion, orange, bronze, brown, and pink.

2. Scarlet and crimson.

8. Rose, pink, and purple.

4. Blue, violet, and blue-green.

5. Green, and blue.

6. Black.

7. Brown and gray.

S. Slate and olive-green.

9. Yellow, light pink, and buff.

10. Purple.

II. Gaslight.

Group 1. Beds. Scarlet, crimson, rose, and orange.

2. Yelloivs. Yellow, orange, pink, light graj^ and light brown.

3. Greens. Green and blue.

4. Blues. This group consisted of very deep blues, of which

No. 24 of my Pocket Test is the representative colour.

There were only two blue icools put in this group, and

they were similar in colour to No. 24.

5. Purples. Purple and violet.

G. Grays. Gray, greenish gray, light brown, yellow, and liglit

yellow-green.

7. Browns. Brown, buff, and gray. A dark olive-green vel-

veteen was also put in this group.

White and black he classified correctly.

At the head of each group is the name he gave to it,

III. Examination with Pocket Test {Daylight).

I. Orange. 76, 99, 123, 58, 89, 104, 109. Orange and yellow-brown,

II. Blue, Bluish green. 9, 33, 40, 45, 49, 24, IG, 55, G6, 77, 93, 117.

129. Violet and blue.

III. Orange-red. 7, 12, 22, 28, 3G, 83, 95, 116, 130. Red and crimson.

IV. Gree7i. 2, 15, 20, 51, 53, 64, 72, 80, 92, 124, 118, 120, 112. Green.

V. Boss. 7, 12, 21, IS, 31, 79, 107, 127. Rod and rose.
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VL Grayish green. 11,51,53,7.5,78,84,100,101,122. Green.

YII. YeUoip. 5, 14, 48,35, 58, 89, 99, 109, 113, 12G, 128. Yellow-

green, yellow-brown, yellow, and orange.

VIII. Bluish green. 3, 24, 33, 40, 45, 55, 06, 93, 108, 129. Blue, blue-

green, and violet.

IV. Test by Painting {Gaslight).—He made a very

fair copy of the j^icture I set liim to paint, but with

characteristic mistakes. He used no blue whatever, but

painted the greens and blues uniformly with green. The
green he used was in each case much bluer than that of

the copy. All the reds he painted with crimson instead

of scarlet. Where pink should have been used, he has
employed uniformly an impure yellow.

V. Examination with Lantern Test.—Tested at a dis-

tance of fifteen feet with the standard red and green
lights, he was able to recognize these under all con-
ditions of obstruction. He also correctly named the
neutral glasses when shown him alone.

VI. Test with Polariscope (Daylight).—Shown a field

which consisted half of green and half of bluish green,
he said the only difference between the two was that the
pure green was lighter.

He made the followins; mistakes :—

Calling Violet

Blue

Light red

Blue

Violet

Purple-green

Green

Yellow

Bluish green

Bluish green

VII. Test as to Perception of Complementary Colours
{Daylight).—I tested him with the shadow thrown by a
pencil on a piece of white paper, a coloured glass beino-
mterposed between the pencil and the light. In the
first column is the name of the coloured glass, in the
second that of the name he gave to the shadow.
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Red glass Green Deep blue glass ... Yellow
Deep yellow glass ... Dark green Light blue glass ... Yellow
Grass-gi-een glass ... Reddish Deep purple glass ... Green
Blue-green grass ... Orange Light purple glass ... Green

C. A., Male, Middle-aged.—He liad always found diffi-

culty with colours, tliougli he had tried his utmost to

educate himself with regard to them. His chief difficulty

was with blues and greens. If one of these colours were

shown him without any opportunity of comparison, he

never felt certain which it was. Thus, two colours which

looked to him similar, other persons declared to be different,

and vice versa. He thinks that the great trouble he has

taken mth colours has not been wasted, and that he has

improved in his power of discriminating between them.

He has hit upon the following novel way of being able

to tell between a blue and a green. He has had the

lower part of one of his windows covered with blue baize,

the blue being of a typical character. Then, if he wishes

to tell whether a colour is a blue or a green, he looks first

at the colour and then at the blue baize. If the two are

alike in colour he calls it a blue, if dissimilar, then lie

calls it a green.

I. Spectroscopic Examination.

I. Solar Sjjectrum.—He saw four definite colours in the

spectrum—red, yellow, green, and purple. He marked out

a yellow band that was too small. The green band also

extended into the blue of the normal-sighted. The day

was so dull that a bright spectrum could not be obtained.

II. Gas Spectrum—The red end of the spectrum was

of the normal length, but the violet end Avas considerably

shortened. The violet was reduced to about four-fifths of

the size of the normal-sighted. The red band extended

to the yellow, wliich was very faint, and was encroached

upon by the green. He said he could only see the yellow
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as a colour occasionally ; he called it a yellow line of con-

fusion between the red and green. His blue-green junc-

tion was situated at about the point of union of the middle

and inner thirds of the blue of the normal-sighted. He
referred to the violet as purple—never as blue. The above

refers to a bright spectrum. Tested with a spectrum of

very low intensity, the commencement of his red was the

same as mine. The shortened portion of the violet end

of his spectrum being cut off, he recognized the other

colours (green and red) when of very low intensity, and

only just visible to me.

II. Classification of Colours. {Daylight).

Group 1. Browns. Brown wools only. Brown cards only. Brown, sage-

green, olive-green, and deep purple velveteens. Brown,
sage-green, olive-green, and deep purple enamels. He
also put one orange-red enamel with this group. It was
not a true red, as it reflected a quantity of green light.

2. Gray wools. Gray and slate velveteens. Gray enamels.

Black and dark green cards.

3. Reds. Eose, scarlet, and deep red wools. Scarlet, helio-

trope, crimson and deep purple velveteens. Scarlet, crim-

son, and brown enamels. Crimson and orange cards

Eed and purple glass. I told him to separate the scarlets

from the crimsons, but he was not able to do so.

4. Orange, yellow, butF, light brown, and light gray wools.

Yellow velveteen. Orange, yellow, light brown, light and
olive green enamels. Yellow and buff cards. Yellow
glass.

5. Light gray, white, and light brown wools. Gray velveteens,

gray enamels. Light brown cards. White glass.

G. Blues. Blue and blue-green wools. Blue and light green
velveteens. Blue, blue-green, and green enamels. Blue
cards. Blue-green glass.

7. Purples. Violet, purple, and dark blue wools. Dark blue
and purple velveteens. Dark blue enamels. Purple cards.
Blue glass.

8. Greens. Green and blue wools. Green and blue velveteens.
Green and blue enamels. Green cards and green glass.

'.). Blades. Black wool. Black, and a dark olive-green enamel.
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10. Pinl-s. Red, rose, and piuk wools. Pink velveteens. Pink
and purple enamels. Pink cards. Purple glum.

11. Purple-gray and light pink wools. Gray enamels. Slate
cards.

Tlie above classification was made with a very large

number of colours. I liave given it more fully than the

one in the preceding case, because of several important

details. The predominant colour in each group is that

named for the wools.

Examination with Pocket Test {Daylight).

I. 7, 12, 67, 68, 76, 104, 109, 123. Orange and red.

II. 3, 9, 24, 33, 68, 66, 93, 129. Violet, blue, and purple.

III. 7, 12, 28, 36, 83, 95, 130. Red and crimson.

IV. 2, 11, 45, 51, 53, 64, 78, 80, 94, 100, 101, 122, 124. Bine-green

green, and blue.

I also tested him with several pieces of changeable

silk, amongst which were 119, 120, and 121 of Pocket Test,

By daylight he called 119 and 121 gray, and 120 green.

By gaslight he. called 119 and 120 purple, and 121 gray.

Both sets of answers are fairly correct.

IV. Test by Painting.—He succeeded in making a very

fair copy of the picture I set him to paint. The chief

mistakes he made were that he represented yellow-green

by blue-green, and, in one case,, painted a part which

should have been gray, brown.

V. Examination with Lantern Test.—I tested him at

a distance of fifteen feet, to see whether he could recog-

nize the green and red lights under varying degrees of

obstruction. This he did in all cases, correctly distin-

guishing the red, green, and neutral glasses. The only

mistake he made was tliat of calling the standard green,

blue.

The above two cases, taken with the record of tlic

left eye, in the case of asymmetrical colour-perception
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described on page 201, et seq., are sufficient to exemplify

the class of the four-unit colour-blind.

The numerous other cases I have examined belong-

ing to this class are similar. The uneducated make
similar mistakes to the educated; but the latter afford

important information which could not be obtained from
the former. A very common expression with the four-unit,

educated colour-blind is that of calling certain colours

greenish purples, or purplish greens. This observation is

explainable enough when we consider the psycho-physical
units which they possess. In the four-unit, violet and
green are adjacent units, and so in a similar manner to the
sLx-unit, who have a blue-green, the four-unit have a violet-

green. I have already mentioned that it is very difficult

to find a pure violet or blue ; that objects of these colours
nearly always reflect or transmit some of the red rays of
the spectrum, and. are, therefore, really purples. As the
four-unit cannot distinguish scarlet from crimson, they
class the whole of the purples and violets together, and
call them by the name of the majority, purple.

It is interesting to note how the details of the psycho-
physical theory are borne out by these cases. Thus blues,
as a rule, are classed with greens, not greens with blues'
In the painting, in the first case, the blues were repre-
sented uniformly by green. Again, the chief mistake he
made m describing the complementary colours was that of
calling the complementary of yellow, dark green

Three-unit.

Individuals belonging to this class are markedly colour-
blind, and are detected occasionally and imperfectly bymany of the tests in use. Figure 5 of the frontispiece
represents the spectrum as marked out by this class of the
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colour-blind. They see three distinct colours iu the

spectrum, red, gi-een, and blue (violet). These colours

gradually pass into each other, and the three-unit can
usually mark out the bands readily enough. They put the

junction of the red and green at the middle of the yellow.

The junction of the green and blue is put in the blue

of the normal-sighted—not so much in the blue as the

four-unit, but about the same distance as the five-unit.

A colour-blind, who is acquainted with the spectrum,

vdll often try to mark out an orange band, at the same
time remarking that it is extremely difficult to do so.

This orange band, when marked out, occupies about one-

third of the green, the yellow, and orange of the normal-

sighted. When it is marked out they are dissatisfied

with it, and generally come to the conclusion that it

is an unnecessary distinction, and that the red passes

gradually into the green without the intervention of any

other colour. They usually say at once that they see

three colours in the spectrum. Their modified unit (red-

green) is the one wMch gives them the most trouble.

Bright yellows are recognized by their luminosity ; but

the browns cannot be distinguished in this way. Many
three-units have remarked to me that red-green would be

a far better name than brown, and they frequently use

this term.

Green is a distinct colour from red to them
;
and, when

asked if there is any similarity between the colours, they

say " No," very decidedly. When asked which there is

the most distinction between, the green and the blue, or

the green and the red, they say that the distinction is

most marked between the green and the red.

They only see three colours, and the varying shades of

black and white. They therefore have a large number

of superfluous colours. They regard the classification of
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tlie normal-sighted as being unnecessarily complex, and
full of hair-splitting distinctions. The two-unit colour-

blind judge almost entirely by shade, whilst the three-unit

are guided considerably by colour. They will never mis-

take their fundamental colours, red, green, and violet, but

classify the others in the following way. Orange, yellow,

yellow-brown, and red-brown will be put with red. Some
yellow-browns will be put with red, others with green.

Blue will be put with violet or green.

The modified unit red-violet is the one which gives

them most trouble. The different hues of red-violet will

be classified according to the relative proportions of the

violet and red. When the violet or blue is in excess the
colour will be put with violet ; when the red is in excess
the colour will be put with red ; when the red and violet

are about in equal proportions the colour will be put with
green—that is to say, green will be put with its comple-
mentary rose.

The three-unit confuse some greens, purples, and grays.
In the same way as a mixture of red and yellow gives
rise in the normal-siglited to a sensation of orange, a
mixture of red and violet gives rise in the three-unit to
a sensation very similar to green, in conformity with the
third law of colour-perception.

No. 120 is a bright green by day ; but by gaslight
appears purple to the normal-sighted. The three-unit,
however, still see the colour as green by artificial lighti
and match it with a colour similar to 59 (green), which,
to the normal-sighted, appears a very fair match by day.

It must not be supposed that the three-unit will mis-
take all greens, grays, and purples ; in fact, in the majority
of cases, they will not, and may pick out only greens to
match with lY. and VI., especially when examined by
daylight. An examination by artificial light very con-

L
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siderably increases the mistakes of the colour-blind,

though scarcely adding to the difficulty for the normal-

sighted. By gaslight a three-unit may say tliat 124 (gxeen)

and 125 (gray) are exactly alike ; whilst by daylight he
has only put greens with the tests IV. and VI.

Several mixtures of colours make gray to the normal-

sighted ; but a gray, to be mistaken for green or rose by
the three-unit, must consist of green, plus rose—that is,

be a colour reflecting an approximately equal number of

rays from the red and violet psycho-physical units. Then,

as a mixture of red and violet gives rise to a sensation of

green, the addition of green (though altering the character

of the colour considerably to the normal-sighted) only

increases its green character to the three-unit. The different

compositions of colours which appear similar grays to

the normal-sighted, may be brought out by photography

—

one gray may come out wliite, another black. I have

photographs of a very large number of colours, which show

this very well.

I had to construct a test strictly in accordance with

these facts, in order to exclude the three-unit from the

marine and railway services. I obtained a purple glass

which was most opaque to the green rays of the spectrum

(as shown by the spectroscope), and neutral glass which

was almost opaque to the orange, yellow, and blue rays

of the spectrum. In testing the three-unit, I have gene-

rally had all these glasses called green. The purple glass

spoken of is the rose-purple used in the Classification

Test. The colour was a very indifferent one as a colour,

and I found that I could obtain the same results with a

better purple, which could be made redder by the use of

the neutral glasses.

Greens and purples which have been confused are often

distinguished on comparison, the purples being put accord-
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ing to the preponderance of the blue or red into the blue
or red group.

It must be clearly understood that green is not mis-
taken for purple or gray ; but purple and gray are occasion-
ally mistaken for green. I have never found green wrongly
named, and many grays and purples are named correctly.

A three-unit usually expresses a decided opinion as to the
nature of a green which is shown him ; and it is evident that
he sees it as a colour, and not as a shade of gray. There
is no more reason in assuming that because a three-unit
matches a certain green with a certain gray that he sees
both as gray, than there is in saying a normal-sighted
person sees green as gray, because these two colours°look
alike when viewed through a green glass.

In examining the three-unit we notice how the effects
of contrast are exaggerated. The psycho-physical colour
units are larger than in the normal-sighted, and so, if a
change be produced by contrasting two colours, it is evident
that the change will be greater than it is for the normal-
sighted. It will be noticed that marked changes in colour
are produced by contrast, to the three-unit, when no change
is evident to the normal-sighted.

Many colour-blind persons belonging to this class will
escape detection by Holmgren's test. This is more liable
:o occur if the blue-green wools be omitted in the first test
is Holmgren suggests. They will rarely fail to pass if
;hey be allowed to watch a number of other persons o-oino-
through the test, as in Holmgren's method of testh!- a
mmber of persons, or if they have had any previous prac-
tice with the wools. An intelligent colour-blind person is
)lten able to recognize colours by differences which, thoucrh
rivial, are constant.

The following case illustrates this class, and how very
nefficient Holmgren's test is for their detection.
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D. A., a professional man, well acquainted witli colour-

names, told me that he felt he must be colour-blind, to a

certain extent, as colours changed to him wlien they did

not to other persons. He found most difficulty witli

colours by gaslight.

I. Spectroscopic Examination.

/. Solar Spectrum.—He saw three definite colours in the

spectrum. The junction of liis green and red was at the

junction of my yellow and green. The junction of his

green and blue was on the blue side of my blue-green

junction. His red was shortened to an extent equal to

one-tenth of the whole of the red. The termination of

his violet corresponded with mine. He thought I was

laugliing at him, when I asked if the green had any resem-

blance to the red.

//. Lamplight.—This made an extraordinary difference

in the spectrum to him. He said that with the exception

of a small portion of green close to the blue-green junction

the remainder of the green had become orange. The

position of the blue-green junction he now put at a point

which corresponded to mine. I put out the light and

showed him the solar spectrum. He at once saw the

green as before. I then lit the lamp again, and told him

to cover up his eyes, and then, taking his hand away, to

look straight at the green and name the colour. He said

at once that it was orange, and there was a little green at

its junction with the purple.

II. Classification of Colours.

/. Daylight.

Group 1. Blach. Black.

2. Bed. Red.

3. Orange. Gold, yellow-brown, and orange.

i. Yellmo. AH light colours. Yellow, brown, gray, and

greenish j-ellow

5. Gray. Gray and purple-brown.
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6. Brown. Brown and gray.

7. Violet. Violet and purple.

8. Finli. Rose-red, rose, and gray.

9. Blue. Blue and violet.

10. Blue and blue-green.

11. Green. Green and blue.

In this classification the most marked mistake is that

of putting rose and gray together.

In Group 8 there were many reds similar to Holmgren's

test, II. But there were no pure reds—that is to sa}%

they all reflected a certain amount of blue or violet light.

//. Gaslight.—He now confused pure greens and pure

grays. He matched a purple with a blue-green, and also

confused blues and purples. He distinguished the reds

easily from the greens and browns.

The piece of silk which changes from green in daylight

to purple by gaslight he recognized as green by daylight

;

by gaslight he said that the colour had altered very little,

and that it was still green, though it had changed to

purple to me.

III. Test with Holmgren's Wools (Baijlight).—This,

in chronological order, was the first examination which I

made in testing him. I gave him the test green to match,
and he picked out the correct colours as rapidly and as

easily as a normal-sighted person. I then told him to

pick out all the greens. This he did, and the only mistake
he made was that of putting three blues with the greens,

and omitting one or two blue-greens.

IV. Test by Painting.—He painted a picture by day-
light, which is a very fair copy of the original. The
following are the mistakes which he made :

—

An apple which was orange gradually passing into'

yellow
;
the orange part he represented by red, the lighter

parts he represented by yellow. The greens were badly
matched. In the one case he made them too yellow, and
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ill the other too blue. A yelluw, shaded with ^lay, he
represented by green. Orange-browns he represented by
pure browns, and blue by blue-violet, and yellowish gray
by pink. To make sure that none of the mistakes were
due to carelessness, I went over each portion of tlie picture
with him, and he w^as perfectly satisfied with the copy he
had made. I then showed him the two pictures by gas-

light, and he said the difference between the two became
more distinct—namely, the brown was not red enough;
the green leaves not dark enough ; and a portion of the
apple too red. There should have been more yellow. The
remainder, he said, matched exactly.

V. Test as to Perception of Complementary Colours.—

I

tested him with shadows coloured by contrast, and he
named the colours of the shadows correctly—red, pui-e

green, and blue-green glass being used. The blue glass

gave him most trouble, as he did not know what to

call the shadow. That produced by yellow glass he called

correctly blue.

E. A., Physician.—He had been aware for many years'

that there was something wrong with the way in which he

saw colours. He knew the names of the various colours,

but found difficulty in using them, because the name which
applied perfectly in one case did not seem to apply in

another. In other cases, his friends were able to see

differences which he could not see. He has always found

great difhculty in matching colours, but he could arrange

shades easily enough. When, as a student, he was shown

a spectrum, he was unable to make out the seven classical

colours. There seemed to him to be only four—red, yellow,

green, and blue,—and he found it necessary to learn the

others by rote. He said he always found great difficulty

in distinguishing blues from greens. He has mistaken a

brown for a green, but never a red for a green. He has
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mistaken a yellow for a red, and a drab for a green. A
red fire appears yellow to liim.

I. Spectroscopic Examination {Lam'p Spectrum).—He
saw three distinct colours—red, green, and blue. He also

thought he saw yellow, but was very doubtful about it.

He gave the junction of the red and yellow at the junction

of the orange and red. He gave the junction of the

yellow and green at the point of union of the yellow

and green. He put the blue-green junction slightly into

the blue of the normal-sighted. His spectrum, both

for bright light and light of diminished intensity, was not

shortened in the least, being exactly the same length as

mine.

II. Classification of Colours {Daylight).—He said that

pink is more like violet than red, and that blue and violet

were very much alike. He picked out a deep purple-

violet and a blue of the same shade, and said that they

were exactly alike. He confused greens and browns, and
also classed reds, rose, and some browns together. He
found great dif&cult with one colour, a brown. (It is not

represented in my Pocket Test, but is a colour midway
between 60 and 67.) He said it looked brown when he
put it against the greens, green when he put it against

the reds.

It will be noticed that this colour is as nearly as

possible one corresponding to the point of union of his red
and green psycho-physical units. He made the following
groups :

—

Grouxj 1. Beds. Red, rose, brown, purple, gray, and fawn.
2. Yellows. Yellow and orange.

3. Greens. Green, blue, yellow-brown, buff, purple-brown, and
gray.

4. Blues. Blue, blue-green, violet, and purple.
5. Violets. Blue, violet, and purple.

0. Browns. Yellow-brown, buff, gray, and red-brown.
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7. Blael: Black.

S. WJiite. White, very light piak, and very light yellow-green.

He put one or two shades of rose with gi'oup 'i, but
afterwards removed them to tlie reds.

III. Examination with Pocket Test.

1. Daylight.

I. Oi'ange. 76, 54, 109, 99. Yellow-brown and orange.

II. Blue. 33, 9, 77, 93, 129. Violet.

IIL Bed. 36, 95, 116. Red.

IV. Blue-green. 11, 51. Green.

V. Pinh. 21, 31, 52. Rose.

VI, areen. 15, 6, 53, 98. Green.

VII. Light green. 70, 94, 112. Yellow-green, green and olive-green.

VIII. Lake, Purple-blue. 3, 66, 55, 108, 117. Blue, violet, and blue-

green.

It will be noticed that there are very few mistakes in

this record, in fact, so few that an inexperienced examiner

might pass him. I have, however, inserted this record in

order to show one of the difficulties met with in examining

the colour-blind. If the examiner were to force the

examinee to go on picking out colours, the latter is almost

sure to do so under protest, or to absolutely refuse. The

probability is that a person who omits colours in the above

way, is colour-blind. Positive evidence may be obtained

in the following way. One of the most prominent omitted

colours should be taken, and the candidate required to

match it.

Acting on this plan, I asked him to match 120 (green).

He said it was a brown, and well matched by 60 (brown).

I asked him about 59 (green), but he said this was a

OTcen, and did not match 120.

He said II. was a pinky blue—that is, it ai:)peared to

have a shade of red in it. He then turned to a Scotcli

plaid, and said, " There is a typical blue, which I should
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not mistake." The colour was a bright violet, which

would have matched II. very fairly.

2. Gaslight.—On being shown a pure green he was

uncertain whither it was a blue or a green, and matched

it with a blue-green.

Shown a purple (a colour midway between 31 and

103), he called it green, and matched it with a green very

similar to 80. He also confused brown and purple-brown.

Shown a red containing a small amount of violet, he called

it an orange, and matched it with a crimson.

IV. Test by Painting^.—I painted for a copy two
squares of Prussian Blue, one light and one rather dark.

I then gave him Prussian Blue and Crimson Lake to

match them with, and subsequently Gamboge. When he
had made the matches, he was very uncertain about their

accuracy, saying one minute that there was not the
slightest difference, and another that there was. He was
more satisfied with the match of violet and blue than the
match of green-blue and blue.

V. Examination with Lantern Test.—Tested with
lantern and coloured lights at a distance of fifteen feet.

Called ground-glass, pink. Tested with coloured glass
slides, the ground-glass slide being in front, named standard
red, standard green, green, ' yellow, and standard blue
correctly. Called a pale blue glass, green; and a pink
glass, yellow. Tested with neutral glasses, called 9, 10,
and 11, green ; 12 red. ITamed ribbed glass correctly.'

Tested with neutral glasses in combination with the
standard red and green. Eecognized red under all circum-
stances. Eecognized red and green in combination with
9 (No. i. neutral glass). Failed to distinguish green, with
10, 11 and 12 (neutral glasses Nos. ii., iii. and iv.). He
said that he could see the light, but that no colour could
be seen. Showed no sign of confusing red and "reen.
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VI. Test as to Perception of Shade {Daylight).—

I

tested him very carefully as to his power of matching
shades of colour, and found tliat his matches agreed with
mine.

VII. Test as to Perception of Complementary Colours
{Daylight).—1 gave him a coloured glass, and told him to

look at the light transmitted through it for half a minute
and then at a piece of white paper. In the first column is

the colour of the glass ; in the second the name which he
gave to the complementary. In each case he saw a

complementary.

Pure red ... ... ... White
Blue ... Yellow
Yellow ... ... ... Blue
Blue-gi-een ... ... ... Yellow
Orange-red ... ... ... Very light blue

Pure green ... ... ... Very light blue

F. A., aged 24.—This gentleman knew that liis colour-

perception did not agree with that of the normal-sighted,

and had carefully noted many of his mistalces. The most

distinct colours to him were yellow, green, and blue.

Eeds seemed to run into yellows ; and many colom-s which

most people called red seemed to him yellow—such, for

instance, as the glow of a red fire. It always seemed to

him that the leaves of a small border-plant {x>yrethrum)

were yellow, whereas they are really yellowish green. He
called a mauve hyacinth, blue. Once, when he was at an

evening party, there where two sisters dressed exactly

alike in pink dresses. He made a note in his programme

that one was in pink, the other in yellow. Afterwards

he could not tell which was which. He said he could

always distinguish the railway signal-lights. He had

difficulty in making up his mind with regard to colours.

After the lapse of a year I again asked him his opinion
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with regard to colours. He said that he found least

cUfficulty with blue. Eed and blue were the most dis-

tinct colours. He found difficulty in distinguishing

light reds and light greens from yellows. He had mis-

taken a dark green dress for black. He thought that

yellows would be better named if they were called reddish

greens.

I. Spectroscopic Examination {Gas Spectrum).—Shown
field containing red and green, recognized these as distinct

colours, and named them correctly. Saw three colours in

the spectrum—red, green, and blue. Said there was more
difference between the red and green than between the

green and the blue. Gave the junction of the red and
green at the point of union of the yellow-green and green
of the normal-sighted. Said the red gradually passed into

the green without the intervention of any other colour.

Gave the junction of the green and blue fairly correctly,

if anything slightly in the blue. He found great diffi-

culty in making up his mind as to the exact point. With
regard to the length of his spectrum for bright Mght, the
red was shortened one-third, the violet slightly. No
increased shortening for light of diminished intensity.

II. Classification of Colours {Gaslight).—He made the
following groups :

—

Growp 1. Pink, red, and rose.

2. Red, pink, orange, yellow, and crimson, and one light brown.
3. Pink, yellow, buff, and yellow-green.

4. Rose, pink, brown, and purple.

5. Green, light blue, purple, purple-brown, gray, and brown.
6. Green, light blue, purple, gray, and brown.
7. Olive-green, brown, slate, red-brown, yellow-brown.
8. Blue and green.

9. Brown.

10. Blue-green, green-blue, blue, violet, purple.
11. Very light pink, brown, gray, and rose.
12. Blaclis. Black and dark red, rose, brown, and blue.
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III. Examination with Pocket Test.

1. Daylight.

I. Bed. 7, 12, 25, 30, 07, 76, 101, 109, 111, 123. Orauge, red, and
brown,

II. Blue. 9, 16, 24, 33, 49, 55, 68, 93, 108, 129. Violet, blue, and
bliie-grccu.

Ill Bed. 7, 12, 67, 62, 104, 127. Red, orange, and rose.

IV. Green. 32, 51, 53, 92, 122. Blue-green and green.

V. Mauve. 21, 31, 56, 63, 71, 79, 103, 107, 127. Rose, blue, purple,

and violet.

VL Green. 15, 53, 75, 94, 124, 100, 101. Green.

VII. Orange. 5, 14, 58, 99, 89, 113, 126. Yellow-green, yellow, and
orange.

VIII. Purple. 16, 40, 41, 45, 65, 68, 77, 106, 129. Blue, violet, and rose.

On being asked, he said 120 was green, and gave 6 as a

match. I asked how 59 matched 120, he said it was a

better match still, and also added 80. I asked him if 111

and 112 (orange-brown and olive-green) were alike. He
replied that he could not see any difference between them.

2. Gaslight.

I, Bed. 7, 12, 19, 25, 36, 52, III., 54, 67, 76, 87, 99, 104, 116, 111, 123.

Orange, red, red-brown, yellow-brown, rose, and yellow.

II. Blue. 2, 24, 33, 40, 49, 55, 68, 93, 106, 129. Blue-green, blue,

violet, and purple.

IV. Bluish gray. 2,32, 45, 56, 53, 63, 64, 65, 77, 81, 84, 86, 103, lOG.

Blue-green, green, blue, violet, and purple,

V. Pink. 21, 31, 52, 71, 107, 127, 130. Rose, pink, and blue.

VI, Green. 6, 11, 51, 53, 75, 100, 101. Green.

VII. Orange. 5, 14, 58, 89, 113, 126, 128. Yellow-green, yellow,

orange,

VIIL Purple. 9, 16, 24, 45, 56, 65, 68, 92, 108, 129. Blue, blue-green,

purple, and violet.

IV. Test for Twin Colours {Gadight).—These matches

only refer to single colours. Because a colour-blind

person puts a certain rose silk witli a green, it is no reason

why he should confuse all shades of rose and green or even

colours appearing to the normal-sighted exactly the same

as those which he has confused.
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The following colours were a match in all respects.

Bright yellow-green and rose silks.

Light blue and violet.

Deep blue and violet.

Myrtle-green and yellow gas-green.

Two shades and tints of green.

Green and gray.

The rose was the lighter colour of the two, and similar to

107. The yellow-green was a deeper shade of 113.

In the case 'of the blues and violets, the violets were

slightly lighter in shade. In the case of the myrtle-green

(VII. is the exact colour) and yellow gas-green (a lighter

shade of 78) the latter was considerably darker than the

former. Viewed through a standard blue-green glass both
colours looked identical in shade and colour. He said

100 and 101 were exactly alike, and might have been cut
from the same piece of wool. He said 124 and 125 were
exactly alike.

V. Examination with Lantern Test—He distinguished
red from green easily under ordinary circumstances, and
when these colours were combined with the neutral glasses,

^^eutral glasses Nos. 9, 10, and 11 he called green. The
very dark neutral glass No. 12 he called red. He called
a light blue glass, green. He called a purple glass similar
to the rose-purple of the Classification Test, green ; and
the yellow glass, red. A few months later I examined him
again, with the following result. He called—

IB, lA, 6 + 2, and 12 + 1a Red
12, 3, 4, 7, II, 9, 10, 12 + 4, 12 + 1b, 12 + 2,

12 + 3, 12 + 5, ]0 + 5, and 11 + 5 Green
5, 5 + 4, and 9 + 5 Blue
2

Orange
^^^^G + 4 Purple

^' Yellow
^ Bluish green

It will be noticed that in this examination he called
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the combination 12 -f- 1b, green. On account of the
shortening of the red end of the spectrum he could see
very little, if any, red in the combination.

G. A., aged 27.—This gentleman had always found
difaculty in distinguishing colours. He was perfectly
cognizant of his defect. The chief difficulty wliich lie

experienced was in distinguishing reds from browns, and
browns from black. When at his office one day, he wrote
one half of a letter in red, and the other half in black ink.

He was with great difficulty convinced of the error which
he had committed. He finds great difficulty in recognizing
reds at a distance. He has often found that he cannot
see holly berries when they are quite visible to other

persons. As he aj)proaches the tree, however, the red

berries suddenly appear amongst the green leaves. On
getting still nearer the tree, the colours appear more
distinct. He particularly remarked on the peculiarity of

the colour suddenly springing into view. He had often

tried to distinguish the signal-lights on a railway at a

distance, but found that he could not do so. When he

was close to them, however, he could distinguish the

colours easily enough. He was convinced that he would
make a very dangerous engine-driver. He related several

instances of how^ he had mistaken browTis for blacks.

The following will serve as an illustration. He ordered

some programmes for a concert to be printed on paper with

a brown edge. When he received the sample, the edge

appeared to him the deepest possible black. He went to

the shop where he had ordered them, and said, " What do

you mean by sending me black-edged programmes ? " The

man protested that the edging was brown, so he pulled the

programme out of his pocket, and said, " What do you call

that but a black ? " The man said at once that it was
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brown, and this was confirmed by appealing to another

person. He has also mistaken a very dark blue for black.

I. Spectroscopic Examination {Gaslight Spectrum).—He
saw three distinct colours in the spectrum, -red, green, and
blue. The red and green looked quite different except where
they joined. The centre of the point of union was at the
junction of my yellow and green. The red end of the
spectrum was shortened to an extent equalling about one
half of my red. The violet end w^as shortened to an
extent equalling about one-tenth of my violet. The
brightest part of the spectrum corresponded to the centre
of my yellow-green. On first marking out the spectrum
he marked out an orange which included my orange,
yellow, and yellow-green. He recognized colours of low
intensity when in the centre of the spectrum. I also
tested him with a blue of low intensity near the blue-
green junction, and he recognized it.

II. General Classification of Colours {Gaslight)

Grou]p 1. Bed. Eed, orange, brown, rose, and purple.
2. Orange. Orange and deep yellow.

3. Yelloio. Orange, yellow, and greenish yellow.
4. Green. Green, brown, and gray.

5. Blue. Blue-green, blue, violet, and purple.
6. Pinli. Light rose and light brown.

7. White. Very light colours. Brown, white, rose, and gray.
8. Black. Black, dark brown, and dark red
9. Purple.

'

*

10. Eose, gray, buff, and light green.
11. Brown.

12. Eed-brown.

13. Brown.
14. Pink.

15. Eose.

16. Yellow-green.

17 Buff, yellow-green, and gold.
18. Brown.

19. Eose.

20. Brown.
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He was not able to give definite names to groups 9

to 20.

He matched the changeable silks which appear purple

and purplish gray to the normal-sighted by gasliglit with

olive-greens and grays, which would have matched these

silks very well by daylight. Shown some wool matches

by a two-unit, at once distinguished the red from the

green and brown, but did not distinguish between a matcli

of brown and green. Thought a colour-match made by

another three-unit correct. The match was a blue-violet

and a blue. Pointed out the mistakes in a picture painted

bv a two-unit.

III. Examination with Pocket Test {Daylight).

I. Hed. 76, 104, 123, 85, 111, 112, 116. Orange, green, and brown.

He said that 111 and 112, orange-brown, and deep olive-green

were exactly alike.

II. Blue. 9, 24, 33, 49, 55, 65, 77, 93, 106, 129. Violet, blue, and

purple.

III. Bed. 36, 37, 67, 85, 87, 107, 116, 127. Red, brown, orauge-brown,

and pink.

IV. Green. 2, 11, 19, 23, 30, 32, 42, 43, 50, 51, 04, 91, 102, 121,

Blue-green, green, brown and gray.

V. Finh. 2, 12, 30, 42, 50, 64, 73, 79, 107, 127. Blue-green, red.

gray, and rose.

VI. Green. 13, 19, 34, 38, 53, 80, 98, and 120. Brown, gray, and

gi-een.

VII. Yelloic. 5, 14, 54, 58, 89, 99, 109, 113, 126, 12S. Yellow, buff,

and orange.

VIII. Blue. 3, 33, 40, 45, 56, 68, 74, 77, 108. Blue, violet, gray, and

blue-green.

He put with 1—15, 34, and 80, green, brown, and gray.

IV. Examination with Lantern Test.—Shown 11 7

(neutral iii. and ground glass). Called the colour first red,

then green. Shown 12 -f 4 (neutral iv. and standard green)

said that the light had no colour. Shown 12 -f 3 (neutral

iv. and pure green), said the light was red. Called yellow,

orange. Called a pink glass, green and dirty yellow.
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He showed no tendency to confuse the red and green
when uncombined with the neutral glasses, and even in

the mistakes made above he remarked that the colour was
really a red-green, in which the red predominated in the
case of the pure green. In the case of the neutral glass
iii., he said that the colour was such an exact mixture of
red and green that he could not tell which it was.

V. Test by Painting {Gaslight).—Re painted a picture
very carefully. At first sight this picture appears to be
a very good copy of the original ; in fact, more than one
normal-sighted person has remarked that he could not
bave painted the picture as well.

On looking into the picture, however, all the three-
mit mistakes can be seen. I was with him the whole
)f the time that he was painting the picture, and his
•emarks and method of procedure were characteristic,
rhis, as well as the other paintings which I have mentioned,
VQYQ painted after .the manner described in Chapter XI.'
le was given about forty colours on a series of plates,
nd so could be guided by colour only. He first painted
brown cat, green. After he had done so, he remarked
hat the cat in the original was a reddish green, so he
amted red over his green, and this has made a very
iir match. One portion of the cat which was gray in
tie copy he has left green. In another place he has
^presented light brown by green. A pinky ground he
as represented by a light olive. Yellow-green in one
lace he has represented by yellow. Every speck of red
as been correctly rei^resented, and the greens have been
^presented in each case by green, with the exception of
le single mstance mentioned above. Blues and yellows
ive been_ correctly represented. I then showed him a
cture painted from the same copy by a two-unit, and he
nnted out the mistakes which had been made •

-

M
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Professor W. Ramsay, F.R.S.—He said that he only saw

three colours in the spectrum. Yellow and orange did not

appear to him as definite colours, but as transition colours

between red and green. After a paper of mine on Colour-

Blihdhess had been read at the Eoyal Society, one of the

Fellows (a three-unit) kindly marked out the spectrum a-s

it appeared to him. Professor Karasay was under the im-

pression that the spectrum had been marked out correctly.

• He said that the neutral colour between the red and

the green (the yellow and orange) had an exactly similar

appearance to that of a red-clover field in full blossom.

He said that pigmen|i yellows looked much more like

definite colours than the yellow of the spectrum.

I. Spectroscopic Examination (^r(xs%/ii;).—He saw three

colours in the spectrum—red, green, and blue. His spec-

trum commenced and terminated at the same points as

mine did. The junction of his red and green was in the

centre of my yellow. He said that the red gradually

blended with the. green, the. intermediate colour being

admirably expressed by being called " reddish green."

The junction of his green and blue was at a point

corresponding to the junction of the yellow five-sixths

with the blue sixth of my green.

II. Examination with Classification Test {Gaslight).

L Yellow. Orange, yellow, and brown.

II. Lavender. Violet, purple, and gray.

III. Red. Red, crimson, and orange.

. IV. Green. Green and blue.

Also told to make groups of yellow and blue-

Yellow. All light colours. Red, orange, yellow, greenish yellow, and

brown.

Blue. Blue and green.

With test II. all six grays were put. men I told him

what he had done he put a gray by the side of test II.,
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and then said that it had become green. He then took an
olive-green, and putting it beside the gray, said that the
latter had now become purple. The gray was moderately
dark, and did not appear to' change colour to me in the
slightest degree. Having put the olive-green and the
test 11. a few inches apart, he laid the gray across them,
He then said that the end which was resting on the green
was purple

; the end resting on the violet, green ; and the
portion between the two neutral. The wool appeared gray
throughout to me. He said that he had often found diffi-

culty in deciding whether a colour was purple or green
when seen in the distance or background of a picture. He
also found difficulty in painting foliage in which purple
shaded into green. He called both neutral glasses, green.
I showed him some pieces of changeable silk, some of
which look purple by gaslight, others gray. He said
that they were all purple.

On being told that he had put red, crimson, and orange
together, he made three groups, but each group, contained
some of each of the three colours.

III. Examination with Pocket Test.

1. Daylight.

L 7, 12 19 21, 36, IIL, 67, 76, 99(?), 104 (?), 107, 111, 116, 123(9)Pmk, brown, rose, red, and orange.

2. Gaslight.

II. 33, 9, 16, 65, 68, 77, 93. 103, 114. 129. Violet

TV o'7; I'' ^^^^S^' Pi"k. and rose.
IV. 2. 11, 15, 51, VI., 53, 80(?), 84, 92; 94, 100, 12i'. Green.

In matching III. he said that he had taken great care
to avoid pmks.

IV. Examination with Lantern Test.-He named redand green correctly under all circumstances, either alone
or in combination with the neutral glasses. He called 2brownish red;" 10, yellow flame, surrounded by misty
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blue ; " 11 -f- 5, " orange ;
" 9, " green ; " 11, " green ; " 12,

" brownish red ;

" 12 -|- 7, "red."

I then tested him. with feeble lights at various dis-

tances, from, a few yards to a furlong. He never con-

fused red and green, and could distinguish them at as

great a distance as I oould. He found great difficulty

with the neutral and yellow glasses, and confused thera

with red and green.

I have a number of paintings by persons belonging to

the three-unit class. In the case of educated persons the

paintings are very much more accurately done than those

by the two-unit. In none of these paintings has red been

mistaken for green, or vice versa. The following will serve

as examples, as this method of colour-matching gives such

accurate results.

H.A.—Picture painted by daylight. Yellow represented

by red in several places, blue by blue-violet, the greens by

duller and bluer greens, the remaining colours correctly.

J. A—Picture painted by gaslight. Orange represented

by Crimson Lake, green by blue, gray by greenish yellow,

orange and gray by crirnson, blue by green.

K. A.—Picture painted by gaslight. Blue and blue-

green represented by green, purple by green, the remain-

ing colours correctly.

I.. A.—Picture painted by gaslight. Bro^vn represented

by green, blue by green, brown by purple, crimson hy

orange.

It is curious to note in this picture that m one part

the brown was shaded with red. The brown in the copy

was represented by green, but the red shading was put in

"^M A —Picture painted by gaslight. Greenish bluo

represented by blue in one place, and in another place
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by green, orange by crimson, green by purple, brown by

purple.

N. A.—Picture painted by daylight. Blue represented

by green, yellow by red, pink by yellow-brown, yellow-

brown by greenish yellow.

0. A.—Picture painted by gaslight. Gray represented

by blue, gray by brown, red by yellow-brown, yellow by
yellowish gray, yellow-brown by purple-brown.

P. A.— Picture painted by daylight. Blue represented

by blue-violet, green by blue, yellow-brown by red.

ft- A.—Picture painted by daylight. Yellowish green

represented by greenish blue, green by blue, yellow by
red, yellow by greenish yellow, blue by green, pink by
brown, yellow-brown by orange-brown, red by orange-
brown.

^- A.^Picture painted by daylight: Blue by blue-
violet, dark orange by crimson, red by crimson, green by
bluish green, orange-brown by yellow-brown.

The case of E. A. is an example of three-unit colour-
blindness, uncomplicated with shortening of the spectrum.
The cases of F. A. and G. A. show the complications due
to a shortened spectrum.. All, however, agree in the main
—that is to say, their vision is truly trichromic, and the
three typical colours are never confused with each other.
In the numerous cases of three-unit colour-blindness I
have examined, I have never succeeded in making the
examinee mistake red for green. They will usually laugh
at such a mistake as ridiculous. An exception must be
made when a red is mistaken for a green, on account of
shortemng of the spectrum. That shortening of the spec-
trum IS the cause of red being mistaken for green may be
demonstrated in the following manner. Let both colours
be exammed through a coloured glass which is opaque
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to the shortened portion of red. It will be found that
both colours will look alike, in many cases appearing
identical in hue and shade when viewed in this way. In
painting it is just the same; these persons are able to

produce a very fair copy, and take care to paint every

speck of red correctly.

Their classification -of colours is entirely different from

that of the two-unit, and perfectly characteristic. The
three-unit use Crimson Lake as a red, whilst the two-unit

regard Crimson Lake as a very similar colour to Prussian

Blue, and rarely use either.

It will be noticed that confusion colours were not

put with Holmgren's test-green (VL), even under the

circumstances of difficulty produced by the Pockeb Test.

In fact, only greens were put with VL, and with each of

the other colours more mistakes were made. This shows

how unsatisfactory this colour is for a test.

Two-unit.

The cases which come under this head form the class

of the ordinary red-green blind. It is under this head

that nearly every • one of the recorded cases may be

classed. Vision, as far as colour is concerned, is dichromic,

the neutral point being situated at the junction of the

blue and green of the normal-sighted. A colour-blind

person belonging to this class, on being shown a spectrum,

usually says that it is made up of two colours, yellow and

blue, the one gradually passing into the other. The

brightest point of the spectrum, when it is not shortened,

is at the yellow, about the position of the D Hue, just as

it is in the normal-sighted. The colours which are

described as being most representative of each of the

bands are the yellow of the buttercup for the yellow, and

the blue-violet of the corn-flower for the blue ;
in fact, just
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tlie colour which corresponds to the central point of each

unit.

Then, if i any of the rays which fall within one unit

be mixed with those which fall within the other, gray is

the -result. Therefore, violet and red, instead of making

a crimson to the two-unit, make a gray which is indis-

tinguishable from the gray made by blue and green. The

two-unit cannot see any difference between Crimson Lake

and Prussian Blue.

Figure 6 of the frontispiece represents the spectrum

as marked out by a simple two-unit colour-blind. Eed is,

however, not the colour seen for the first unit ; but I have

represented the first unit of all as red, for the sake of

uniformity. The centre of this unit corresponds to the

ydlow of the normal-sighted, and this is, therefore, the

most representative colour. Most of the cases of two-unit

colour-blindness are complicated by a shortened spectrumj

either at the red or the violet end, for bright light or light

of dimini-shed intensity.

A neutral band may or may not be present In the

blue-green.

In the simplest case of two-unit colour-blindness there

is an unshortened spectrum and no neutral band.

The progressive steps from this to complete colour-

blindness are shown in Figs. 7, 8, 9, and 10 of the frontis-

piece.

The vision of the two-unit colour-blind is psycho-
physically dichromic—that is to say, they see two true
colours and gray. In the simple two-unit cases, red,

orange, yellow, and green are seen as one colour, blue and
violet as the other. The presence of a neutral band causes
the colours corresponding to this portion of the spectrum
to be perceived as gray. Therefore, the more extensive
the neutral band, the more colours will be classed as gray.
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ISTo. III. in my Pocket Test is practically a pure red,
though it reflects a small amount of violet light. This is

of no consequence. Nos. 36 and 95 are pure reds, and
are classed by the colour-blind with III.

Nos. 78 and 94 are represented by the two-unit as
similar colours to 95. These two are the brightest possible
greens. Scarlet and grass-green appear very similar to the
two-unit, and they find great difficulty in distinguishing a
scarlet coat lying on the grass.

The following case is one of considerable importance,
and the reader is advised to study it very carefully. It is

a case of simple two-unit colour-blindness, with a spectrum
of normal length and no neutral band. As might be sup-

posed, this case was one which I sought for from the

commencement of my investigations; but, to show that

these simple cases are not common, I may mention that

I had reached my 101st case of colour-blindness before I

was rewarded. Two-unit cases are common enough ; but
there is either shortening of the red or the- violet end, or,

if the spectrum be of normal length, then there is a neutral

band in the blue-OTeen.

I have given the facts as obtained ; but I do not see

how they can bear any other interpretation-, than that the

man had simple uncomplicated dichromic vision.

S. A., aged 26.—He is a shrewd and intelligent man,

one of a family of thirteen, five of whom died young. Of

the eight remaining, five are men and) three are women.

None of the family have ever taken any interest in colours
;

but, as far as he can tell, none of them have ever shown

that they were colour-blind. He has never taken any

interest in colours, having had very little to do with them.

Has never made any obvious mistakes in naming colours,

and so did not know that he was colour-blind. The names
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that are ordinarily given to various coloured objects

seemed to him to suit them well enough. Examined as

to the names of the colours of well-known objects, nine

times out of every ten he gave the correct answers, using
terms like purple, gray, and brown, in addition to the

names of the primary colours. This examination showed
that he was Well acquainted with colour-names, and, there-

fore, that none of the mistakes made were due to ignorance.

I first asked him what were the objects from which he
took his ideas of colour. He answered, grass for green

;

the bark of a tree and' the earth for brown ; the sky on a
fine day for blue

; blood, for red. He readily distinguished
the difference in colour of some lichen -growing, on the bark
of a tree, and named both correctly. He gave the correct
colour-names of a number of flowers.

He also gave the colour-names of a large number of
other coloured objects. The following were the mistakes
he made. He said the upper surface of the leaf of the
Aucuba Japonica was brown, with yellow spots. Said the
under surface was green. This was, with one exception,
the only leaf which he named wrongly. Said the orange
glow of a coal fire differed in colour. He said that the
brightest glow was yellow

; where this glow was covered
with incandescent white ash, green

; where the glow was
dull red. The glow really differed very slightly in colour
at the points indicated. He called yellow bricks, red and
the sky, pmk. The colour of the sky was a pure grayi due
to fog and mist. He called the white petal of an orchid,
pink

;
dirty yellow paint on a dpor, green ; some bright

yellow paint, seen at a distance, gray ; some yellow-green
petals and leaves yellow; said the colour of a person's
complexion was white, shaded with purple or blue. Henamed b ack and red ink correctly. I showed him a piece
of half-burnt paper. He said the dark brown most
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charred portion was brown ; but the light brown, least

burnt portion, red. He said that some carrots were red,

others dark yellow.

Yellow and blue were his two most definite colours.

His best examples of yellow were the colour of an orange,

a dandelion, and a primrose ; his best examples of blue

—

the colour of the blue sky. on a stormy day, seen between

two clouds, and the colour of a violet.

The chief effect of gaslight was to alter the colour of

the greens : some colours (emerald green) which looked

green by day looked blue by gaslight ; others (yellow-

greens) which looked green by day looked red by gaslight.

I. Spectroscopic Examination.

i. Daylight.—Spectrum of normal length He saw-

two colours, yellow and blue, gradually passing into each

other. The junction of - the two was at the normal blue-

green junction. No neutral? band.

ii. Zamp%7i^.—Spectrum of normal length. He saw

two colours, yellow and blue, gradually passing into, each

other. The junction of the two colours was at the

normal blue-green junction. The brightest and most

typical point of yellow was at the junction of my orange

and yellow. The brightest and most typical point of

blue was a little into the violet, just beyond the junction

of my blue and' violet.

II. Classification of Colours.

i. Daylight. Wools, glass, cards, silks, and velveteens being used.

Growp. 1. Yellow, yellow-green, and orange.

2. Orange, yellow, and yellow-green.

3. Blue-green, gray, and crimson.

4. Red, lose-red, orange, and yellow-brown.

5. Rose-red, crimyon, and purple.

6. Brown, gray, and orange.

7. Deep red, green, and brown.

». Olive green, pure green, brown, and gray.
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9. Yellow-green, yellow-brown, and yellow.

10. Orange-brown, yellow-brown, green, and purple.

11. White and very light shades of pink, green, brown, and gray.

12. Yellow, light brown, green, and gray.

13. Blue, green, blue-green, and pink.

14. Yellow-brown, orange-brown, and dark olive-green.

15. Green, purple-brown, and gray.

16. Yellow-brown, purple-brown, blue-green, and gray

17. Blue-green, blue, purple, pink, and gray.

18. Blue, violet, and purple.

19. Blue, violet, and purple.

20. Black, and very deep shades of purple, brown, and violet,

ii. Gaslight.

Group. 1. Orange and yellow.

2. Orange, yellow, and pink.

3. Brown and olive-green.

4. Eed, orange, rose, and purple.

5. Yellow, green, gray, brown, and purple.

6. Green, rose, gray, and brown.

7. Red, rose, and brown.

8. Red, rose, brown, and olive-green.

9 Browns.

10. Brown and green.

11. Green, brown, and gray.

12. Yellow, green, pink, brown, and gray.
13. Yellow, green, pink, purple, and white.
14. Yellow-green, pink, purple, brown, blue, and gray.
15. Blue and green.

16. Blue, green, violet, gray, and black.

17. Green, purple, and gray.

18. Green, brown, gray, and purple-brown.
19. Green, blue, and violet.

20. Green, purple, and gray.

21. Green, blue, purple, brown, and gray.
22. Green, blue, brown, and purple.
23. Green, blue, and violet.

24. Green, blue, violet, purple, brown, and black.

In making both these classifications it was evident
that he was influenced by the two qualities, colour and
shade, m about an equal degree. Thus several of the groups
contained exactly the same colours, but a shade darker or
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lighter. In the same way, light shades of a colour were
not put with darker shades of the same colour. The
luminosity of the colours was also a factor in the classi-

fication.

III. Examination with Pocket Test.

1. Daylight.

I. Scarlet. 76, 70; 54, 89, 99, J 23, 109,' 104. Orange, yellow-

green, and yellow-brown.

II. Blue. .33, 24, 49, 9,.65, 68, 77, 106.- Violet and blue.

lU. Red. 36, 67, 104, 87, 95, 116, 94, 112. Bed, orange, brown,

and green.

rV. Greed. 50, 73,' 86, 125, 84, 31, 11, 42, 30, 102. Green, gray,

light blue, and rose.

V. Purple. 2, 32, 56, 63, 71, 81, 130, 79, 103, 86, 105. Blue-green,

blue, violet, and rose.

VI. Brown. 75, 102, 96, 38, 91, 100, 84, 125. Green, brown, and gray.

V'll. Yellow.. 5, 58, 89, 99, 113, 126, 14. Yellow-green, yellow-

brown, and orange.

Vlll. Blue. 24, 16, . 9, 33, 45, 52, 77,65, 106, 129, 68. Green-blue,

violet, blue, and rose.

2. Gaslight.

L Bed. 7,. 76, 54, 99, 104, 116, 123. Ked, orange, and yellow-

brown.

II. Green.- 33, 40, 51, 56, 74, -94, 106. Violet, blue, green, and

gi-ay.

in. Red. 19, 12, 38, 54, 76,. 99, 116. Brown, red, yellow-brown,

and orange.

IV. Green. 2, 11, 33,-40, 56, 68,98,106,124. Blue-green, green

violet, blue, and gray.

V. Red. 19, 12, 38, 54, 76, 99, 116. Brown, red, yellow-brown,

and orange.

VI. Green. 11, 32, 56, 75, 81, 103, 124. Green, blue, and purple.

VII. Red. 5, 12, 39, 58, 62, 89, 99, 116. Yellow, red, brown, and

orange.

VIII. Green. 15, 20, 55, 93, 106, 129. Green, blue, and violet.

IV. Examination with Classification Test.

1. Daylight.

I. He firat took in his hand a good many yellows nnd yellow-greens,

but ultiraiitely, witii the exception of the light red glass, put

only orange with the test.
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II. Violet, blue, purple, and blue-green.

III. Red, rose-red, and orange,

IV. Green, greenish blue, stone, and gray.

2. Gaslight.

I. Orange, yellow, and pink.

II. Violet, purple, green, and blue. (Test IV. was put in this

group.

)

III. Red and crimson.

V. Examination with Lantern Test.—I will give the

results of two examinations. The second examination
was made after an interval of nearly four months, during
which time he had been studying colours.

Ex. 1.—Called pure green in combination with the
ground glass, yellow

;
ground glass, white

;
plain flame,

purple. JS^amed red, standard green, yellow, and blue in
combination with the ground glass correctly. In naming
neutral with ground glass, he called 9, red

; 10, yellow

;

11, red; 12, red. He called the combinations of 12 with
2, 1a, 3, 4, and 5, respectively, red.

He called the ribbed glass, first time, white and green
;

second time, white and red. The white was the flame.'
He called No. 11, in combination with 3 and 4 re-
spectively, purple. He called the combination of 2 and 11,
red and blue. The red was the flame.

Ex. 2.—On being shown the coloured slides alone,
he named all correctly with the exception of the yellow^
which he called, light red. He named ribbed and ground
glass correctly. He called 9, 10, and 11, green; 12 red •

and the combinations of 12 with red, pure green, standard
green, and blue, respectively, red.

VI. Examination with Holmgren's Wool Test.
i. Daylight.—miQn first examined he put eighteen

wools with the test green. This group consisted of green
brown, dove, stone, and gray.

When he made the above selection, he had not been
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sliown which were tlie colours tliat he should put with the

test green. Feeling sure that T could teach him to pass

through this test, I gave him the following instructions,

having picked out the four shades of the test green.

1. You are only required to pick out four wools.

2. These wools form a series from light to dark. There

is only one of each shade.

3. Pay especial attention to similarity of colour and no

attention to similarity of shade.

He at once grasped the idea, and the first time picked

out three of the correct greens and a red-brown, about

which he said he was doubtful. The second time he went

through the test very rapidly, and picked out the correct

colours and those only. As he did not touch the con-

fusion-colours, it would have been impossible for the most

expert examiner to have said that he was colour-blind b}^

this test. He took the test green to the pile, and, without

taking any of the colours from it, carefully compared the

test green with the other colours. When he felt sure that

he had found one of the right colours he took it out, and

so on until he had picked out all the colours correctly.

In choosing the colours he displayed no hesitation what-

ever.

ii. Gaslight.—He found greater difficulty in picking

out the correct wools than he did by daylight, but ulti-

mately succeeded. He first picked out a number of con-

fusion-colours in addition to the correct wools, and then

rejected them one by one.

VII. Test by Painting.—He painted no less than seven

pictures after the manner described in Chapter XI. These

pictures were painted under various conditions of light.

The mistakes made are similar to those made in the classi-

fication of colours. In one picture, painted by gaslight, he

has represented yellow-green by red, gray by violet, blue by
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violet, blue by green, pink by yellow, yellow by red, gray by
olive-green, blue by purple, and yellow-green by yellow-

brown. In another picture, painted by gaslight, he has

represented blue-gray by purple-violet, orange by crimson,

yellow by brown, pink by yellow, violet by blue, green by
purple-violet, green by orange-brown, red by orange-brown,

blue by greenish blue, brown by rose, and gray by blue-

green. In another picture, painted by daylight, he has

represented blue by violet, green by brown, red by orange-

brown, yellow by yellow-green,' red by green, gray by
purple, yellow-brown by red, pink by greenish yellow,

blue by blue-green, and yellow-brown by rose.

VIII. Test for Twin Colours.

i. Daylight—'Rq distinguished the factors in combina-
tions by other two-units easily enough. I gave him a set
of wools, and told him to pick out those which were
exactly alike in every respect. He made pairs of the
following colours : yellow^brown and orange-brown, orano-e
and greenish yellow, purple and blue, gray and pink. As
far as shade was concerned they were exactly alike.

ii. Gaslight.—He was first examined with the pairs
mentioned above, and found that they were no longer
twin colours. He made twin pairs with the following
colours—purple and blue, green and greenish gray, buff
and brown.

IX. Test as to Power of Distinguishing Shade.—

I

examined him very carefully as to his power of* dis-
tmguishing shade, both by daylight and gaslight, and
found that his perception of shade M^as similar to mine
He first arranged about 150 wools in a series from liaht
to dark, paymg no attention to colour. In all cases his
decision corresponded with mine. He saw all the spectral
colours when they were reduced to the lowest degree of
luminosity visible to me.
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X. Test as to Perception of Complementary Colours.

I first tested him with shadows coloured by contrast.

The shadow was formed by the interposition of a pen-
holder between a coloured glass and a piece of white
paper. He said that the shadow was coloured in each

case. He named the colour of the shadows when blue

and blue-green glass were used, correctly. When pure

green, red, or yellow glass was used, he said the shadow

was coloured " purple."

He was then tested with coloured cards, looking at a

card for a minute and then at a piece of white paper. In

each case he saw a complementary colour. He said that

the complementary of both yellow and green was purple,

and the same kind of purple. He called the comple-

mentary of red, light blue, and named the complementaries

of pink, blue, black, gray, and white, correctly.

I also tested him in a number of other ways, but the

results obtained only confirmed the facts recorded above.

A careful examination of the above case shows how

the facts elicited confirm the theory of psycho-physical

perception. Here is a man who plainly sees only two

colours definitely, and yet it is evident that his vision is

not dichromic in the sense that it would be if there were

only two colour-sensations. It is evident that he saw

differences of colour besides the two colours yellow and

blue. He saw as much difference between red and green

as the normal-sighted see between blue-green and green.

Accurate observation would not enable a person to judge

between colours, when different materials were used, by the

relative luminosity. The way in wliich he named and

classified colours showed that he appreciated what colour

is, and judged by it. It was on considering the case iu

this way which led me to believe that I could educate
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him to pass Holmgren's test. I thought that as Holm^
gren's test green is a pure green, the absolute psycho^
physical unit of which this colour would form the centre;

would lie wholly within the green. If this were the case^

a two-unit would be able to see a difference of colour
between yellow and green, and therefore would be able
to keep clear of the confusion-colours. The result showed
that this was the case. The size of the absolute psycho^
physical units is also shown by the examination for twin
colours.

T. A., Male, aged 58.—He was well acquainted with
his defect of colour-vision, though he was not aware of thej

extent. He thought that the ordinary system of naming
and arranging colours was unnecessarily complex, and
certainly did not agree with his ideas on the subject.' He
could see no resemblance between the green of a paint, the
green of the spectrum, and the green of the grass. Green
paint looked very like the colour of dirt. He could dis-
tinguish red cherries from the leaves by the colour. It
seemed to him that there were only two definite colours
yellow and blue, and objects of these colours formed thj
greatest contrast. The following objects were most repre-
sentative of each of the colours, yellow roses and prim,
roses for the yellow, violets and heart's^ease for the blue'He was specially interested in heart's-ease, because he often
lound both his colours contrasted in one plant.

He does not care for colour, as colour., in the least
I. Spectroscopic Examination.
i. Solar Spectrum.~RQ was weU acquainted with the

colours of the spectrum, and had often used a spectroscope'He at once proceeded to mark out the seven orthodox
colours. The length of his spectrum was exactly the same
as mme. He marked off the red from the orange, and th^

N
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oraDge from the yellow fairly. In giving the junction of

the yellow and green, he put the pointer in the centre of

the green. The junction of the blue and green, he gave

correctly. In giving the junction of the blue and violet,

he put the pointer within a short distance of the termina-

tion of the violet.

ii. Lamp Spectrum.—He remarked that the lamp spec-

trum looked much redder that the solar spectrum. His

spectrum was of normal length. He marked off the red

from the orange correctly. In giving the junction of the

orange and yellow, he put the pointer at the junction of

the middle with the outer third of the orange. He gave

the junction of the yellow and green at the centre of the

green. In giving the junction of the green and blue, he

put the pointer in the centre of the blue. The junction of

the blue and violet he put at the centre of the violet.

iii. Gas Spectrum.—This examination was made several

months after those just recorded. It was evident that he

belonged to the class of the two-unit, but had given the

foregoing answers on account of his knowledge of the

spectrum. In testing him, therefore, this time, I took care

not to let him see the ends of the spectrum until I had

finished with the middle. I arranged the spectroscope so

that half of the green, yellow, orange, and half of the rea

occupied the field. On being asked the colour, he said

there was nothing but yellow ; on being asked the next

colour, he said he supposed it was green, but it appeared

to him to have no colour. He then marked off a large

neutral band, extending into the blue on one side and the

green on the other, about equal distances. This neutral

band in size was about one-tenth of the whole spectrum.

He was not able to distinguish between the blue and the

violet.
• The length of his spectrum was the same as mine

for bright light and light of diminished intensity. The
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most luminous part of the spectrum and the most typical

yellow was in the yellow of the normal-sighted. The
point of greatest intensity of the blue was at the junction
of my blue and violet.

II. Classification of Colours

Group 1. Blue, violet, and purple.

2. Blue, violet, and purple,

3. Light pink and light

brown.

4. Yellows.-

5. Yiellows.

6. Eeds.

7. Blue-green and gray.

8. Dark rose, brown, olive-

green, dark blue-green.

9. Yellow-brown.

10. Prussian blue.

11. Eose-red, red, and brown.

12. Red, rose, and brown.

{Daylight).

Group 13. Red and brown.
"

14. Green, pink, and gray.

15. Green, blue, purple, and
rose.

16. Blue, blue -green, and
rtise.

17; Rose, gray, and green.

18. Blue and purple.

19. Pink, olive-green, and
brown.

20. Blue -green, gray, and
brown.

21. Green, gray, and brown.
22. Green and gray.

In this classification only wools were used, and it will
be noticed that green was not confused with red. The
above classification should be compared with the results
of the examination with the Pocket Test.

III. Examination with Pocket Test.

1. Daylight.

I. Redduh orange. 76, 54. Orange and yellow-brown
II. Blue. 9 24 49, 33, 55, 93. 129, 106. Violet, blue, and purple.

III. Brownish red. 1,19,75,116. Red, brown, and green
He said 78 (bright green) was a similar colour, but therewas more red in it. He also said 100, 101, (greens) were

the same colour, but much lighter
y

«

gr'J"
'''' -.-green, rose.

^'
^;;f,„

'"'^l'31'«*'IV"110.127. Rose, gray, green, and blue-

VI. Light brown, Chocolate-colour.
8, 75, 91, 102. 96, 107 Greenbrown, gray, and rose.
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VIL Orange-yellow. 99, 14, 89, 109, 113, 58. Yellow-green, orangp.

and yollow.

VIII. Mauve. 130, 108. Blue, crimson, and blue-green.

2. Gaslight.

L Orange. 76, 54, 89, 99,123, III. Orange, red, and yollow-brown,

II. Blue. 24, 49, 3, 9, 16, 55, 66, 92, 93, 106, 129. Violet, h]w.

blue-green, and purple.

III. Bed. 54. I., 76, 89, 99. Red, orange, and yellow-brown.

IV. Gray. 2, 32, 33, 40, 45, 56, 65, 68, 77, 81, 103, 130. Blue-green,

purple, blue, violet, and crimson.

V. Gray. 23, 21, 18, 19, 42, 43, 50, 30, 73, 63, 96, 79, 91, 127. Ruse,

stone, brown, gray, green, and violet.

VI. Gray. 30, 52, 78, 130. Green, gray, and rose.

VIL Pale orange. 89, 125. Yellow-green, yellow-brown, and gray.

VIIL Blue. 49, 24, 20, 16, 9, 3, 72, 97, 47, 108, 55. Blue, green, violet,

purple, blue-green, and gray.

IV. Test by Painting (Gaslight).—! first asked him to

criticize (by daylight) a painting by another two-unit, in

which nearly every possible mistake of the simple two-unit

had been made—namely, green had been represented by

light red and brown
;
orange by yellow

;
blue-green by

Crimson Lake
;
green by gray ; rose by purple. He ex-

amined both the copy and the painting very carefully,

and remarked that the latter was very well done and a

perfect copy.
. . r .

I then got him to make a painting from a different

copy He did so with characteristic mistakes—painting

the hands, faces, and arms of children yellow-green, in-

stead of lioht red ;
leaves and foHage sometimes green,

sometimes brown; the reds, some with light red, other,

with brown ;
crimson as brown, and many more character-

istic mistakes.
rr. ^ j -^.i

V Examination with Lantern Test. -Tested with

lantern and coloured glasses at a distance of fifteen fee,.

Tested with the slides presented singly. He called tli,

p', Jet orange; and No. 12. greenish The stan. nd

Sd stendarf gre:n, ground glass, ribbed glass, and neutral
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glasses (Nos. i., ii., and iii.) he named correctly. A pink

lie called orange ; the yellow, orange; the blue, blue-violet

;

and a light blue, violet.

I repeated the test, with the result that he gave the

same answers with two exceptions. He called the pure

green, red ; and a light blue, greenish.

Tested with ground-glass slide in front. He called the

standard red, the yellow, a pink, and the ground glass

alone, orange. He said the standard green had very little

colour; if anything it was faintly greenish. The pure
green he called red; the .blue, blue; a light blue, green
inclining to violet.

I then tested him with the standard red and green, in
combination with the neutral glass Ko. iii.

He called the standard green " no colour ;
" the standard

red, reddish. The standard colours being shown with
No. 12, he called the green "no colour; " the red, green.

With the ribbed glass in front he recognized the
standard red, blue, and green.

VI. Test with Polariscope (Gaslight).—^hown green
and pink together. Said that they looked somewhat alike.
The pink looked the darkest; whilst the green looked as
if it were a yellow with' a shade of the pink colour over
It. Shown other colours, and made similar mistakes to
those already recorded.

VII. Test as to Perception of
^ Shade (Daylight).—

I

tested him very carefully as to his power of distinguishing
and matching shades of colour with wools arranged in
series. I found that his arrangement of shade was exactly
the same as mine, both for colours of the same hue, and
tor those of different hues. He matched blues with
violets, greens, and reds of exactly the same shade.

VIII. Test as to Perception of Complementary Colours
(Daylight).~Rq was able to see after-images, and they
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appeared coloured. I tested him with a vermilion book,

and told him to point out the colour in my Pocket Test

which tlie complementary resembled. He pointed out No. 2

(blue green), a colour which matched the complementary

seen by me very well. He said No. 2 was much darker

than the colour he saw.

I then tested him with bright blue paper. He pointed

out No, 5 (yellow). My complementary was more like

No. 4 (buff).

With pink paper of the colour of V. he could not get

a complementary colour. He said the paper appeared a

little darker, but there was nothing like any colour to be

seen. I saw a complementary of the colour of VI. (green).

IX. Accidental Colours.—On pressing on his eye, he

saw no colour, only light. If he looks at the sun and

then at a white wall he sees a black spot. Tiiis spot does

not appear coloured or change colour, but simply fades

,
away.

U. A., Male, aged 14.—He first found out that his

colour-perception was defective in the painting- class at

school. He was well acquainted with colour-names. He

said leaves and grass look red
;
holly-berries and the leaves

appear the same colour, only the berries look lighter. The

lips and faces of men and women appear blue, like the sky.

A crimson rose always appeared to him to be blue. An

orange and a lemon appear of the same colour. Very dark

reds, browns, and greens often appear to be black. The

glow of a red fire appears yellow, not red. He can

easily distinguish a sovereign from a shilling by the

, colour.

I. Spectroscopic Examination {Oas Spectrum).—He saw

•two distinct colours in the spectrum, yellow and blue.

These met at the normal blue-green junction. There was
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no neutral band, the yellow gradually passed into the blue.

The bright spectrum was considerably shortened at both

ends, the total amount of shortening being equal to one-

tenth of the whole spectrum. This shortening was equally

divided between the red and violet ends. The red was
therefore diminished by one-quarter. The violet end of

the spectrum was still further shortened with light of

diminished .intensity ; but this was not the case with the
red. He could perceive any portion of the spectrum
internal to.the limits of shortening when its intensity was
reduced to such a . degree that the light was only just

visible to me.

II. Classification of Colours.

1. Daylight.

Group 1. Grass-green, orange, olive-green, yellow, and bronze.

2. Light blue, blue-green, rose, pink, violet, light brown, and
gray.

3. Red, green, and brown.

4. .Yellow, orange, green, and brown.
5. Rose, blue, blue-green, purple, heliotrope, and gray.
6. Yellow, green, gray, and orange.

7. Green and brown. •

8. Blue-green, rose-red, and gray.

9. White, very light yellow-green, light-buff, green, and
gi-ay.

.10. Red, orange, yellow, yellow-brown, pure brown, yellow-green,
grass-green, olive-green, cardinal, bronze, and boreaL

:11. Violet, rose, blue, and purple.

.12. Violet, lose, blue, blue-green, purple, and gray.
13. Blue, blue-green, green, purple, brown, and gray.

'^ruby''^'^^'
granite, myrtle, and

The colours and materials used in this classification
were very numerous. On this account the generic term
of the colours has to be used

; thus group 3 consisted of
numerous reds, greens, and browns. Poppy, pure green
and pure brown fairly represent the group.
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"2. Gaslight.

Group ]. Green, gray, brown, and
pink.

2. Yellow, pink, and gray.

3. Green, gray, and brown.

4. Eose, gray, and brown.

5. Green, blue, violet, and
purple.

6. Green, blue, and purple.

7. Brown and olive-green.

Groups. Blue-green, blue, violet,

and purple,

9. Brown, red, and olive-

green.

10. Blue-greens.

11. Browns.

12. Red and yellow-brown.

13. Reds.

14. Red, rose, and brown.

III. Examination with Pocket Test.

1. Twilight.

I.Med. IIL, 87,76, 25,85,104, 123,111,112. Orange, red.brown,
and olive-green.

II. Blue. 33, 49, 52, 24, 65, 68, 79, 66, 93, 106, 117, 129, 9, 16.

Violet, blue, purple, and rose.

IIL Bed. I., 36, 37, 27, 57, 59, 88, 116, 119. Red, orange, brown,
olive-green, and greenish gray.

IV. Gray. 7, 12, 6, 11, 18, 51, 62,73,91, 92, 110, 121. Blue-green,

pink, gray, green, and rose.

V. Light blue. 50, 45, 40, 31, 32, 56, 63, 81, 86, 106, 127. Rose,

gray, blue, and green-blue.

VL Green. 19, 8, 38, 96, 100, 101. Green and brown.

VII. Telloiv. 14. 5, 48, 58, 54, 99, 94, 89, 109, 113, 123. Yellow-green,

yellow, yellow-brown, and orange.

VIII. Blue. 26, 52, 79, 108, 74, 30. Blue, gi-ay, rose, and blue-green.

2. Gaslight.

L Bed. 25, 36,111., 67, 70, 76, 85, 104, 111, 123. Orange, brown,

and rod.

11. Blue. 9, 24, 33, 40, 56, 65, 68, 77, VIIL, 106. Violet, blue, and

purple.

III. Bed. I., 1,26, A^L, 70, 76, 78, 87, 94, 104, 116, 123. Red, orange,

brown, gray, and green.

IV. Pink. 2, 11, 18, 21, 23, 30, 31, 32, 42, 43, 50, 63, 71, 81, 91, 96,

115. Blue-green, green, rose, gray, violet, and blue.

V. Pink. IV., 11,30,56, 71,79, 107. Rose, blue-green, green, gray,

and blue.

VI. Green. 1, 30, 38. 78, 102, 116, 121. Green, brown, gray, and

red.

VIL Yellow. 5, 10, 14, 58, 89, 99, 109, 113, 123, 126, 128. Yellow-

green, yellow, buff, and orange.
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VIIL Blue. 20, 27, 37, 41, 57, 69, 83, 114, 120. Blue, green, brown,

rose, crimson, and purple.

IV. Test by Painting.—I have three pictures by this

youth—one painted in broad daylight, one in twilight, and

one by gaslight. He also made a special colour-match.

These paintings, being very carefully done, are character-

istic.

In the one painted by daylight all the blues are repre-

sented by violet. Green, red, brown, and yellow are con-

fused with each, other, and other characteristic two-unit

mistakes have been made.

By twilight the mistakes made are similar, but not so

marked. By gaslight all the two-unit mistakes were
made. Olive-green and light red were used indiscrimi-

nately for the reds and greens.

I also got him to match vermilion with a mixture of
gamboge and black. The colour-matches he made in this
way were very similar to those made by another colour-
bhnd person.

V. Examination with, Lantern Test.—Tested with lantern
and coloured glasses at a distance of fifteen feet.

(i.) With ground-glass slide in front. Named standard
red, standard green, and blue correctly. Called the pure-
green slide, orange, and the yellow slide, red.

(li.) Named the ribbed white glass correctly, and recog-
nized the standard red and green in combination with it.''

(ill.) Called the four neutral slides, uniformly, green.
He distinguished the standard red and green in combina-
tion with No. i. neutral glass.

With Nos. ii. and iv. he utterly failed to distinguish
the red and green

; he said the colour was a mixture of
the two, a reddish green.

With No. iv. he could Just see the light, but said that it
had no colour m either combination.
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VI. Test for Twin Colours.

i. Daylight.—I obtained exact matches between the

following colours

—

Blue aud pink,

Niivy blue and deep rose.

Blue and rose.

Myrtle-green and yellow grass green.

Myrtle- green and orange.

Bronze and orange.

Pink and drab.

Blue and violet.

Blue and rose-red.

Slate and rose-red.

Maize and yellow.

Orange aud grass-green.

Besides these, I obtained many twin colours belonging to

the same class of colour, but differing slightly in shade or

tint.

ii. Gaslight.—I obtained numerous matches by gaslight,

and have worked the wools into letters and crosses on

canvas. The chief are

—

Scarlet, olive-green, and pure brown.

Orange and yellow-green.

Bright olive-green and emerald-green.

Yellow and light green.

Olive-green ;ind sage-green.

Two shades of pink.

With the exception of the two sliades of pink these all

remained twin colours to him by daylight.

VII. Test with Chang^eable Silks.—These silks, which

change very markedly in colour when viewed by artificial

light, are represented in the Pocket Test by 119, 120, 121.

Nos. 119 and 121 are gray by daylight; No. 120 a bright

green. All appear purple by gaslight.

He said 119 was green, and matclied it with a slate

;

120, a red, and matched it with a bright green ; 121, a
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green, and matched it with a very light blue. By gaslight

119 and 120 changed colour; but 121 was still like the

light blue chosen, and 119 and 120 had now become
exactly alike, and were matched with a slate.

In addition to the above I had another changeable

silk, in which the change from green to purple was still

more marked. By daylight he called this a brown, and
matched it with a scarlet. By gaslight he matched it

with a very deep red.

VIII. Test as to Perception of Complementary Colours.

—

He could see complementary colours, and always named a

colour corresponding to the correct portion of the spec-
trum. I tested him with shadows coloured by contrast,

and in the following way. I gave him a piece of coloured
glass and told him to look at the gas flame through it,

with both eyes, for several minutes, and then at a piece of
white paper. In each case he saw a colour, differing from
that of the glass, on the paper, at which he expressed great
surprise. The following are the answers he gave :— •

Standard red ... Greeu, yellowish green.

„ green ... Eed, much darker.
I

^^^Q ... ... .Yellow, very bright.
Yellow

... ... Pale blue, pink, a very. fine colour.

IX. Test as to Perception of Shade.—His power of
distinguishing shade was not very good. Unlike the
two-unit previously recorded he put certain reds with
black. All the mistakes made are accounted for by the
shortening of the spectrum. Thus, in the twin colours
which were to him matches in every respect, the rose was
considerably lighter than the blue with which it was put
Three different shades of scarlet were put together, as were
SIX shades of claret. In the case of the violets, which were
matched with blues, the former were very much the lighterm each case. Bronze was matched with a very much
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lighter orange. It will be noticed that he put a yellow-

green with a myrtle-green as exactly alike. The yellow-

green was a very dark shade, the myrtle-green much
lighter. On examining the two through a green glass

which was opaque to the red rays, the two appeared

to me identical in hue and shade. In considering colours

internal to the red and violet, he was able to distinguish

shades of the same colour, in a far better manner.

The following account, given by Dr. Pole,* of his

colour-blindness, is so explicit, that I will give it in his

words.

" In the- first place we' see white and black and their

intermediate or compound gray (provided from alloy with

other colours) precisely as others do.

" Secondly, there are two colours properly so-called—
namely, yellow and blue^—which also, if unalloyed, we see,

so far as can be ascertained, in the normal manner.
" But these two are the only colours of which we have

any sensation; and hence the defect has been given by

Sir John Herschel the scientific name of dichromic vision.

" But now comes the difiiculty of the explanation. It

may naturally ,be asked : Do we not sec objects of other

colours—such as roses, grasses, violets, oranges, and so on ?

And if we do see them, what do they look like ? The

answer is, that we do see all such things, but that they do

not give us the colour-sensations correctly belonging to

them; their colours appear to us varieties of the other

colour-sensations which we are able to receive.

" This will best be explained by examples. Take first

the colour red. A soldier's coat or a stick of red sealing-

wax conveys to me a very positive sensation of colour, by

which I am perfectly able to identify, in a great number

* Is'ature, October 24, 1878, p. 677.
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of instances, bodies of this hue. If, therefore, the inves-

tigation of my experience ended here, there would be no

reason to consider me blind to red, or as having any grave

defect in my vision regarding it. But when I examine

more closely what I really do see, I am obliged to come

to the conclusion that the sensation I perceive is not one

that I can identify separately, but is simply a modification

of one of my other sensations—namely, yellow. It is, in

fact, a yellow, shaded with black or gray—a darkened

yellow, or what I may call yellow-brown. I find that all

the most common hues of red correspond with this de-

scription, and in proportion as they are more scarlet or

more tending towards orange, the yellow I see is more vivid.

" I obtain a further proof of this by the change of sen-

sation when the hue of red is altered. I find that as the

colour approaches crimson, the yellow element becomes
fainter, and the darkening shade more powerful, until very
soon the yellow disappears, and nothing but a gray or

colourless hue is presented to my eye, although the colour

is still a positive and powerful red to the normal-eyed. So
that there is a hue of red which, as a colour, is absolutely

invisible to the colour-blind.

" If I go on beyond this point, and take reds that pass
from crimson towards the hue called Lake, I see my other
colour come in—a faint blue, which increases till violet
is reached, when it becomes more decided. Violet is under-
stood, I believe, ^to be a compound of blue with red, and,
accordingly, the red element being invisible to the colour-
blind, violet hues generally appear to them only as a
darkened blue. There are, however, examples where, from
the red being very strong, the blue appears to lose its

effect, and the impression given is colourless—black, or
gray. They correspond, in fact, with the neutral 'red
before described, although still called violet or purple by
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the normal-eyed. This latter effect is'much enhanced under

the artificial light of gas or candles."

There are many points in this record which require

comment. Dr. Pole says, writing of his not being able to

distinguish scarlet from yellow or yellow-brown. " The

explanation, I suppose, is that none of such reds are pure,

they are combinations of red with yellow, so that I see the

yellow element of the combination, while the true red

element is invisible to me as a colour, and acts only as a

darkening shade." Now Dr. Pole himself says,* that he

was able to see the spectrum in its entire extent, and

that he could not distinguish spectral red from spectral

orange and yellow, therefore red is not invisible to him.

He also sees a neutral band in the blue-green. Therefore

he comes under the class of the two-unit colour-blind

with an unshortened' spectrum; but with a -neutral band.

With regard to the colours seen, he says, " The pigments

Ultramarine and Chrome Yellow, or the parts of the solar

spectrum near the lines D and F of Fraiinhofer, excite

the colour-sensations I am capable of, most fully and

completely, and form with each other the strongest con-

trast it is possible for me to conceive."

Dr. Pole also speaks of violet being a compound of red

and blue. Violet is not a compound of red and blue, but

a primary colour, and differs from either in the refrangi-

bUity of the waves of light which give rise to it. It is

easy to understand why the different colours mentioned

by Dr. Pole appeared darker or neutral to him : the colour

reflected rays which belong to both units; thus a mixture

of red and violet to the normal-sighted appears as the

modified unit crimson, whilst to the two-unit colour-blind

it appears gray or one of the two colours considerably

darkened.

FUhs. Trans., vol. cxlix., p. 326
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The reason why red appears as a darkened yellow to

the colour-blind is, that it is a mucli less luminous colour.

Yellow is much brighter than red to the normal-sighted.

In order to confirm this, I obtained several colour-matches,

and the two-unit colour-blind matched a scarlet (vermilion)

with a mixture of gamboge and black. The factors appear

to me accurately matched as far as shade is concerned.

The following observations by Captain Abney and

Major-General Testing are of importance.

They say,* after testing Dr. Pole by their method of

colour photometry

—

In some cases of colour-blindness it does not seem as

if there were any diminution in the range of vision, along

the spectrum, as compared to that of normal sight. Such

a case we had in Dr. Pole, F.E.S. From his paper it

appears that with him the sensation of red is altogether

absent, but that red appears to him as yellow. He*

described to us certain shades of orange as Yellow Ochre

diluted or mixed with white or black. The red about C.

and below appeared to him as yellow mixed with increas-

ing quantities of black. A very interesting feature in his

case is that one part of the spectrum which we definitely

determined to be at X 5020, scale number 51, is to him
absolutely neutral in colour. He describes all tints on
one side of this point as being composed of blue, and on
the other of yellow, mixed in each case with varying pro-

portions of white or black.

" Dr. Pole is a most accurate observer
; in very nearly

every case did his three observations of intensity come to

precisely the same point in the red. Fig. 6, plate 24,

shows the comparison between his curve and ours. From
this it would appear that there is a deficiency both in the
red and the green. To us his neutral point appeared a

* Philos. Trans., vol. olxxvii., p. 439.
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cerulean blue, which to make white requires the addition

of a large proportion of yellow.

" At 49, which is X 5386 in the spectrum, the shadows

seem of the same tint to Dr. Pole while to us at that

point, the candle-light appeared Burnt Sienna, and the

spectrum light emerald green, whilst the colours of the

shadows appear to us the same at 46j^ or about D."

Dr. Pole has kindly permitted, me to give the following

additional details with regard to his case.

He does not see a definite neutral band between the

blue and the yellow. He has great difficulty in making

out a neutral point. It is somewhere about halfway

between h and F, but he has difficulty with the solar

spectrum in determining the exact place.

He says, that he is able to match colours with regard

to shade easily enough. I tested him with some wools

which were very nearly alike in shade, and in each case

he pointed out the darkest correctly. Shades of red and

green, and red and violet were matched.

Examination with Pocket Test (Daylight).

I. 7, 8, 54, 76, 70. Pink, brown, yellow-brown,:and orange.

II. 33, 49, 55, 77, 03, 129. Violet and blue.

III. I., 7, 8, 70, 67, 104. Orange, pink, and yellow-green.

IV. 2, v., 30, 50, 63. Green, blue, rose, gray, and violet.

On being asked the colour of 53 (a pure green), he

said blue, but thought that the red on one side and the

deep yellow on the other might cause it to appear blue.

On shutting off these colours, he said it appeared neutral.

V. A., Clerk, aged 48.—He had been for a long time

aware of his inability to see colours as others saw them.

He said that he did not think he knew what colour was.

He found especial difficulty with pink, blue and magenta.
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They all looked like one colour. He also found difficulty

in distinguishing greens from browns.

I. Spectroscopic Examination [Gas Spectrum). He saw

two definite colours in the spectrum, yellow and blue

The red end of his spectrum was shortened to an extent,

equalling two-fifths of my red. There was a neutral band

at the junction of the yellow and blue. This neutral band

in size was equal to about one-tenth of the whole spectrum.

The end of his blue corresponded to the termination of

my violet. The violet end of his spectrum was shortened

for light of low intensity. ^^Hien this portion was cut

off with the shutter, he could see violet and green of very

low intensity. When a very bright spectrum was used,

by opening the slit, he said the neutral band appeared to

move to the left (towards the red). I asked him to shut

off the neutral band with the shutters. He marked off a

band about three-quarters of an inch in size with my blue-

green junction exactly in the centre. He said that the
two colours seemed to dwindle away as they approached
the neutral band. The colour of the neutral band was
gray, not white. The brightest spot of the spectrum was
exactly in the centre of the yellow.

II. Classification of Colours.

i. Daylight.

Group 1. Red, brown, dark green, dark blue-green, and gray. The
reds and browns put in this group were much lighter
than the other colours.

2. Orange, green, and light brown. He picked out a bright
green as being almost of the same colour as the orange.

3. Yellow-green, orange, yellow, light olive-green, and yellow-
brown.

4. Green, brown, gray, and red.

5. Green, light brown, gray, and light rose-red.
6. Blue, blue-green, and rose.

7. Blue-green and gray.

8. Rose-red, rose, blue-violet, and purple.
9. Blue-violet, and purple.

O
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10. Dark green-blue, and bright rose,

ii. Gaslight.

Choup 1. Red and brown,

2. Blue-green, gray, and dark rose.

3. Brown.

4. Rose, brown, and blue.

5. Red, rose, red-brown, and yellow-brown.

6. Red, rose, brown, and olive-green.

7. Red, red and yellow-brown.

8. Dark red, brown, green, and black.

9. Black.

10. Yellow and pink.

11. Brown and olive-green.

12. Brown and dark green.

13. Brown, gray, blue-green, and green.

14. Red-brown and olive-green.

15. Green and brown.

16. Orange, yellow, and light brown.

17. Yellow, white, light red, gray, and brown.

18. Buff and yellow-green.

19. Light green, brown, blue, and rose.

20. Sage-green and yellow-green.

21. Blue-green and blue.

22. Brown, gray, and green.

23. Green, light blue, gray, and purple.

24. Yellow-green, light red, brown, and yellow-brown.

25. Light blue and brown.

26. Rose, brown, and yellow-brown.

27. Purple, violet, and blue.

28. Blue-green, blue, purple, violet-blue, and purple.

III. Test by Painting.—He painted a picture by gas-

light, and, on going over the picture with him, he said that

with two exceptions his picture was an exact copy. It is

curious to note that the two exceptions were the two por-

tions of the picture which were nearest to the original

—

namely, where he had represented an orange-brown by a

yellow-brown, and a gray swan by too dark a gray. He

remarked that the colour in the first case was not right,

and in the second too dark. The following are the mis-

takes made. Green is represented by yellow-brown, red

by black, green by black, blue by gray, pink by brown,
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(')range-red by green, red-brown by red, yellow by gray,

green by brown.

Mr. Herbert Eix, Assistant-Secretary of the Eoyal

Society, has kindly permitted me to publish the details

of his case.

He has known for a long time that he cannot see

colours properly. He has often mistaken greens and

browns. His most definite colours are yellow and blue.

Green looks a dirty indefinite colour; red looks like a

dark yellow. He once matched a brown donkey by
painting yellow over a blue ground. He was very sur-

prised when told that he had made a green donkey. Eed
berries at a distance appear to be lost in the green leaves.

He cannot see any difference between the colour of green

lichen and the red tiles upon which it often grows.

I. Examination with Spectrum {Electric-light Spectrum
thrown upon a Screen).—He saw two definite colours,

yellow and blue. His red was shortened ,to an extent
equalling about one-third of my red. It is probable that
the real shortening was considerably more than this,

because in a spectrum thrown on a screen the rays of light

overlap to some extent. The violet end of his spectrum
was not shortened. He marked out a colour which he
called green; he said it was a very dirty colour. It
extended from the middle of my blue to the middle of
my green.

II. Examination with Classification Test (Gaslight).—
He put with :

—

I. Orange, yellow-green, yellow, light red, and pink.
II. Violet and green.

IIL Red.

IV. Light bine.

. Examination with Lantern Test.—Called 1a and
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1b, red. Called 12 -f 1b, first red then dark green. Called

9, 10, 11, and 12, respectively, green. Said 12 4- 1a,

was black. Called 2, and 3, yellow. Said 2 -f- 10, was red

or green, he could not say which. Said 5, was blue or green,

and 6, violet. Called 12 -f 3, red, and 12 + 4, green.

"W. A., Male, aged 50.—He mentioned to me that he

was colour-blind in the right eye, and gave the following

history. Before he was twenty-eight, he had a very keen

perception of colours. But at this time he was working

with the spectroscope, and being anxious to finish some

observations he was making, he worked for eight or

ten hours a day with the instrument. His observations

were specially connected with the colours of the spectrum.

When he had kept this up for a fortnight he found that

he could not see with his right eye, which was the one he

had employed in making his observations. He said a sort

of brown moon appeared, and obstructed the field of vision

of his right eye. He could see on each side and round

this moon, but not through it. After fourteen days the

moon disappeared, and he has had no trouble with his

eyes since, with the exception of muscce volitantes when he

is out of healtL

He then found that he had lost the power of dis-

tinguishing colours with, his right eye. His condition,

instead of improving, became more marked as time

elapsed.

He was rather pleased, than otherwise, with the state

of things, because he found that his power of distinguishing

minute differences of form and size was greatly increased.

He found that he was able to see lines in the spectrum

which were not visible to him before, on account of the

glare of the colour.

He is also able to see lines in the infra-red and ultra-
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violet. Thus he can see the principal lines up to the line

M in the ultra-violet, and from the line X in the infra-

red. These portions of the spectrum did not appear

coloured; the lines appeared as black on a dark gray

ground.

A.—EXAMINATION OF EIGHT EYE {Left Eye leing

handaged).

I. General Appearance.—The eye presented a perfectly

natural appearance in all respects, being similar to

left eye. The peculiar look which is often seen in the

eyes of colour-blind persons was not present. Iris brown.

II. Spectroscopic Examination.

i. Solar Spectrum.—He said the spectrum appeared to

him as if there were a little red at one end, a little blue
at the other and gray between. The red commenced at

the B line of Fraiinhofer. He can see A as a blacker line

on a gray ground. Eed practically ended at 0, and this

band of colour was uniform in intensity and did not vary
like this portion of the spectrum did to the left eye.

There was very little red to be seen after the line C, the
colour rapidly fading into gray. This reddish gray ended
at a point just before the line D at 46 on the spectrum
scale—that is, at the junction of the orange and yellow of
the normal-sighted. He said the red was much bluer
than that seen with the left eye, and not at all of the
character of a primary colour.

After 46 there was no colour to be seen, the spectrum
appearing gray. This neutral band included the yellow
and bright portion of the yellow-green of the normal-
sighted. From 56 to the E line there was still no colour,
but the gray was darker. From E to & there was a milky
gray colour. This small band occupied the position of the
centre of the green of the normal-sighted..
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From & to r he can distinguish a blue-gray, but has

much difficulty in making out a colour at all. Tliis Ijlue-

gray increased in intensity and quality up to the G line,

and after that faded, the colour ending at H.

ii. Gas SiJectrum.—His brightest point of red corre-

sponded to mine. This spectrum had a similar appearance

to the solar spectrum, there being a little red at one end,

a little blue at the other, and gray between. The lengtli

of the colour-spectrum was also similar; the red was

shortened to a corresponding extent, and the violet about

one-third.

The colours he described exactly as he did those of the

solar spectrum, but, instead of telling me the line to

which the colour extended, he moved the spectrum until

the pointer of the eye-piece was exactly at the intended

junction. The junction of his red and ash-colour was

exactly at the junction of my orange and yellow. The

junction of his ash-colour and blue-gray was about one-

third into my blue. This band extended to within one-

third of the end of my violet. The brightest and most

typical point of his blue was situated at the junction of

the middle with the blue tliird of my violet.

III. Classification of Colours.

i. Daylight.—AM colours appear as if they were mixed

with a considerable amount of gray, so that there is really

very little difference between colours. Eed objects look

as if they were gray tinged with red, and blue objects

gray tinged with blue. This appearance is quite different

from that of the bright colour seen with the left eye.

Group 1. Beds. Scarlet, crimson, and rose.

2. No colour, ash-gray. Gray, yellow, light blue, brown, green

and light-purple.

3. Waslied-out greens. Blue and green.

4. Impure blues. Brown, gray, green, violet, blue, rose, and

black.
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I showed him a half-sovereign and asked him what it

was. He replied very decidedly, "A sixpence." He at

once recognized it when he took the bandage oflf his left

eye.

ii. Lamplight.

Group 1. Beds. Scarlet, crimson, and rose.

2. Yellows. Yellow, light brown, and gray.

3. Purple and brown.

4. Lavenders. Dark yellow and brown.

5. Brown and-gray.

6. Blues. Green and blue.

7. Ash-colour. Brown, gray, and violet.

8. Blades. Dark red, dark rose, dark violet, brown, gray, and

a light olive-green.

9. Browns. Brown and mauve.

He remarked that there was very little difference

between the last three groups.

IV. Examination with Pocket Test (Daylight).

I. Milky violet. 12, V., 52, 76, 104, 36, 41, 45, 75, 62, 123, 127, 130,

107, 116. Orange, red, rose, green, and blue.

II. Gray. 3, 9, 16, 24, 33, 34, 49, 55, 66, 72, 80, 93, 97, VIII., 108,

129. Violet, blue, brown, green, and purple.

III. Beddish gray. 7, 36, 52, 76, 95, 116, 123. Bed, rose, and orange.

IV. Gray. 2, 11, 15, 32, 45, 51, VI., 55, 64, 78, 81, 92, 94, 106, 122,

124. Blue-green, blue, and green.

V. Lavender. 8, 19, 54, 62, 79, 89, 109. Kose, brown, pink, and
orange.

VL Gray. 2, 11, 32, 51, 56, 75, IV., 84, 94, 106, 122, 124. Blue-green,

blue and green.

VII. Gray. 73, 23, 54, 38, 39, 42, 43, 50, 90, 113, 115. Yellow-green,
gray, yellow, yellow-brown, and red-brown.

He pointed out 45 (blue) as being like I. (orange),

but it will be noticed that he has also put 45 with IV.,

which he said it was much more like.

V. Test by Painting (Daylight).—I set him to copy in
water-colours a small German picture. He found no diffi-

culty with the reds. He, however, made no distinction
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between orange and red, but painted both indiscrirainatel\-

with Crimson Lake. The yellows he did not perceive, and
so omitted to represent them by any colour.

After he had finished painting, I made him compare
each part, especially those parts which were yellow in tlic

copy. He, however, said that both were exactly alike.

The blues he painted correctly. Some greens he repre-

sented by a very feeble green.

He represented all the browns by mauve ; thus a

greenish brown monkey and the hair of a girl are both

painted mauve.

I also requested him to make a copy of the spectrum,

as it appeared to the right eye—first, with his left eye

bandaged, and then with both eyes open. In the first

case he represented the colours beyond his colour spectrum

by a very dull blue ; the red portion with a reddish brown :

the blue as violet ; the centre gray as gray. With both

eyes open he represented his red as a dull reddish brown
;

his first neutral band as yellowish brown ; the darker band

as bluish gray
;
and, after that, the blue gi-adually fading

away into gray.

VI. Examination with Lantern Test.—He was tested

at a distance of fifteen feet from the lantern. Wlien shown

the standard red alone, he was doubtful about it, and said

it was not a pure but a brick red. When a ground-glass

slide was placed in front of the red glass, he recognized

the colour as red. Tested with pure green, standard

<Treen, blue, yellow, and various depths of neutral glass,

he declared uniformly that they had no colour. At the

end of the series, he said that I had not shown him a

violet glass.

He was able to recognize the red glass, even when I

put various thicknesses of neutral glass in front of it, witli

the exception of the thickest glass which, in combination
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with the red, though appearing a very bright red to a

normal-sighted person, appeared black to him.

VII. Test as to the Perception of Shade {Daylight and

Gaslight).—He matched, as being exactly alike in all

respects, blues and greens which were of the same shade

to my eyes. Tested with coloured cards, made matches

which in shade agreed with mine except when either end

of the spectrum was specially involved.

VIII. Test as to the Perception of Complementary

Colours (Gaslight).—I tested him to find out whether he

could see complementary colours. I tested him with the

standard red, green, and blue glasses, but could not obtain

the least evidence of a complementary colour. He looked

through the coloured glass at a gas flame, and then at a

piece of white paper, but did not see an after-image or

colour of any kind. Tested with red, blue, and yellow

cards with the same result.

Tested with a bright emerald-green card he saw a com-
plementary, which he said was brick-red in colour. Tested
with a pink card, he saw a gray complementary which
corresponded to the sensation caused by green.

B.—EXAMmATION OF LEFT EYE {Both Eyes

leing open).

He said that, when he was looking at a colour with
both eyes open, he felt that he was receiving the sensation
of colour through the left eye. He said that he could see
colours very well with this eye. He could see the lines
m the spectrum, but not so well as with the right eye.
Tested with Holmgren's wools, he matched the test-colours
easily enough. Afterwards I was testing him as to shade
with purples and violets. He separated these colours, but
remarked that two purples, which were only reddish
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violets, looked as if green were mixed with thera. Sub-

sequent examination showed that this eye belonged to the

four-unit class of colour-blind.

I. Spectroscopic Examination.

i. Solar Spectrum.—Eed commenced at A
;
orange at

C
;
yellow at 46 of the s-pectrum scale, just before D

;

green at 56 of the spectrum scale. Blue commenced at

a point midway between h and F. Violet commenced a

a little before G at 119 of the spectrum scale, and ended

about H.

He saw the spectrum gradually varying in colour from

the red to the violet end, but saw no trace of a dark blue.

He remarked that there was very little difference between

violet and blue, only the former was darker. He added

that he had marked out the yellow, as he knew it should

be marked out; but it always seemed to him as if the

orange extended to the right of the D line.

ii. Gas Spectrum.—Spectrum normal length. When
giving the junction of the red and orange, he put the

pointer in the centre of my orange. In marking out the

junction of the yellow and green, he put the pointer a

little into .the green. He marked out an orange band ; but,

as he commenced his yellow band at precisely the point

(as shown by the recording scale of the spectroscope) where

he had left off the red band, it was clear that an orange

band did not exist.

In marking the junction of the green and blue, he put

the pointer at about the junction of the middle and inner

(green) thirds of my blue. The pointer was distinctly sur-

rounded by blue, there was not a trace of gi-een or blue-

green at this point.

I told him that the pointer was in the blue ;
but so

certain was he that he had hit off the exact junction,

that he called up several persons to support him, and
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asked them where the pointer was. All without hesi-

tation replied, " In the blue."

He gave the junction of the blue and violet about one-

sixth into my violet.

II. Examination with Pocket Test {Daylight).

I. Beddish orange. 7, 36, III., 76, 95. Orange and red.

IL Blue. 9, 24, 33, 49, 55, 66, Violet, purple, and blue. When be

came to 93 (a deep bright violet), he 8aid» " That is violet, not

blue."

IV. Green. 2, 15, 32, VI., 51, 53, 64, 75, 78, 80, 94, 100, 122, 124,

Yellow-green, green, and blue-green.

III. Examination with Lantern Test.—He recognized

red as red, even through the thickest neutral glass.

Examined with the coloured glasses, the ground-glass slide

being in front. He called the standard green, blue.

When it was shown him with the thickest neutral glass in

front, he said the colour was dark green. He named the

pure green and neutral glasses correctly. He called the

yellow glass, reddish yellow, and the blue, bluish green.

IV. Test as to Perception of Complementary Colours.

—

I tested him with coloured glass, in the manner previously
described. He called the complementary of red, yellow

;

that of yellow, green; that of blue, yellow. Eepeated
trials gave the same result.

The following case, described by Professor Eamsay,* is

of considerable interest. He says :

—

" The first case is that of a gentleman who could not
name any colour but blue. On being given an assortment
of coloured wafers to arrange, he first singled out all the
blue ones, and also a number of pink wafers, saying that
these were all blue. The others he arranged, without any

Bristol Naturalists' Society's Proceedings, vol. v., pt. ii., 1886-1887 •

" On Colour-blindness," by Professor W. Eamsay, Ph.D.
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reference to colour, in an order which appeared to him
to represent difference of shade—dark chocolate, red, and
green being placed indiscriminately in one class, orange
and light green wafers forming another, yellow and light

gray a third, and wliite the last. To all appearance these

colours struck his eye as more or less dark shades of gray.

In monochromatic sodium light he arranged the colours in

the same way, and said that to him they presented no
change of appearance. He was incapable of distinguishing

any colour in polarized light, and indeed denied that there

was any difference in intensity of shade. Now, to a

normal eye blue, appears darker, i.e. less illuminated, than

yellow ; but of course it is difficult to compare the relative

shades of two wholly different colours. This gentleman

was able to perceive light at the violet end of the spectrum,

where a normal eye could see nothing ; and his vision was

much restricted at the red end. He could see a solution

of sulphate of quinine in gaslight as coloured, and named

it blue
;
by an ordinary eye the solution cannot be dis-

tinguished from water in artificial light."

This case is one of considerable interest. It appears

to be a case of dichromic colour-blindness, with shortening

of the red end of the spectrum and a lengthened violet

end. The fact that he arranged colours by the monochro-

matic sodium light as he did by daylight, appears to show

that ultra-violet rays are given off by burning sodium, and

that it was by these rays that he recognized the blues.

This case cannot be classed as an example of total colour-

blindness, because he was able to distinguish blues ; and

he could, therefore, make two classes of colours—namely,

those which were blue, and those which were not blue.

Professor Eamsay tells me that this gentleman was a

sailor, and he was noted for his power of being able to see

a white light long before it was visible to other persons.



THE CLASSIFICATION OF THE COLOUR-BLIND. 205

I have already referred to the fact that the red rays are

the most penetrating of the visible spectrum; but from

this it appears as if the ultra-violet rays were still more

])enetrating.

Total Colour-blindness.

I have not personally examined a totally colour-blind

man; but the following case was related to me by an

architect :

—

X. A., Architect's Assistant.—He did not understand

in the least what was meant by colour, and said that

colours appeared to him simply shades of white and black.

He had to use colours in making plans, but was guided by
the name on the colour. One of the clerks, being aware
of his defect, scraped off the names of the colours, and so,

in a plan, he put Indigo where Crimson Lake should have
been, and vice versa. His friend had a house in which there

were dark oaken timbers and light-orange coloured plaster.

He asked, when looking at the house, why the plaster was
so much darker than the wood. His friend told him that
the plaster was very much lighter than the wood, but he
would not believe it. In a photograph, which was subse-
quently taken of the house, the plaster came out much
darker than the oaken timbers.

This case may or may not be one of total colour-
blindness. From the facts given it is evident that he had
very considerable shortening of the red end of the spec-
trum. This shortening must have extended nearly to the
yellow to make a light orange appear darker than a deep
yellow. The red element in Crimson Lake was not per-
ceived, so this colour was mistaken for a blue.

The following case of total colour-blindness, described
by Bonders, is quoted by Joy Jeffries. He says—
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" Professor Donders reported an interesting case of

congenital total colour-blindness at the Heidelberg Ophthal-

mological Society, 1871. An educated young man of

twenty-one years of age was totally colour-blind. Strong

light blinded him : in moderate light he saw very well.

He was myopic one-eighth, and read for hours without
'

glasses. Out of doors all glasses which absorbed light

without difference—even the brightest- coloured ones

—

were pleasant to him, because they reduced the light. In

the dioptric spectrum of a gas-lamp his brightest part was

between the spectral lines D and E, close to E : hence in

greenish yellow. From here outwards towards the red

end the light faded rapidly ; towards the violet, at first

slowly, then rapidly. By moderate illumination he lost

less of the brightness of the spectrum on tliis side than

towards the red end. With the polariscope, the comple-

mentary colour through the quartz plate appeared to him

of the same colour. In turning the double-refractive

prism he had a maximum of brightness at every ninety

degrees, or equality of brightness, as if the quartz-plate

was not there. He had the greatest difference when

Donders himself saw purple and green
;
equality, when he

saw yeUow and blue. Trials were also made with Chev-

reul's chromatic circle."

The following is an epitome of the different classes of

the colour-blind :

—

Five-units see only fiv-e definite colours. They con-

fuse orange-red and red, orange-yellow and yellow, rose-

red and red, purple- violet and violet. They also confuse

bluish green and green.

Four-units see only four definite colours. They con-

fuse red, orange, and rose-red : greenish blue and green.

They also confuse pure blue and violet.
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Three-units see only three definite colours. They con-

fuse red, orange, rose-red, and most yellows on the one

liand, and blue, violet and purple on the other. They have

a tendency to mistake rose, gray, and green. They confuse

many browns and greens, and bluish greens and greens.

Two- units see only two colours. They confuse red,

orange, yellow, and green on the one hand, and blue and

violet on the other. They also confuse blue-green, purple,

and gray.

One-units see only one colour.
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CHAPTER XIV.

ACQUIKED COLOUR-BLINDNESS.

As a lesion in any part of the track from the eye to the

brain may interfere with colour-perception, cases of

acquired colour-blindness may be divided into two classes

:

A. Defects of colour-perception due to disease of the eye

or optic nerves. B. Defects of colour-perception, due to

some affection of the brain.

It is obvious that in those cases in which the visual

acuity is markedly affected, the loss of colour-vision is

only of secondary interest. We are chiefly interested

from a practical point of view in those cases in which the

visual acuity is not affected to such a degree as to compel

a man to give up his employment.

Acquired colour-blindness has been described as an

accompaniment of many diseases of the retina and optic

nerves. The cases of acquired colour-blindness which are

most common are those of central scotoma for colours,

associated with atrophy of the optic nerve, or met with in

cases of tobacco amblyopia. The following case illustrates

the condition of central scotoma for colours.

Y. A., Male, aged 41.—He had been a very heavy

smoker and had given up work for eighteen months on

account of his sight, which grew worse and worse. He

said that he could not tell a half-sovereign from a sixpence
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by the colour. He had often found difficulty in telling
a half-crown from a penny by the colour.

There was central scotoma for both red and green in
each eye. The scotoma for green was more definite than
that for red.

I. Examination with Holmgren's Wool Test {Daylight).—
I examined him in the ordinary way with Holmgren's
A7ool Test. He picked out the correct greens to match I.

with ease.

II. Additional Examination with Wools {Daylight).—
I then told him to pick out all the greens. This he did,
but put several light blues with the group. I then gave
him a violet skein (Xo. II. Classification and Pocket Tests)
to match, and he put only violets with it. I then gave
him a red {^o. III. Classification and Pocket Tests) to
match, and he selected only reds to put with it.

III. Examination with Pocket Test {Daylight).

I. Orange. 1, 7, 8, 12, 13, 19, 25, 76, 78, 67, 54, 89, 104, 99, 109, 123,

IT m ^?T^-f^ o7°'
yellow-green, and yellow-brown.

II. Blue 33 9, 16 24, 49, 55, 64, 65, 66, 77, 93. VIII.. 106, 129
Violet, blue, blue-green, and purple

III. I, 7, 8, 12, 13, 19, 67, 70, 76. 78, 94, 99, 111, 116, 123. Eed, brown
orange, ohve-green, and yellow-green

'

i-J-Gray. VI., 73, 91, 124, 125. Green and gray
Y. Purplish Gray. 3,31,5. Gray and rose.

VIL Yellow. 70. 76 98 99 inn itq m-
and yello;.

' '
O'^e-green, orange, green,

It Will be noticed that the mistakes made are those ofan ordinary two-unit colour-blind.

Plainly noinrriT' by Samelsohn,'

h an examt f
" °f disease. tIS anexample of complete hemiopic colour-blindness. He

"A man, aged sixty-three, complained of affection of
* Lancet, Nov. 26, 1881, p. 918.
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sight, which followed an apoplectic seizure. Right-sided

hemiplegia was present at first; but nine months after-

wards had lessened to a trifling weakness in the arm and

leg, without loss of sensibility. Examination of the eye

showed that the opthalmoscopic appearances were normal,

and the acuity of vision unimpaired, excepting trifling

presbyopia, slight weakness of the right superior rectus

existed with corresponding diplopia above the horizontal

plane. Since he complained of imperfect sight, even when

the right eye was closed, the fields of vision were examined.

On testing with a white object no defect could be dis-

covered, even with a test-object of very small size. When,

however, coloured tests were used, there was found to be

a typical left-sided hemiopia for aU colours, the loss began

exactly at the vertical middle line. In the right half of

each field every colour was seen, even in the smallest area,

well up to the periphery ; in the left half no colour could

be recognized, even in a large area each appearing to be

a dull grey. The same result was obtained on testmg in

the dark with lights tinted by passing through coloured

o-lasses Under treatment the paralysis of the superior

Pectus passed away ; the paresis of the limbs and the

affection of the sight remained exactly the same. Four

years later the patient died, after a fresh attack of apo-

plexy ;
but, unfortunately, no post mortem examination

was made." .

The foUowing case, related by Dr. Wilson,* is an ex-

ample of colour-blindness coming on after an injury to the

head and concussion of the brain. He says

"Mr B who was introduced to me by Mr. John

Struthers, lecturer on anatomy, studied here some years

ac.0 and afterwards engaged in practice in Yorkshire, in

November, 1849, he had the misfortune to be thrown from

* "Researches ou Colour-blinduess," by George Wilson, M.D.. p. 39.



ACQUIRED COLOUR-BLINDNESS. 211

his horse, and was taken up in a nearly insensible con-

dition, labouring under symptoms of concussion 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 attendant, Mr. Thom, of Dobcross, a statement of

his condition whilst under his care. Trom 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 subside for many months.
Eventually Mr. B. regained his health, and resumed prac-

tice. He is not so robust as before, nor is he capable of
so much fatigue ; neither is his power of mental appli-

cation nor his memory so vigorous as it was previously

;

but he has wonderfully recovered from the serious accident
which befell him. One sense, however, appears to have
been irremediably injured. On recovering sufaciently to
notice distinctly, objects around him, he found that his
perception of colours, which was formerly 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
m Edinburgh, and has also allowed me to test his vision
of colours freely. AU coloured objects, he informs me,
now seem strange to him. The rainbow is quite destitute
of hue, appearing as a white semicircle against 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 tmts 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
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appearing " a mass of confusion " uncomfortable to the

eye. Eed and green in all their shades are undLstinguish-

able 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 Mr. B.'s case the extent to which the power of the

eye over colour has been altered is placed beyond doubt.

Whilst formerly a student in Edinburgh, he was known

as an excellent anatomist ; now he cannot distinguish an

artery from a vein by its tint. He was previously fond

of sketching in colours ; but since his accident he has laid

it aside as a hopeless and unpleasant task. Flowers have

lost more than half their beauty for him, and he still

recalls the shock which he experienced on first entering

his garden, after his recovery, at finding that a favourite

damask rose had become in all its parts, petals, leaves, and

stem, of one uniform dull colour; and that variegated

flowers had lost their characteristic tints.

Mr. Struthers informs me that from the details com-

municated by Mr. Thorn, it appears " that there was no

fracture of the skull. It was a case of severe concussion

followed by a long cerebral excitement, but not of an

inflammatory type, apparently."

The following case of White Cooper's is related by

Tyndall. He says

—

"The sufferer was a sea captain, and, ten or twelve

years ago, was accustomed, when time lay heavy on his

hands, to occupy it by working at embroidery. Being

engaged one afternoon upon a piece of work of this de-

scription, and anxious to finish a flower (a red one, he

believes), he prolonged his labours until twilight fell, and
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he found it difficult to select the suitable colours. To
obtain more light, he went into the companion, or entrance

to the cabin, and there continued his needle-work. While
thus taxing his eyes, his power of distinguishing the colours

suddenly vanished. He went upon deck, hoping an
increase of light would restore his vision. In vain. From
that time to the present he has remained colour-blind.

Berlin worsted, with which he had been accustomed to

work, he at once and correctly pronounced to be blue. He
had a keen appreciation for this colour, and never made
a mistake regarding it. Two bundles of worsted—one a
light green, and the other a vivid scarlet—were next placed
before him. He pronounced them to be both of the same
colour. A difference in shade was perceptible ; but both
to him were drab. A green glass and a red glass were
placed side by side between him and the window ; he could
discern no difference between the colours. A very dark
green he pronounced to be black

;
fruits, partly of a bright

red and partly of deep green, were pronounced to be of
the same uniform colour. A cedar pencil and a stick of
sealing-wax placed side by side were nearly alike. The
former was rather brown; the latter, a drab. Electric
Ught through a green glass, allowed to fall on a screen,
gave him no colour ; but only that portion of the screen
was a little less intensely illuminated.

" Captain C. was assured that, previous to the circum-
stances related, he was a good judge of colours ; so that,
pronouncing on any colour, he had an aid from memory
not usually possessed by the colour-blind. Indeed, he had
an opportunity of reviving his impression of red. A glass
of this colour was placed before his eyes while he stood
before the electric lamp. On establishing the light, he
at once exclaimed, ' That is red!' He appeared greatly
delighted to renew his acquaintance with this colour, and
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he declared that he had not seen it for several years. Tlip

glass was then held near the light, whilst he went to a

distance ; but in this case no colour was manifest ; neither

was any colour seen when a gas-lamp was regarded

through the same glass. The intense action due to ]-)tox-

imity to the electric light appeared necessary to produce

the effect. Captain C.'s interest in this experiment was

increased by the fact that the Portland light, which he

has occasion to observe, has been recently changed from

areen to red ; but he has not been able to recognize this

change. The fare in the fore-cabin of a vessel of his own,

which he now commands, happens to be sixpence ;
and he

is often reminded by the passengers that he has not

returned their change. The reason is, that he confounds

a sixpence with a half-sovereign, both being to liim the

same colour. A short time ago he gave a sovereign to a

waterman, believing it to be a shilling."

Another case of acquired colour-blindness is related

in the chapter on the "Accidents which have occurred

through Colour-blindness." The above cases of colour-

blindness, due to disease or injury, support the view that

colour-blindness is due to some defect in the brain. In

many cases there was accompanying cerebral afiFection.

The colour-blindness in these oases is similar to that of

the congenital variety.
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CHAPTER XV.

MISTAKES MADE BY THE COLOUR-BLIND.

As the reader who is not practically acquainted with

colour-blindness would find great difficulty in making

out to which class a colour-blind person belonged, until

he had thoroughly mastered the preceding chapters, I

will deal with the subject from another aspect—namely,

that of the actual colours themselves. In this way an

examiner, by referring to this chapter, will be able to

make out the class to which a colour-blind person belongs,

even if only one or two facts be known.

I. Non-perceptioii of Certain Colours.—The confusion

of any colour with black is an indication that there is

either a shortened spectrum or a neutral band.

1. Confusion ofRed and Black.—This indicates shorten-

ing of the red end of the spectrum. It may be met with

in otherwise normal-sighted persons. When persons only

find difficulty in distinguishing red from black at a dis-

tance, it is probable that the shortening is not very.great.

The following letters appeared in the Times

:

—
" Sir,

" As one partially colour-blind, perhaps you will

allow me to say a word in connection with the inter-

esting leader in the Times of to-day, on practical vision-

testing. I have been aware of a personal visual defect,
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whicli I have tested on innumerable occasions for some-
thing like thirty years. But to me the coloured skeins ol'

the wool-test is no test at all, for both reds and greens in all

shades are unmistakable; and, although I have undergone
this examination whenever an opportunity has presented
itself, I have never tripped. Close at hand, reds and greens
are to me as to other people ; at a distance, however, my
sense of colour, in regard to red especially, is all astray.

Standing on the edge of a large field glowing with poppies,

I see them up to about thirty or forty yards as other people

see them ; but beyond that distance they gradually merge
into a neutral tint and become lost. Again, what is com-
monly called the pink may is glorious with colour when
near at hand ; but at some distance I see nothing but

green leaves. A distant red light over a chemist's door

appears to be a dull yellow, and the same applies to a fed

railway-signal. This seems to prove that sight in regard

to correctly distinguishing colours and their shades may
be normal close at hand, and defective at a distance.

Had my vocation been that of a locomotive driver, I have

no shadow of doubt that I should have passed the exami-

nation with coloured skeins of wool ; and I am equally

sure that, on the first opportunity, I should have driven my
train and passengers to destruction.

" I am, sir, your obedient servant,

"A. W. T.

"January 23, 1890."

" Sib,

" As the question of colour-blindness is so im-

portant, and as the main point as to distance was so

completely missed in the late discussion at the Society of

Arts, will you allow me to corroborate the statements

made in the letter of ' A. W. T.' ?
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" My late wife was partially colour-blind. She could

not see at a distance the colour of a red railway-signal.

She could not see the red coat of a soldier at two hundred
yards distance; a bright orange-colour display of the
aurora borealis was to her white. Yet when the objects

were near she could distinguish colours perfectly. The
red geraniums near my window she could see as well as

I could
; but those a hundred yards off were lost in the

green. She could choose and compare coloured silks or
worsted, and could paint well, and was a remarkably good
colourist. And yet, like ' A. W. T.,' had she been put to
drive a railway train she would have driven it to de-
struction.

" Yours truly,

" G. P.
" Richmond, Surrey, January 24, ] 890."

2. Confusion of Violet and i^/acZ;.—Confusion of violet
and black indicates shortening of the violet end of the
spectrum. If the violet be only indistinguishable from
black at a distance, it is probable that the shortening is
not very great. Thus Z. A., a two-unit with shortening
of the violet end of the spectrum, remarked to me that he
could not cUstinguish a deep violet dress from black. It
IS obvious that the violet confused with black must be
very dark, because substances of a lighter colour reflect or
transmit other rays than the violet ; whereas substances
ol a dark colour generally reflect only those rays which
are peculiar to the colour that they bear.

3 Confusion of Blue andBlach—ThiB Y^ri^tjoicolom-
blmdness is much less common than either of the pre-
cedmg two. It is met with in cases in which there is a
large neutral band extending to the violet. All blues will
appear gray, and a very dark blue will not be distinguished
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from black. In addition to this it must be remembered

that a dark pure blue, the colour of which is obvious

enough by daylight, is not easily distinguished from black

by gaslight by the normal-sighted.

4. Confusion of Green and Black.—Green is not easily

distinguished from black by those two-units who have a

neutral band in the blue-green. The green which they

confuse with black will be a green, corresponding to the

portion of the spectrum occupied by the neutral band. The

green will really appear as a very dark gray, which can

be distinguished from black by comparison, but under

ordinary circumstances would be called black without

hesitation. The larger the neutral band the greater the

variety of greens which will be indistinguishable from

black. In aU these cases the greens will be dark for the

reason mentioned, when speaking of blue.

5. Confusion of other Colours with Black—In the two-

unit any two colours taken from the two-units will make

gray. It is obvious, therefore, that a dark purple which

is confused with blue-green will also be confused with

black.

II. Confusion of one Colour with another.—The cases

that are included under this head may be produced by

shortening of the spectrum or diminution in psycho-phy-

sical perception. The confusion vof colours due to psycho-

physical perception is caused by colours wliich appear

perfectly distinct to the normal-sighted, being included m

a single unit of the colour-blmd. Confusion of colours

caused by a shortened spectrum is due to the fact that

coloured substances, as seen by the normal-sighted, reflect

other rays than those of the colour which they appear.

In these cases the colour which, to the normal-sighted,

appears the Hghter of the two will be found to reflect rays

occupying the shortened portion of the spectrum. If these
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two colours be viewed through a glass which is opaque to

the rays occupying the shortened portion of the spectrum,

they will appear identical in colour and shade.

1. Confusion ofBed and Green.—This variety of colour-

blindness has attracted more attention than any other.

The confusion of red with green is essentially a mistake of

persons belonging to the class of the two-unit. For all

practical purposes it is a mistake which is diagnostic of

the two-unit. As it may be met with in other conditions,

it is necessary that these should be mentioned. The
three-unit are perfectly cognizant of red and green as

colours, and therefore would not mistake the one for the

other. If they were asked to name some hundreds of red

and green objects they would give the correct answer in

each case ; but the following are the conditions in which
they might mistake the one for the other. They recognize

yellow on account of its superior luminosity; but if this

luminosity be reduced to that of the red and green they
will be compelled to judge of the result by the colour.

This is at once called a reddish green, or a greenish red,

according to the apparent predominance of one of these
colours. If the colour correspond exactly to the modi-
fied unit red-green, the three-unit will not be able to dis-

tinguish which colour predominates, and are therefore very
likely to call a reddish light, green, or a greenish light, red.
The mistakes made are very much increased by shortening
of the red end of the spectrum. Shortening of the red
end of the spectrum, when met with in cases of the four,
five, or six-unit, is not likely to cause confusion of red
and green. It could only cause a red to be mistaken for
a green under certain circumstances. The most penetrating
rays of the spectrum are those on the extreme left, at the
commencement of the red

;
therefore, if we had a colour

which was red by virtue of these rays, but reflected a certain
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number of green rays, it would appear green to a persou

with a spectrum shortened at the red end because the red

rays would not be perceived. This is the actual constitution

of many red lights when seen at a distance. Therefore

there are persons who find to their surprise that though they

can distinguish a red from a green easily enough when close

to the colours, at a distance they either do not see the red

at all, or it has changed to a green. On walking towards

the red they find that it suddenly springs into view

through the orange and red rays, which had pre\T.ously

been obstructed, reaching the eye. The reason why the

red is not mistaken for the green when the observer is

close to the colours, is that there are few, if any, coloured

substances which reflect only the green and the extreme

red. Nearly all red substances reflect the orange and the

other red rays in such predominance as to cause the colour

to be perceived as red, even if a portion of the red rays,

which are reflected, be deducted from the total composition

of the colour.

2. Confusion of Green and Brown.—This mistake is

practically diagnostic of the three-unit at least. The

three-unit regard brown (which is a deep shade of yellow)

as a reddish green or greenish red, according to the portion

of the spectrum to which the brown corresponds. A large

number of browns which present no trace of green to the

normal-sighted are called greens by the three-unit. Under

the name of brown many colours are classed by the normal-

sighted. Thus there are orange-browns, red-browns,

yellow-browns, and purple-browns. The four-unit can

always distinguish the yellow-brown, which is a deep

shade of yellow, from green ; but this is the colour which

presents especial difficulty to the three-unit.

3. Confusion of Blue and Green.—Thi^ is the diagnostic

sign of the four-unit ; a Cambridge blue, such as 40 and
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45 of the Pocket Test, being the colour which is especially

confused with green. An ordinary two-unit does not

mistake this colour for green, but clearly distinguishes

between the two. A two-unit, however, with a neutral

band will, if the neutral band extend over this portion of

the blue, confuse blue and green. Eor an instance of this

see the case of Mr. Rix. The five-unit and the three-unit

find a certain difficulty with blue and green, but not in

the very marked degree that the four-unit do. It will be

noticed that the blue is called green, and not the green

blue, in accordance with the fact that the green has en-

croached upon the blue and not the blue upon the green.

In the Board of Trade Report on Colour Tests for 1889,

pale blue was called green in 249 cases, but pale green

was called blue in only 6 cases.

4. Confusion of Colours other than those mentioned

above.—The mistakes which I have mentioned above are

those with which we most commonly meet. An epitome
of the mistakes made by each class of the colour-blind will

be found at the end of the chapter on the " Classification

of the Colour-blind," to which I will refer the reader, as

these mistakes are not diagnostic in character, and therefore

do not call for special comment.
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CHAPTER XVI.

PREVALENCE OF COLOUR-BLINDNESS.

At present it is not possible to say accurately to what

extent the various degrees of colour-blindness exist, for

the reason that nearly all the examinations have been

made with Holmgren's test; and I have shown in other

chapters tliat a red-green blind may only make such mis-

takes as would class him with those who have defective

chromatic perception. Again, the four-unit colour-blind

may make mistakes which would class them with the

completely colour-blind. Again, there are many colour-

blind persons who would escape detection by Holmgren's

test. The percentage of colour-blindness by this method

is about 4 per cent. The methods pursued by Dr. Wilson

give more accurate results. He gives the percentage of

colour-blindness at about 5^ per cent. He divides the

colour-blind into the following classes—those who con-

found blue with green ; those who confound brown with

green; and those who confound red with green. The

following is the percentage he obtained from the ex-

amination of 1154 persons. Those who confound blue

with green, 2-2 per cent., or 1 in 46 ; those who confound

brown with green, 1-6 per cent., or 1 in 60 ;
those who

confound red with green, 1'8 per cent., or 1 in 55. This

gives a percentage of the colour-blind, including all classes

of 5-6 per cent., or 1 in 17-7.
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From the examinations which I have made, I have

obtained very similar results ; the percentage of the two-

unit being about 2 ; the percentage of the three-unit being

about 1-5 ; and the percentage of the four-unit being

about 3. As the five-unit and the four-unit are, for all

practical purposes, normal- sighted, they need not be in-

cluded in the percentage. This makes the percentage of

the colour-blind about 3 '5 per cent., and this is near

enough for all practical purposes.

About one-fifth of the educated male persons whom I

have examined have had diminished colour-perception.

The large majority of them belong to the class of the five-

unit, and it is hardly fair to class them with the colour-

blind at all. Women have a very much better colour-

perception than men. For instance, in testing thirty

ladies I only found one with diminished colour-perception.

This lady belonged to the class of the five-unit. By the
ordinarily used tests about one woman in two thousand is

found to be colour-blind.

Colour-blindness, in my experience, is rather more
common in the uneducated than the educated. With
one exception, I have not found any particular class of
individuals in whom colour-blindness is more frequent
than in other classes. The one exception to which I
refer is the class of musicians. I have found more colour-
blind persons amongst musicians than in any other class
or profession.
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CHAPTER XVII.

ACCIDENTS WHICH HAVE OCCURRED THROUGH
COLOUR-BLINDNESS.

There are many difficulties in the way of finding out the

number of accidents which have occurred through colour-

blindness. The chief of these difficulties appears to be the

absence of any investigation as to the colour-perception

of the navigating officers in cases of accident, and the very

imperfect character of the tests in use. I am cognizant of

several colour-blind pilots and officers in employment at

the present time. These men are aware of the great

difficulty which they experience in telling a red from a

green light, and have consulted specialists with a view to

having this defect remedied.

I have, therefore, looked up the records of a good many
accidents, and will describe some showing how easily the

accident might be explained by colour-blindness, and how

inexplicable it is in any other way. Besides these, there

are many accidents in which the cause has been definitely

proved to be colour-blindness.

The Arlesey railway accident, which occurred on a

Saturday afternoon, December 23, 1876, is easily explained

by assuming that the engine-driver was colour-blind.

The Times says,* " An accident, almost as fatal in its

result as that of Abbot's Ripton on the same line in the

• December 25, 1876.
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early part of this year, occurred at the Arlesey siding

station, four miles north of Hitchin, on the Great Northern
Eailway, on Saturday afternoon, at a quarter to four
o'clock, rive deaths have already occurred, and about
thirty persons are seriously injured. A luggage train was
being shunted across the down line, when two of the
trucks left the metals and thus delayed it in getting clear.

Just at this time an express came up at full speed, and,
although the signals were against it, the speed was not
much diminished before the engine dashed into the luggage
train, cutting its way completely through, and became
imbedded in ballast some distance further on. Both the
home and distant signals were at 'danger.' The down
distant signal was eight hundred yards from the station.
It was a little foggy at the time, and after the accident
it came on to snow."

In this accident the reader will see that the condition
of atmosphere was such that a red-green blind was par-
ticularly liable to mistake red for green, and vice versa
Some one, writing to the Times at this time, objected to the
theory of colour-blindness, as he said that he had often
travelled with this driver, and he was sure that the latter
was not colour-blind. Also the driver had been in the
service of the company for a good many years. To those
who are acquainted with colour-blindness this is no
argument. For instance, I see, by the last Parliamentary
Report of the Board of Trade on colour-blindness, thatmen who had served twenty-nine, thirty, and thirty-five
years at sea respectively, failed to distinguish a greenirom a red light. ^ -

^

and the tugboat Lumherman has been frequently quotedrhe col ision occurred near Norfolk, Virginia, and resultedm the loss of ten lives. The cause of the colKsion was

Q
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supposed to be drunkenness in one of the pilots, but there

was no proof of this. The pilot of the Lumheriiian was

afterwards examined, and found to be colour-blind ; and

there was a rumour that the pilot of the Isaac Bell was

also colour-blind.

The following is a record of an accident occurring

through colour-blindness. Mr. Haynes Walton, in a letter

published in the Times, January 3, 1877, says, with regard

to acquired colour-blindness,

—

" A few years ago I was investigating colour-apprecia-

tion, and the first instance of the acquired defect that

came to my knowledge was in the person of an engine-

driver. This man confessed, after an accident through his

not distinguishing the red signal, that he had gradually

lost his colour-power, which had been perfect; and so

sensible was he of his loss and its disadvantages, that

before the accident he had determined to give up the

situation."

The following case is related by Dr. Armstrong.* He

says :

—

" The master and owner of a steamboat on the :Missis-

sippi Eiver brought a man to me for examination for

colour-sense. The man proved to be colour-blind, and,

on looking over the records, his rejection several years

previous was found; the man said he had not expected

to pass, and stated that his steamboat had once collided

with and sunk a steamboat on account of his inability to

distinguish the signal lights. His would-be employer was

aware of these facts."

The following case is quoted by Mr. Bickerton. It is

taken from the Sldirping and Mercantile. Ga'Mtc and Lloyd£

List dated June 29, 1881. The paragraph runs thus :—

"Colour-blindness, New York, June 18th.—The

* Drilisli Medical Journal, Jan. 28, 1888, p. 188.
]
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inlot of the steamer City of Austria, which was lost in the

harbour of Fernandia, Florida, last April, is proved to be
colour-blind. In this it would appear that he mistook

the buoys, and his mistake cost the owners 200,000 dollars

(£40,000). An examination showed that at a distance of

more than six feet, he could not distinguish one colour

from another. The physicians attribute the defect to an
excessive use of tobacco. The services of the Marine
Hospital surgeons were tendered to the local authorities

without fee two years ago, but were declined."

The following is related by Dr. Joy Jeffries :

" Dr. Gintl, chief inspector of one of the Austrian roads,
got the report of an accident due to colour-blindness, on
the Finnish Eoad between Helsingfors and Tavastchus", in
July, 1876. It was caused by a colour-blind switch-
tender showing a green instead of a red light to the
approaching train."

The following two cases are very interesting. The
first is recorded in Invention, Dec. 28, 1889, and is an
extract from a letter by " Thirty Years Eailway Man."
The second occui^s in a letter by Mr. Stretton, published
in the Engineer, Dec. 6, 1889.

i. ''I have been on the railway for thirty years, and
I can tell you the card tests and the wools are not a bit
of good. Why, sir, I had a mate that passed them all,
but we had a pitch into another train over it. He couldn't
tell a red from a green light at night in a bit of a
fog.^^

^

ii. " Some years ago a colHsion occurred on a railway
in consequence of a train over-running a signal; the
driver

^

was firm in his statement that the light was
green, whereas all the other men said it was 'red ' The
driver w^s fined, and afterwards continued at work as
usual. He then made some other mistakes, which would
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have ended in collisions had not the fireman said 'Stop,

mate.'

" Without any cause being stated, the driver decide^l to

give up railway work, and take to another occupation.

He some time afterwards informed me' that he found tliat,

when he had been on duty for seventeen hours, and

especially in some states of the weather, 'he was not

certain about red and green,' and he believed that his

sight was the cause of the collision. Now, as a fact, that

man could then, and can now, pass the ' dot ' and ' wool

'

tests without any trouble. In all cases in which collisions

occur in consequence of mistakes of signals, it would be

a great advantage if the Board of Trade inspectors would

have the men's sight tested before they come to the con-

clusion that one or other man is not speaking the

truth."

If it had not been for the railway men themselves, I

should not have been able to give the above two instances

of collisions occurring through colour-blindness. In both

cases, the fact that the men were colom'-blind appears

to have escaped the attention of the authorities. It is a

great pity that, when men differ in their statements as

to the colour of a light, they are not examined by

an expert and their colour-perception definitely ascer-

tained. It is absurd for persons who are unacquainted

with the subject to say, over and over again, "Bring

forward evidence that colour-blindness has caused acci-

dents on railways
;

" because how can we bring forward

evidence when the men are not tested? Himdreds of

accidents may be caused by colour-blindness, and m all

probability are; but how can we tell whether this is the

case if the men are not examined ? To show how difficult

it is' to ^et the authorities to recognize the importance of

this subject, I may mention that I received a letter from



ACCIDENTS THROUGH COLOUR-BLINDNESS.

a colour-blind medical man, telling me that some years

ago he had written to one of the assessors in a collision at

sea. I will give an extract from his letter. The observa-

tions are those of an accurate observer.

" I cannot distinguish a ship's green light beyond about

five hundred yards. I found this out accidentally some

years ago, when watching the arrival of a P. and 0-

steamer at Venice. At a certain point, rather more than

a mile off, she " opened," as the phrase is, her green light

;

to me it appeared white, and remained so until, having

passed me at about five hundred yards, I saw no more of

it. I then turned attention to some small steamers follow-

ing the same course, but which turned to the right, and

came in to where I was standing. I found that the green

light, which I saw quite white, became first a very pale

blue, and then a little darker blue ; and then, when about

three hundred or four hundred yards, perhaps less, I recog-

nized the green. It may be assumed that all the lights of

the P. and 0. ships are of the best quality. The green

light wliich I saw as white was quite as bright to me as

the masthead light. The same may be said of the lights

of the other steamers mentioned. Prom inquiries among
sailors, I am pretty sure that there are some—a small per-

centage, perhaps—who are similarly circumstanced. I

have been told also that the non-recognition of a green

light could not lead to any disaster by collision, as sailing

vessels carry no masthead lights, and so no mistake should

occur. But some ports, at least, in the Mediterranean,
have red and green lights, and so it might be of conse-

quence that the green light should be seen as such. Having
read of a running-down case some time ago, which came
to trial, I wrote to one of the assessors (an admiral),
telling him of my case. In his answer he stated that in
such cases his experience was—that there was always a
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great deal of hard swearing. If I recollect rightly, the
look-out swore that he only saw a white light. I tliink

that the collision was between two sailing vessels."

Trom this it will be seen that if every case in whicli
one man swears that he saw a light of one colour, and
others swear that they saw a light of another colour, is

put down as a case of hard swearing, we shall not be
able to prove that many collisions are due to colour-

blindness.

The remedy in these cases is so simple. Have the

man tested to see whether he be coloui'-blind or not. If

the word " colour-blindness " were substituted for hard

swearing in the admiral's letter, I think that we should be

nearer the truth. It is evident, from the assessor's reply,

that there are great differences of opinion in these cases

with regard to the colour of the light seen. In my opinion

the case should not be put down as one of hard swearing

until the witnesses have been proved to be normal-

sighted.

The two following cases have been recorded by Mv.

Bickerton.* He says :

—

" The following account is written by Captain Coburn,

who was for many years in the employ of Messrs. Leach,

Harrison, and Forwood, of Liverpool, and is to be found in

the Mercantile Marine Reporter, yo\. xiv., Jfo. 162: 'The

steamer Neera was on a voyage from Liverpool to Alex-

andria. One night, shortly after passing Gibraltar, at

about 10.30 p.m., I went on the Bridge, which was then in

charge of the third oiScer, a man of about forty-five years

of age, and who, up to that time, I had supposed to be

a trustworthy ofiicer, and competent in every way. I

walked up and down the bridge imtil about 11 p.m., when

the third officer and I almost simultaneously saw a liMit

* Britieh Medical Journal, Marcli 8, 1890, p. 539.
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about two points on the starbocard bow. I at once saw it

was a green light, and knew that no action was called for.

To my surprise the third officer called out to the man at

the wheel, "Port," which he was about to do, when I

countermanded the order, and told him to steady his helm,

which he did, and we passed the other steamer safely about

half a mile apart. I at once asked the third officer why

he had ported his helm to a green light on the starboard

bow ; but he insisted it was a red light which he had first

seen. I tried him repeatedly after this, and although he

sometimes gave a correct description of the colour of the

light, he was as often incorrect, and it was evidently all

guesswork. On my return I applied to have him removed

from the ship, as he was, in my opinion, quite unfit to

have charge of the deck at night, and this application

was granted. After this occurrence I always, when taldng

a strange officer to sea, remained on the bridge with him

at night until I had tested his ability to distinguish

colours. I cannot imagine anything more dangerous or

more likely to lead to fatal accidents than a colour-blind

man on a steamer's bridge.'

"A similar experience is thus related by Captain

Heasley, of Liverpool :
' After passing through the straits

of Gibraltar, the second officer, who had charge of the

deck, gave the order to port—much to my astonishment,

for the lights to be seen about a point on the starboard

bow were a masthead and green light ; but he maintained
that it was a masthead and red, and not until both ships

were nearly abreast would he acknowledge his mistake.

I may add that during the rest of the voyage I never saw
him making the same mistake. As a practical seaman
I consider a great many accidents at sea arise from colour-

blmdness.'

"

Accidents did not occur, because the erroneous inter-
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pretation of the light Avas corrected in each case Ijy a
normal-sighted person. Accidents probably would liavo
occurred if the boats had been solely under the direction
of the colour-blmd officers.
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CHAPTEE XVIII.

COLOUR-BLINDNESS IN THE NAVY, MERCANTILE MARINE

AND PILOT SERVICES.

This and the following chapter I have written in order to

show the necessity of preventing colour-blind persons from
acting in capacities for which they are physically unsuited.

It is necessary to give details to show the limit of exclu-

sion in the classes of the colour-blind.

If we could find signals which would be easily dis-

tinguished by colour-blind persons as well as by the

normal-sighted, there would be no reason for excluding
them at aU. But this is not possible. Let us, for example,
take a two-unit colour-blind. The only colours that are

distinguished with certainty by him are yellow and blue-
violet. Even supposing that it were possible to manage
with only two signals, these colours would be the worst
to use for signalling purposes. If used, we should not get
over the difftculty, for the following reasons. Gas and
lamplight are very deficient in the blue rays, and therefore
a light of this colour would appear very feeble, and only
visible at a short distance. Besides, I have not been able
to find a blue or violet glass which is impermeable to the
red rays. It would be necessary to have a glass of this
description, because the deficiency in the blue rays would
throw the colour towards the red unit. When the red
rays preponderated the colour would be perceived as red
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and mistaken by the two-unit for the yellow. In addition

to this the yellow and blue rays are less penetrating than
the red and green and, therefore would only be visible at

a shorter distance.

A white (yellow) light is the one which can be seen

at the greatest jDossible distance, for the obvious reason

that nearly all the rays are transmitted through the glass,

A coloured light is always obtained by subtraction from

the number of rays transmitted, and therefore must have

less illuminating power than the original light. Of all

colours red is that which can be seen at the greatest

distance, because the red rays of the spectrum are the

most penetrating. Eed is, therefore, the colour which

should be used for a danger-signal, and the glass used

should be perfectly transparent to the red rays. It is not

of so much consequence that the other rays of the spec-

trum be perfectly excluded, because, if the light be red at

first, and the glass be perfectly transparent to the red rays,

the light will remain red under all ordinary atmospheric

conditions.

Eed and green are the best colours which could be

chosen. The glasses of these colours form the greatest con-

trast to each other, as each is opaque to the rays to which

the other is transparent. The ordinary ruby glass is

transparent to the red and orange rays of the spectrum, and

completely opa.que to the yellow, green, blue, and violet.

The standard blue-green glass is practically opaque to the

red, orange, and yellow, and transparent to the green, blue,

and violet. It will be seen that both glasses are opaque

to the yellow rays. If a third light be used, yellow is the

best colour. As should be the case, the red is the light

which is visible at the greatest distance. Next to the red

rays the yellow-green rays are the most penetrating, and

therefore it is important that the green glass should be
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.
perfectly transparent to these rays. Though it is of no

importance whether the green glass is transparent to the

yellow rays or not, it is of the greatest importance that no

red rays pass through the glass. If any red rays pass

through, in addition to impairing the colour, these rays

may be a direct source of error in case of a fog. In a fog

the Avhole of the rays may be obstructed with the excep-

tion of the red, and so the light may appear as a very

much impaired red. It is probably for this reason that

blue-green is used instead of green ; but the standard blue-

green of Trinity House is not completely opaque to the

red rays. A very bright green, completely opaque to the

red rays, can easily be obtained, and this should be used.

Under no circumstances could a normal-sighted person

mistake this green for red.

From this it wiU be seen that the best colours we can
use are red, from a glass allowing only the red and orange
to pass through; and green, from a glass allowing the
violet, blue, green, and yellow to pass through, and being
perfectly transparent to the yellow half of the green, and
opaque to the orange and red rays.

The following regulations of the Board of Trade for
preventing collisions at sea, especially bear on the subject
of colour-blindness and defects of sight in seamen :

Rules concerning Lights.

Art. 3. A seagoing steamship when under way shall
carry

—

{a.) On or in front of the foremast, at a height above
the hull of not less than twenty feet, and if the
breadth of the ship exceeds twenty feet then
at a height above the hull not less than such
breadth, a bright white light, so constructed as
to show an uniform and unbroken light over an
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arc of the horizon of twenty points of the com-

pass, so fixed as to throw the light ten points

on each side of the ship, viz., from right ahead

to two points abaft tlie beam on either side, and

of such a character as to be visible on a dark

night, with a clear atmosphere, at a distance of

at least five miles.

(h.) On the starboard side, a green light so constructed

' as to show an uniform and unbroken light over

an arc of the horizon of ten points of the com-

pass, so fixed as to throw the light from right

ahead to two points abaft the beam on the star-

board side, and of such a character as to be

visible on a dark night, with a clear atmosphere,

at a distance of at least two miles.

(c.) On the port side, a red light, so constructed as to

show an uniform and unbroken light over an

arc of the horizon of ten points of the compass,

so fixed as to throw the light from right ahead

to two points abaft the beam on the port side,

and of such a character as to be visible on a

dark night, with a clear atmosphere, at a distance

of at least two miles.

(d.) The said green and red side lights shall be fitted

with inboard screens projecting at least three

feet forward from the light, so as to prevent

these lights from being seen across the bow.

^rt. 6—A sailing ship under way, or being towed

shall carry the same lights as are provided by Article 3

for a steamship under way, with the exception of the

white light, which she shall never carry.

From the above it will be seen that it is necessary for

a look-out man to be able to distinguish between the red
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and green lights at a distance of two miles. It is there-

fore essential that he should be able to recognize both

coloured lights at this distance. He should be able to see

the white light of a steamer at a distance of five miles.

It will be seen that individuals included in the follow-

ing three classes should be excluded from positions in the

navy in which they are required to distinguish between

the red, green, and white (yellow) lights.

I. Those who possess a psycho-physical colour-percep-

tion with three or less units.

II. Those who, whilst being able to perceive a greater

number of units than three, have the red end of the

spectrum shortened to a degree incompatible with their

recognition of a red light at a distance of two miles.

III. Those who are affected with central scotoma for

red or green.

Details of the reasons for the exclusion of the above

three classes are given in the chapter on the Tests for

Colour-Blindness.

In May, 1877, the Board of Trade instituted an

examination in colours for those seeking certificates of

competency as masters or mates. In 1887 the method
was slightly improved, and has not been altered up to

the present time.

The following circular, issued by the Board of Trade
to their examiners, will show the method adopted.

Instructions to Examiners.

Examination in Colours,

Herewith are

—

{a.) A lanthorn having in it a lamp in which kero-
sine is to be burnt.

(6.) A slide having ground glass in it.
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(c.) Nine slides, each having a coloured glass in it.

The colours are as follows :

—

1. Eed (Standard). 6. Yellow.

2. Pink or salmon. 7. Neutral.*

3. Green (Standard or No. 1). 8. Blue (Standard).

4. Green (Bottle or No. 2). 9. Blue * (Pale).

5. Green * (Pale or No. 3).

{d.) Cards, five of each as follow :

—

1. "White. 5. Green.

2. Black. 6. Drab.*

3. Eed. • 7. Blue.

4. Pink.* 8. YeUow.

UoMmination ly Daylight {Cards.)

In conducting the examination by daylight the ex-

aminer should do it in three ways.

1. The cards should be mixed up. The examiner
should then hold up each card separately and ask

the candidate to name the colour, and if the can-

didate does so without hesitation he is to be re-

garded as having passed the daylight test.

2. If the candidate hesitates in any of his answers so

as to raise a doubt in the mind of the examiner

as to his ability to readily distinguish colours, the

examiner should ^\\t all the cards on the tabic

and require the candidate to select all cards of a

colour or colours named by the examiner.

3. Having done that, they should all be mixed up

again, and the candidate should be required to

sort the cards into eight heaps, putting all of one

colour into each heap.

4. The result of the examination should be noted and

recorded in each case.
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Examination hy Artificial Light.

The room should be darl:.

The lamp lighted and placed in the lanthorn.

The applicant should be seated or should stand so as

to be opposite to the opening of the lanthorn; and, at

least, fifteen feet from the front of the lanthorn.

He should first of all see the light in the lanthorn

without the interposition of any glass, and be asked if it

appears to him to have any colour, and, if so, what colour ?

The slide with the ground glass should then be put into

the opening at the front of the lanthorn which is nearest

to the light, and the applicant asked the same question.

The slide with the ground glass is to be left in, and
the slides with the coloured glasses placed one by one and
separately in front of it, and the candidate asked in each
case to name the colour or tint.

The result of the examination should, of course, be
noted and recorded in each case.

General.

The cards and glasses against which a star * is placed
in the list are what may be called confusion tints. The
candidate is not to be |-egarded as having " failed "

if he
miscalls these tints, provided that he names all the others
correctly. But if having named all the others correctly
he miscalls these so far as to name the drab card No. 6 as
red, pink, salmon, etc.; or to name card No. 7 as red,
green, or yellow

; or glass No. 2 as green, blue, or yellow
;

or glass No. 5 as red, pink, salmon, etc. ; or glass No, 7
as bright red or bright green ; or the plain ground glass
any colour, the case should be reported for record. In
short, if the candidate's perception or impression of these
tmts does not agree with the perception of the examiner
the case should be reported on the Form Exn. 17b.
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The only reasons for which a candidate is to be reported

as having failed are inability to distin^,niish red from green,

or either from black, by daylight ; and red from green, or

cither from the ground glass, by artificial light.

If a candidate fails in the colour-test when the ground

glass is m the lanthorn (as it is always to be when the

coloured glasses are shown), he may also be tried over

again with the coloured glasses without the intervention

of the ground glass, and the result noted aud recorded.

The following are the regulations under which candi-

dates are admitted for examination :

—

Circular.

Colour Tests.

The Board of Trade have made the following arrange-

ments for the examination of persons as to their ability to

distinguish colours :

—

1, Examinations in colour are open to any person

serving or about to serve in the Mercantile ]\Iarine.

2, Any person, including the holders of certificates of

competency, or persons about to api^ly for certificates of

competency, if desirous of being examined in colours only,

must make application to a Superintendent of a Mercantile

Marine Office on Form Exn. 2a, and pay a fee of one

shilling.

3, He must, on the appointed day, attend for examma-

tion at the examiner's office; and if he passes he will

receive a certificate to that effect.

4 If he fails, it will be open to him to be examined

again in colours as often as he pleases, on payment of the

fee of one shilling at each fresh attempt.

5. The application of a candidate ivlw is jJrcscniing
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himself for examination for a master's or maters certificate

must be made on Form Exn. 2. Such examination will

commence with the colour-test ; and if the candidate does

not at the time of making application hold a certificate of

competency of any grade, and should fail to distinguish

correctly any one of the colours used in the test, he will

not be allowed to proceed with the examination in naviga-

tion and seamanship.

6. Tlie fee he has paid for examination for a certificate

of competency will include the fee for the colour-test, and,

with the exception of one shilling, will, in such event, be

returned to him.

7. A candidate for examination for a certificate of

competency who at the time of making application does
not possess a certificate and who fails to pass the colour-
test, may not be re-examined until after the lapse of three
months from the date of his first failure. If he fail a
second time, he will be allowed a third trial at the ex-
piration of another three months from the date of his
second faHure. A fresh fee must be paid at each succeed-
ing examination.

8. It is therefore obviously to the advantage of can-
didates for certificates of competency, to apply in the first

mstance to be examined in colours only, on Form 2a.

9. A candidate who holds a certificate of competency,
and who, on presenting himself for examination for a cer-
tificate of a higher grade, is unable to pass the colour-test,
will notwithstanding be permitted to proceed with the
exammation in navigation and seamanship for the certifi-
cate of the higher grade.

10. Should he pass this examination, the followino-
statement will be written on the face of the higher cer"-
tificate which may be granted to him, viz., " This officer
has failed to pass the examination in colours."



242 COLOUR-BLINDNESS AND COLOUR-PERCEPTION.

11. Should he fail to pass the examination in naviga-

tion and seamanship, a like statement, relating to liis

being colour-blind, will be made on his inferior certificate

before it is returned to him.

12. Holders of certificates which bear the statement

of their having failed to pass in colours, and who may
desire to have the statement removed from their certifi-

cates, must obtain the special permission of the Board of

Trade."

The following three tables show the. results of the

examinations for the last twelve years, from 1877 to

1889:—

COMPARATIVE TABLE.

Showing the Number and Percentage of Rejections for Imperfect Colour

Sense during the Twelve Years from 1877 to 1889.

I. Foim Exn. 2. II. Verm Exn. 2».

Years.
Number
examined.

Number
rejected for

Imperfect
Colour Sense.

Per
centage so

rejected.

Number
examined.

Number
rejected.

Per centage
rejected.

1877-79
(Two years)

1879-80
1880-81
1881-82
1882- 83
1883-84
1884-85
1885-86
1886-87
1887-88
1888-89

5,967

4,334

4,319

4,079

4,009

4,603

4,350

4,215

4,124

4,128

4,443

26

16
16
19
26
17
23
45
25
17
18

•43

•37

•37

•46

•65

•37

•52

106
•61

•41

•40

10
182
59
69
56

110
294
415
837
789

5

8
6
10

8
18
26
33
36

2-75
13^56
8^7

17^86

7-27

612
6-27

3-94
4^56

Totals and 1

general r

averages j

48,571 248 •51 2821 150 5-31
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SUMMARY.
Showing the Number and Nature of the Mistakes made by the Rejected

Candidates named in the Foregoing List.

Colours of Cards.
White.

Black.
Pink.

Green. u
O

Blue.

Yellow.

Other

Colours.

White described as 1 1

*Black „ •.• 17 14 5 8
*Red 4 32 2 1

Pink 5 39 124 4 34 4 16
*Greeu 5> ... 4 6 16 45 8 13 12
Drab ••• 6 5 21 203 2 31
Blue 1 11 4 1

Yellow 8 11 1

Colours of Glasses.

1
Ground.

Red. Pink.
Green.

Pale

Green.

Yellow.

Neutral.

Blue. Pale

Blue.

White.
Other

Colours.

*Ground described as 6 3 11 1 5 2 117 12
*Standard Red „ 15 14 3 1 9
Pink 139 93 .144 3 16 46

*Standard Gi-een „ 83 23 2 13 47 47 1 16 11
Bottle „ „ 303 14 9 1 14 4 16
Pale 120 6 71 4 6 63 21
Yellow 234 2 34 2 2 24 40
Neutral „ 74 8 244 21 19 1 39 27
Blue 10 4 109 1 16
Pale Blue 8 16 249 41 1 23 24
White „

1

The first lialf of the Comparative Table relates to exami-
nations held under Form Exn. 2, i.e., as a necessary jDart of
the general examination for a certificate as master or mate.
The second half relates to examinations held under Form
Exn. 2a, i.e., in colours only, without reference to further
capacity. The tests used are the same in each case

; but

* Colours for fuilurc in distinguishing which the Board of Trade reieet
candidates. -'
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whereas for Examination 2 all the candidates are intending

officers, among those who are examined under the other

scheme is a large number of seafaring persons who do not

intend to become officers, but are, for some reason, desirous

of testing their capacity to distinguish colours.

With regard to the Eoyal Navy, the following extract *

from the " Queen's Eegulations and Admiralty Instruc-

tions " regarding the examination of candidates for admis-

sion into the Naval Service or into the Eoyal [Marines, as

regards colour-sight, Uvill show how insufficient are the

means adopted.

" ^Vlienever test-types are supplied, the power of vision

of each eye separately, as well as together, is to be ascer-

tained. If the persons under examination fail to dis-

tinguish the colours [of the coloured test-tj^Des] they

should be tried with brighter and decided colours ; for tliis

purpose, red, blue, green, and yellow ribbon flags may be

used."

The Admiralty also use coloured wools for doubtful

cases among officers.

It seems incredible that, with our present knowledge

of colour-blindness, the above should be considered an

efficient test for this defect. I can hardly conceive any-

thing more inefficient and calculated to allow colour-blind

persons to escape detection. It seems to me the only

effect of these tests is to make colour-blind persons more

dangerous than before, because if they had any doubts as

to their power of seeing colours properly, these would be

allayed by having passed a test. The foUowing will

show how useless these so-called tests are in practice.

A friend of mine, who wished to enter the Eoyal Kavy,

came to me, and said, " I feel very doubtful as to my

power of seeing colours ; I wish you would examine me."

* "Optical Manual," by Sir T. Longmorc, p. 151.
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I did so, and found liim colour-blind in a marked degree.

He belonged to the class of tlie two-unit. His spectrum

was not shortened at either end, but there was a large

neutral band between the two colours. This neutral band

extended on the red side to about the middle of the green,

to a point midway between E and F. The colour on the

red side of the neutral band he called " red," that on the

violet side " blue." He made mistakes in accordance with

the above examination with the spectrum. He said, " I

think there is something wrong with my colour-perception,

as there appears to me to be very little difference between

many colours which have different names
;

but, of course

I know the ordinary colours, for instance,"—pulling out

a pair of yellow-brown gloves,
—

" these gloves are a decided

red." He then asked me if I thought that he would be

able to get through the colour-test. I told him that he
had better give up the idea of entering the navy, as he
was one of the worst cases of colour-blindness I had come
across. I told him that many dangerously colour-blind

could get through the tests in use at the present time, but
that his colour-perception was so very defective that I

could hardly think it possible that he could get through
the most inefficient test.

A few weeks afterwards I saw him again. He at once
came up to me, and said, "Well, I got through." I then
inquired what the test was, and how he had managed to
get through it. He said that he was examined with little

coloured flags. Having been shown a flag he was asked
the name of the colour. He said, " I had no idea what
the colour was, but answered very decidedly, ' Eed.' The
examiner said, ' Quite right,' and showed me another flag.

This I knew by its brightness to be yellow, but determined
to take advantage of tliis knowledge, and answered, ' Old
gold.' " He was then shown a flag very similar (to him)
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ill colour to the first one. Concluding that he would not

be shown the same again, he answered " Green " correctly.

He was then shown the blue flag, which he did not find

much difficulty in recognizing.

I hope that the above remarks will lead the authorities

to adopt more efficient tests. A test like the above does

more harm than good, as it gives a sense of false security.

The Pilot Service is independent of the Board of Trade

and Admiralty, some of the pilots being under the control

of the London Trinity House, and others under the inde-

pendent Pilotage Boards of the principal ports, of which

there are eighteen.

At the end of 1884 the Board of Trade issued a circular

letter to the various pilotage authorities of the United

Kingdom, inquiring whether any and what test of their

ability to distinguish primary colours was applied to the

pilots under their jurisdiction.

In answer to these letters the Board of Trade were

informed that the Tees Pilotage Commissioners; Trinity

House, Newcastle-on-Tyne ; Dundee Pilotage Committee
;

Gloucester Pilotage Commissioners; Hartlepool Pilotage

Commissioners ; Bristol Docks Committee
;
Tyne Pilotage

Commissioners; Newport Pilotage Board ; Swansea Harbour

Trust ; Chester Pilotage Trustees ;
and Aberdeen Harbour

Commissioners applied no test for colour-blindness. The

Clyde Pilot Board; Dublin Port and Docks Board;

Mersey Docks and Harbour Board
;
Trinity House, Hull

;

and Trinity House, London, had instituted a test for

colour-blindness, but had had no failures. The Sunder-

land Pilotage Commissioners and Trinity House, Leitb,

had instituted a test for colour-blindness— result not

stated. The Cardiff Pilotage Board did not examine a

person unless he produced a Board of Trade certificate as

to colour-blindness.
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In order to find out if any alteration had been made

since the Board of Trade inquiry, I wrote to each of the

Pilotage Boards, asking if any and what tests were used.

I received answers from eighteen out of the nineteen

Pilotage Boards.

The Swansea Harbour Trust; Chester Pilotage Trus-

tees
;

Newport Pilotage Board and Aberdeen Harbour

Commissioners use no test for colour-blindness. The

Sunderland Pilotage Commissioners ; Cardiff Pilotage

Board ; Gloucester Pilotage Commissioners ; Bristol Docks

Committee
;

Trinity House, ISTewcastle-on-Tyne ; Dublin

Port and Docks Board
;
Trinity House, Leith

;
Trinity

House, Hull
;
Hartlepool Pilotage Commissioners

;
Tyne

Pilotage Commissioners and Dundee Pilotage Committee

use the Board of Trade tests. The Clyde Pilot Board

have their pilots examined by a specialist who uses various

methods. The Mersey Docks and Harbour Board and
Trinity House, London, test their pilots with coloured

glasses.

It will be seen that the condition of things is very

unsatisfactory. There are many pilotage authorities who
do not consider it necessary to test for colour-blindness at

all. The multiplication of examiners, and, in most cases,

the absence of special training, all tend to make the

testing unsatisfactory in the extreme.

When I consider the life and property depending upon
a correct recognition of the coloured lights, it seems to me
incredible that more attention is not paid to the subject of

colour-blindness.

In order to find out whether the steamship companies
use any extra tests for colour-blindness, I wrote to the
chief of them, inquiring whether this was the case.

The Cunard Steamship Company replied as follows :

" The surgeons of our vessels examine all our look-
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outs for colour-blindness and for long and short sight, as

also for hearing, using in the first process different

coloured glasses, worsteds, etc. Our officers, liowever,

are iDc'riodically examined by a competent medical officer

on shore, who is left to the exercise of his own judgment
in the method of so doing."

The Peninsular and Oriental Steamship Company test

their officers with coloured wools, but do not test their

look-outs.

All the other companies to whom I wrote did not

employ any additional tests.

When I was surgeon in the Peninsular and Oriental

Company's service, I removed a man who. was nearly

blind from acting as look-out. This man could not say

whether one finger or five were held up before him. I

must mention that the officers of the ship were not aware

of the condition of the man's sight, or he would not have

been allowed to act as look-out. The captain of the ship

was the most thorough and careful sailor I have met—

a

man who acted up to the letter and spirit of his duties in

a way which could not be surpassed. I mention this just

to show that, even with an exceptionally able captain,

there may be incompetent look-outs, unless the latter have

been properly tested.

Shipowners and the Directors of Shipping Companies

will not recognize the importance of having normal-sighted

officers and look-outs. The views of a large number are

similar to those of a sliipowner, who, on being told of the

dancers of colour-blindness, remarked, "I do not see the

importance of not having a colour-blind officer on a ship.

There arc always several men about." The italics are mine.
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CHAPTEK XIX.

COLOUR-BLINDNESS IN RAILWAY EMPLOYES.

It is obvious from what I have already said, that persons

belonsinsf to classes of the colour-blind which it would be

necessary to exclude from employment as sailors, would

be equally dangerous if employed as engine-drivers. In

addition to this, colours are used on railways which are not

employed at sea, such as purple and blue.

In the early part of August, 1889, I issued a circular

to the managers of the principal English railway com-

panies requesting for information concerning the colours

of the lights used on their railways. Most gave the infor-

mation desired. My purpose in making the investigation

was to find out at what class I should draw the line in

excluding persons from being employed as engine-drivers.

The Midland; and London, Tilbury, and Southend
Eailway Companies use red for " danger," green for

"caution," and white for "all right." The London and
North Western use a red light for a danger " signal, and
a white light as an "all right" signal for intermediate
Ijlock cabins and unimportant stations, and the green light
as a " caution " signal for junctions and important stations.

The following use red for " danger," and green for " all

right "—Great Northern
;
Metropolitan ; Eastern and Mid-

lands
;
Metropohtan District

;
London, Brighton, and South
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Coast; and East London. The Great Western Eailway
Company use red for "danger," and wliite for " all right."'

The London, Tilbury, and Southend ; and Eastern and
Midlands Eailway Companies, in common with many
others, use a purple ground disc as a stop-signal for siding

and shunting purposes only. The Great Northern Railway

Company uses a tint of yellow-green instead of the blue-

green, which is used by most companies. This they do

on account of the fact that the light is reduced to a

much greater extent in passing through a blue-green

than in passing through a yellow-green glass. A purple

light, when exhibited on a fixed post on the " slow " or

"additional" lines is the "all right" signal for these

lines.

It will therefore be seen that the lights used by the

different railway companies are by no means uniform in

colour and method. Wliilst a red light is the universal

" danger " signal, green is the " all right " signal on some

lines, white on others. Again, some companies use all

three signals, green being used as a "caution" signal.

The tint of green also varies ; for whilst the majority of

the railway companies use a blue-green, the Great jSTorthern

Eailway Company uses a yellow-green light.

A purple light is used by many companies as a " stop
"

signal for siding and shunting purposes ;
whilst the Great

Northern uses a purple light as an " all right " signal for

the " slow " or " additional lines."

The London, Brighton, and South Coast Company uses

red as a" danger" signal, and blue-green as an " all right"

signal throughout ; the ground discs having similar lights

to the semaphore signals.

As far as the signals go, the colours to be distin-

guished are, red, white (yellow), yellow-green, blue-green,

and puriDle. A blue light is also used for the lamps ol
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trains, and therefore this colour must be added to the list

of colours to be distinguished.

The remarks which I have made in the cliapter on

" Colour-blindness in the Navy," with regard to the coloured

liglits, are equally applicable to those on railways. Eed

and blue-green are the colours which are most easily dis-

tinguished from each other by normal-sighted persons.

An ordinary red-green blind will distinguish a blue-green

from a red light with greater ease than he will if the

green be of a yellow tint. Unless the yellow-green glass

ije very carefully chosen, it may lead the normal-sighted

into trouble. The reason why the Marine Department of

the Board of Trade altered the hue of the green from a

yellow to a blue-gi'een was that the colour in a fog ajD-

peared very much like a dirty red. Many yellow-green

glasses are transparent to many of the red rays, and these

rays, with their superior penetrating power, will, in a

fog, very considerably influence the colour of the light.

There seems to me no reason why the three lights,

red, green, and white, should not be sufficient for all or-

dinary purposes. It does not seem to me that a " caution
"

signal is necessary, and that it would be better to have a
positive " all right " signal, such as the green light. Then,
if the glass of the red light were broken, there would be no
danger of an accident occurring through it.

I do not think it is necessary to use a different

coloured light for siding and shunting purposes. At any
rate,

^
purple or blue light should never be used as an

" all right " signal, because glasses of this colour are trans-
parent to the red rays, and so the colour might easily be
converted into red.

Having shown what colours it is necessary for the
engine-driver to distinguish between, let us consider the
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tests used by the different railway companies, and their

efficiency for the purpose required. I am indebted for

most of the information concerning these tests to tlie

Railway Press. The editor of this paper issued a circular

to the managers of the different railway companies, re-

questing for information concerning the methods employed
in testing for colour-blindness. In the majority of in-

stances a reply was sent, giving details of the tests used.

The answers are published in full in the Railvmy Press,

September and October, 1889, and are well worth perusah

The North British Eailway Company test with a board

placed thirty feet distant, with seven coloured spots printed

on it, viz., white, red, green, brown, blue, black, and yellow.

The test is conducted personally by the locomotive super-

intendent. Every fireman, on being appointed, is tested

for colour-vision, and again when he is appointed as a

driver. No further tests are made unless some grounds

arise for believing that a man's vision is impaired.

The Great Northern Eailway Company test with

skeins of coloured wool. The method is not described.

The Midland Eailway Company test with a modifica-

tion of Holmgren's wools. The examination is conducted

by the company's clerks.

The North Eastern Eailway Company test with skeins

of coloured wool, and by such other tests as the company's

surgeons think it desirable to make.

The London and North Western Eailway Company

test their men annually with a card on which four cplours

are printed, with a series of dots for testing the ^^sion

between each pair of colours. The upper pair of colours

are red and green, the lower pair blue and yellow. The

examination is made by the foreman of the different dis-

tricts. If any of the men fail to pass, they are examined

subsequently by the company's surgeon.
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The London and South Western Eailway Company

test with coloured wools and lights as follows :
" When

examined with the lights, the men are tested in a dark

room, and they have to name them correctly. With the

wools, they have to pick out a certain number of skeins

of the colours in varied shades, and name them correctly."

The South Eastern Railway Company test those appli-

cants who do not intend to become engine-drivers, by

requiring them to match colours from a collection of

coloured objects or wools of various tints, and by " Snel-

len's Tests!" " Applicants for employment as engine-

drivers enter the service as engine-cleaners, and, as a

preliminary, a collection of coloured wools is placed before

the candidate, and he is requested to pick out various

colours as directed
;
and, unless he is able to distinguish

the colours readily, is not considered eligible. In time an

engine-cleaner is promoted to fireman, and, on this taking

place, the colour-test is again applied, supplemented with

hand-flags at various distances.

The London, Brighton, and South Coast Railway Com-

pany appear to test by Holmgren's method.

The London, Chatham, and Dover Railway Company
test with coloured lights in the following manner : A
tube, twenty feet long, is used ; at the end of which is a

revolving disc, containing a series of coloured glasses.

The colours are confined to the primary ones. The
examiner can revolve the disc to any colour he likes, and

asks the candidate the name of the colour. The candi-

date is also tested with a distant signal at eighty yards,

which is under the control of the examiner.

The ]N"orth London Railway Company test by cards,

with coloured stripes and spots respectively.

I can hardly conceive anything more unsatisfactory

than most of the above-mentioned tests. The test, for
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instance, which consists of four colours painted on a board
in definite positions. A normal-sighted person might tell

a colour-blind person the names and positions of the four

colours.

The following letter, which appeared in the Railvjay

Press, Dec. 13, 1889, is a good example of the unsatis-

factory state of affairs with regard to testing for colour-

blindness by the railway companies.

" COLOUE-BLINDNESS.
" Sir,

"Having read in your valuable paper a very

interesting account of how the different companies test

their servants as to their eyesight, I will now give you

my experience before I was made permanent on the

London and North Western and Great Western joint

companies, Birkenhead. After being in their employ a

few days, I was sent with a medical examination form

to the company's doctor, to be filled up by him. He
examined me ; also asked me a few questions as to health

and age, which he put on the certificate as I answered

them. Then came the test as to my eyesight. He
lianded me a small basket containing skeins of coloured

wool. He took from the basket three small skeins of

different colours, and told me I was to match them to the

best of my belief with the others that were left in, at the

same time telling me there was none there exactly the same

colour as what he gave me. After a little patience I

matched them, as I thought, as near as could be. After

doing so, he filled up my certificate, signed it, also asked

me to do the same. But to my surprise, when I took it

to my inspector, he told me I was colour-blind, and that

I could not be made permanent. I told him that I was

sure that my eyesight was good. I again had to \-isit the



COLOUR-BLINDNESS IN RAILWAY EMPLOYJ^S. 255

same doctor, and went through the same performance with

the skeins of coloured wool as before, and again he put

me down as colour-blind. I was sent to him by my
inspector for the third and last time, and he still said I

was colour-blind. After this I was sent to our super-

intendent's office at Shrewsbury, and went through a

severe test before my superintendent. First, I was placed

by the office-window, and two flags, red and green, were

held up, quite a quarter of a mile away, which I distin-

guished quite easily. Then I was tested with papers of

different colours, and lastly with a square board with a

quantity of small dots on, similar to the one used by the

London and ]N'orth Western Eailway Company, and was

successful in answering all questions correctly. I was

next sent to the company's doctor in Shrewsbury, and

was examined by him the same as I had been by the

doctor in Birkenhead. But instead of the basket of skeins

of coloured wool, he held up three knots of wool, red,

white, and green, and asked me the colour, which I named
correctly. After all this testing I was made permanent

;

and I question whether any other railway servant went
through so much testing as what I did. You will now
see that extreme care should be taken to really find out

who is really colour-blind. The old saying applies in

this case that ' doctors differ,' and that it is necessary that

more than one person should judge a matter of this kind.
" Yours, etc.,

" William Vaughan, Signalman.
" Birkenhead, December 9, 1889."

Here a man was tested three times by one of the
companies' surgeons, and found to be colour-blind each
time. Still the superintendent is not satisfied, and him-
self tests the man, and then sends him to another of the
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compauies' surgeons. He is again tested, and the decision

of the first surgeon reversed. From reading this letter, I

am inclined to think that tlie writer was colour-blind.

At any rate, neither the method of testing employed by
the superintendent, nor that of the doctor at Shrewsljury,

as described in this letter, is in any way an efficient test

for colour-blindness. Why did not the companies have the

man examined by an expert ? This shows very well the

way in which colour-blindness is regarded by the public.

The three first examinations apparently counted for

nothing. Had the superintendent appreciated the dangers

of colour-blindness properly, he would have certainly i-e-

ferred to some expert before keeping the man.



( 257 )

CHAPTEE XX.

THE TESTS FOR COLOUR-BLINDNESS.

Unfortunately nearly all the tests for colour-blindness

in use at the present time have been based upon some
theory of colour-perception. In this chapter I intend to

deal with colour-blindness from a purely practical point of
view. All the observations are based on the facts of
colour-blindness, apart from any theory, and so will hold
good whatever theory be adopted.

Tests for colour-blindness are of two kinds
;
namely,

those which are used for the purpose of ascertaining
whether colour-blindness be present or not, and those
which are used when the inquiry is made for some
practical purpose. In Chapter XI. I have dealt with the
first division of tests for colour-blindness, and it now
remains for me to deal with the second.

On account of the arrangement of signals by sea and
land, it is necessary that persons employed in the marine
and railway services should be able to recognize and dis-
tinguish between the standard red, green, and white lights
under all conditions in which they are likely to^ be
placed.

_

It is not only necessary to hnd out whether a person
IS able to distinguish between the red, green, and white
lights, but to ascertain as well that he thoroughly un-
derstands what is meant by colour, and the individual

S
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characteristics of red, green, and white, respectively. Too

little attention has been paid to this in constructing tests

for colour-blindness, and those who have had much

practical experience in testing for this defect, are aware

of the ignorance which exists among uneducated persons

with regard to colours. Many are under the impression

that every shade of a colour is a fresh colour, and otliers

have the most novel ideas with respect to colour. It is

necessary that a sailor or engine-driver should be al)le to

recognize a red, green, or white light by its character of

redness, greenness, or whiteness, respectively; that is to

say, that the examinee has definite ideas of colour, and is

able to reason with respect to them. All persons who are

not able, through physical defect, to have definite ideas of

the standard colours, and to be able to distinguish between

them, must be excluded from the marine and railway

services.

In constructing a test for colour-blindness, we must not

forget the element of colour-ignorance, because an engme-

driver or sailor has to name a coloured light when he sees

it, not to match it. He has to say to himself, " Tliis is a

red Hght, therefore there is danger
;

" and this is practi-

cally the same as if he made the observation out loud.

Therefore, from the very commencement we have colour-

names introduced, and it is impossible to exclude them.

As I have said before, making a person name a colour

is an advantage, because the colour-name excludes the

element of shade. If, as some persons have said, testmg

by colour-names is useless, then the whole series of colour-

names is useless. But if I say to a friend, "That tile is

red
" and he agrees with me, it is evident that one object,

the colour of which is by him classed as red, is also classed

as red bv me. The ordinary colour-names, red, blue,

yellow, and green, form excellent bases for classification.
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The engine-driver is told that red is a "danger" signal,

green a " caution " signal, and white an " all right " signal.

Therefore, it is very necessary that he should know what

is meant by these colours.

It must be noticed that it is on account of there beincr

approximate and absolute psycho-physical units that such

great difficulty has been found in constructing an adequate

test for colour-blindness, as it is the approximate, and
not the absolute psycho-physical units of which we wish
to know the number. It will be seen that it is not merely
a matter of shade as far as the colour-blind are concerned,

but a distinct difference in tint. The normal-sighted

could divide the green of the spectrum into yellow-green,

green, and blue-green; and would, in the majority of cases,

be able to range all greens under these three classes. As
the two-unit colour-blind see two colours only, they must
name colours in this way.

We wish to exclude all those individuals who are.

included in the following three classes :

—

I. Those who possess a pyscho-physical colour-percep-

tion with three or less units.

II. Those who, whilst being able to perceive a greater
number of units than three, have the red end of the spec-
trum shortened to a degree incompatible with their recog-
nition of a red light at a distance of two miles.

III. Those who are affected with central scotoma for
red or green.

I will now explain why these three classes of persons
should be excluded.

With regard to the first class. This class includes the
three-unit, the two-unit, and the one-unit, in accordance
with the facts previously stated. The three-unit never
under ordinary circumstances, mistake green for red but
confuse green, purple, and gray. Colour is a feeble quality
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of objects to them, and nervousness or excitement may
reduce them to the condition of the two-unit colour-

blind.

The two-unit regard green and red as almost but not

quite identical, and this fact is one which it is nearly im-

possible to make a person, who has not thoroughly studied

colour-blindness, comprehend—either the colour-blind him-

self, the public, or an unqualified examiner. They find

that many colour-blind persons are able to recognize

different colours, and correctly name them, and therefore

set down the mistakes made to want of education in

colours. It is astonishing with what accuracy many

colour-blind (two-unit) persons name colours. I have met

with several who were nearly always correct when they

named a colour. One educated adult, in" particular, had

become so expert that he was often able to baffle attempts

made by his friends to show that he was colour-blind. He

was well aware of the fact of his being colour-blind, though,

when I asked him the names of various coloured objects,

he was nearly always correct, and did not content liimself

with using the ordinary colour-names, but employed such

terms as cerise. He told me the method he adopted
;
he

said all colours appeared modifications of blue and yellow.

The brightest and purest yellow was yellow; slightly

darker and not so pure, green; darker still, red. The

brightest and most typical blue, violet; less bright, blue;

blue, with a tinge of gray (dirty blue), purple; very im-

pure blue, cerise. TMs colour appeared to him blue by

day, yellow by gaslight.

We cannot wonder at the unfavourable comments of

unqualified persons, when we consider that the large

majority of recorded cases have been of school children

and uneducated persons. This source of error I eliminated

by usino- for my standard cases and the followmg ex-
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periments only educated persons who had tried to train

their colour-sense, and were well aware of the names of

colours.

The following will show how it is that the colour-blind

are able, under ordinary circumstances, to distinguish

between the colours included in one of their units. All

colours have not a similar degree of luminosity; thus,

yellow is much the brightest colour. To the two-unit

colour-blind, red, yellow, and green, have, as far as colour

is concerned, a very similar appearance. They are not

exactly alike in colour, because they are included in an

approximate, not an absolute psycho-physical unit. Green

looks a lighter and grayer colour than red. A normal-

sighted person might be given a bundle of wools, consist-

ing of three kinds ; the first different tints of yellow, the

second tints of yellow mixed with gray, the third shades

of yellow—that is, yellow mixed with black. He would

be able to arrange these in three groups with few mis-

takes.

With regard to the second class. It is very important

that persons belonging to this class should be excluded,

and yet none of the ordinarily used tests detect them. The
rays of red at the extreme left of the spectrum are the

most penetrating, as may be seen by looking at a light or

the sun on a foggy day, or through several thicknesses of

neutral glass. It is chiefly by these rays that we recog-

nize a red light at a distance ; and it is therefore of great

importance that a sailor or engine-driver should be able

to perceive them.

With regard to the third class. This condition is one in
which a person might be able to distinguish colours easHy
when they are close to him, but fail to distinguish them
at a distance, owing to the nerve-fibres supplying the
central portion of his retina being impaired. As a light
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at a distance occupies the central portion of the visual

field, it is essential that the corresponding portion of tlic

retina should be normal.

We also do not wish to exclude persons who, thougli

partially colour-blind, have a colour-perception sufficient

for all practical purposes.

With regard to the test to be used. If the persons to

be tested have to distinguish between the standard red

and green lights, these lights should be used as the basis

of the test
;
because, if any other test were used, we should

still have the same problem before us, from a practical

point of view. A sailor might (with reason) object to any

other test, and say that because he cannot distinguish

between a green and a gray wool, it is no reason why he

should be unable to distinguish between the red and green

lights.

The candidates' capacity in this respect may be tested '

with a Lantern, which is described below.

Thoucrh the fitness of a candidate could be determined

with the Lantern Test, the examiner, especially if inex-

perienced, would, in many cases, be in doubt as to whether

a candidate had made a mistake through a slip, or from

a definite colour defect. This is especially liable to occur

when the candidate is slightly colour-blind, and therefore,

in order to save time and aid the examiner in detecting

colour-blind persons with certainty, I have constructed

another test, which I have called the Classification Test,

and which may be used as a preliminary to the examination^
with the Lantern Test. fl

A conscientious examiner wUl then have his diagnosisH

confirmed when the results of both tests agree, and whenH
they differ (I have not yet come across a case in whichH

they have) he will be able to go more thoroughly into th^|

case. ^1
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Fig. 23.

I.—Represents the Lantern Test.

A shows the lantp.rn as presented to the candidate, a slide being in situ.

B shows a side view of the lantern with three slides in situ, a being a coloured glass,

b and c modifying glasses, d is the front view of a slide, e the pile of thirteen slides.

II.—Represents the Classification Test.

1, 2, 3 and 4 are the test colours—Orange,^ Violet, Red and Blue-green ; a indicates
the wools, h the silks, c the pieces of coloured cardboard, and d the squares of glass,
forming the confusion colours of the test.
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I will describe these two tests in detail.

I. The Lantern Test.—The apparatus of tliis test con-
sists of a lantern and thirteen slides ; seven slides contain-
ing coloured glasses, and six containing modifying glasses
The slides are numbered as follows :

—

I have not given separate numbers to the two reds,

but called them 1a and 1b, respectively. This I have
done to show that the examinee is not expected to dis-

tinguish between them.

By using a lantern with slides containing standard red t

and green glass, we can obtain the necessary colours. But
there are few colour-blind persons who cannot distinguish

between the red and blue-green lights at a short distance.

A simile will show how they are able to do this. If a

normal-sighted person were to take two coloui-ed glasses,

green and blue-green, and place them in a lantern, at a

short distance he would be able to distinsjuish between

them with ease. He would see as much difference between

them as the colour-blind (two-unit) do between the

standard red and green. But as the distance became

greater, he would find more and more difficulty in dis-

tinguishing between the green and blue-green ; and it

would be very unsafe to trust a ship or a train to his

powers, especially when one light only was shown. The

two-unit colour-blind find the same difficulty with the

standard red and green. The intensity and character ot

the light should therefore be changed, without the know-

Coloured Glasses. Modifying Glasses.

7. Ground Glass.

8. Ribbed Glass.

1. Standard Red, a and u.

2. Yellow.

3. Pure Green.

4. Standard Green.

5. Blue.

G. Purple.

9. Neutral (No. i.).

10. Neutral (No. ii.).

11. Neutral (No. iii.).

12. Neutral (No. iv.).



THE TESTS FOR COLOUR-BLINDNESS. 265

ledge of the candidate. This may be done effectually with

certain kinds of neutral glass.

The glasses I use, like a mist or fog, are most trans-

parent to the red rays at the extreme left of the spectrum,

and, when several glasses are used together, the light

allowed to pass through them has a distinctly reddish hue.

The normal-sighted easily recognize coloured lights that

have had their intensity diminished by these neutral

glasses, but the colour-blind find great difficulty in dis-

tinguishing the colours under these circumstances.

As it is necessary for an examiner to have the fullest

acquaintance with the apparatus he uses, I will describe

in detail the principles which have guided me in the

construction of the Lantern Test. To an ordinary observer

the slides appear to have been glazed with pieces of

coloured glass, presenting no particular features other than
that they are of a very decided colour. As a matter of

fact, they are pieces of glass which possess certain qualities

not found in other specimens.

What is required in a test for colour-blindness is that
dangerous persons should be certamly and easily detected.

With the Lantern Test this object is never overlooked.
We wish to demonstrate that the persons rejected are
incompetent to act, and can do so efficiently with this
test.

In describing the apparatus to a person who is not
acquainted with the phenomena of colour-blindness, the
latter should be told that the test consists in naming
coloured lights, which are shown unmodified and modified
as they would be under ordinary atmospheric conditions.
The neutral glasses represent fog, the ground glass mist,
and the ribbed glass rain.

The first principle which guided me in the selection of
colours may be illustrated in the following way. Let us
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take an ordinary two-unit colour-Llind, and, having given
liim the set of wools belonging to the Classification Test,

ask him to pick out all the reds. On examining the pile

of wools selected as red, it will be found that the majority

are red, but in addition there will be some browns and
yellow-greens. If he be then told to pick out tlie whole
of the greens the greater number of those selected will be

green, but there will be also grays, browns, and reds. In
each case, it will be seen that the majority of wools are of

the desired colour.

If another two-unit colour-blind be examined in the

same way it will be found that, though he may not make
exactly the same mistakes, he will in all probability pick

out the same greens to put with the reds, and the same

reds to put with the greens. The same result ^Yill be

obtained if the colour-blind persons be asked to name
a large number of colours. They will in most cases

name the colour correctly. It will be noticed that the

greens which were put with the reds when classifying

the colours, [ will be called red in naming them. It is

e^ddent that the same idea has guided the colour-blind in

each case.

This shows that, though a person may be red-gi-een

blind, he is not absolutely red-green blind in the sense of

being totally unable to distinguish between the two colours.

This is what we should expect, as the red and green are

included in an approximate, not in an absolute psycho-

physical unit. The fact that they are actually judging by

colour may be demonstrated by giving them coloured

materials of different kinds, or by asking them to name a

large number of coloured objects. To a person with a

spectrum of normal length and no neutral band ni the

blue-gi-een, it is necessary that the colours, to be considered

as identical, must be included in an absolute psycho-
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physical unit. One of the most definite signs that persons

with a neutral band in the blue-green have a more defective

colour-perception than the ordinary two-unit, is that they

will put together as identical a red and green which are

distinguished by the ordinary two-unit. In addition to

this, they will mistake the reds and greens which have

been confused by the ordinary two-unit.

It will be seen that if we take a two-unit and ask him

to name a number of red and green wools, in the majority

of instances he will name them correctly. But as,

almost invariably, the same wools are chosen, for all

practical purposes the same result would be obtained by

asking a person to name a few of these wools. What
more decided and brighter greens could we have than

Nos. 76 and 94 of my Pocket Test ? yet these are two of

the greens which are called reds by the two-unit. We
should have accomplished as much by asking a colour-

blind person to^name ISTos. 76 and 94 as if we had asked

him to name a large number of greens. The colours in a

test should, therefore, be those which the colour-blind

are particularly liable to miscall. At the same time, their

nature should be unmistakable to the normal-sighted.

This is the first principle on which the test is con-

structed. IsTo. 3, Pure Green, is to the normal-sighted a

very bright and decided green, and yet it is precisely the

colour which is confused with red by the two-unit. No. 1b
is a very decided red to the normal-sighted, and yet the
two-unit colour-blind are particularly liable to call it

green. Nos. 1a and 3, the Standard Red and Green,
are colours which usually present very little difficulty to
the colour-blind. Their special use is in combinations.
No. 2, Yellow, is a deep orange-yellow which gives a light
of lower luminosity than the flame alone. It is generally
mistaken by the colour-blind for red, and is a very useful
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colour. No. 5, Blue, is as pure a blue a.s can be obtained
with a single piece of glass. It and No. 6, Purple, are
liable to be miscalled in certain cases.

We now come to the six modifying glasses. These
glasses are specially intended for combinations, but they
are very useful when used as single slides. The ground
glass spreads the light, and prevents the flame from being
visible in the centre of the slide. The ribbed glass pro°
duces a light which varies in its intensity in different

portions. The four neutral glasses are very valuable as

single slides. Whilst the normal-sighted recognize the
nature of the slide at once, I have not met with a colour-

blind person (three-unit or two-unit) who has named the

glasses correctly. The reason of this is as follows. The
colour-blind (three-unit and two-unit) are mider the im-
pression that they can always recognize yellow. This is

true enough as far as bright yellows are concerned, the

superior luminosity of a bright yellow over that of other

colours is a distinguishing characteristic. As a matter of

fact, browns, which are only shades of yellow, are the

colours which above all others present difficulty to the

colour-blind. The difference in luminosity between a

yellow light, like that of an ordinary street lamp, and a

coloured liglit, is not as great as the difference in luminosity

between a yellow and a green wool. If, therefore, we can

diminish the luminosity without altering the colour of

a yellow light, we shall produce a colour which will

present exceptional difficulties to the colour-blind. The

light will therefore be called red or green as the case may

be. To the three-unit, yellow is a reddish green as far as

colour is concerned. No. 9 rather inclines to the red

side of the red-green, and is usually called red by those

who have a spectrum of normal length, and green by those

who have a spectrum shortened at the red end. No. 10
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inclines to the green side of the recl-green, Nos. 11 and 12

to the red side. As the four-unit see yellow as a colour, it

is obvious that the light will appear more like this colour

to them than any other, and so will be named correctly.

The second principle which has guided me in the

construction of this test is, that the colour-blind will

name colours in accordance with their psycho-physical

colour-perception, and thus show definitely to which class

they belong. I have not come across a man who has

guessed correctly when examined with my test. A man
who did guess would know that he was incompetent. As

the colour-blind are not often aware of their defect they

answer as they see, only guessing when they feel uncertain

as to the nature of the colour shown.

The third principle of the test is that colours may be

changed to the colour-blind, whilst leaving them unaltered

to the normal-sighted. This we should expect from an

examination of the theory of psycho-physical perception.

By referring to the frontispiece it will be seen that the

junctions of the units do not correspond in the different

classes of colour-blind, even for the simple colours. The
blue-green junction of the four-unit is situated in the blue

of the normal-sighted. If therefore we have two blues,

one corresponding to a point on the green side of this

junction, and the other to a point on the violet side, it is

evident that the first blue would be called green by the

four-unit, and the second blue, violet. If, therefore, we
can alter a colour which corresponds to the first point so

that it shall correspond to the second point, we shall have
changed the colour from green to violet for the four-unit,

whilst still leaving it blue to the normal-sighted. This
result may be accomplished by means of absorption. If

rays be taken from the violet side of a blue, the colour

will correspond to a point of the spectrum nearer the green.
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The fourth principle of the test is that tlie phenomena
of simultaneous contrast are much more marked for the
colour-blind than for the normal-sighted. Two colours,
which have not changed in the slightest degree to the
normal-sighted on being contrasted have apparently
altered very considerably to the colour-blind. As an
example of this, let us take a pure deep yellow, a bright
red, and a bright green. To the normal-sighted the yellow
will be altered very little by comparison with the red or
the green, but a three-unit would say that the colour
was green when contrasted with the red, red when con-
trasted with the green. This principle of exaggerated
contrast must be borne in mind when examining a candi-
date. Thus, if a three-unit is doubtful as to what to call

a yellow, but seems inclined to call it green, he should be
given a pure green to compare with it. In the same way,
in showing the coloured lights, the same colour produced
in a different way should often -be shown. Thus an
orange-red may be shown immediately after a pure red.

This will not alter the colour to the normal-sighted, but
greatly facilitate the examination of the colour-blind.

It seemed to me that, as the psycho-physical colour-units

of the colour-blind were larger than those of the normal-

sighted, it must follow that the modified units would also

be larger. For instance, take the three-unit, their modified

unit red-green would be much larger than any modified

unit of the normal-sighted. When we are dealing with

an absolute psycho-physical unit, we know that though

this unit may occupy some considerable portion of the

spectrum, the colours at each of its parts are indistinguish-

able from each other. The modified unit red-green of the

three-unit will therefore extend into the green of the

normal-sighted. Theoretically, therefore, we can change

the colour of a coloured light to the colour-blind without
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altering its appearance to the normal-sighted. All we

theoretically have to do is to move the colour into the

modified unit of the colour-blind. This is done by the

neutral glasses. The coloured glasses are also chosen in

accordance with the above principles. The Standard

Green lets through very few red rays, the Pure Green is

much less opaque to these rays. The Standard Eed, 1b,

lets through, besides the red and orange rays, some of the

green. Let us, then, consider the aspect of the light with

the Standard Eed, 1b, and the thickest neutral glass in

front of it. This neutral glass only transmits a band of

the extreme red, and a band of yellow-green. To the

normal-sighted the colour of the combination is a very

bright red. The three-unit will either confess that they

do not know what the colour is, or give an answer

dependmg upon the colour previously shown ; if red were

shown previously, then they will call the colour " green
"

obediently to the law of contrast. With the two-unit

the colour will be called "green," usually with some

positive exclamation. In all the examinations I have

made, I have only come across one two-unit who called

tliis combination correctly "red." He, however, called

the standard green, pure green, yellow, and blue in com-
bination with this glass also " red." In the case of

shortening of the red end of the spectrum to the extent

of about one-third, the red light will not be perceived at

all. The neutral glasses, therefore, make the red appear
like the green of the colour-blind, and the green like the

red. No. i. Neutral simply diminishes the intensity of the
light, making it, if anything, whiter. No. ii. Neutral imparts
a faintly greenish tinge to the light; No. iii. Neutral
imparts an orange tint to the light ; and No. iv. Neutral
a reddish tinge. It will be noticed that No. ii. is of a
slightly different character to the others.
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As it is necessary that the examiner should be fully
acquainted with the details of this test, I will give an
analysis of the light which is transmitted through the
different glasses. At first sight the test appears as if it

were one in which simple coloured glasses were shown
to the examinee, alone, and combined with other glasses

to represent rain, mist, and fog. These conditions are

actually represented by the test. But the representation

of these conditions was not the primary idea which I had
in constructing a test for colour-blindness. I mention

this because, after I had published my, views on testing

for colour-blindness numerous tests in wliich fog, etc., are

supposed to be represented have been recommended.

It will be noticed that there are two slides marked
"1, Standard Eed." To a normal-sighted person these

slides appear to be of a very similar colour, the only

difference being that the one marked B is slightly lighter

than the sKde marked A. The importance of having these

two slides is really very great, as they differ considerably

in their transparency to the rays of the spectrum. No. 1a

is practically only transparent to the red and orange, and,

when combined with the blue-green sKde, No. 4, it is

hardly possible to see the light. No. 1b is transparent

to the red, orange, and yellow, and a number of gi-een

rays are transmitted. This may be demonstrated by com-

bining it with the blue-green slide,*No. 4, and the flame

will ap]3ear yellow-green. The reason for having two

slides is as follows. If we examine an ordinary two-unit

with lA -j- 12, we shall find, if he have much shortening,

that he is not able to see the light at all. 1b shows how

a person who belongs to a class with a greater number

of units than two might mistake red for green. 1b -f 12

gives a light which, to the normal-sighted, is of a deep red

colour, similar to but slightly lighter than that produced
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with 1a 4- 12. But the composition of these lights, if

examined with the spectroscope, will be found to be very

different in the two cases. The light produced by 1a + 12

is a light consisting entirely of red rays belonging to the

extreme left of the spectrum. The light produced by
1b + 12 consists of similar red rays, but in addition con-

tains a number of yellow-green rays. Tliese may be

demonstrated by the combination 1b 4- 12 + 4. The
light will then appear of a dull green. "With the com-
bination 1b + 12, if there be much shortening, these

rays will have to be subtracted, and so the light will

really appear of a green colour, because the green element
in the combination will be considerably in excess. This
combination is therefore useful in excluding cases of

shortening of the red end of the spectrum, occurring under
any circumstances.

The examiner should make himself familiar with all

the details of the slides, and the colours of different com-
binations. The purest blue is produced by the combina-
tion 5 -f 4. N'o. 4 by itself gives a light of a lavender
colour, on account of the transmission of a good many
red rays. The blue-green glass is opaque to these, and
so the blue is very much purer.

The following is an analysis, with a spectroscope, of
the light transmitted through the glasses used in the
Lantern Test.

1a. The red and orange rays are transmitted perfectly,
but the remainder of the spectrum is obstructed.

1b. This glass allows the red and orange rays to pass.
There is a defined absorption band at the junction of the
yellow and green. The green, blue, and violet rays are
almost but not quite obstructed.

2. There is no definite absorption band. The violet
rays are most obstructed, then the blue and then the

T
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green. The red, orange, and yellow rays are allowed to

pass.

3. The glass is opaque to the red rays, and almost
opaque to the blue and violet rays. It is transparent to

the green rays, and allows a considerable number of the

yellow and orange rays to pass.

4. The red and orange rays are obstructed. The glass

is transparent to the green, blue, and violet rays. A few

yellow rays are allowed to pass,

5. This glass is transparent to the blue rays and a

band of red at the end of the spectrum. Defined

absorption bands are visible in the red, and in the yellow

and orange-yellow. The glass is transparent to a band

of orange-red. The violet and green rays are obstructed

to a certain extent; of these the yellow-green are most

visible.

6. This glass is most transparent to a band of red at

the extreme left of the spectrum. There are absorption

bands in the centre of the green, red, orange, and yellow.

The remainder of the green, red, orange, and yellow is

obstructed to a certain extent. After the above-mentioned

band of red the glass is most transparent to the violet,

blue, and blue-green rays.

7 and 8. These glasses diminish the luminosity of the

whole of the spectrum. There are no absorption bands

visible.

9. This glass impairs the brilliancy of the whole of

the spectrum, but especially the green, blue, and violet

half. No absorption bands are visible.

10. This glass has a similar effect upon the spectrum

to No. 9, but the changes are more marked.

11. This glass is most transparent to a band of red at

the extreme left of the spectrum, the orange and yellow-

green. There are definite absorption bauds in the red and
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in the yellow. A few only of the green, blue and violet

rays are transmitted.

12. This glass is most transparent to a band of

terminal red, and a band of yellow-green. The glass is

almost opaque to the green, blue, and violet rays, and
quite opaque to the remainder of the spectrum.

The following colours are produced by combining the
various slides of the test. Xos. 7 and 8 do not alter

the colour of the light, but scatter it. No. 7, Ground
Glass in combination with a coloured glass produces a
circle of uniform colour, but rarely alters the colour of the
light to the colour-blind. The same may be said of
No. 7, which in combination with a coloured glass gives
a field of colour the various portions of which vary in
intensity.

lA + 2 _ red. 1a + 3 = reddish orange ; the flame only is visible
1A + 4 = black

;
the flame is just visible, but has no colour. 1a + 5

='

deeper red. 1a + 6 = deeper red. 1a + 9 = deeper red. 1a + 10 =
deeper red. 1a + II = deeper red. 1a + 12 = very deep red ; in this
combination the flame only is visible.

lB + 2 = red. lB + 3 = yellow. 1b + 4 = green. 1b + 5 =
red lB + 6 = red. 1b + 9 = red. 1b + 10 = red. 1b + 11 = deep red.
IB -h 12 = very deep red.

2 + 3 = yellow-green. 2 + 4 = pure green. 2 + 5 = white. 2 h-- 6 =
crimson. 2 + 9 = orange -yellow. 2 + 10 = orange-yellow. 2 + 11-
orange. 2 + 12 = orange.

^ f xi -

3 + 4 = pure green. 3 + 5 = pure green. 3 -f 6 = greenish blue,

grten.^''""
' + = ^^^^ 3 + 11 = green. 3 + ll = very dark

bllgre^n
""^^^^^^^

^ + H = dark blue-green. , + 12 = .er/al^

ros!.V^&lJ^ = '--^'-- ^ + ^0 = lavender. 5 + 11 =

crim'sotred^ ^ + = P^ple. 6 + 11 = crimson. 6 + 12 =

T^lJ'lu&e.'^'^^^^^^- ^-^^0. White. 7 + U = .^te.
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8 + 9 = white. 8 + 10 = white. 8 + 11 = white. 8 + 12 = dull

orange.

9 + 10 = -white. 9 + 11 = dark yellow. 9 + 12 = dark orange.

10 + 11 = yellow. 10 + 12 = dark orange.

11 + 12 = dull crimson.

lA + 2 with 1b, 5, 6, 7, 8, 9, 10, 11, and 12 respectively, gives a red

light. lA + 2 + 3 = reddish orange. 1a + 2 + 4 = black. 1 a + 3 + 1b =
orange-red. 1a + 3 + 9 = dull orange-red. 1a -|- 3 + 10 = very dark

orange-red. 1a + 3 with 5, 6, 11, and 12 respectively, black. 1a -f- 5

with iB, 6, 7, 8, 9, 10, 11, and 12 respectively, red. 1a + 6 with 7, 8, 9,

10, 11, and 12 respectively, red.

18 4-2-1-3 = yellow. 1b + 2 -t- 4 = dull green. 1b + 2 with 5, 6, 7,

8, 9, 10, 11, and 12 respectively, red. 1b + 3 -f 4 = green. 1b -f- 3 -f 5 =
dull green. 1b + 3 -1- 6 = black. 1b -f- 3 with 7, 8, 9, and 10 respectively,

yellow. 1b -h 3 -1- 11 ; a light can just be seen, but there is no colour.

1b 4- 3 -1- 12 = black. 1b + 4 + 5 = greenish blue. 1b -f- 4 -h 6 = very

dull blue. 1b -f 4 with 7, 8, 9, and 10 respectively, green. 1b 4 + 1

1

= very dark green. 1b + 4
-t- 12 = black. 1b + 5 with 6, 7, 8, 9, 10, 11,

and 12 respectively, red. 1b -f 6 with 7, 8, 9, 10, 11, and 12 respec-

tively, red.

2 4-3 with 5, 7, 8, 9, 10, and 11 respectively, green. 2 4-3 with C

and 12 respectively, very dark green. 2-1-4 with 7, 8, 9, 10, and 11

respectively, green. 2 4-4 4- 5 = blue-green. 2 -f 4 4- (> = dark blue.

2 -f 4 4- 12 = very dark green. 2 -|- 5 4- 6 = red. 2 4-5 with 7 and 8

respectively = white. 2 4 0 with 9 and 10 respectively, orange. 2 4-5

with 11 and 12 respectively, red. 2 + 6 with 7 and 8 respective!}', crimson.

2 4-6 with 9 and 10 respectively, rose-red. 2-1-6 with 11 and 12 respec-

tively, red. 2 4-9 with 7, 8, and 10 respectively, yellow. 2 -f 9 -t- H
= orange. 2 4- 9 4- 12 = dark orange-red. 2 4- 10 4- H = orange.

2 4- 10 4- 12 = dark orange-red. 2 4- H + 12 = very dark orange-red.

3 4-44- 6 = blue. 34-4 with 5, 7, 8, 9, 10, and 11 respectively, green.

3 4. 4 4- 12 = very dark green. 3 4-64-8 = blue. 34-6 with 9 and 10

respectively, dark green-blue. 3 4-6 with 7, 11, and 12 respectively

black.

44-5 with 6, 7, 8, 9, 10, and 11 respectively, blue. 4 -H 5 4- 12 = black.

54-6 with 7, 8, 9, and 10 respectively, purple. 5 4-6-1-11 = rose.

5 4- 6 4- 12 = rose-red. 5 4- 94-10 = purplish lavender. 54-94-11 =

rose. 5 4- 9 4- 12 = rose-red. 5 4- 10 + 11 = rose. 5 4- 10 4- 12 = rose-

red. 5 4- 11 + 12 = red.

6 4. 9 4- 10 = purple. 6 -1- 9 -I- 11 = rose. 6 + 9 4- 12 = red. 6-1-10

+ 11 = rose. 6 4- 10 -1- 12 = red. 6 4- H -f 12 = red.

74-8 with 9, 10, and 11 respectively, white. 7 -f S + 12 = brown.

It must be noted that 9 and 10 with 7 give a greenish tinge to the light.

7 4- 11 is quite neutral. 7 4- 12 is a reddish white. 7 -h 9 -1- 10 = white
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7 + 9 + 11 = brown. 7 + 9 + 12 = dark browu. 7 + 10 + 11 = neutral.

7+12 with 10 and 11 respectively, black.

S -f 9 + 10 = white. 8 + 9 with 11 and 12 respectively, brown. 8 + 10

with 11 and 12 respectively, browu. 8 + 11 + 12 = reddish brown.

9 + 10 + 11 = whitish;purple. 9 + 10 + 12 = dull purple.

10 + 11 + 12 = dark red.

Description of Classification Test.—This test consists of

4 test-colours and 180 confusion-colours ; 150 coloured

wools, 10 skeins of silk, 10 small squares of coloured

cardboard, and 10 small squares of coloured glass. The

whole series of colours is represented, both the simple and

the modified units. In addition, there are a large number

of colours which have been chosen by colour-blind persons

as matching^ the test colours. The test-colours are Orange,

Violet, Eed, and Blue-green, labelled I., II., III., and IV.,

respectively. The whole series of colours is chosen with

the view of presenting as much difficulty as possible to

the colour-blind, and as little as possible to the normal-

sighted. The colour-blind find especial difficulty in

matching or naming a colour lying at the junction of two
of their units or colours. As the normal-sighted often

find difficulty in saying which colour predominates in a

blue-green, so do the four-unit with what they call a

purple-green, or the three-unit with what they call a red-

green. It is obvious, therefore, that if a colour-blind

person can be made to understand what colour is, he may
match a colour correctly which corresponds to the centre
of one of his units. I have never detected an educated
four-unit with Holmgren's test, whereas an uneducated
four-unit is almost certain to fail through paying more
attention to shade than to colour.

In addition to choosing those colours for tests which
are particularly liable to be mistaken for other colours
by the colour-blind, I have used coloured materials of
different kinds— wools, silks, glass and cards,—so as to
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force the colour-blind to judge by colour, and not by slmde
or luminosity.

The first test-colour is orange, which is the first unit
to^ disappear, and, therefore, in the first degree of colour-
blindness it becomes a modified, instead of a primary
psycho -physical colour unit. As the psycho - physical
colour-units become enlarged, so do the number of mistakes
which are made with tliis colour, increase. Giving an
orange to a colour-blind person to match is like giving a
blue-green, in which the proportions of blue and gi-een

are nearly equal, to a normal-sighted person, who would
certainly put blue-greens on the one hand and green-blues

on the other with the test-colour. Test-colour No. II. is as

nearly as possible a pure violet, and represents the violet

half of the spectrum. No. III. is a pure red, and represents

the red half of the spectrum. No. IV. is a blue-green, and
represents the remaining portion of the spectrum. The
green element predominates very considerably, and so the

normal-sighted will only select shades of green to put

with it. This is an important colour, and the necessity

for choosing this shade will be evident on reading the

method of using the test.

Those who are unacquainted with the phenomena of

colour-blindness, would not be able to educate themselves

with the Lantern Test, as this is essentially a testing

apparatus, and not intended for' educational purposes.

The Classification Test is constructed so that the examiner

may be able to follow the observations described in

Cha]pter XI. In that chapter the reader is recommended

to get the colour-blind person to make a general classifi-

cation of colours, but it will be found that the mistakes

made with the test-colours wiU generally be indicative

of the nature of the case. The use of different materials

will prevent the colour-blind from judging by accessory

qualities of the materials.
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The following preliminary instructions will be found

useful, both for the examiner and the examinee.

The first point is to put the candidate at his ease, and

these instructions, for this purpose, cannot be too widely

known amongst those men who are going to be examined.

It will save the examiner much trouble if the instructions

be issued in the form of a circular to all intending candi-

dates. The following might be the form of the circular :—

Advice to Candidates Presenting themselves for

Examination in Colours.

The colours which the candidate is expected to know

are Eed, Yellow, Green, Blue, and Purple. Candidates

are expected to know the names and qualities of these

colours, and should make themselves thoroughly acquainted

with the appearance of lights of these colours. Persons

possessing normal sight or only slightly colour-blind will

find no difficulty in passing this test. They will only be

shown colours of the most marked character, and those

which they will meet with every day in the pursuit

of their employment. A candidate will be rejected who
cannot distinguish between the red, green, and white

(yellow) lights under all the circumstances in which they

will be presented to him. In his employment these are

the three colours which he will have to distinguish

between, and if he find that he can distinguish between
these lights on a railway, under various conditions of

atmosphere, he will in all probability find no difficulty in

passing this test.

As one mistake in naming red, green, or white, will

suffice for his rejection, a candidate is particularly

cautioned against guessing or trying to imagine a colour

when there is not one presented. If a candidate find
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difficulty in naming a colour he sliould at once say so,
because any answer showing that the candidate sees the
light correctly will be taken. Thus mauve, violet, or
reddish blue would be taken as correct descriptions of the
purple light. The candidate, however, is strongly advised
to learn the correct names and qualities of orange and
violet. The answers yellowish red or reddish yellow would,
however, be taken as correct definitions of combinations
XDresenting an orange colour.

A candidate cannot have too firmly impressed upon
his mind that there is no difficulty in the test to a
normal-sighted person. The only chance that a normal-
sighted person stands of failing is by guessing or trying

to imagine a colour when there is not one there. If

candidates follow this advice they will be saved the

trouble of an appeal. It is necessary to reject a man for

making one mistake, because guessing or colour-ignorance

would make a man dangerous when following his employ-
ment.

The wools in the first part of the test are used entirely

as a matter of convenience, so that colour-blind persons

may be rapidly and certainly rejected ; but the candidate

is passed or rejected in accordance with the examination

with coloured lights.

Examination for Visual Acuity.—The candidate should

first be tested with regard to his visual acuity, each eye

being tested separately. Snellen's types, or a modification

of them, will answer admirably for this purpose. A very

useful modification of Snellen's types is made by Curry

and Paxton, Great Portland Street, W. ; the last line but

one of the types can be read by a normal-sighted person

at a distance of six metres. The examiner should liave

at least half a dozen sets of types, so that a candidate
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shall not be able to learn the letters by heart, and repeat

them to another candidate,

A candidate should not be passed who has not normal

visual acuity with one eye, and not less than half with

the other.

Examination with Classification Test.—The candidate

should first be examined with the Classification Test. He
should be given the four test-colours, and, having given

the name of each, he should be told to select all those

which are similar in colour to the test-colour. He should

be told to pay no attention to the fact of a colour being

lighter or darker, as long as it is the same colour it

should be put with the test-skein. The examiner should

not go through the test before the candidate first of all,

neither should one candidate be allowed to watch another

making his selection. A shrewd colour-blind person

might pass the test if he had seen a normal-sighted person

go through it previously. In order to show the candidate

the difference between a shade and a colour, the examiner

should take one of the wools which is not a test-colour,

blue, for instance, and pick out four or five shades of the

colour.

The examinee may pick out a certain number of colours

correctly and then stop, saying that there are no more
exactly like the test-colour ; and this may embarrass the

examiner. He should, however, examine any candidate
who has omitted any colours as carefully as if mistakes
had been made. He should ask the candidate to match
one of the omitted colours.

The following short summary of the mistakes made
by the different varieties of the colour-blind will help the
examiner in forming his diagnosis.

The five-unit put red and pink with the orange
test No. I. It will also be found that they have not
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matcliecl the other test-skeins as accurately as the normal-
sighted.

The four-unit, in addition to putting red and pink
with the orange test, put blue with the violet test. They
will also probably put some light blues with the green
test-skein.

The three-unit put red, rose-red, and yellow-l)roM'n with
the orange test

;
purple and blue with the violet ; and

rose, gray, brown, and blue with the green test-skein.

The two-unit put red, yellow, yellow-brown, and yellow-
green with the orange test; blue and purple with the
violet test ; and gray, brown, and rose with the green test.

If black be put with the red test, there is shortening
of the red end of the spectrum. Shortening of the red end
of the spectrum is also indicated by dark greens being
put with the red test.

As the border-line of rejection is between the four-

unit and the three-unit, it is of great importance to be
able to say for certain to which of the two classes a person

belongs. A four-unit does not put brown, rose, or gray

with green; a tlii-ee-unit does not necessarily put all

these colours with green ; it is sufiBcient if he put one of

them. If there is any doubt as to whether a person is a

four-unit or a three-unit, he should be asked to classify

the whole of the colours in the test, putting all of one

colour together. There will then be very little difficulty

in making an accurate diagnosis.

Examination with Lantern Test.^—The examination

with the lantern completes the examination for visual

acuity and colour-perception. It is the essential test, and

the one which demonstrates perfectly to an onlooker the

incompetence of those rejected.

The object of the test is to find out whether the can-

didate can distinguish, under all circumstances, the red.
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green, and white lights. The colours, other than the red

and green, are nsed to prevent guessing.

The following short directions are issued with each set

of apparatus, and will serve to keep before the examiner

the important points of the test :

—

1. The candidate should be seated at a distance of

fifteen feet from the lantern.

2. He should be asked to name the colour of the light

produced by a coloured glass (1 to 6) alone, or in combi-

nation with the modifying glasses (7 to 12).

3. A candidate should be rejected—(i.) If he call the

red, green; or the green, red, under any circumstances,

(ii.) If he call the white light, under any circumstances,

red or green, or vice versa, (iii.) If he call the red, green,

or white lights, black, under any circumstances.

4. A candidate who makes mistakes, other than those

mentioned above, should be put through a very searching

examination.

In making an examination with this test, the candidate
should be at least fifteen feet from the lantern. I have
given fifteen feet as the distance because in many cases it

would be difficult to make the distance greater, and this

will be found sufficient for all practical purposes. When
it is possible to make the examination in a room in which
the candidate can be seated at a distance of twenty feet
from the lantern, this should be done, as it increases the
certainty with which colour-blind persons are detected.
In the same way, a distance of sixteen feet would be pre-
ferable to fifteen feet, and so on, up to twenty feet. The
distance used should in each case be noted in the
report.

The examiner should on no account conduct the
examination on any regular plan,' because the candidate,
anxious to pass, finds out from persons who have already
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passed, the order and method of the examination, and so,
though colour-blind, might obtain a certiiicate.

Any one of the slides may be first shown, and the
candidate required to name the colour of the light. The
following will serve as an example of the method to be
employed in testing a candidate. The standard red slide

having been placed in the lantern, the candidate is re-

quired to name its colour. Then a blue or green slide

may be substituted. Then one of the neutral, ground or
ribbed glass slides should be inserted, not the slightest

intimation being given to the candidate of the nature of

the slide. He should be asked to name or describe the
light, and the answer, if incorrect, together with, his other

replies, carefully recorded. The other slides may then be
shown, a combination of the neutral, ground, ribbed and
coloured glasses being used at irregular intervals.

Care must be taken when the candidate is going to be
examined with two slides at once, such as one of the

neutral, ground, or ribbed glasses, and a coloured glass,

that he does not see the light until both slides have been

inserted, or else he may see the colour before it is modified

in the necessary way.

Another practical point to be borne in mind is, that

the modifying glass should be j)laced in front of the

coloured glass, and not between it and the light, just as

the fog or mist is in front of the signal glass, and not

behind it.

If the candidate call the standard red, green ; or the

standard green, red, under^^any circumstances—that is, either

alone, or in combination with the modifying glasses—he

is to be rejected.

Particular attention should be paid to the answers

given to the combination of the thickest neutral glass witli

the standard red and green respectively. This glass is of
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such a thickness that it obstructs all light with the ex-

ception of a band of red at the extreme left of the

spectrum, and a band of green. This glass, when used in

combination with the Standard Eed lA, gives a red light,

visible to the normal-sighted at a considerable distance.

With the colour-blind, if the red end of the spectrum be

much shortened, the red light will not be perceived at all.

In combination with the standard green, it gives a dull

green light, which is easily recognized by the normal-

sighted.

It will be noticed that with this glass the relative in-

tensity and character of the red and green lights are

changed. With the unmodified lights, the green is lighter

and bluer than the red. When modified with this neutral

glass, the green appears the darker and yellower of the

two, exactly as it does in a mist or fog. The two-unit

colour-blind, therefore, at once call this combination red,

because the colour is made to look so much like their

red. I have not met with a two-unit colour-blind who
has named this combination correctly ; the answer has

almost invariably been " red," usually with some positive

exclamation
;

as, " There is no doubt about that being red."

The importance of this fact cannot be over-estimated,

because I have tested educated colour-blind persons who
have found no difficulty in naming the colours when
unmodified with neutral glasses, and so would have
obtained a certificate.

These would be most dangerous persons at sea, because
they would deliberately mistake the red light for the
green, and vice versa. At the same time they would feel

positive about the nature of the lights. It seems to me
that in all probability this is how many accidents have
occurred.

If the candidate call the white light, under any cir-
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cumstances, red or green, or mce versa, he is to be rejected.
Also, if he call the red, green, or white lights "black"
under'any circumstances.

As it is the confusion of red, gi-een, and white which
lorms ground for rejection, in examining with the neutral
glasses the examiner should be guided by this point.
Thus a neutral glass may give a reddish tinge to the Hrdif
a candidate calling the light "red" might be reconsidered!
whilst a candidate calling the light "green" would be re-
jected without further consideration.

The white light which is used for signal-lights is
really yellow, but I have referred to it as white because
this IS the name by which it is generally known. In the
examination an answer calling the yellow slide white,
might be taken as correct. In the same way the ground
glass might be called yellow, but if the candidate caU
either " red " or " green " he should be rejected. As I have
previously stated, the confusion of yellow with red or
green, indicates a dangerous degree of colour-blindness.

One incorrect answer (embodying one of the mistakes
mentioned above) suflaces for rejection. This is im-
portant, and must be strictly adhered to. A normal-
sighted person would not mistake the coloui-s confused by
the colour-blind. Colour-ignorance is quite as fatal {if

the mistakes were due to this cause) as colour-blindness

;

thus, if a sailor, on seeing a red light, thought it was a

green one, and steered as dii^ected for a green light, he

would cause an accident just as surely as if he were

colour-blind.

A candidate who has made one mistake, and one

mistake only, may be passed on to a specialist, but should

never be passed by an examiner not thorouglily acquainted

with all the theoretical and practical details of colour-

blindness.
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Au examiner should, as far as possible, avoid all con-

versation with the candidate, simply asking, " What colour

is this ? " and recording the answer without comment. If

an examiner after each answer say, " Quite right," or some

such expression, the following is likely to occur. The

candidate after, say, six correct answers, makes a mistake

;

the examiner says, " Are you sure ? " Then the candidate

knows at once that he has made a mistake, and makes a

guess, very probably a correct one. When a similar

colour is shown subsequently, he remembers the mistake

he made, and gives the second, and probably the correct

answer.

Mistakes other than those mentioned above demand
a very searching examination.

1 have already mentioned the special uses of certain

glasses and combinations, but, in order to make the

examiner's work easier, I will go through the most im-
portant combinations systematically.

1a, 7, and 8 are not of much use as single slides, and
errors are rarely made in naming them, when presented
alone

; 2, 3, 9, 10, 11, and 12, are the slides which are
specially useful when used singly.

1a -f 4 is a combination which may be used occasion-
ally, so that the candidates may know that a black is

sometimes shown to them. If a black were never shown,
a colour-blind person, with shortening of the red end of the
spectrum, would hesitate to call any combination " black."

iB -f 3 gives a yellow light which is especially liable
to be mistaken for red or green by the colour-blind. Ii3

-f- 4 gives a green which most two-units would mistake
for red.

2 4- 3, 2 -f 5, 2 4- G, and 2 with 9, 10, 11, and 12,
are all useful combinations. The combinations of the
neutral glasses, 11 and 12, with the reds and Q-reeiis are
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particularly useful ; in fact, 11 and 12, in combination with
any of the coloured glasses, give lights which should be
used frequently. 8 + 12 and 9 + 11 are useful comljina-
tions. iB 4- 2 + 3 and iB 4- 2 + 4, should be used occa-
sionally; also iB -f 3 -t- 9 and iB + 3 H- 10. The following
are also useful combinations, 1b-|-4-|-6, 1b-}-4 + 11 ^

+ 3 + 6, and 2 -f 3 -f 12.

On reconsidering this test, we find that it is not open
to any objections. The material is the best possible, as it

will not fade like all dyed substances, and therefore all

records made with one set of apparatus will be uniform.

Again, a coloured light has none of the accessory qualities

which enable the colour-blind to pass through other tests.

Thus many two-unit colour-blind will call the yellow

glass red or green, who would not think of putting a

yellow with a green or red wool, on account of the differ-

ence in luminosity. The test is not open to any of the

objections which may be urged against the method of

simply naming colours, because the character and intensity

of the colour may be changed at will.

The method is better than that of direct comparison,

because the candidate is forced to use his colour-percep-

tion, and has to compare the colour seen, with previous

impressions of colour in his mind. By the use of neutral

glasses, etc., I have obviated the fallacy of the method of

naming colours (namely, that an individual can distinguish

between colours by their intensity), and forced the indi-

vidual to depend upon his colour-perception, and not upon

some other accessory quality of the object seen.

No amount of coaching will enable a colour-blind

person to pass this test, whilst almost any other may be

passed in this way.

The test also has a quality, possessed by no other,

namely, that of enabling the examiner to reject dangerous
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persons and dangerous persons only, the lower degrees of

colour-blindness being allowed to pass.

The next point to consider is when the test shall be

concluded, because with the thirteen slides a very large

number of combinations may be made. Twenty correct

answers may be considered amply sufficient for a pass
certificate. It would be practically impossible for a

colour-blind person to guess this number of answers cor-

rectly. As a matter of fact, I have never examined a
man who has tried to pass my tests by guessing. Colour-
blind persons do not know that they are colour-blind, and
therefore answer as they see. If they were to guess, they
would have to admit to themselves that they were incom-
petent, and then they would not be so dangerous. Guess-
ing depends more upon the self-reliance of the candidate.
A self-reliant colour-blind man is far less likely to guess
than a normal-sighted person who has a poor opinion of
his own powers. Guessing may be prevented by the pre-
liminary instructions which I have given.

In testing for colour-blindness, it must not be supposed
that a colour-blind person will be detected if the testing
be carried on in a perfunctory manner. The nature of
colour-blindness must be borne in mind, special attention
being paid to the fact that the colour-blind person has never
seen in any other way, and therefore colour-names are
associated with the small differences which he is enabled
to detect. Special attention must be paid to the fact that
the colour-blind do not necessarily miscall colours, in fact
there is the greatest tendency to name them correctly.
Thus, if we ask a two-unit colour-blind to pick out all
the reds m a bundle of wools, the majority of the wools
se ected will be red. In fact, with a very intelligent
CO our-blmd person, when only wools are used, no other
colours may be added.
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The examiner must always be on his guard against

tricks and various subterfuges adopted by the colour-

blind.

Qualifications of Examiners.—With regard to the

persons who should conduct the examinations for colour-

blindness, there seems to me no doubt that the testing

should be conducted by a medical man specially trained

in colour-blindness. I must say most emphatically that

it is useless for a person who is not acquainted with the

phenomena of colour-blindness to test for the presence of

this defect. The cases of colour-blindness vary in so many

particulars, that considerable experience will be required

before an examiner is competent to pass or reject candi-

dates for the marine or railway services.

The nature of the test has nothing to do with this ; the

facts are there, and only require to be detected. It is as

useless to set an- inexperienced person to test for colour-

blindness, as it is to ask a student who has only a rudi-

mentary knowledge of the use of the opthalmoscope to

diagnose some retinal affection from a description in a

book. Again, it must be remembered that a colour-blind

person has never seen colours as the normal-sighted see

them, and therefore is not acquainted with the nature of

his defect. We have equally to test stupid as well as

very shrewd persons.

At the present time there is no guarantee that the

examiner himself is not colour-blind. An examiner

should belong to the class of the six-unit, and be ac-

quainted with the common diseases of the eye.

A reliable examiner will not be made in a day; an

experience of several months at least will be required,

and, to my mind, it is doubtful whether a non-professional

man would ever be able to make an efficient examiner, so

hard is it to eradicate certain prejudices and conclusions.
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Re-examinations.—The probability is that a person
who has failed in the examination as described in the
foregoing pages is colour-blind, and will remain so to the
end of his life. In the experience of those who are mogt
qualified to form an opinion, colour-blindness is incurable
and therefore a person' who has once failed should be sub-
mitted to a very careful examination before he is passed,
if examined a second time. I see no reason to restrict
the number of re-examinations ; what is wanted is not
to exclude normal-sighted persons, but only those who
are colour-blind. However, a person who has once been
rejected should be required to pay a fee for a second ex-
amination, which should be doubled in the case of a third
or subsequent examination. I have not in my experience
met with a person who has passed at a second or third
examination, though I have examined persons repeatedly
m order to find out whether colour-blindness might be
curable. It is, however, perfectly certain that, where there
are a number of examiners, a few persons will be rejected
who are normal-sighted, but have miscalled the colours
through nervousness or ignorance. It is for the benefit
of these persons that I recommend that re-examinations
should be adopted.

On re-examining a person who has- previously failed
the exammation should be conducted on precisely simila^
hues to a first examination. Should the person examined
again fail, the examination may cease. Should he pass
he should be referred to the head examiner, who should,
test him by making him classify about five hundred pieces
of coloured material, and examine him with the spectrum -m the way described in Chapter XL Should he pass these
tests he may be regarded as a person who has previously
tailed through nervousness or colour-ignorance.

I think that it is unnecessary, without some definite
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reason, to re-examine those who have previously passed an

examination.

The most essential point in testing for colour-blindness

is to exclude those who ,are congenitally colour-blind.

These persons stand on a very different footing to those

who have become colour-blind after some years' service.

There is this important point of difference between ac-

quired and congenital colour-blindness—a person in the

former case knows that he is colour-blind, but persons

suffering frorp. the latter dqfect are, in the majority of

cases, ignorant of the fact. In the one case, therefore, a

man is responsible for any accident which he might cause,

in the other he is not.

In the case of acquired colour-blindness it is impos-

sible that the man should not be cognizant of his defect.

He has seen colours at qne time as the normal-sighted see

them, and therefore, haying this remembrance, and daily

having to distinguish colours, he would at once notice any

falling off in his powers in this respect. Unlike a person

who has very little to do with colours, he could not plead

ignorance qf his defect. He would know the points from

which he could distinguish certain signals, and he could

not help noticing any change in their appearance.

The first examination is the essential one, and should

be conducted in such a manner as to exclude all dangerous

cases of colour-blindness, congenital or acquired. Each

man passing this examination should be given .a certificate

of competency.

A further examipation .will only be required under

special circumstances, which are :—

1. If the man has complained of his sight for any

reason whatever.

2. If for any reason the man's sight be called in

question.
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3. On transfer from a department in which it was not

necessary to distinguish between colours to one in which'

this qualification is necessary.

4. In all cases in which accidents have occurred which

might be due to colour-blindness.

Those employing the men might help very considerably

in cases in which the colour-blindness is acquired, by trans-

ferring a man who has given notice that he is becoming

colour-blind, after the fact has been confirmed by examina-

tion, to some department where it is not necessary to

distinguish between' coloured lights. If a^ man were to

be discharged when he reported that he was becoming colour-^

blind, there are many who, through thinking of their wives

and families, would be inclined to conceal the defect

;

whereas, if the course which I have recommended be

adopted, not only colour-blind men, but men suffering

from defective sight arising from any cause, would be

induced to accept positions where they would not be so

'

dangerous to other people. Cataract, and the majority

of the diseases of the eye, render a man quite as unfit

for acting as a look-out man or engine-driver as colour-

-

.blindness does.

The Colouf Tests described in this chajpter are made hy!

Messrs. Curry and Paxton^ 195, Great Portland Street, W.
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CHAPTER XXI.

OBJECTIONS TO THE TESTS EOR COLOUR-BLINDNESS IN

GENERAL USE.

1. An Examination with Coloured Lights.—The first

idea which would naturally occur to any one wishing to

test persons, who would in their employment have to

distinguish between the red, green, and white (yellow)

lights, would be to test them with these lights as occurring

in their employment : for instance, in testing a candidate

for employment as engine-driver, to take him at night

to some junction where a large number of signal lights

could be seen, and ask him to name the colour of the

lights as they were pointed out to him. What, therefore,

are the objections to testing in this way ?

In the first place we can not obtain at will the varying

atmospheric conditions which a man would meet with in

his employment. Thus fog, rain, hail, and snow, each

produce a diiferent aspect of the light. So that even if

we could wait until we obtained each of these conditions

(which of course would be quite impracticable), we could

not obtain the rapidly changing atmospheric conditions

with which an engine-driver meets. He may have fine

weather in one part of his journey, rain in another, and

fog at the terminus. Again, a man, when he is standing

still looking at a number of red and green lights, can

compare the two, and so make up his mind which is the



OBJECTIONS TO TESTS IN GENERAL USE. Z\)0

red and which is the green. When running his train, he

sees only one light, and has to decide quickly whether it

is red or green.

As a matter of fact, colour-blind persons can, as a

general rule, distinguish between the red and green lights,

and so remain in the employment of a railway company

for years without causing an accident, but one may occur

at any moment through their physical defect.

I have taken a completely red-green colour-blind person

to a place from which a number of signal lights were

visible, and asked him to give me the name of each. This

he did easily and without any mistakes.

2. Objections to Holmgren's Test.—This test is one

which is well known, and has many advocates. It is

one that has formed the basis for many others. Before

proceeding to criticize his test, I must again offer my
tribute to the value of Professor Holmgren's services in

bringing the subject of colour-blindness forward, and

regret that I have to condemn his test. This test is based

on one of the most popular theories of colour-vision, and in

practice results come out in many respects as Holmgren
says they will. Let us consider it under the following

heads :

—

1. Theory. I have previously dealt with the objections

to the Young-Helmholtz theory of colour-perception on
which this test is based. In that chapter I have dealt

with Holmgren's test in so far as it relates to the theory.

It repeats all the errors of the theory upon which it is

based.

2. Material. The material for the purposes of a colour-

test is not a good one. First, we have the difficulty of

obtaining correctly coloured wools ; then there is the great

difficulty in obtaining duplicates of these wools. As I

have shown in the chapter on the composition of colours
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because two colours look alike it is not by any means
necessary tbat they have the same composition The
probability is that if the dyes used are different the
colours will differ in composition. As a matter of fact
the sets of wools which are sold in this country bear a
very feeble resemblance to Holmgren's true set.

When a good set of wools has been obtained, the
colours are liable to fade ; and this fading mil take place
more rapidly in the case of some colours than in others.
This will prevent the results of examinations made with
one set of wools from being uniform and comparable.

Then, the wools will become soiled, and this will
happen in a very short time if the testing be conducted
chiefly amongst the lower orders;

Then the greens which it is necessary to pick out will
become more soiled than the others, and so afford a mark
of distinction to the colour-blind, who, not being confused
by the striking differences of colour, are able to notice
minutiae of this kind. It will be found, in testing a large

number of persons, that those who are colour-blind will

try to find some distinguishing mark in the wools selected

by others.

There are other points connected with the material
which enable the colour-blind to pass the test. Holm-
gren himself relates a case of a man who could distin-

guish between brown and green by the touch, but not by
the colour.

The relative luminosity of the colours of wools is very
great, and forms a distinguishing point to the colour-

blind. An ordinary red-green colour-blind will not put
a yellow wool with a green or red one, but he will put

yellow glass with green or red glass.

3. Method of Testing. With regard to the method
which is employed in this test, Holmgren says :

—
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"Theoretically our method most resembles those of

Seebeck and Maxwell, as it is based upon a comparison

between different colours. It therefore seeks to discover

the chromatic perception of the subject, disregarding the

names he gives to the colours, as generally it is not

necessary he should designate the names."

It will be seen that one great difference between

Holmgren's method, and mine in the use of the Classifi-

cation Test, is that he says that the names given to the

colours may be disregarded, whilst I am of opinion that a

person cannot be efficiently tested if this be done.

The method of matching colours should, to be properly

carried out, be one of mentally naming them, or else the

test is useless on account of this point alone. For instance,

if a man say to himself, " This test colour is green ; there-

fore I must pick out all the colours having this hue of
green in them," he will go through the test as it should
be gone through; but if, on looking at the wool, he be
influenced more by shade, he will put light blues, yellows,
grays, and browns with the light green. This wiU be
especially liable to happen in . cases of the lesser degrees of
colour-blindness, in which the green is simply enlarged
and encroaches on the yellow and blue.

When using Holmgren's test in strict accordance with
his instructions, I have examined normal-sighted persons
who have put grays and browns with the test green.
After a short lesson in colours, these persons were able to
classify a large number of coloured objects correctly, and
explained that the browns and grays were very like the
test green in shade. Similarity, other than that defined
by the word " colour," is the great source of error in this
test, and it is exaggerated by ignoring colour names.

I am informed that applicants for situations on the
railway who have failed with Holmgren's test, have crone
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to a Berlin wool shop and been instructed by one of the
saleswomen. After this they have again gone up for the
test, and passed easily. Comment is unnecessary.

ilie question then comes up for consideration : What
are the differences between matching and naming colours ?

When a person is asked to name a colour without being
allowed to ^ compare it with other colours, he has to
compare the present impression of colour with those
impressions already in his mind. In order, therefore, that
he may be able to name colours, he must at least have an
elementary knowledge of colour-names. A person who is

required to match colours may be guided chiefly by colour
or chiefly by shade ; in fact, by similarity of any kind. A
person who has been educated with regard to colour will

be chiefly influenced by colour ; but a man who has only
an elementary knowledge of colours will be influenced

considerably by shade. If we compare the two methods
with persons belonging to the educated classes, we shall

see how inferior the method of matching is to that of

naming. Let us take a hundred and fifty wools, and

examine two similarly colour-blind educated persons with

them. The first is asked to classify the wools, putting

all those of similar colour together, tlie second is asked

to name the whole of the wools one by one. It will

be found that the second person will make very much
more numerous mistakes than the first. The reason of

this is obvious : in the case of naming coloui'S, the person

has only the impression present in his mind to enable him

to name a colour correctly; in the case of matching colours,

he has other colours present with which he can compare

the test. We all know what to do when we are doubtful

what to call a colour—namely, compare it with some

colour about which there is no doubt. Slight differences of

colour become more marked on comparison.
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It will be seen that the method of matching colours

is really very inferior to that of naming them, if an

equal number of colours be taken. Holmgren's com-

parison was hardly a fair one, as he compared his method,

with a hundred and fifty colours, and that of naming

with about six colours. The argument he uses about

colour-ignorance is a fallacious one, because a candi-

date ought to know the names and qualities of the four

principal colours—red, yellow, green, and blue. He has

to name a light without comparison when at work. In my
Classification Test I tried, by the introduction of different

test colours and various materials, to get rid of the dis-

advantages of comparison, and partially succeeded. The
test, however, is inferior to that with a lantern and neutral

glasses.

4. The Test Colours. The test colours used are a light

green and a light shade of rose. A red is also used as a

confirmatory test.

A pure green is one of the worst possible colours to

choose for a first test, because in the five, four, and three-

unit the green is simply enlarged. Therefore, if the

blue-greens be removed, these colour-blind persons may
easily pass through the test without detection.

Eeference to the chapter on the Classification of the

Colour-blind will show how these theoretical expectations

are verified. It will be noticed, both in the examination
with my Pocket Test and in the Classification of Colours
that fewer mistakes are made with a pure green than
almost any other colour. In some cases only greens have
been put with Holmgren's test green, whilst green has
been put with my test red No. III.

The rose test, No. II. a, is a colour which is too red ; a
colour similar to that produced by mixing this colour with
violet, is more valuable for a test colour. In many
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cases of colour-bUndness II. a will simply be put with
reds.

Some of the features of this test are due to the use of
impure colours. The red test skein (II. b) reflects a large
quantity of violet light. This makes very little difference
in testing an ordinary case of red-green blindness, because
the preponderance of red rays causes the colour to fall into
the red psycho-physical unit. But the presence of the
violet rays causes the colour to be perceived as red mixed
with a large amount of gray, because a mixture of violet

and red appears gray to the two-unit. The green, there-

fore, that he matches with this colour will be a blue-green,

containing similar proportions from each unit. The red

III. in my Pocket Test is a much purer red, and the two-

unit therefore match it with bright yellowish greens (78
and 94), instead of the duU greens represented by 10 and
12 in Holmgren's plate.

Then, if the red end of the spectrum be much shortened,

the red test II. B will not be classed with reds, but with

blues, as happened to me in one case. The reason of this

is, that, as a considerable number of the red rays are not

perceived, they have to be subtracted from the com-

position of the colour. The violet rays predominating

cause the colour to fall into the violet psycho-physical

unit.

5. Efficiency. Whom are we to reject by this test ?

If we reject all the (so-caUed) partially red and green

blind, we shall reject many persons who are practically

competent. If we only reject the (so-called) completely

red or green blind, we shaU allow many persons who are

dangerously colour-blind to officiate as signalmen. The

test is more theoretical than practical, the main object of

testing for colour-blindness being apparently lost sight

of; thus it has to be proved that a man who puts a con-
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fusion-colour with a green wool cannot distinguish between

a red and a green light. Then, when a man has put a

confusion- colour with a green wool there is still the point

to be decided whether he has been judging more by

shade than by colour. To an uneducated man a light

green and a greenish gray are very much alike. In

my experience an ignorant four-unit colour-blind (that

is, a person who is partially colour-blind, but not colour-

blind to an extent necessitating his rejection) is more

likely to fail than an educated two-unit (red-green colour-

blind).

A person with central scotoma will escape detection

if examined by this test. For example, I examined a

person with central scotoma with my Pocket Colour-test

(in which small pieces of coloured material are ranged in

rows), and found him perfectly colour-blind with regard to

red, green, and gray. I then examined him with Holm-
gren's test, and he went through it, correctly, with the

greatest ease. As a light, at a distance, occupies the

central portion of the field of vision, these persons will

be found to recognize colours when' close to them, but not

when they are at a distance.

The red end of the spectrum may be considerably

shortened, so much so that a person may scarcely be able

to distinguish red from black. It is obvious that this

will not prevent him from matching a light green wool
with other green wools.

It is not by any means an efficient test. We cannot
reject by it those persons who would be dangerous as

sailors or engine-drivers, and only those persons.

It is also possible to instruct a red-green colour-blind

so as to enable him to pass through Holmgren's test

with ease. I have taught an uneducated red-green
colour-blind to pass this test with less than five minutes'
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instruction. This man had previously put the ordinary
confusion-colours with the test green, and painted a picture
for me, representing the grass with vermilion, believing
that he had made a very good match. After my instruc-
tions he picked out the correct colours with ease and
certainty. It must not be supposed that these instructions
were elaborate. I first told him to notice the exaxt colour
of the test green, and, when picking out the colours, to be
guided by colour only, and not in any degree by shade.
Having picked out the correct colours, I showed him that
they formed a series commencing at a very light green,
and ending at a dark one. I told him, therefore, to avoid

all colours of the same shade as the test green, and to

note how many wools I had picked out. I then picked
out a typical blue, yellow, and red, and placed them beside
the test green. I then told Mm that he need only know
four colours, red, yellow, green, and blue, and must pick
out the exact hue of green, carefully avoiding all greens
which inclined to yellow or blue.

It will be noticed that my instructions were not much
more complicated than those recommended by Holmgren in

order to help a stupid person. Holmgren says that it is an
advantage for colour-blind persons to look on whilst the

normal-sighted go through the test; and also, if neces-

sary, the examiner should show the examinee how he

is to proceed, picking out the correct colours himself

first.

When the theory of psycho-physical perception is con-

sidered, it will be seen how it is possible for a red-green

colour-blind to be instructed so as to pass through this

test. Green and red are contained in approximate, not

in absolute, psycho-physical units.

Many persons belonging to the class of the three-unit

colour-blind will escape detection if examined with this
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test, and this is more liable to occur if the blue-green

wools be omitted, as Holmgren suggests, in the first test.

They will rarely fail to pass if they be allowed to watch

a number of other persons going through the test as in

Holmgren's method of testing a number of persons, or if

they have had any previous experience with the wools.

I have met with many educated three-units who have

succeeded in picking out the whole of the greens from

a bundle of wools. The commonest mistake is that of

putting blues in the pile of greens, and omitting one or

two blue-greens.

Again, many colour-blind persons will pick out a large

number of green wools at once, perhaps leaving one or

two in the pile. An inexperienced examiner may pass

the candidate. Should he not do so, he is placed in

a difficult position if the candidate refuse to pick out any
more wools, saying that there are no more like the test

green. He has put no confusion-colours with the test.

Holmgren suggests that under these circumstances the

examiner should take one of the greens which has been
overlooked, and one of the confusion-colours, and ask
the candidate which two out of the three are most alike.

I contend that this is not a fair way of examining, because
the answer to the question so much depends upon
the point of view from which the wools are regarded,

namely, which is the examinee likely to be influenced

by, the shade or the colour. Uneducated persons always
find difficulty in matching shades of colour, and they will
often answer, "Neither is much like the test." Under
any circumstances an uneducated and unpractised colour-
blind is under a disadvantage, compared with an individual
who is educated and practised in colours.

3. Naming Colours.—A method of testing, in which
the candidate is required to name a number of coloured
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objects, would at first sight appear sufficient to show
if he were colour-blind or not; but there are many
objections to its use. To ask a person to name a
number of coloured objects taken at random would be a
very inefficient and uncertain method of testing. The
candidate, though colour-blind, might name the colours
correctly, and the reason of this I have shown in the last
chapter. A three-unit would name any number of pure
greens correctly if he named them in accordance with his
ideas of colour. If the colours were chosen for the pur-
pose, fairly accurate results might be obtained by this

method of testing, but the procedure is tedious. If the
examiner have to choose his own colours he wiU require to
have a considerable knowledge of colour-blindness in

order to choose those wliich are likely to be wrongly
named. As the materials for testing may not always be
at hand, I wiU give a few hints as to the selection of

coloured objects, as I have several times had to decide

if a person were colour-blind or not by this method.

The first obvious principle in the selection of colours is

to obtain those which, appear one colour to the normal-

sighted, and another to the colour-blind. The two-unit

recognize yellow chiefly by its superior luminosity, and
therefore find great difficulty in naming dull yellows cor-

rectly. Yellow-browns are, therefore, useful colours to

ask the candidate to name. A yellow brick is a good

example of this class of objects. Another class of objects

which are very useful for the purpose of testing are cloths

or silks, with a pattern of a certain colour worked on a

ground of the same colour, but of a slightly darker or

lighter shade. The normal-sighted will name the colour

easily, but the colour-blind will find great difficulty.

Materials which contain colours which are twin to the

colour-blind are useful for testing, such, for instance, as
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an antimacassar worked in terra-cotta and olive-green.

Materials, in which the colours are of nearly equal lumi-

nosity as coloured glass, are very likely to be miscalled.

A coal fire is a useful object for a test, the candidate being

asked to name all the colours which he sees in the fire,

and to point out where they are. Objects which are

generally of a certain colour, when of that colour should be

avoided, but when they are of another colour they may be

used. Objects which are always of the same colour are

useless for testing purposes. Objects which contain grada-

tions of colour, as flowers, leaves with reddish veins, fruit,

feathers, etc., are useful, the candidate being asked to point

out the colours which he sees. Colours which in them-

selves present difficulty to the colour-blind, as oranges,

violets, grays, browns and purples should be particularly

used.

4. Twin Colours. — Cohn's worsted letters, Bonder's

discs, Stilling's plates, and Grossman's method are included

under this head.

The method of employing twin colours is useless,

because there are different degrees of colour-blindness.

Thus, dealing only with the two-unit, we may have a

spectrum of normal length, or the red or violet end may
be shortened in a variable degree. If, for instance, we had
twin letters of red and green made with colours selected

by a two-unit with an unshortened spectrum, on examin-
ing a two-unit with considerable shortening of the red end
of the spectrum we should find that he would read the
letters with the greatest ease because the red portion (on
account of a large number of rays not being perceived)
would appear much darker than the green. In the same
way, combinations which do not contain red are rendered
useless by the presence of a neutral band, or shortening of
the violet end of the spectrum. In addition, there are the

X
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minor objections of the colours having different degrees of

luminosity, arrangement of threads, etc,

Stilling's lithographed plates have the additional objec-

tion of having the twin colour overlapping the ground.

5. Tests in which the Complementary Colour has a

Part.—Shadows coloured by contrast, Cohn's chromasciop-

ticon, Waldstein's chromatoscope, and Phliiger's test

come under this head.

Tests of this description have very little value
;
they

are more likely to detect the ignorant than the colour-

blind. The colour-sense is diminished in the colour-blind,

but not to such a degree as to prevent them from seeing

complementary colours.

6. Quantitative Tests for Colour-blindness.—In Chapter

XI. I have discussed the methods of ascertaining quanti-

tatively the degree of colour-blindness. It now remains

for me to deal with those tests which have been con-

tracted upon the theory that the various degrees of colour-

blindness are only varying degrees of certain defects. In

the case of the Young-Helmholtz theory, varying degrees

of red-blindness, green-blindness, or violet-blindness. I

have shown that there are several causes which go to

make up the total defect which is evident as colour-

blindness. Shortening of the red end of the spectrum

interferes very considerably with the perception of red at

a distance ; but diminution in psycho-physical perception

has comparatively little effect upon the perception of

colours at a distance. I have several times examined

persons belonging to the class of the three-unit with an

unshortened spectrum, and found that they were able to

recognize red and green at the normal distance. It

seems to me that, until the various causes which give,

rise to defects of colour-perception are definitely recog-

nized, no efficient quantitative tests can be constructed.
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A test which has been devised for ascertaining a colour-

defect of a certain kind—for instance, the perception of

colours at a distance—will not show whether there are

colour-defects of other kinds, as diminished psycho-physical

perception.
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Colour-defects, classification of, 106
Colour-fatigue, 83
Colour-irradiation, 83
Colour-names, 109, 258
Colour-perception, estimation of de-

fects of, 106
, laws of, 43

•

,
normal, 55

Colour-top, 120
Colours, central scotoma for, 208

, classification of, 57
, combination of, 64

•

, complementary, 72
, composition of, 64
, hue of, 60
, luminosity of, 60
, mixing, 65
, naming, 303
, physiological phenomena of,

71

, purity of, 60
, reciprocal absorption of, 71
, secondary, 61
, simultaneous contrast of, 78
, successive contrast of, 83
, tertiary, 61

, twin, as tests, 305
Confusion of blue and black, 217

of green and black, 218
of green and blue, 220
of green and brown, 220
of red and black, 215
of red and green, 219
of violet and black, 217

Cowles, case of, 25

D
Dalton, case of, 2

Diflierence, points of, 21

P
Fatigue, colour, 83
rorra-perceplion, defective, 28
Fraiinhofer, lines of, 4

G
Gaslight, colour of, 11
Goethe, theory of colours, 2
Greens, examples of, 63
Gunn, on colour- perception, 52

H
Heat rays, 7
Hering, theory of colour-perception,

Hoffert, apparatus of, 65
Holmgren's test, objections to, 295
Hue, 60

I

Impression, psycho-physical, 26
Intensity, spectrum of diminished,

58

K
Kepler on colour, 1

L
Lantern Test, advantages of, 288

, analysis of glasses of, 273
, examination with, 282

Laws of colour-perception, 43
Light, dispersion of, 4,

, no colour without, 8

, undulatory theory of, 5
•

,
velocity of, 6

Lights, rules of Board of Trade con-
cerning, 235

Luminosity of colours, 60

M
Methyl-orange, solution of, 57
Monochromatic light, definition of,

32
Mulready, colour-perception of, 107

Musicians, colour-blindness in, 223
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N
Naming colours, 303
Navy, tests for coloiir-blindness, 244

Newton on colour, 1

, rings of, 10

Nichols on shade perception, 91

Night-blindness, 51

O

Orange, examples of, 62

P

Perception, imperfect, 14

, normal, 14

Physical series, points of difference

in, 21
Phrenologists, faculties of, 12

Pigment-colours, mixture of, 9

Pilots, tests for colour-blindness,

246
Pole, case of, 1 88
Psycho-physical perception, theory

of, 12

series, points of diflference in,

22
series, defective length of, 25

Purity of colours, 60
Purple, visual, 48, 50 •

K
Kailway, accidents through colour-

blindness, 225
companies, tests for colour-

blindness, 252
employe's, colour-blindness in, -

249
Keds, examples of, 62
Ketina, physiology of, 47

, structure of, 4G
Rix, case of, 195

S

Scotoma, central, 208
Seebeck on colour-blindness, 2
Sensations, perception of, 12

Seven-unit, class of, 103

Series, a form, 17
, a physical, 16

, a position, 16

, a psycho-physical, 18

, a sound, 16

, a time, 16

, a weiglit, 17

Shade, perception of, 89
Signal lights, 250

, best colours for, 234
Simultaneous contrast, 78
Size, perception of, 14

Spectrum, shortening of, 125
Successive contrast, 83
Sun, after images of, 75

T.

Theories of colour-perception, re-

strictions to, 101
Twin colours, testing with, 305

U
Undulations, length of, 6
Unit, physical, 18

, psycho-physical, absolute, 19

, psycho-physical, approximate,
20

V
Violets, examples of, 63
Vision, theory of, 48
Visual acuity, examination for, 280

purple, 50
range, diminution of, 125

W
Wave-lengths, table of, 6

motion, 5
Wilson, on dangers of colour-blind-

ness, 2

Women, colour-perception of, 223

Y

Yellows, examples of, 62
Young-Helmholtz, theory of colour-

perception, 88
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Bric-a-Brac. Being some Photoprints illustrating art objects at
Cower Lodge, Windsor. With descriptions. Super royal Svo,
15J. ; extra binding, lis,

Last Days of Mary Antoinette. An Historical Sketch.
With Portrait and Facsimiles. Fcap. 4to, \os. 6d.

Notes of a Tour from Brindisi to Yokohama, 1883-
1884. Fcap. Svo, 2s. 6d.

Rupert of the Rhine A Biographical Sketch of the Life of
Prince Rupert. With 3 Portraits. Crown Svo, buckram, 6s.

GRAHAM^ William, M.A.—The Greed of Science, Religious, Moral,
and Social. Second Edition, Revised. Crown Svo, 6s.

The Social Problem, in its Economic, Moral, and
Political Aspects. Demy Svo, 14J.

GUBERNATIS, Angela ^/<?. — Zoological Mythology; or, The
Legends of Animals. 2 vols. Svo, £\ 8j.

GURNEY, Rev. Alfred.—~Wa.gnev's Parsifal. A Study. Fcap. Svo,
is. 6d.

HADDON, Caroline.—i:h.e Larger Life: Studies in Hinton's
Ethics. Crovra Svo, 5^.

HAGGARD, LI. ifzVm—Cetywayo and his White Neighbours
;

or, Remarks on Recent Events in Zululand, Natal, and the
Transvaal. Tliird Edition. Crown Svo, 6s.

LLALDEMAN, S. 6'.—Pennsylvania Dutch : A Dialect of South
Germany with an Infusion of English. Svo, ^s. 6d.

LIALL, F r.—The Pedigree of the Devil. With 7 Autotype
Illustrations from Designs by the Author. Demy Svo, -js. 6d.

HALLOCK, Charles.—'X\vQ Sportsman's Gazetteer and General
Guide. The Game Animals, Birds, and Fishes of North
America. Maps and Portrait. Crown Svo, 15J.
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Hamilton, Memoirs of Arthur, B.A., of Trinity College Cam-bridge. Crown 8vo, 6s.
^ ^'^"'-Le, ^am-

Handbook of Home Rule, being Articles on the Irish Question byVarious Writers Edited by James Brvce. M.P. SecondEdition. Crown 8vo, is. sewed, or is. 6d. cloth.

HARRIS Emily Marion.—The Narrative of the Holv BibleCrown 8vo, 5j-.
'

HARTMANN, ^mwz.—Magic, White and Black; or The
Science of Finite and Infinite Life. Crown 8vo, ^s. 6d.

'

The Life of Paracelsus, and the Substance of his Teach-
ings. Post 8vo, loj. 6d.

Life and Doctrines of Jacob Behmen. Post 8vo, loj. 6d.
HA WTHORNE, A^athajziel.-Wor^s. Complete in Twelve Volumes.

Large post 8vo, 7j. 6d. each volume.

HECA'ER, y F. C.—r\ie Epidemics of the Middle Ages.
Translated by G. B. Babington, M.D., F.R.S. Third EdiSon.
ovo, 9J. 6d.

HENDRIK, Memoirs of Hans Hendrik, the Arctic
Traveller; serving under Kane, Hayes, Hall, and Nares,
*853-76. Translated from the Eskimo Language by Dr. Henry
Rink. Crown 8vo, 3J. 6d.

HENDRIKS, Dom Lawrence.— London Charterhouse : its
Monks and its Martyrs. Illustrated. Demy Svo, 14?.

HERZEN, Alexander.—Tixx. Developpement des Idees Revolu-
tionnaires en Russie. i2mo, 2s. 6d.

A separate list of A. Herzen's works in Russian may be had on
application.

HILL, Al/red.-The History of the Reform Movement in the
Dental Profession in Great Britain during the last twenty years.
Crown Svo, loj. 6d.

HILLEBRAND, ^'a;-;.—France and the French in the Second
Half of the Nineteenth Century. Translated from the
Third German Edition. Post 8vo, lOj. 6d.

IIINTON, y.—Life and Letters. With an Introduction by Sir W.
W. Gull, Bart., and Portrait engraved on Steel by C. H. Jeens.
Sixth Edition. Crown Svo, Ss. (>d.

Philosophy and Religion. Selections from the Manuscripts of

the late James Hinton. Edited by Caroline Haddon. Second
Edition. Crown Svo, 5^.

The Law Breaker, and The Coming of the Law.
Edited by Margaret Hinton. Crown Svo, 6.r.

The Mystery of Pain. New Edition. Fcap. Svo, is.

HODGSON, J. E.—Academy Lectures. Crown Svo, ys. 6d.
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Holbein Society.—Subscription, one guinea per annum. List of

Publications on application.

HOLMES-FORBES, Avary The Science of Beauty. An
Analytical Inquiry into the Laws of Esthetics. Second Edition.

Post 8vo, is. 6d.

HOLYOAKE, G. y.—The History of Go-operation in Eng-
land : Its Literature and its Advocates. 2 vols. Crown 8vo,

Self-Help by the People. Thirty-three Years of Co-operation

in Rochdale. Ninth Edition. Crown 8vo, 2s. 6d.

HOME, Mine. Dunglas.—'D. D. Home : His Life a^nd Mission,
.

With Portrait. Demy Svo, 12s. 6d.

Gift of D. D. Home. Demy Svo, 10s.

Homer's Iliad. Greek Text with Translation. By J. G. Cordery,
C.S.I. Two vols. Demy Svo, 141. Cheap Edition, ^Translation

only. One vol. Crown Svo, $s.

HOOLE, Henry.—The Science and Art of Training. A Hand-
book for Athletes. Demy Svo, 3^-. dd.

HOOPER, Mary.—Little Dinners : How to Serve them with
Elegance and Economy. Twenty-first Edition. Crown
Svo, 2J. dd.

Cookery for Invalids, Persons of Delicate Digestion,,
and Children. Fifth Edition. Crown Svo, 2s. 6d.

Every-day Meals. Being Economical and Wliolesome Recipes
for Breakfast, Luncheon, and Supper. Seventh Edition. Crown
Svo, 2s. 6d.

HOPKINS, Ellice.—'Wov'^ amongst Working Men. Sixth
Edition. Crown Svo, 3j. 6d.

HORNADAY, W. r.—Two Tears in a Jungle, With Illustrations,

Demy Svo, 2\s.

HO WELLS, W. D.—K Little Girl among the Old Masters.
With Introduction and Comment. 54 Plates. Oblong crown-
Svo, \os.

HUMBOLDT, Baron Wilhelm Von.—The Sphere and Duties of
Government. Translated from the German by Joseph
COULTHARD, Jun. Post 8vO, 5^.

HYNDMAN, H. J/.—The Historical Basis of Socialism in
England. Large crown Svo, Sj. 6d.

IM THURN, Everard Among the Indians of Guiana.
Being Sketches, chiefly anthropologic, from the Interior of British
Guiana. With 53 Illustrations and a Map. Demy Svo, iSj.

INGLEBY, the late Cleinent iJ/.—Essays, Edited by his Son. Grown.
Svo, Is, 6d.
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Irresponsibility and its Recognition. By a Graduate of Oxford
Crown 8vo, 6d.

JAGIELSKI, F.—Modern Massage Treatment in Combina-
tion with the Electric Bath, 8vo, u. dd.

JAPP, Alexander ZT—Days with Industrials. Adventures and
Experiences among Curious Industries. With Illustrations.
Crown 8vo, 6j.

JENKINS, E., and RAYMOND, 7.—The Architect's Legal
Handbook. Fourth Edition, Revised. Crown Svo, 6j.

JENKINS, E.—K Modern Paladin. Contemporary Manners.
Crown Svo, 5j.

JENKINS, /«^£z,—Vest-Pocket Lexicon. An English Dictionary
of all except familiar Words, including the principal Scientific
and Technical Terms, and Foreign Moneys, Weights, and
Measures. 64mo, is.

JENKINS, Rev. Canon R. C—Heraldry : English and Foreign.
With a Dictionary of Heraldic Terms and 156 Illustrations.

Small crown Svo, 3^. (id.

Jesus the Carpenter of Nazareth. By a Layman. Crown Svo,
7j. 6d.

JOHNSON, C. P.—Hints to Collectors of Original Editions of
the Works of Charles Dickens. Cro\vn Svo, vellum, 6x.

Hints to Collectors of Original Editions of the Works
of William Makepeace Thackeray. Cro\TO Svo, vellum,

6j.

JOHNSTON, H. H, iJ'.Z.i'.—The Kilima-njaro Expedition.
A Record of Scientific Exploration in Eastern Equatorial Africa,

and a General Description of the Natural History, Languages,

and Commerce of the Kilima-njaro District. With 6 Maps, and
over So Illustrations by the Author. Demy Svo, 21s.

The History of a Slave. With 47 Illustrations. Square Svo, 6j.

Juvenalis Satirse, With a Literal English Prose Translation and
Notes. By J. D. Lewis. Second Edition. 2 vols. Svo, I2j-.

KARDEC, Allen.—1\ie Spirit's Book. The Principles of Spiritist

Doctrine on the Immortality of the Soul, etc. Transmitted

through various mediums. Translated by Anna Blackwell.
Crown Svo, 7j. (>d.

The Medium's Book ;
or, Guide for Mediums and for Evoca-

tions. Translated by Anna Blackwell. Crown Svo, "js. 6d.

Heaven and Hell
;

or, The Divine Justice Vindicated in the

Plurality of Existences. Translated "by Anna Blackwell.

Crown Svo, 7j. 6d.
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KAUFMANN, Rev. M., il/.^.—Socialism : its Nature, its Dangers,

and its Remedies considered. Crown 8vo, 7j. (id.

Utopias ;
or, Schemes of Social Improvement, from Sir Thomas

More to Karl Marx. Crown 8vo, 5j.

Christian Socialism. Crown 8vo, 4^. dd.

KERRISON, Lady Caroline.—K Commonplace Book of the

Fifteenth Century. Containing a Religious Play and

Poetry Legal Forms, and Local Accounts, From the Original

MS. at Brome Flail, Suffolk. Edited by Lucy Toulmin
Smith. "With 2 Facsimiles. Demy Svo, 7j. (>d.

KINGSFORD, Anna, M.D.— Perfect Way in Diet. A
Treatise advocating a Return to the Natural and Ancient Food of

our Race. Third Edition. Small crown Svo, 2j.

The Spiritual Hermeneutics of Astrology and Holy
Writ. Illustrated. 4to, parchment, ioj. 6d.

KINGSFORD, Anna, and MAITLAND, Edward.—TYie Virgin
of the World of Hermes Mercurius Trismegistus.
Rendered into English. 4to, parchment, los. 6d. •

The Perfect Way ; or. The Finding of Christ. Third Edition,

Revised. Square i6mo, "js. 6d.

KINGSFORD, William.—BiistOTY of Canada, 3 vols. Svo, £2 5^.

KITTON, Fred. G^.—John Leech, Artist and Humourist. A
Biographical Sketch. Demy iSmo, is.

KRAUS, 7.—Carlsbad and its Natural Healing Agents.
With Notes, Introductory, by the Rev. John T. Wallers.
Third Edition. Crown Svo, 6j. dd.

LAMB, Charles.—Beauty and the Beast ; or, A Rough Outside

with a Gentle Heart. A Poem. Fcap. Svo, vellum, ioj. dd.

LANG, Andrew.—Lost Leaders. Crown Svo, 5j.

Lathe (The) and its Uses or, Instruction in the Art of Turning
Wood and Metal. Sixth Edition. Illustrated. Svo, los. 6d.

LEE, Frederick Geo.—K Manual of Politics. In three Chapters.

With Footnotes and Appendices. Small crown Svo, 2s, 6d.

LEFEVRE, Right Hon. G. Shaw.—'P&&\ and O'Connell. Demy
Svo, ioj. dd.

Incidents of Coercion. A Journal of Visits to Ireland. Third
*

Edition. Crown Svo, limp cloth, \s. 6d.
;
paper covers, is.

Irish Members and English Gaolers. Crown Svo, limp
cloth, is. 6d. ; paper covers, is.

Combination and Coercion in Ireland. A Sequel to
"Incidents of Coercion." Crown Svo, cloth, is. 6d.

; paper
covers, is.
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LELAND Charles G.~T\i^ Breitmann Ballads. The only au

-
Gaudeamus. Humorous Poems translated from the German ofJoseph Victor Scheffel and others. i6mo 3/ 6^

'^^llTzZ l^t"
^""^ Language'. Second Edition.

"^u^StheSih^ir^:^ 'LiTz:y'/.eT''''
™

r?!?;?"^^'f '
So"gs and Stories in the

Sown^vf5 Vocabulary. Second Edition.

The Gypsies. Crown 8vo, loj. 6d.

Light on the Path. For the Personal Use of those who are Ignorant
of the Eastern Wisdom. Written down by M. C. Fcap 8vo
IJ. o«. ^' '

LOCHER Car/.-An Explanation of Organ Stops, with Hints
tor Jiffective Combinations. Demy Svo, 5^.

LONGFELLOW, If. Wadsworth.-l.ife. By his Brother, Samuel
Longfellow. With Portraits and Illustrations. 3 vols. Demy
OVO, 42J. '

LONSDALE, Margaret.—lister Dora : a Biography. With Portrait
Thirtieth Edition. Small cro^vn Svo, 2s. 6d.

George Eliot
: Thoughts upon her Life, her Books, and

Herself. Second Edition. Small cro\ra Svo, is. 6d.

Lotos Series (The). Pot Svo, bound in two styles: (i) cloth, gilt
back and edges ; (2) half-parchment, cloth sides, gilt top, uncut,
3^. 6d. each.

The Original Travels and Surprising Adventures of
Baron Munchausen. Illustrated by Alfred Crowquill.

The Breitmann Ballads. By Charles G. Leland. Author's
Copyright Edition, with a New Preface and Additional Poems.

Essays on Men and Books Selected from the Earlier
Writings of Lord Macaulay. Vol. I. Introductoiy-

—

Lord Clive—Milton—Earl Chatham—Lord Byron. With Criti-
cal Introduction and Notes by Alexander H. Tapp, LL D
With Portraits.

The Light of Asia; or, The Great Renunciation. Being the
Life and Teaching of Gautama, Prince of India and Founder
of Buddhism. Told in Verse by an Indian Buddhist. By Sir
Edwin Arnold, K.C.I.E., C.S.I. With Illustrations and a
Portrait of the Author.
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Lotos Series (The)

—

continued.

The Marvellous and Rare Conceits of Master Tyll
Owlglass. Newly Collected, Chronicled, and set forth in an
English Tongue. By Kenneth li. R. Mackenzie. Adorned
with many most Diverting and Cunning Devices by Alfred
CROWQ'JILL.

A Lover's Litanies, and other Poems. By Eric IMackay.
With Portrait of the Author.

The Large Paper Edition of these Volumes will be limited to

lOl numbered copies for sale in England, price I2s. 6d. each, net.

^
Lowder, Charles : A Biography. By the Author of " St. Teresa."

Twelfth Edition. With Portrait. Crown 8vo, 6d,

LOWELL, James Rtissell.—The Biglow Papers. Edited by Thomas
Hughes, Q.C. First and Second Series in i vol. Fcap., 2s.6d.

LOWSLEY, Major B.—A Glossary of Berkshire Words and
Phrases. Crown 8vo, half-calf, gilt edges, interleaved, 12s. 6d.

LUCKES, Eva C. E.—Lectures on General Nursing, delivered to
the Probationers of the London Hospital Training School for
Nurses. Third Edition. Crown 8vo, 2s. 6d.

LUDEWLG, Hermann E.—The Literature of American Abori-
ginal Languages. Edited by Nicolas Trubner. 8vo,
iQs. 6d.

LUKLN, y.—Amongst Machines. A Description of Various Me-
chanical Appliances used in the Manufacture of Wood, Metal,
etc. A Book for Boys. Second Edition. 64 Engravings.
Crown 8vo, 3J. ^d.

^

The Young Mechanic. Containing Directions for the Use of
all Kinds of Tools, and for the Construction of Steam-Engines,
etc, A Book for Boys, Second Edition. With 70 Engravings'.
Crown 8vo, 3^. ^d.

The Boy Engineers : What they Did, and How they Did it.A Book for Boys. 30 Engravings, Imperial i6mo, 3^. dd.

LUMLEY, The Art of Judging the Character of Indi-
viduals from their Handwriting and Style. With
Plates. Square i6mo, ^s.

LYTTON, Edward Btdwer, Lord.— l^ife, Letters and LiteraryRemains. By his Son, the Earl of Lytton. W^ith Portraits
Illustrations and Facsimiles. Demy 8vo. Vols. I. and II., 32J.

'

MACDONALD, W ^.-Humanitism : The Scientific Solution of
the Social Problem. Large post 8vo, "js. 6d.

c
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MACHIAVELLI, Niccolb.

Discourses on the First Decade of Titus Livius, Trans-

lated from the Italian by NiNiAN Hill Thomson, M.A, Large

crown 8vo, 12^.

The Prince. Translated from the Italian by N. H. T. Small

crown 8vo, printed on hand-made paper, bevelled boards, ds.

MAIDEN, y. B.—Tlie Useful Native Plants of Australia (in-

cluding Tasmania). Demy 8vo, I2s. 6d.

Maintenon, Madame de. By Emily Bowles. With Portrait

Large crown Bvo, p. 6d.

IIARCHANT, W. T.—\tx Praise of Ale. Songs, Ballads, Epigrams,

and Anecdotes. Crown 8vo, ioj, 6d.

MARKHAM, Capt. Albert Hastings, J?.N—The Great Frozen Sea :

A Personal Narrative of the Voyage of the Alert during the Arctic

Expedition of 1875-6. With 6 full-page Illustrations, 2 Maps,

and 27 Woodcuts. Sixth and Cheaper Edition. Crown 8vo, 6s.

Marriage and Divorce. Including Religious, Practical, and Political

Aspects of the Question. By Ap Richard. Crown Svo, Sj.

MARTIN, G. The Family Horse: Its Stabling, Care, and

Feeding, Crown Svo, 3J. dd.

MA THERS, S. L. 7l/.-The Key of Solomon the King. Translated

froiA Ancient MSS. in the British Museum. With Plates.

Crown 4to, 25J.

The Kabbalah Unveiled. Containing the Three Books of the

Zohar. Translated into English. With Plates. Post Svo,

\os. 6d.

The Tarot : its Occult Signification, Use iii Fortune-

Telling, and Method of Play. 32^0, is. 6d. ;
with pack

of 78 Tarot Cards, 5^.

MAUDSLEY H., il/.Z?.—Body and Will. Being an Essay con-

cerning Will, in its Metaphysical, Physiological, and Pathological

Aspects. Svo, I2J. .04
Natural Causes and Supernatural Seemxngs. Second

Edition. Crown Svo, 6s.

Tv/r^r>iPTiir The Young. A Book for Boys. Containing Directions
Mechanic Th^ Youxjg^^_^^^

of Tools, and for the Construction of

Steam-Engines and Mechanical Models By the Rev J- L^KIN.

Sixth Edition. With 70 Engravings. Crown Svo, 3^. 6d.

Mechanic's Workshop, An^ateur Plain and Concise Jire^^^^^^^^^^

SVl^^I^S^d U:L?^txSrE<^Sf itrated. Demy

Svo, 6s.
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Mendelssohn's Letters to Ignaz and Charlotte Moscheles.
Translated by Felix Moschelles. Numerous Illustrations and
Facsimiles. Svo, 12s.

METCALFE, Frederick—Tlae Englishman and the Scandina-
vian. Post Svo, i8j.

MINTON, Rev. i^rawm.—Capital and Wages, Svo, 15^-.

The Welfare of the Millions. Crown Svo, limp cloth, is. 6d. ;

paper covers, is.

Mitchel, John, Life. By William Dillon. 2 vols. With Portrait.
Svo, 21S.

MITCHELL, Ltuy M.—A History of Ancient Sculpture. With
numerous Illustrations, including 6 Plates in Phototype. Super-
royal Svo, 42J.

Mohl, Julius and Mary, Letters and Recollections of. By
M. C. M. Simpson. With Portraits and 2 Illustrations. Demy
Svo, 1 5J.

MOODIE, D. C. i?:—The History of the Battles and Adven-
tures of the British, the Boers, the Zulus, etc., in
Southern Africa, from the Time of Pharaoh Necho to 1880.
With Illustrations and Coloured Maps. 2 vols. Crown Svo, 36^.

MOREIT, Campbell—K. Practical Treatise on the Manufac-
ture of Soaps. With Illustrations. Demy Svo, £2. \2s. 6d.

A Practical Treatise on Pure Fertilizers, and the Chemical
Conversion of Rock Guanos, etc., into various valuable Products,
With 28 Plates. Svo, £^ ^. .

MOORE, Aubrey Z.—Science and the Faith : Essays on Apologetic
Subjects. Crown Svo, 6s.

MORISON, J. Cotter.—TYiQ Service of Man : an Essay towards the
Religion of the Future. Crown Svo, 5j-.

MORRIS, C/iar/es.—ATYa.n Sun-Myths the Origin of Religions.
With an Introduction by Charles Morris. Crown Svo, 6s.

MORRIS, Gouverneur, U.S. Minister to France.—DiavY and Letters,
2 vols. Demy Svo, 30J.

MOSENTHAL, J. de, and HARTING, James -ff.—Ostriches and
Ostrich Farming, Second Edition. With 8 full-page Illus-
trations and 20 Woodcuts. Royal Svo, loj. 6d.

Motley, John Lothrop. A Memoir. By Oliver Wendell Holmes.Crown Svo, 6s.

MULHALL, M. G. and E. r.—Handbook of the River Plate
comprising the Argentine Republic, Uruguay, and Paraguay!
With Six Maps. Fifth Edition. Crown 8vo, is. ed

^

Munro, Major-Gen. Sir Thomas. A Memoir. By Sir A TArbuthnot. Crown Svo, 3^. 6d
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Katural History. " Riverside " Edition, Edited by J. S. Kingsley.

6 vols. 220O Illustrations. 4to, £6 6s.

NF.VILL, J. H. A^.—The Biology of Daily Life. Post 8vo, y.td.

NEWMAN, Crtra'ma/.—Characteristics from the Writings of.

Being Selections from his various Works. Arranged wiih the

Author's personal Approval. Eighth Edition. With Portrait.

Crown 8vo, 6j.

*^* A Portrait of Cardinal Newman, mounted for framing, can

be had, 2j. bd.

NEWMAN, Francis William.— on Diet. Small crown 8vo,

cloth limp, 2s.

Miscellanies. Vol. II., III., and IV Essays, Tracts, and

Addresses, Moral and Religious. Demy 8vo. Vols. II. and III.,

12J. Vol. IV., lOJ. 6d.

Reminiscences of Two Exiles and Two Wars. Crown

8vo, y. 6d.

Phases of Faith ', or, Passages from the History of my Creed.

Crown 8vo, 3x. 6d.

The Soul : Her Sorrows and her Aspirations. Tenth Edition.

Post 8vo, 3^. 6d.

Hebrew Theism. Royal 8vo, 4^. 6d.

Anglo-Saxon Abolition of Negro Slavery. Demy 8vo, sj.

New South Wales, Journal and Proceedings of the Royal

Society of. Published annually. Price los. 6d.

New South Wales, Publications of the Government of.

List on application.

New Zealand Institute Publications :—

I Transactions and Proceedings of the New Zealand In-

stitute. Vols. 1. to XX., i868 to 1S87. Demy Svo, stitched,

£1 IS. each.

II An Index to the Transactions and Proceedings of

the New Zealand Institute. Edited by James Hector, M.D.,

F.R.S. Vols. I. to VIII. Demy Svo, 2s. bd.

New Zealand : Geological Survey. List of Publications on ap-

plication.

DATES Frank, F.R.G.S.—yL?i\ahe\e Land and the Victoria

Fans A Naturalist's Wanderings in the Interior of South

Africa. Edited by C. G. Gates, B.A. With numerous Illustra-

tions and 4 Maps. Demy 8vo, 21s.

O'BRIEN, R. -Irish Wrongs and English Remedies,

with other Essays. Crown Svo, S^.
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O'BRIEN, R. Barry.—continued.

The Home Ruler's Manual. Crown 8vo, cloth, u, bd. ;

paper covers, is,

OLCOTT, /T^wry 6".—Theosophy, Religion, and Occult Science.
With Glossary of Eastern Words. Crown 8vo, "js. 6d.

Posthumous Humanity. A Study of Phantoms. By Adolphe
D'AssiER. Translated and Annotated by Henry S. Olcott.
Crown 8vo, 7^. 6d.

Our Public Schools—Eton, Harrow, Winchester, Rugby,
Westminster, Marlborough, The Charterhouse.
Crown 8vo, 6s,

OWEN, Robert Z?a/^.—Footfalls on the Boundary of Another
World. With Narrative Illustrations. Post 8vo, ^s. 6d,

The Debatable Land between this World and the Next.
With Illustrative Narrations. Second Edition. Crown 8vo,
7^, 6d.

Threading my Way. Twenty-Seven Years; of Autobiography.
Crown 8vo, 7^. 6d.

j

OXLEY, Winiatn.—Modevn Messiahs and Wonder-Workers,
A Plistory of the Various Messianic Claimants to Special Divine
Prerogatives. Post 8vo, Sj.

Parchment Library. Choicely Printed on hand-made paper, limp
parchment antique or cloth, 6j. ; vellum, 'js. 6d. each volume.

Selected Poems of Matthew Prior. With an Introductioa
and Notes by Austin Dobson.

Sartor Resartus. By Thomas Carlylr.

The Poetical Works of John Milton. 2 vols.

<=^haucer's Canterbury Tales. Edited by A. W. Pollard,

Letters and Journals of Jonathan Swift. Selected and
edited, with a Commentary and Notes, by Stanley Lane-Poole.

De Quincey's Confessions of an English Opium Eater.
Reprinted from the First Edition. Edited by Richard Garnktt.

The Gospel according to Matthew, Mark, and Luke.

^^\Vi!i°??T Writings of Jonathan Swift.

Portrait
^ ' ^ Stanley Lane-Poole and

English Sacred Lyrics.

^''"gos°?''^
Reynolds's Discourses. Edited by Edmund
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Parchment Library

—

contimied.

Selections from Milton's Prose Writings. Edited by
Ernest Myers.

The Book of Psalms. Translated by the Rev. Canon T. IC
Cheyne, M,A., D.D.

The Vicar of Wakefield. With Preface and Notes by Austin
DOBSON.

Knglish Comic Dramatists. Edited by Oswald Crawfued.

English Lyrics.

The Sonnets of John Milton. Edited by Mark Pattison.

With Portrait after Vertue.

French Lyrics. Selected and Annotated by George Saints-

bury. With a Miniature Frontispiece designed and etched by

H. G. Glindoni.

Fables by Mr. John Gay. With Memoir by Austin Dobson,

and an Etched Portrait from an vmfinished Oil Sketch by Sir

Godfrey Kjneller.

Select Letters of Percy Bysshe Shelley. Edited, with an

Introduction, by Richard Garnett.

The Christian Year. Thoughts in Verse for the Sundays and

Holy Days throughout the Year. With Miniature Portrait of the

Rev. J. Keble, after a Drawing by G. Richmond, R.A.

Shakspere's Works. Complete in Twelve Volumes.

Eighteenth Century Essays. Selected and Edited by Austin

Dobson. With a Miniature Frontispiece by R. Caldecott.

Q. Horati Flacci Opera. Edited by F. A. Cornish, Assistant

Master at Eton. With a Frontispiece after a design by L. Alma

Tadema, etched by Leopold Lowenstam.

Edgar Allan Poe's Poems. With an Essay on his Poetry by

Andrew Lang, and a Frontispiece by Linley Samboume.

Shakspere's Sonnets. Edited by Edward Dowden. With a

Frontispiece etched by Leopold Lowenstam, after the Death

Mask.

English Odes. Selected by Edmund Gosse. With Frontis-

piece on India paper by Hamo Thornycroft, A. R.A.

Of the Imitation of Christ. By Thomas a Kempis. A
re^-ised Translation. With Frontispiece on India paper, from a

Design by W. B. Richmond.

Poems : Selected from Percy Bysshe Shelley. Dedicated to

Lady Shelley. With a Preface by Richard Garnett and a

Miniature Frontispiece.
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PARSLOE, yosep/i.—OvLT Railways. Sketches, Historical and

Descriptive. With Practical Information as to Fares and Rates,

etc., and a Chapter on Railway Reform. Crown Svo, 6s.

PATON, A. A.—A History of the Egyptian Revolution, from

the Period of the Mamelukes to the Death of Mohammed All.

Second Edition. 2 vols. Demy Svo, *]s. 6d.

FAULT, Rei7ihold.—S\xaon de Montfort, Earl of Leicester, the

Creator of the House of Commons. Crown Svo, 6s.

Paul of Tarsus. By the Author of "Rabbi Jeshua." Crown Svo,

PEMBERTON, T. ^^/^zzr.—Charles Dickens and the Stage. A
Record of his Connection with the Drama. Crown Svo, 6^.

PEZZI, Domenico.—Aryan Philology, according to the most recent

researches (Glottologia Aria Recentissima). Translated by E. S.

Roberts, Crown 8vo, 6s.

PFEIFFER, Emily.—'SMonxQTX and Work, An Essay on the

Relation to Health and Physical Development of the Higher
Education of Girls. Crown Svo, 6s.

Phantasms of the Living, By Edmund Gurney, Frederic W.
H. Myers, M.A., and Frank Podmore, M.A. 2 vols. Demy
Svo, 2 1 J-.

Philological Society, Transactions of. Published irregularly.

List of Publications on application.

PICCIOTTO, yaw^j.—Sketches of Anglo-Jewish History. Demy
Svo, 12s.

Pierce Gambit : Chess Papers and Problems. By James
Pierce, M.A., and W, Timbrell Pierce. Crown Svo, 6s. 6d.

PIESSE, Charles H.—Chemistry in the Brewing-Room. Being
the substance of a Course of Lessons to Practical Brewers.
Fcap., 5J-.

/'ZZA^y.—The Letters of Pliny the Younger. Translated by
J. D, Lewis. Post Svo, 5J,

PLUMPTRE, Charles y^j/zw.—King's College Lectures on Elocu-
tion, Fourth Edition. Post Svo, 15J.

POOLE, W. P.—An Index to Periodical Literature, Third
Edition. Royal Svo- :^3 13J. 6d.

POOLE, W. P., and FLETCHER, W. /.—Index to Periodical
Literature, First Supplement. 1882 to 1887. Royal Svo
£\ \6s.

Practical Guides.—France, Belgium, Holland, and the Rhine, is.
Italian Lakes. \s. Wintering Places of the South. is.
Switzerland, Savoy, and North Italy, is. 6d. General Con-
tinental Guide. 5j. Geneva, is. Paris, is. Bernese Ober-
land. is. Italy.
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Psychical Researcli, Proceedings of the Society for. Published
iiTegularly. Post 8vo, Vol. I. to III. los. each. Vol. IV. Sr.

Vol. V. loj.

PURITZ, Lvdwig.—Code-Book of Gymnastic Exercises, Trans-
lated by O. Knofe and J. W. Macqueen. 32mo, \s. 6d.

JiAPSON, Edward y.—The Struggle between England and
France for Supremacy in India. Crown 8vo, 4J-. 6d.

RAVENSTEIN, E. G., and HULLEY, yohji.—i:in.e Gymnasium
and its Fittings. With 14 Plates of Illustrations. 8vo, 2s. 6d.

READE, JVifrcvood.—The Martyrdom of Man. Thirteenth Edition,

8vo, ys. 6d.

RENDELL, J. il/.—Concise Handbook of the Island of

Madeira. With Plan of Funchal and Map of the Island. Second

Edition. Fcap. 8vo, \s. 6d.

RHYS, John.—Lectures on Welsh Philology. Second Edition,

Crown 8vo, i5j-.

RIDEAL, C. 7^.—Wellerisms, from " Pickwick " and " Master
Humphrey's Clock." i8mo, 2s.

RLPPER, William.—Ma.ch\n& Drawing and Design, for En-

gineering Students and Practical Engineers. Illustrated by 55
Plates and numerous Explanatoiy Notes. Royal 4to, 25^.

ROBLNSON, A. Mary The Fortunate Lovers. Twenty-seven

Novels of the Queen of Navarre, Large crown 8vo, los. 6d.

ROLEE, Eustace Neville, and INGLEBY, Holcombe.—lSla.-ples in

1888, With Illustrations. Crown 8vo, 6^.

ROSMLNI SERBATI, Antonio.—LXfe. By the Rev. W. LocKHART.

2 vols. With Portraits. Crown 8vo, 12s.

ROSS, Percy.—K Professor of Alchemy. Crown 8vo, 3^. ed.

ROUTLEDGE, y^w^j-.—English Rule and Native Opinion in

India. Svo, \os. 6d.

RULE Martin, M.A.—The Life and Times of St. Anselm,
' Archbishop of Canterbury and Primate of the

Britains. 2 vols. Demy Svo, 32^.

RUTHERFORD, Mar/^.—The Autobiography of Mark Ruther-

ford and Mark Rutherford's Deliverance. Edited by

Reuben Shapcott. Third Edition. Crown Svo, Js. 6d.

The Revolution in Tanner's Lane. Edited by Reuben

Shapcott. Crown Svo, 7s. 6d.

Miriam's Schooling : and other Papers. Edited by Reuben

Shapcott. Crown Svo, 6^.

SAMUELSON, Jaines.-\nd\^, Past and Present :
Historical,

Social, and Political. With a Map, Explanatorj- Woodcuts and

Collotype Views, Portraits, etc., from 36 Photographs. Svo, 21J.
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SAMUELSON, James—continued.

History of Drink. A Review, Social, Scientific, and Political.

Second Edition. 8vo, 6j.

Bulgaria, Past and Present : Historical, Political, and De-

scriptive. With Map and numerous Illustrations. Demy 8vo,

\QS. 6d.

SAND WITH, F. yl/.—Egypt as a Winter Resort. Crown Svo,.

3^-. 6d.

SANTIAGOE, Dajtiel.—Tlcie Curry Cook's Assistant. Fcap. Svo,

cloth. IS. 6d.
;
paper covers, is.

SAYCE, Rev. A rc/n'da/d Befiry.—Introduction to the Science of

'Language. New and Cheaper Edition. 2 vols. Crown Svo, 9^.

SAYWELL, y. Z.—New Popular Handbook of County Dia-
lects, Crown Svo, 5^.

SCHAIBLE, C. ff.—Kn Essay on the Systematic Training of

the Body. Crown Svo, 5^.

SCHLEICHER, August—K Compendium of the Comparative
Grammar of the Indo-European, Sanskrit, Greek,
and Latin Languages. Translated from the Third German
Edition by Herbert Bendall. 2 parts. Svo, i3j-. 6d.

SCOONES, IV. Bapt^ste.—¥o^xT Centuries of English Letters

:

A Selection of 350 Letters by 150 Writers, from the Period of the

Paston Letters to the Present Time. Third Edition. Large

crown Svo, 6s.

SCOTT, Benjamin—K State Iniquity: Its Rise, Extension,
and Overthrow. Demy Svo, plain cloth, 3J. dd. ; gilt, Sj.

SELBY, H. y)/.—The Shakespeare Classical Dictionary; or.

Mythological Allusions in the Plays of Shakespeare Explained.

Fcap. Svo, is.

Selwyn, Bishop, of New Zealand and of Lichfield. A Sketch of his

Life and Work, with Further Gleanings from his Letters,

Sermons, and Speeches. By the Rev. Canon Curteis. Large
crown Svo, 7^. 6d.

SERJEANT, W. C. Eldon.—^\i& Astrologer's Guide (Anima
Astrologiee). Demy Svo, yj. 6d.

Shakspere's Works. The Avon Edition, I2 vols., fcap. Svo, cloth,

iSj. ; in cloth box, 2IJ. ; bound in 6 vols., cloth, i5j-.

Shakspere's Works, an Index to. By Evangeline O'Connor.
Crown Svo, 5^'.

SHAKESPEARE—nine. Bankside Shakespeare. The Comedies,
Histories, and Tragedies of Mr. William Shakespeare, as pre*

sented at the Globe and Blackfriars Theatres, circa 1591-1623.
Being the Text furnished the Players, in parallel pages with the
first revised folio text, with Critical Introductions. Svo.

[/« preparation.
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SHAKESPEARE—conthwed.
.

A New Study of Shakespeare. An Inquiry into the Con-
nection of the Plays and Poems, with the Origins of the Classical
iJiama, and with the Platonic Philosophy, through tlie MysteriesDemy 8vo, \os. 6d.

Shakespeare's Cymbeline. Edited, with Notes, by C. M.
INGLEBY. Crown 8vo, u. 6d.

A New Variorum Edition of Shakespeare. Edited by
PIORACE PIowARD FuRNESS. Royal 8vo. Vol. I. Romeo and
Juhet. iSj. Vol, II. Macbeth. iSj. Vols. III. and IV.
Hamlet. 2 vols. 36^. Vol. V, King Lear. iBj. Vol. VI.
Othello. iSj.

Shakspere Society (The New).—Subscription, one guinea per
annum. List of Publications on application.

-SHELLEY, Percy Bysske.—'LifQ. By Edward Dowdex, LL.D.
2 vols. With Portraits. Demy Svo, 36^-.

SIBREE, James, Jzin—HYve Great African Island. Chapters on
Madagascar. A Popular Account of the Physical Geography,
etc., of the Country. With Physical and Ethnological Maps and
4 Illustrations. Svo, ioj. 6d.

SIGERSON, George, tJ/.Z?.—Political Prisoners at Home and
Abroad. With Appendix on Dietaries. Crown Svo, 2s. 6d.

SIMCOX, Edith.—Episodes in the Lives of Men, Women,
and Lovers. Crown Svo, 'js. 6d.

SINCLAIR, Thomas.—Essays : in Three Kinds. Crown Svo,
IJ. dd.

;
wrappers, is.

Sinclairs of England (The), Crown Svo, 12s.

SINNETT, A. P.—The Occult World. Fourth Edition. Crown
Svo, 3j. dd.

Incidents in the Life of Madame Blavatsky. Demy Svo,
loj. 6d,

Skinner, James : A Memoir. By the Author of "Charles Lowder."
With a Preface by the Rev. Canon Carter, and Portrait.

Large crown, 7^. td.

Also a cheap Edition. With Portrait. Fourth Edition. Cro\Mi
Svo, y. 6d.

SMITH, Huntington.—A Century of American Literature :

Benjamin Franklin to James Russell Lowell, Crown
Svo, 6j.

SMITH, S.—The Divine Government. Fifth Edition. Cro\Mi

Svo, 6j.
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SMYTH R Brotf^rh—The Aborigines of Victoria. Compiled

for the Government of Victoria. With Maps, Plates, and V/ood-

cuts, 2 vols. Royal Svo, /^S Zs.

Sophocles : The Seven Plays in English Verse. Translated by Lewis

Campbell. Crown Svo, 7s. 6d.

Specimens of English Prose Style from Malory to Ma-
caulay. Selected and Annotated, with an Introductory Essay,

by George Saintsbury. Large crown Svo, printed on hand-

made paper, parchment antique or cloth, l2s. ; vellum, 15^.

SPEDDING, The Life and Times of Francis Bacon,
2 vols. Post Svo, 2 1 J.

Spinoza, Benedict de : His Life, Correspondence, and Ethics. By
R. Willis, M.D. Svo, 21 j.

SPRAGUE, C7/flr/^j^.—Handbook of Volapiik : The International

Language. Second Edition. Crown Svo, 5j.

^7; HILL^ Katharine—UlciQ Grammar of Palmistry. With
18 Illustrations. i2mo, is.

STOKES, WJiiiky.—GoxdelicSi : Old and Early-Middle Irish Glosses.

Prose and Verse. Secoiid Edition. Med. Svo, iSj.

STRACHEY, Sir John, G.C.S.I.—lndxSi. With Map. Demy Svo, 15^.

STREET, y. C—The Hidden Way across the Threshold
;
or,

The Mystery which hath been hidden for Ages andjrom Genera-
tions. With Plates. Large Svo, I5j-.

SUMNER, W. a—What Social Classes owe to Each Other.
iSmo, 3^.

SWINBURNE, Algernon Charles.— h. Word for the Navy.
Imperial l6mo, 5^.

The Bibliography of Swinburne, 1857-1887. Crown Svo,
vellum gilt, ds.

Sylva, Carmen (Queen of Roumania), The Life of. Translated by
Baroness Deichmann. With 4 Portraits and i Illustration. Svo,
I2J.

TAYLER, y. y.—A Retrospect of the Religious Life of
England

; or, Church, Puritanism, and Free Inquiry. Second
Edition. Post Svo, Js. 6d.

TA YLOR, Rev. Canon Isaac, II.D.—^'h.Q Alphabet. An Account of
the Orig:.! and Development of Letters. With numerous Tables
and Facsimiles. 2 vols. Demy Svo, 36^.

Leaves from an Egyptian Note-book. Crown Svo, 5^.

TA YLOR, Sir Hettry.—Tlie. Statesman. Fcap. Svo, 3j-. 6d.

Taylor, Reynell, C.B., C.S.I. : A Biography. By E. Gambier
Parry. With Portait and Map. Demy Svo, 14J.
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Technological Dictionary of the Terms employed in the Arts and
Sciences ; Architecture

;
Engineering ; Mechanics

; Shipbuilding
and Navigation

;
Metallurgy

; Mathematics, etc. Second Edition.
3 vols. 8vo.

Vol. I. German-English-French. I2s.

Vol. II. English-German-French. I2s.

Vol. Ill, French-German-English, i^s.

THACKERAY, Rev. S. W., LL.D—Th.e Land and the Com-
munity. Crown 8vo, 3J. 6d.

THACKERAY, William Makepeace.—An Essay on the Genius of
George Gruikshank. Reprinted verbatim from the West-
minster Review, 40 Illustrations. Large paper Edition. Royal
8vo, ']s. 6d.

Sultan Stork ; and other Stories and Sketches. 1829-1844.
Now First Collected. To which is added the Bibliography of

Thackeray, Revised and Considerably Enlarged. Large demy
8vo, los. 6d.

THOMPSON', Sir H.—Diet in Relation to Age and Activity.
Fcap. 8vo, cloth, is. 6d. ; paper covers, is.

Modern Cremation. Cro\vn 8vo, 2s. 6d.

Tobacco Talk and Smokers' Gossip. i6mo, 2s.

TRANT, William.—Tva-de Unions : Their Origin, Objects, and
Efficacy. Small crown 8vo, is. 6d. ; paper covers, is,

TRENCH, The late R. C, Archbishop.—~LeXXevs and Memorials.
By the Author of " Charles Lowder," ^Yith two Portraits,

2 vols. 8vo, 2IS.

A Household Book of English Poetry. Selected and

Arranged, with Notes. Fourth Edition, Revised. Extra fcap,

8vo, 5j.

An Essay on the Life and Genius of Calderon. With

Translations from his "Life's a Dream" and "Great Theatre of

the World." Second Edition, Revised and Improved. Extra

fcap. 8vo, 5J. 6d.

Gustavus Adolphus in Germany, and other Lectures

on the Thirty Years' War. Third Edition, Enlarged.

Fcap. 8vo, 4J.

Plutarch ; his Life, his Lives, and his Morals. Second

Edition, Enlarged, Fcap, 8vo, 3J. 6d.

Remains of the late Mrs. Richard Trench. Being Selec-

tions from her Journals, Letters, and other Papers. New and

Cheaper Issue. With Portrait. 8vo, 6j.

Lectures on Mediaeval Church History. Being the Sub-

stance of Lectures delivered at Queen's College, London. Second

Edition. 8vo, \2s.



Kegan Paul, Trench, Trilbner & CoU Publications. 29

Tf?P ArcfJ The lati' R. C, Archbishop—continued.

SiS past ank Present. Thirteenth Edition, Revised and

Improved. Fcap. 8vo, 5^.

On the Study of Words. Twentieth Edition, Revised.

Fcap. 8vo, 5^.

c^i^^t rlo^^a^v of Enfflish Words used Formerly m
^'senses D?5Irent from the Present. Seventh Eduion,

Revised and Enlarged. Fcap. 8vo, 5J.

Proverbs and Their Lessons. Seventh Edition, Enlarged.

Fcap. 8vo, 4J.

TRIMEN -South-African Butterflies. A Monograph of

^^'^"^^^Vhe Extr^-Tropical Species. With I2 Coloured Plates. 3 vols.

Demy 8vo, £2 12s. 6d.

Trubner's Bibliographical Guide to American Literature.
^

A Classed List of Books published in the United States of

America, from 1817 to 1857. Edited by Nicolas Trui3NER.

8vo, half-bound, iSs.

TRUMBULL, H. C/a^.-The Blood-Covenant, a Primitive

Ritei and its Bearings on Scripture. Post 8vo, 7^. bd.

TURNER Charles Edward.—C^o^yci^ Tolstoi, as Novelist and Thinker.

Lectures delivered at the Royal Institution. Crown 8vo, 3^. bd.

The Modern Novelists of Russia. Lectures delivered at

the Taylor Institution, Oxford. Crown 8vo, y. 6d.

TIVEEDIE, Mrs. Alec— Ober-Ammergau Passion Play,

1890. Small crown 8vo, 2s. 6d.

VAUGHAN, H. //. — British Reason in English Rhyme.
Crown 8vo, 6j.

VESCELIUS-SHELDON, Louise.—Kn I. D. B. in South Africa.

Illustrated by G. E. Graves and Al. Hencke. Crown 8vo,

7J-. 6d.

Yankee Girls in Zulu-Land. Illustrated by G. E. Graves.

Crown 8vo, 5^.

Victoria Government, Publications of the. [List inpreparation.

VINCENT, Frank. — Axoxind. and about South America.
Twenty Months of Quest and Query. With Maps, Plans, and

54 Illustrations. Medium 8vo, 2 1 J.

WAITE, A. Lives of Alchemystical Philosophers. Demy
8vo, los. 6d.

The Magical Writings of Thomas Vaughan. Small 4to,

los. 6d.

The Real History of the Rosicrucians. With Illustrations.

Crown 8vo, 7J. 6^.
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IVAITE, A. E.~contmued.
The Mysteries of Magic. A Dirrest of \ho Wrifin^c r

^
Levi. With Illustratio?s. DemyTvo/lo. 6J ^''P^^^

V/AKE, C. ^/ffm/W.—Serpent-Worship, and other E^<so,rcwith a Chapter on Totemism. Demy Svo! 6? ^ '

^XofiT^°^'^^''*
of [Marriage and Kinship. Demy

Wales.-Through North Wales with a Knapsack. By FourSchoolmistresses. With a Sketch Map. Small crown 8vo,i
WALL, George.~i:\vQ Natural History of Thought in its

slo?*;^?
6^/^^^''*' ^^^^^"^ InfaLy. Demy

WALLACE Alfred Russel.-On Miracles and Modem Spirit-ualism. Second Edition. Cro^vn 8vo, 5j.
^

WALFOLE, C/ias George.~K Short History of Ireland from the

wfti fM '° ""^^ ^ith Great BrUa\n!With 5 Maps and Appendices. Third Edition. Cro^ra 8vo, 6j.

WALTERS, y. Cuming.—In Tennyson Land, Bein^ a Brief
Account of the Home and Early Surroundings of the Poet-
Laureate. With Illustrations. Demy 8vo, 5j.

WARTER J. W.-An Old Shropshire Oak. 2 vols. Demy 8vo

WATSON, R. 6^.—Spanish and Portuguese South Americadurmg the Colonial Period. 2 vols. Post 8vo, 21s.

WEDGWOOD, H.—K Dictionary of English Etymology,
Fourth Edition, Revised and Enlarged. With Introduction on
the Origin of Language. 8vo, £1 is.

Contested Etymologies in the Dictionary of the Rev,W. W. Skeat. Crown 8vo, 5^.

WEDGWOOD, yulia.—TYie Moral Ideal. An Historic Study.
Second Edition. Demy 8vo, gs.

WELSBACH, Jiilius.—Theoretical Mechanics. A Manual of the
Mechanics of Engineering. Designed as a Text-book for Technical
Schools, and for the Use of Engineers. Translated from the
German by Eckley B. Coxe. \Yith 902 Woodcuts. Demy
8vo, 31^. (id.

WESTROPP, Hodder iJ/.—Primitive Symbolism as Illustrated'
in Phallic Worship

;
or, The Reproductive Principle. With

an Introduction by Major-Gen. FORLOXG. Demy 8vo, parch-
ment, 7j. dd.

WHEELDON, J. /'.--Angling Resorts near London. The
Thames and the Lea. Crown Svo, paper, u. ^d.
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WIIIBLEY, Chas.—In Cap and Gown : Three Centuries of Cam-

bridge Wit. Crown 8vo, 'js. 6d.

WHITMAN, Imperial Germany. A Critical Study of Fact

and Character. Crown Svo, yj. (id.

IVIGSTOiV, W. F. C—Hermes Stella ; or, Notes and Jottings on

the'Bacon Cipher. Svo, 6^. .

Wilberforce, Bishop, of Oxford and Winchester, Life. By his

Son Reginald Wilberforce. Crown Svo, ts.

WILDRIDGE T. TyndalL—Tlie Dance of Death, in Painting

and in Print. With Woodcuts. 4to, 3^. 6d ; the Woodcuts

coloured by hand, 5^.

WOLTMANN, Dr. Alfred, and WOERMANN, Dr. ^ar/.—History

of Painting. With numerous Illustrations. Medmm Svo.

Vol I. Painting in Antiquity and the Middle Ages. 28j.';

bevelled boards, gilt leaves, 30^. Vol. II. The Painting of the

Renascence. 42j. ; bevelled boards, gilt leaves, 45J.

WOOD, M. ^.—Dictionary of Volapiik. Volapuk-English and
'

English-Volapiik. Volapiikatidel e cif. Crown Svo, loj. dd.

WORTHY, Practical Heraldry", or. An Epitome of

English Armory. 124 Illustrations. Crown Svo, 7^. 6c/.

WRIGHT, Tliomas.—^lie Homes of Other Days. A History

of Domestic Manners and Sentiments during the Middle Ages.

With Illustrations from the Illuminations in Contemporaiy Manu-

scripts and other Sources, Drawn and Engraved by F. W.
Fairholt, F.S.A. 350 Woodcuts. Medium Svo, 21s.

Anglo-Saxon and Old English Vocabularies. Second

Edition. Edited by RiCHARD PAUL WuLCKER. 2 vols. Demy
Svo, 2%s.

The Celt, the Roman, and the Saxon. A History of the

Early Inhabitants of Britain down to the Conversion of the Anglo-

Saxons to Christianity. Illustrated by the Ancient Remains

brought to light by Recent Research. Corrected and Enlarged

Edition. With nearly 300 Engravings. Crown Svo, gs.

YELVERTON, Christopher.—Oneivos', or, Some Questions of the

Day. Crown Svo, 5^.

THEOLOGY AND PHILOSOPHY.

ALEXANDER, William, D.D., Bishop of Derry.—HYi.Q, Great Ques--
tion, and other Sermons. Crown Svo, 6j.

AMBERLEY, Viscount.— Analysis of Religious Belief.
2 vols. Demy Svo, 30^.



3^ A List of

Antiqua^ Mater
: A Study of Christian Origins. Crown Svo.

BELANY, Rev. /'.-The Bible and the Papacy. Crown 8vo, 2x.BENTHAM >rm^^-Theory of Legislation. Translated from

Post 8vo 7° e?''"""^
i'iflh EditioS

BEST, George Payne.-M.0T3lx^Y and Utility. A Natural Science
oi Jb-tnics. Crown SvOj fj.

BROOKE, Rev. Siop/.rdA.-The Fight of Faith. Sermons preached
on various occasions. Fifth Edition. Crown 8vo, js. dd.

The Spirit of the Christian Life. Third Edition. Cro^ra
ovo, 5^.

Theology in the English Poets. Cowper, Coleridge, Words-
wortn, and Burns. Sixth Edition. Post Svo, ^s.

Christ in Modern Life. Seventeenth Edition. Qxovm Svo, fj.
Sermons. First Series. Thirteenth Edition. Crown Svo, 5j.'

Sermons. Second Series. Sixth Edition. Crown Svo, 5^-.

BROWN, Rev. J. Baldwin.-TYye Higher Life. Its Reality Ex-
perience, and Destiny. Seventh Edition. Cio\ra Svo, 5/'

Doctrine of Annihilation in the Light of the Gospel of
Love. Five Discourses. Fourth Edition. Crown Svo, 2s. 6d.

The Christian Policy of Life. A Book for Young Men of
Business. Third Edition. Crown Svo, 3J. 6d.

BUNSEN, Ernest c^?.—Islam
; or, True Christianity. Crown Svo, 5s.

Catholic Dictionary. Containing some Account of the Doctrine,
Discipline, Rites, Ceremonies, Councils, and Religious Orders of
the Catholic Church. Edited by Thomas Arnold, M. A. Third
Edition. Demy Svo, 21s.

€HEYNE, Canon.—The Prophecies of Isaiah. Translated with
Critical Notes and Dissertations. 2 vols. Fifth Edition. Demy
Svo, 25J.

Job and Solomon
; or, The Wisdom of the Old Testament.

Demy Svo, 1 2s. 6d.

The Psalms
; or. Book of The Praises of Israel. Translated

with Commentary. Demy Svo. i6j.

CLARICE, James Freeman.—Ten ^Great Religions. An Essay in

Comparative Theology. Demy Svo, los. 6d.

Ten Great Religions. Part II. A Comparison of all Religions.

Demy Svo, loj. 6d.

COKE, Henry.—Creeds of the Day, or. Collated Opinions of

Reputable Thinkers. 2 vols. Demy Svo, 21s.
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COMTE, Aug7iste.—The Catechism of Positive Religion. Trans-
lated from tlie French by Richard Congrkve. Second Edition.
Crown Svo, 2s. 6d.

The Eight Circulars of Auguste Comte. Translated from
the French. Fcap. Svo, is. 6d.

Appeal to Conservatives. Crown Svo, 2s. 6d.

The Positive Philosophy of Auguste Comte. Translated
and condensed by Harriet Martineau. 2 vols. Second
Edition. Svo, 25J.

CONPVAY, Moticure Z>.—The Sacred Anthology. A Book of
Ethnical Scriptures. Edited by MoNCURE D. Conway. New
Edition. Crown Svo, 5^.

Idols and Ideals. With an Essay on Christianity. Crown
Svo, 4J.

COX, Rev. Samuel, D.D.—K Commentary on the Book of Job.
With a Translation, Second Edition. Demy Svo, 15J.

Salvator Mundi ; or. Is Christ the Saviour of all Men ? Twelfth
Edition. Crown Svo, 2s. 6d.

The Larger Hope. A Sequel to "Salvator Mundi." Second
Edition. i6mo, is.

The Genesis of Evil, and other Sermons, mainly expository.
Third Edition. Crown Svo, 6s.

j tr j

Balaam. An Exposition and a Study. Crown Svo, 5j.

Miracles. An Argument and a Challenge. Crown Svo, 2s. 6d.

CRANBROOJ^, James.—Cvedihilia.', or, Discourses on Questions of
Christian Faith. Post Svo, 3J-. 6d.

The Founder of Christianity
; or, Discourses upon theOngin of the Christian Religion. Post Svo, 6s.

DAIVSON Geo Prayers, with a Discourse on Praver

slofg^. L '^ First Series. Tenth Edition. Small Crown

^''^T^cl^^'^Y C ^^T'^T^'"'' ^"^y^"- Edited by GeorgebT. CLAIR, F. G. S. Second Series. Small Crown Svo, 3^. 6d.
Sermons on Disputed Points and Special OccasionsEdited by his Wife. Fourth Edition. CroL Svo, Zs. IT
^^""^UhV ^^ty- Edited by his Wife.Fifth Edition. Small crown Svo, 3J. 6^/.

*vviie.

Sermons. Edited bvGeorge St. Clair, F.G.a Third Edition. Crown Svo, 6..
^

^"Zl^^nllX^""""'"- St. Clair, F.G.S.
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DELEPIERRE, L'Enfer : Essai Philosophique ct Historique
sur les Legendes de la Vie Future. Only 250 copies primed.
Crown 8vo, 6j-.

Doubter's Doubt about Science and Religion, Crown 8vo,

FICIITE, JohaiiH Gottlieb.—Characteristics of the Present Age,
Translated by William Smith, Post Svo, 6j,

Memoir of Johann Gottlieb Fichte. Ey William Smith.
Second Edition. Post Svo, 4J.

On the Nature of the Scholar, and its Manifestations,
Translated by William Smith. Second Edition. Post Svo, y.

New Exposition of the Science of Knowledge. Trans-
lated by A. E. Kroeger. Svo, 6j.

FITZ-GERALD, Mrs. P. F.—K Protest against Agnosticism :

Introduction to a New Theory of Idealism. Demy Svo.

An Essay on the Philosophy of Self-Consciousness.
Comprising an Analysis of Reason and the Rationale of Love.
Demy Svo, 5^.

A Treatise on the Principle of Sufilcient Reason. A
Psychological Theory of Reasoning, showing the Relativity of

Thought to the Thinker, of Recognition to Cognition, the Identity

of Presentation and Representation, of Perception and Appercep-
tion. Demy Svo, 6j.

GALLWE V, Rev. P.—Apostolic Succession. A Handbook. Demy
Svo, is.

GOUGH, Edzmrd.—Tlae Bible True from the Beginning. A
Commentary on all those Portions of Scripture that are most

Questioned and Assailed. Vols. I., II., and III. Demy Svo,

16^. each.

GREG, W. R.—Literary and Social Judgments. Fourth Edition.

2 vols. Crown Svo, 15J.

The Creed of Christendom. Eighth Edition. 2 vols. Post

Svo, 1 5 J.

Enigmas of Life. Seventeenth Edition. Post Svo, lOJ. 6d.

Political Problems for our Age and Country. Demy Svo,

loj, 6d.

Miscellaneous Essays. 2 Series. Crown Svo, 7^. 6d. each.

GRIMLEY, Rev. H. N., 71/.//,—Tremadoc Sermons, chiefly on

the Spiritual Body, the Unseen World, and the

Divine Humanity. Fourth Edition. Crown Svo, 6j.

The Temple of Humanity, and other Sermons. Crown Svo,

6j.
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GURNEY, Alfred.—Our Catholic Inheritance In the Larger
Hope. Crown 8vo, u. dd.

HAINES, C. /'.—Christianity and Islam In Spain, A.D. 756-
1031. Crown Svo, 2J. dd.

HAWEIS, Rev. H. R., Current Coin. Materialism—The
Devil—Crime—IDrunkenness—Pauperism—Emotion—Recreation
—The Sabbath. Fifth Edition. Crown Svo, 5j.

Arrows in the Air. Fifth Edition. Crown Svo, 5^.

Speech in Season. Sixth Edition. Crown Svo, 5^.

Thoughts for the Times. Fourteenth Edition. Crown Svo, ^s.

Unsectarian Family Prayers. New Edition. Fcap. Svo,
is. 6d.

HUGHES, Rev. H, y7/.^.—Principles of Natural and Super-
natural Morals. Vol. 1. Natural Morals. Demy Svo, 12s.

JOSEPH, N. ^.—Religion, Natural and Revealed. A Series of
Progressive Lessons for Jewish Youth. Crown Svo, 3^.

KEMPIS, Thomas h.—Ol the Imitation of Christ. Parchment
Libraiy Edition.—Parchment or cloth, 6j.

; vellum, ^s. dd. The
Red Line Edition, fcap. Svo, cloth extra, zs. 6d. The Cabinet
Edition, small Svo, cloth limp, is. ; cloth boards, ij. Sd. The
Miniature Edition, cloth limp, 32mo, is. ; or with red lines, is. 6d.

Of the Imitation of Christ. A Metrical Version. By Henry
Carrington. Crown Svo, 5^.

Notes of a Visit to the Scenes in which his Life was
spent. With numerous Illustrations. By F. R. Cruise, M.D.
Demy Svo, 12s.

Keys of the Creeds (The). Third Revised Edition. Crown Svo
2s. 6d.

'

LEWES, George Henry.—I^Tohleras of Life and Mind. Demy Svo
First Series

: The Foundations of a Creed. 2 vols. 2S/
Second Series : The Physical Basis of Mind. With Illustrations*
16s. Third Series. 2 vols. 22s. 6d.

^^^^^^'^^^^^^^f^--J^^S^^
on Isaiah i.-v. With Commentary.

MANNING Cardinal.-.'Vo^^.vd.s Evening. Selections from his
Writings. Third Edition. i6mo, 2s.

MARTINEAU, yames.-Kssays, Philosophical and Theolo-gicai. 2 vols. Crown Svo, £1 4s.

MEAD, C. M., Z).Z?.-Supernatural Revelation. An Essav concerning the Basis of the Christian Faith. Royal Svo 14'
^

Meditations on Death and Eternity. Translated from theGerman by Frederica Rowan. Published by Her Sestv'sgracious permission. Crown Svo, 6j.
^viajesty s
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Meditations on Life and its Religious Duties. Translated
from the German by Frederica I^.owan. Published by Her
Majesty's gracious permission. Being the Companion Volume
to " Meditations on Death and Eternity." Crown 8vo, 6s.

NE VILL, F.—Retrogression or Development. Crown 8vo, 3J. dd.

NICHOLS, y. Broadhursi, and D YMOND, Charles WUliam.—Prac-
tical Value of Christianity. Two Prize Essays. Crown
8vo, 3J. 6d.

PARKER, Theodore. — Discourse on Matters pertaining to
Religion. People's Edition. Crown 8vo, \s. 6d.

; cloth, 2s.

The Collected Works of Theodore Parker, Minister of the

Twenty-eighth Congregational Society at Boston, U.S. In 14
vols. 8vo, 6s. each.

Yol. I. Discourse on Matters pertaining to Religion. II. Ten Ser-

mons and Prayers. III. Discourses on Theology. IV. Dis-

courses on Politics. V. and VI. Discourses on Slaver)'. VII.

Discourses on Social Science. VIII. Miscellaneous Discourses.

IX. and X. Critical Writings. XI. Sermons on Theism,

Atheism, and Popular Theology. XII. Autobiographical and

Miscellaneous Pieces. XIII. Historic Americans. XIV,
Lessons from the World of Matter and the World of Man.

Plea for Truth in Religion. Crown 8vo, 2s. 6d

Psalms of the West. Small crown 8vo, 5J.

Pulpit Commentary, The. {Old Testament Series.') Edited by the

Rev. J. S. EXELL, M.A., and the Very Rev, Dean H. D. M,

Spence, M.A,, D,D.

Genesis. By the Rev, T. Whitelaw, D.D. With Homilies by

the Very Rev. J. F. Montgomery, D.D., Rev. Prof. R, A,

Redford, M.A., LL.B., Rev. F. Hastings, Rev, W.
Roberts, M.A. An Introduction to the Study of the Old

Testament by the Venerable Archdeacon Farrar, D.D., F.R.S.

;

and Introductions to the Pentateuch by the Right Rev. H. CoT-

terill, D.D., and Rev. T. Whitelaw, D.D. Nmth Edition.

I vol., 15^.

Exodus. By the Rev. Canon Rawlinson. With Homilies by the

Rev. J. Orr, D.D., Rev. D. Young, B.A., Rev. C. A. GooD-

hart. Rev. J. Urquhart, and the Rev. H. T. Robjohns.

Fourth Edition. 2 vols., pJ. each.

Leviticus. By the Rev. Prebendary Meyrick, M.A. With

Introductions by the Rev. R. Collins, Rev. Professor A. Cavf.,

and Homilies by the Rev. Prof. Redford, LL.B., Rev, J. A.

Macdonald, Rev. W. Clarkson, B.A., Rev, S. R. Aldridge,

LL,B., and Rev. McCheyne Edgar. Fourth Edition. 15J.
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Pulpit Commentary, continued.

Numbers. By the Rev. R. Winterbotham, LL.B. With
Homilies by the Rev. Professor W. Binnie, D.D., Rev. E. S.
Prout, M.A., Rev. D. Young, B.A., Rev. J. VVaite, B. A., and
an Introduction by the Rev. Thomas Whitelaw, D.D.
Fifth Edition. 15^.

Deuteronomy. By the Rev. W. L. Alexandeh, D.D. With
Homilies by the Rev. C. Clemance, D.D., Rev. J. Orr, D.D.,
Rev. R. M. Edgar, M.A., Rev. D. Davies, M.A. Fourth
edition. 15J.

Joshua. By the Rev. J. J. LiAS, M.A. With Homilies by the
Rev. S. R. Aldridge, LL.B., Rev. R. Glover, Rev. E. de
PRESSENSfi, D.D., Rev. J. Waite, B.A., Rev. W. F. Adeney,
M.A.

; and an Introduction by the Rev. A. Plummer, D.D.
Fifth Edition. I2j. dd.

Judges and Ruth. By the Bishop of Bath and Wells, and
Rev. J. MoRisoN, D.D. With Homilies by the Rev. A. F. MuiR
M.A., Rev. W. F. Adeney, M.A., Rev. W. M. Statham, and
Rev. Professor J. Thomson, M.A. Fifth Edition. loj. 6d.

1 and 2 SamueL By the Very Rev. R. P. Smith, D.D. With
Homihes by the Rev. Donald Eraser, D.D., Rev. Prof
Chapman, Rev. B. Dale, and Rev. G. Wood, B.A. Seventh
Edition. 15J. each.

1 Kings. By the Rev. Joseph Hammond, LL.B. With Homilies
by the Rev. E. de Pressens^, D.D., Rev. J. Waite B A
Rev. A. Rowland, LL.B., Rev. J. A. Macdonald, and Rev!
J. Urquhart. Fifth Edition. 15J.

2 Kings. By the Rev. Canon Rawlinson. With Homilies bv
the Rev. J. Orr D.D., Rev. D. Thomas, D.D., and Rev.
C. H. Irwin, M.A. 15^.

^ ?y ^- ^' Barker, M.A., LL.B.
With Homihes by the Rev. Prof. J. R. Thomson, M. A., Rev RTuck, B.A Rev. W. Clarkson, B.A., Rev. F. Whitfield!
M.A., and Rev. Richard Glover. 15^.

Ezra, Nehemiah, and Esther. By the Rev. Canon GRawlinson, M.A. With Homilies by the Rev Prof T r'Thomson M. A., Rev. Prof. R. A. Redford, LL.B.,' M.A !
Rev. W. S. Lewis, M.A., Rev. J. A. Macdonald, Rev. AMackennal, B.A., Rev. W. Clarkson, B.A., Rev. F. HastingsRev W. DiNWiDDiE, LL.B., Rev. Prof. Rowlands, B.A., RevG Wood B A. Rev. Prof. P. C. Barker, M.A., LL.B , andthe Rev. J. S. Exell, M.A. Seventh Edition, i vol., i27. S.

Isaiah. By the Rev. Canon G. Rawlinson, M.A. With Homilies

b'a Riv' w'^S'c;'^'
W. ClarksonB.A

,
Rev. W M. Statham, and Rev. R. Tuck, B.A. SecondEdition. 2 vols., 1 5 J. each.

occona
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Jeremiah. (Vol. I.) By the Rev, Canon T. K. Chf.ynt,
D.D. With Homilies by the Rev. W. F. Adeney, M.A., Rev.
A. F. MuiR, M.A., Rev. S. Conway, B.A., Rev. J. Waite,
B.A., and Rev. D. Young, B.A. Third Edition. 15^.

Jeremiah {Vol. II.) and Lamentations. By the Rev. Canon
T. K. Cheyne, D.D. With Homilies by the Rev. Prof. J. R,
Thomson, M.A., Rev. W. F. Adeney, M.A., Rev. A. F. Muik,
M.A., Rev. S. Conway, B.A., Rev. D. Young, B.A. 15^.

Hosea and Joel. By the Rev. Prof. J. J. Given, Ph.D., D.D.
With Homilies by the Rev, Prof. J. R. Thomson, M.A., Rev.

A. Rowland, B.A., LL.B., Rev. C. Jerdan, M.A., LL.E.,

Rev. J. Orr, D.D., and Rev. D. Thomas, D.D. 15J.

Pulpit Commentary, The. {New Testameiit Series.)

St. Mark. By the Very Rev. E. Bickersteth, D.D., Dean of

Lichfield. With Homilies by the Rev. Prof. Thomson, M.A.,

Rev. Prof. J. J. Given, Ph.D., D.D., Rev. Prof. Johnson, M.A.,

Rev. A. Rowland, B.A., LL.B., Rev. A. MuiR, and Rev. R.

Green. Fifth Edition. 2 vols., los. 6d. each.

St. Luke, By the Very Rev. H. D, M. Spence. With Homilies

by the Rev. J. Marshall Lang, D.D., Rev. W. Clarkson,

B.A., and Rev. R. M. Edgar, M.A. 2 vols., los. 6d. each.

St. John. By the Rev. Prof. H. R. Reynolds, D.D. With

Homilies by the Rev. Prof. T. Croskery, D.D., Rev. Prof. J. R.

Thomson, M.A., Rev. D. Young, B.A., Rev. B. Thomas,

Rev. G. Brown. Second Edition. 2 vols., 15^. each.

The Acts of the Apostles. By the Bishop of Bath and Wells.

With Homilies by the Rev. Prof. P. C. Barker, jNI.A., LL.B.,

Rev. Prof. E. Johnson, M.A., Rev. Prof. R. A. Redford,

LL.B., Rev. R. Tuck, B.A., Rev. W. Clarkson, B.A. Fourth

Edition. 2 vols., los. 6d. each.

1 Corinthians. By the Ven. Archdeacon Farrar, D.D. With

Homilies by the Rev. Ex-Chancellor Lipscomb, LL.D., Rev.

David Thomas, D.D., Rev. D. Eraser, D.D., Rev. Prof.

T. R. Thomson, M.A., Rev. J. Waite, B.A., Rev. R. Tuck,

B.A., Rev. E. Hurndall, M.A., and Rev. H. Bremner, B.D.

Fourth Edition, l^s.

2 Corinthians and Galatians. By the Ven. Archdeacon

Farrar, D.D., and Rev. Prebendary E. Huxtable. \\uh

Homilies by the Rev. Ex-Chancellor Lipscomb, LL.D., Rev.

David Thomas, D.D., Rev. Donald Eraser, D.D., Rev. R.

Tuck, B.A., Rev. E. Hurndall, M.A., Rev. Prof. J. K.

Thomson, M.A.. Rev. R. Finlayson, B.A., Rev. W. F. Adeney,

M.A., Rev. R. M. Edgar, M.A., and Rev. T. Croskery, D.D.

Second Edition. 21s.
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Pulpit Commentary, The

—

contiwicd.

Ephesians, Philippians, and Golossians. By the Rev. Prof.

W. G. Blaikie, D.D., Rev. B. C. Caffin, M.A., and Rev. G.
G. FiNDLAY, B.A. With HomiHes by the Rev. D. Thomas,
D. D., Rev. R. M. Edgar, M.A., Rev. R. Finlayson, B.A., Rev.
W. F. Adeney, M.A., Rev. Prof. T. Croskery, D.D., Rev.
E. S. Prout, M.A., Rev. Canon Vernon Hutton, and
Rev. U. R. Thomas, D.D. Second Edition. 2ij.

Thessalonians, Timothy, Titus, and Philemon. By the
Bishop of Bath and Wells, Rev. Dr. Gloag, and Rev. Dr.
Eales. With Homilies by the Rev. B. C. Caffin, M.A., Rev. R.
Finlayson, B.A., Rev. Prof. T, Croskery, D.D., Rev. W. F.
Adeney, M.A., Rev. W. M. Statham, and Rev. D. Thomas,
D.D. 15 J.

Hebrews and James. By the Rev. J. Barmby, D.D., and Rev.
Prebendary E. C. S. Gibson, M.A. With Homiletics by the
Rev. C. Jerdan, M.A., LL.B., and Rev. Prebendary E. C. S.
Gibson. And HomiUes by the Rev. W. Jones, Rev. C. New,
Rev. D. Young, B.A., Rev. J. S. Bright, Rev. T. F. Lockyer,
B.A., and Rev. C. Jerdan, M.A., LL.B. Second Edition. 15J.

Peter, John, and Jude. By the Rev. B. C. Caffin, M.A.,
Rev. A. Plummer, D.D., and Rev. S. D. F. Salmond, D.D.
With Homilies by the Rev. A. Maclaren, D.D., Rev. C.
Clemance, D.D., Rev. Prof. J. R. Thomson, M.A., Rev. C.
New, Rev. U. R. Thomas, Rev. R. Finlayson, B.A., Rev.
W. Jones, Rev. Prof. T. Croskery, D.D., and Rev. J. S.
Bright, D.D. 15J.

Revelation. Introduction by the Rev. T. Randell, B.D.,
Principal of Bede College, Durham ; and Exposition by the Rev.
T. Randell, assisted by the Rev. A. Plummer, M.A., D.D.,
Principal of University College, Durham, and A. T. Bott, M.A.
With Homilies by the Rev. C. Clemance, D.D., Rev. S. Conway,
B.A., Rev. R. Green, and Rev. D. Thomas, D.D.

PUSEY, iJr.—Sermons for the Church's Seasons from
Advent to Trinity. Selected from the Published Sermons
of the late Edward Bouverie Pusey, D.D. Crown 8vo, 5^.

RENAN, ^m^j/.—Philosophical Dialogues and Fragments.
From the French. Post 8vo, *js. 6d.

An Essay on the Age and Antiquity of the Book of
Nabathaean Agriculture. Crown 8vo, 3^. 6d.

The Life of Jesus. Crown 8vo, cloth, js. 6d. ; paper covers is.

The Apostles. Crown 8vo, cloth, is. 6d.
; paper covers, is.

REYNOLDS, Rev. J. The Supernatural in Nature. A
Verification by Free Use of Science. Third Edition, Revised
and Enlarged, Demy 8vo, 14J.
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REYNOLDS, Rev. J. W.—continued.

The Mystery of Miracles. Third and Enlarged Edition.
Crown 8vo, 6j.

The Mystery of the Universe our Common Faith. Demy
8vo, 14J.

The World to Gome : Immortality a Physical Fact, Crown
8vo, 6j.

RICHARDSON, Austin.—'"'WYiaX are the Catholic Claims?"
With Introduction by Rev. Luke Rivington. Crown Svo,

RIVINGTON, Zm-^^.—Authority, or a Plain Reason for join-
ing the Church of Rome. Fifth Edition. Crown Svo,

y. 6d.

Dependence
; or, The Insecurity of the Anglican Position-

Crown Svo, 5j.

ROBERTSON, The late Rev. F. IV., M.A.—L.ife and Letters of.
Edited by the Rev. Stopford Brooke, M.A,

I. Two vols., uniform with the Sermons. With Steel Portrait.

Crown Svo, "js. 6d.

II. Library Edition, in Demy Svo, with Portrait. 12s.

III. A Popular Edition, in i vol. Crown Svo, 6s.

Sermons. Five Series. Small crown Svo, 3j. 6d. each.

Notes on Genesis, New and Cheaper Edition. Small crown Svo,

3J. 6d.

Expository Lectures on St. Paul's Epistles to the
Corinthians. A New Edition. Small crown Svo, 5^.

Lectures and Addresses, with other Literary Remains. A New
Edition. Small crown Svo, 5J.

An Analysis of Tennyson's '* In Memoriam." (Dedicated

by Permission to the Poet-Laureate.) Fcap. Svo, 2s.

The Education of the Human Race. Translated from the

German of Gotthold Ephraim Lessing. Fcap. Svo, 2.s. 6d.

A Portrait of the late Rev. F. W. Robertson, mounted for

framing, can be had, 2J. 6d.

SCANNELL, Thomas B., B.D., and WILIIELM, Joseph, D.D.—A
Manual of Catholic Theology. Based on Scheeben's
"Dogmatik." 2 vols. Demy Svo. Vol. L, 15J.

SHEEPSHANKS, Rev. J.—Confirmation and Unction of the

Sick. Small crown Svo, 3J. dd.

STEPHEN, Caroline ^.—Quaker Strongholds. Crown Svo, Sj.

Theology and Piety alike Free ; from the Point of View of

Manchester New College, Oxford. A Contribution to

its effort offered by an old Student. Demy Svo, 9^.
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TRENCH, Archbishop.—'NoXes on the Parables of Our Lord.
8vo, I2s. Cheap Edition. Fifty-sixth Thousand, yj. 6d.

Notes on the Miracles of Our Lord. 8vo, i2.r. Cheap
Edition. Forty-eighth Thousand, 'js. 6d.

Studies in the Gospels. Fifth Edition, Revised. 8vo, loj. 6d.

Brief Thoughts and Meditations on Some Passages in
Holy Scripture. Third Edition. Crown 8vo, 35-. 6d.

Synonyms of the New Testament. Tenth Edition, En-
larged. 8vo, 12s.

Sermons New and Old. Crown 8vo, 6s.

Westminster and other Sei-mons. Crown 8vo, 6s.

On the Authorized Version of the New Testament.
Second Edition. 8vo, Js.

Commentary on the Epistles to the Seven Churches in
Asia. Fourth Edition, Revised. 8vo, Ss. 6d.

'^^^^^Q^^rnon on the Mount. An Exposition drawn from the
Writings of St. Augustine, with an Essay on his Mt;rits as an
Interpreter of Holy Scripture. Fourth Edition, Enlarged. 8vo,
los. 6d.

'SI
Shipwrecks of Faith. Three Sermons preached before the

University of Cambridge in May, 1867. Fcap. 8vo, 2s. 6d.

TRINDER, Rev. iP.-The Worship of Heaven, and other
Sermons. Crown 8vo, 5^.

WARD, WilJrid.-flY,^ Wish to Believe. A Discussion Concern-
ing the Temper of Mind in which a reasonable Man should
undertake Religious Inquiry. Small crown Svo, Sj.

WARD,mmam George, Rh.E>.—KssaYS on the Philosophy of
X neism. Edited, with an Introduction, by Wilfrid Ward
2 vols. Demy Svo, 2ij.

What is Truth ? A Consideration of the Doubts as to the Efficacy of

•'Nemo"''''
Evolutionists, Materialists, and others. By

VVILHELM, Joseph, D.D., and SCANNELL, Thomas B., B.D -AManual of Catholic Theology. Based on Scheeben's
Dogmatik. 2 vols. Demy Svo. Vol. I., 15J.

WYNELL.MA YOW, S. i^.-The Light of Reason. Crown Svo, 5..
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ENGLISH AND FOREIGN PHILOSOPHICAL LIBRARY.

Augusts Gomte and Positivism. By the late John Stuart
Mill. Third Edition. 3J. 6d.

Candid Examination of Theism (A). By Physicus. Second
Edition, "js. 6d.

Colour-Sense (The) : Its Origin and Development. An Essay in

Comparative Psychology. By Grant Allen, ioj, 6d.

Contributions to the History of the Development of the
Human Race. Lectures and Dissertations. By L/\ZARi"s

Geiger. Translated from the German by D. Asher. 6s.

Greed of Christendom (The). Its Foundations contrasted with

its Superstructure. By W. R. Greg. Eighth Edition. 2 vols.

Dr. Appleton: His Life and Literary Relics. By J. H. Appleton
and A. H. Sayce. ioj. 6d.

Edgar Quinet : His Early Life and Writings. By Richard Heath.
With Portraits, Illustrations, and an Autograph Letter. 12s, 6d.

Emerson at Home and Abroad. By M. D. Conway. With
Portrait, los. 6d.

Enigmas of Life. By W. R. Greg. Seventeenth Edition, ioj. 6d.

Essays and Dialogues of Giacomo Leopardi. Translated by

Charles Edwardes. With Biographical Sketch. 7j. 6d.

Essence of Christianity ^(The). By L. Feuerbach. Translated

from the German by Marian Evans. Second Edition. 7j. 6d.

Ethic Demonstrated in Geometrical Order and Divided
into Five Parts, which treat (i) Of God, {2) Of the Nature

and Origin of the Mind, (3) Of the Origin and Nature of the

Affects, (4) Of Human Bondage, or of the Strength of the Affects,

(5) Of the Power of the Intellect, or of Human Liberty. By

Benedict de Spinoza. Translated from the Latin by William

Hale White, ioj. 6d.

Guide of the Perplexed of Maimonides (The). Translated

from the Original Text and Annotated by M. Friedlander.

3 vols. 3 1J. 6(/.

Historv of Materialism (A), and Criticism of its present Impor-

tance. By Prof. F. A. Lange. Authorized Translation from

the German by Ernest C. Thomas. In 3 vols. ioj. 6</. each.

Johann Gottlieb Fichte's Popular Works. The Nature of

the Scholar; The Vocation of the Scholar; The Vocation of

Man • The Doctrine of Religion ; Characteristics of the Present

Age ; Outlines of the Doctrine of Knowledge. With a Memoir

by William Smith, LL.D. 2 vols. 21J.
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Moral Order and Progress. An Analysis of Ethical Conceptions.
By S. Alexander. 14J.

Natural Law. An Essay in Ethics. By Edith Simcox. Second
Edition, xos. 6d.

Outlines of the History of Religion to the Spread of the
Universal Religions. By Prof. C. P. Tiele. Translated
from the Dutch by J. EsTLiN Carpenter. Fourth Edition.
'js. 6d.

Philosophy of Law (The). By Prof. Diodato Lioy. Translated
by W. Hastie.

Philosophy of Music (The). Lectures delivered at the Royal Insti-
tution of Great Britain. By WiLLlAM Pole, KR.S. Second
Edition, "js. 6d.

Philosophy of the Unconscious (The). By Eduard Von
Hartmann. Translated by William C. Coupland. 3 vols.

3 1 J. 6d.

Religion and Philosophy in Germany. A Fragment. By
Heinrich Heine. Translated by J. Snodgrass. 6s.

Religion in China. Containing a brief Account of the Three
Religions of the Chinese ; with Observations on the Prospects of
Christian Conversion amongst that People. By Joseph Edkins.
D.D. Third Edition, yj. 6d.

Science of Knowledge (The). By J. G. Fichte. Translated from
the German by A. E. Kroeger. With an Introduction by Prof.
W. T. Harris. 10s. 6d.

Science of Rights (The). By J. G. Fichte. Translated from the
German by A. E. Kroeger. With an Introduction by Prof.
W. T. Harris. 12s. 6d.

World as Will and Idea (The). By Arthur Schopenhauer.
Translated from the German by R. B. Haldane and John
Kemp. 3 vols. £2 loj.

Ex!m Series.

An Account of the Polynesian Race : Its Origin and Migra-
tions, and the Ancient History of the Hawaiian People. ByAbraham Fornander. 3 vols. 27J.

Lessing
:
His Life and Writings. By James Sime. Second Edition.

2 vols. With Portraits. 21s.

Oriental Religions, and their Relation to Universal Religion—India.By Samuel Johnson. 2 vols. 21s.
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SCIENCE.

BADER, C",—The Natural and Morbid Changes of the
Human Eye, and their Treatment, Medium 8vo, ids.

Plates illustrating the Natural and Morbid Changes of
the Human Eye. With Explanatory Text, Medium 8vo,
in a portfolio, 2if, Price for Text and Atlas taken together,

I2J.

BICKNELL, C—Flowering Plants and Ferns of the Riviera •

and Neighbouring Mountains. Drawn and described
by C. BiCKNELL. With 82 full-page Plates, containing Illus-

trations of 350 Specimens. Imperial 8vo, half-roan, gilt edges,

BLATER, Table of Quarter-Squares of all Whole
Numbers from 1 to 200,000. For Simplifying Multipli-

cation, Squaring, and Extraction of the Square Root. Royal
4to, half-bound, 21J.

Table of Napier. Giving the Nine Multiples of all Numbers.
Cloth case, \s. 3^,

BROWNE, Edgar A.—How to use the Ophthalmoscope, Being
Elementary Instruction in Ophthalmoscopy, Third Edition.

Crown 8vo, 3^. 6d.

BUNGE, G.—Text-Book of Physiological and Pathological
Chemistry. For Physicians and Students. Translated from

the German by L, C. Woodbridge, M.D. Demy 8vo, ids.

CALLEJA, Camilo, i7/.Z>.—Principles of Universal Physiology.
Crown 8vo, y. 6d.

CANDLER, C—The Prevention of Consumption : A New
Theory of the Nature of the Tubercle-Bacillus. Demy Svo, los. dd.

The Prevention of Measles. Crown Svo, Sj.

CARPENTER, W. B.—The Principles of Mental Physiology.

With their Applications to the Training and Discipline of the

Mind, and the Study of its Morbid Conditions. Illustrated,

Sixth Edition, Svo, 12s.

Nature and Man. With a Memorial Sketch by the Rev. J.

ESTLIN Carpenter. Portrait. Large crown Svo, Ss. 6d.

COTTA B von.—Geology and History. A Popular Exposition of

'all that is known of the Earth and its Inhabitants in Pre-lustonc

Times. l2mo, 2s.

DANA, James D.—K Text-Book of Geology, designed for Schools

and Academies. Illustrated. Crown Svo, lOJ.

Manual of Geology. Illustrated by a Chart of the World, and

over 10.0 Fi^uies. Svo, 211.
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DANA, James D—continued.

The Geological Story Briefly Told. Illustrated. i2mo,

7j. 6d.

A System of Mineralogy. By J. D. Dana, aided by G. J.

Brush. Fifth Edition, Royal 8vo, £2 2s.

Manual of Mineralogy and Petrography. Fourth Edition.

Numerous Woodcuts. Crown 8vo, 8j. 6d.

DANA, E. S.—A Text-Book of Mineralogy. With Treatise on
Crystallography and Physical Mineralogy. Third Edition. 800
Woodcuts and I Coloured Plate. 8vo, 15J.

DU MONCEL, Count.—The Telephone, the Microphone, and
the Phonograph. With 74 Illustrations. Third Edition.

Small crown 8vo, 5'S''

DYMOCK, The Vegetable Materia Medica of Western
India. 4 Parts. 8vo, 5^. each.

FEATHERMAN, The Social History of the Races of
Mankind. Demy 8vo. Div. I. The Nigritians. £\ \\s. 6d.

Div. II. -I. Papuo and Malayo Melanesians. £l ^s. Div. II.-
II. Oceano-Melanesians. £1 5^. Div. III. -I. Aoneo-Marano-
nians. 25J. Div. III.-II. Chiapo and Guazano Maranonians.
28^. Div. V. The Aramaeans. £1 is.

FITZGERALD, R. Z*.—Australian Orchids. Folio. Part I.

7 Plates. Part II. 10 Plates. Part III. 10 Plates. Part IV.
10 Plates. Part V. 10 Plates. Part VI. 10 Plates. Each Part,
coloured, 7.\s.

; plain, loj. dd. Part VII. 10 Plates. Vol. II.,

Part I. 10 Plates. Each, coloured, 2^s.

CALLOWAY, Robert.—K. Treatise on Fuel. Scientific and Prac-
tical. With Illustrations. Post 8vo, 6^.

Education : Scientific and Technical ; or, How the In-
ductive Sciences are Taught, and How they Ought to be Taught.
8vo, lOJ, M.

HAECICEL, Prof. Ernst.— History of Creation. Translation
revised by Professor E. Ray Lankester, M.A., F.R.S. With
Coloured Plates and Genealogical Trees of the various groups
of both Plants and Animals. 2 vols. Third Edition. Post
8vo, 32J.

The History of the Evolution of Man. With numerous
Illustrations. 2 vols. Post 8vo, 32J.

A Visit to Ceylon. Post 8vo, ^s. 6d.

Freedom in Science and Teaching. With a Prefatory Note
by T. H. Huxley, F.R.S. Crown Svo, 5J.

IIEIDENIIAIN, Rudolph, iT/.Z?.—Hypnotism, or Animal Mag-
netism. With Preface by G. J. Romanes. Second Edition.
Small crown Svo, 2s. 6d.
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HENWOOD, William y^/^.-The Metalliferous Deposits ofCornwall and Devon. With Appendices on Subterranean
Temperature

; the Electricity of Rocks and Veins ; the Quan-
tities of Water in the Cornish Mines ; and Mining Statistics.
With H3 Tables, and 12 Plates, half-bound. 8vo, £2 2s.

Observations on Metalliferous Deposits, and on Sub-
terranean Temperature. In 2 Parts. With 38 Tabic,
31 Engravings on Wood, and 6 Plates. Svo, £i iSs.

HOSPITALIER, The Modern Applications of Electricity.
Translated and Enlarged by Julius Maier, Ph.D. 2 vols.
Second Edition, Revised, with many additions and numerous
Illustrations. Demy Svo, 25^-.

HULME, F. ^(/wari/.—Mathematical Drawing Instruments
and How to Use Them. With Illustrations. Third
Edition. Imperial i6mo, 3J, dd,

INMAN, James.—'NsiMXxcal Tables. Designed for the Use of British
Seamen. New Edition, Revised and Enlarged. Demy Svo, i6s.

KINAHAN, G. Z^.—Valleys and their Relation to Fissures,
Fractures, and Faults. Crown Svo, 7^. bd.

KLEIN, Felix.—Lectures on the Ikosahedron, and the Solution
of Equations of the Fifth Degree. Translated by G. G. Morrice.
Demy Svo, lOJ. dd.

LENDENFELD, F. von.—Monograph of the Horny Sponges.
With 50 Plates. Issued by direction of the Royal Society.

4to, ;^3-

LESLEY, y. P.—Man's Origin and Destiny. Sketched from the

Platform of the Physical Sciences. Second Edition. Crown
Svo, 7j. 6d.

LIVERSIDGE, .4.—The Minerals of New South Wales, etc.

With large Coloured Map. Royal Svo, \%s.

MlFAR T, Si. George.—On Truth. Demy Svo, iGs.

The Origin of Human Reason. Demy Svo, loj. 6d.

N2C0LS, Arthur, F.G.S., F.R.G.S.—Ch.a^leTS from the Physical
History of the Earth. An Introduction to Geolog)' and
Pala-'ontology. With numerous Ilkistralions. Crown Svo, 51.

PYEf Walter.—Surgical Handicraft, A Manual of Surgical Mani-
pulations. With 233 Illustrations on Wood, Second Edition.

Crown Svo, loj. 6d.

Elementary Bandaging and Surgical Dressing. For the

Use of Dressers and Nurses. iSmo, 2s.

RAMSA y, E. F.—Tabular List of all the Australian Birds at
present known to the Author, Crown 410, 12s. 6d.
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RIBOTy Prof. Th.—Heredity: A Psychological Study of its Phenomena,

'its Laws, its Causes, and its Consequences. Second Edition.

Large crown 8vo, gj.

English Psychology. Crown 8vo, Is. 6d.

RODD, Ediuard Hearle.— Birds of Cornwall and the Scilly

Islands. Edited by J. E. Harting. With Portrait and

Map. 8vo, 14J.

ROMANES, G. y. — Mental Evolution in Animals. With a

Posthumous Essay on Instinct by Charles Darwi.v, F.R.S.

Demy Svo, \2s.

Mental Evolution in Man : Origin of Human Faculty.
Demy Svo, 14s'.

ROSS, IJeut.-Colonel W. ^.—Alphabetical Manual of Blow-
pipe Analysis. Crown Svo, ^s.

Pyrology, or Fire Chemistry. Small 4to, 36J.

SCHWENDLER, Zi?«?j.—Instructions for Testing Telegraph
Lines, and the Technical Arrangements in Offices. 2 vols.

Demy Svo, 2Ij.

SMITH, Hamilio7i,Jiin.—'ii.-s[&V2iyx\\c,s. The Flow of Water through

Orifices, over Weirs, and through Open Conduits and Pipes.

With 17 Plates. Royal 4to, 30J-.

STRECKER-WISLICENUS.—OvQa.nic Chemistry. Translated and
Edited, with Extensive Additions, by W. R. Hodgkinson,
Ph.D., and A. J. Greenaway, F.I.C. Second and cheaper

Edition. Demy Svo, 12^. 6d.

SYMONS, G. /.—The Eruption of Krakatoa, and Subse-
quent Phenomena. Report of the Krakatoa Committee of

the Royal Society. Edited by G. J. Symons, F.R.S. With 6
Chromolithographs of the Remarkable Sunsets of 1SS3, ^"'i 4^
Maps and Diagrams. 4to, ioj.

WANKLYN, J. Milk Analysis. A Practical Treatise on the

Examination of Milk and its Derivatives, Cream, Butter, and
Cheese, Second Edition. Crown Svo, 5j.

Tea, Coffee, and Cocoa. A Practical Treatise on the Analysis
of Tea, Coffee, Cocoa, Chocolate, Mate (Paraguay Tea). Crown
Svo, 5j.

WANKLYN, y. A., and COOPER, W. 7.—Bread Analysis. A
Practical Treatise on the Examination of Flour and Bread.
Crown Svo, 5^.

WANKLYN, J. A., and CHAPMAN, E. T".—Water Analysis. A
Treatise on the Examination of Potable Water. Seventh Edition.
Entirely rewritten. Crown Svo, 5j.
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^'^^^^Id- ^-^-The Ice Age In North America,and Its bearing upon the Antiquity of Man. WitllMaps and Illustrations. 8vo, 2ij.
"

THE INTERNATIONAL SCIENTIFIC SERIES.

I. Forms of Water In Clouds and Rivers, Ice and Glaciers
By J. Tyndall, LL.D., F.R.S. With 25 Illustrations. Ninth
Edition. 5j.

II. Physics and Politics
; or, Thoughts on the Application of the

Principles of "Natural Selection " and " Inheritance " to Political
Society. By Walter Bagehot. Eighth Edition. 5J.

III. Foods. By Edward Smith, M.D., LL.B., F.R.S. With numerous
Illustrations. Ninth Edition. 5^.

IV. Mind and Body: the Theories of their Relation Bv
Alexander Bain, LL.D. With Four Illustrations. Eighth
Edition. 5j.

^

V. The Study of Sociology. By Herbert Spencer. Fourteenth
Edition. 5j.

VL The Conservation of Knergy. By Balfour Stewart, M.A.,
LL.D,, F.R.S. With 14 Illustrations. Seventh Edition. 5J.

VII. Animal Locomotion
; or, Walking, Swimming, and Flying By

J. B Pettigrew, M.D., F.R.S., etc. With 130 Illustrations.
Third Edition, e^s.

VIII. Responsibility in Mental Disease. By Henry Maudslev
M.D. Fourth Edition. 5^.

^ ^'

IX. The New Chemistry. By Professor J. P. Cooke. With 31
Illustrations. Ninth Edition. 5j.

X. The Science of Law. By Professor Sheldon Amos. Sixth Edition

XL Animal Mechanism : a Treatise on Terrestrial and Aerial Loco-
motion. By Professor E. J. Marey. With 117 Illustrations.
Third Edition. 5J.

XII. The Doctrine of Descent and Darwinism. By Professor
Oscar Schmidt. With 26 Illustrations. Seventh Edition. 5^.

XIII. The History of the Conflict between Religion and
Science. By J. W. Draper, M.D., LL.D. Twentieth Edition.

XIV. Fungi : their Nature, Influences,'and Uses. By ]\r. C.
Cooke, M,A., LL.D, Edited by the Rev, l\r. J. Berkeley, M.A,,
F,L.S. With numerous Illustrations. Fourtli Edition. 5^.
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XV. The Chemistry of Light and Photography. By Dr.
Hermann Vogel. With 100 Illustrations. Fifth Edition. 5j-.

XVI. The Life and Growth of Language. By Professor William
Dwight Whitney. Fifth Edition. 5J.

XVII. Money and the Mechanism of Exchange. By W.
Stanley Jevons, M.A., F.R.S. Eighth Edition. 5^.

XVIII. The Nature of Light. With a General Account of Physical
Optics. By Dr. Eugene Lommel. With 188 Illustrations and a
Table of Spectra in Chromo-lithography. Fifth Edition. 5^-.

XIX. Animal Parasites and Messmates. By P. J. Van Beneden.
With 83 Illustrations. Third Edition. 5^.

XX. On Fermentation. By Professor Schiitzenberger. With 28
Illustrations. Fourth Edition. 5j.

XXI. The Five Senses of Man. By Professor Bernstein. With
91 Illustrations. Fifth Edition. 5^.

XXII. The Theory of Sound in its Relation to Music. By
Professor Pietro Blaserna. With numerous Illustrations. Third
Edition. 5^.

XXIII. Studies in Spectrum Analysis. By J. Norman Lockyer,
I'.R.S. With 6 Photographic Illustrations of Spectra, and
numerous engravings on Wood. Fourth Edition. 6j-. (>d.

XXIV. A History of the Growth of the Steam Engine. By
Professor R. H. Thurston. With numerous Illustrations. Fourth
Edition. 5j.

XXV. Education as a Science. By Alexander Bain, LL.D. Seventh
Edition. 5j.

XXVI. The Human Species. By Professor A. de Quatrefages. Fifth
Edition. 5J-.

^

XXVII. Modern Chromatics. With Applications to Art and In^
dustry By Ogden N. Rood. With 130 original Illustrations.
Second Edition. 5^.

XXVIII. The Crayfish : an Introduction to the Study of Zoology. By
Professor T. H. Huxley. With 82 Illustrations. Fifth Edition, 5^.

XXIX. The Brain as an Organ of Mind. By H. Charlton Bastian,M.D. With numerous Illustrations. Third Edition. 5^.

XXX. The Atomic Theory. By Professor Wurtz. Translated by E.Clemmshaw, F.C.S. Fifth Edition. Sj.

^

XXXI. The Natural Conditions of Existence as they affectAnimal Life. By Karl Semper. With 2 Maps and 106Woodcuts. Third Edition. 5^.
^ °

XXXII. General Physiology of Muscles and Nerves. Bv Pro.
lessor J. Rosenthal. Third Edition. With 75 Illustrations; S.
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XXXIII. Sight : an Exposition of the Principles of Monocular and
Binocular Vision. By Joseph le Conte, LL.D. Second Edition.

With 132 Illustrations. 5j.

XXXIV. Illusions : a Psychological Study. By James Sully, Third
Edition. 5^.

XXXV. Volcanoes : what they are and what they teach.
By Professor J. W. Judd, F.R.S. With 96 Illustrations on
Wood. Fourth Edition. 5J.

XXXVI. Suicide : an Essay on Comparative Moral Statistics, By Pro-

fessor H. Morselli. Second Edition. With Diagrams. 5j-.

XXXVII. The Brain and its Functions. By J. Luys. With
Illustrations. Second Edition. 5j.

XXXVIII. Myth and Science : an Essay. By Tito Vignoli. Third

Edition. With Supplementary Note. 5^.

XXXIX. The Sun. By Professor Young. With Illustrations. Third

Edition. 5j.

XL. Ants, Bees, and Wasps : a Record of Observations on the

Habits of the Social Hynienoptera. By Sir John Lubbock, Bart.,

M.P. With 5 Chromo-lkhographic Illustrations. Ninth Edition.

XLI. Animal Intelligence. By G. J. Romanes, LL.D., F.R.S.

Fourth Edition. 5j.

XLII. The Concepts and Theories of Modem Physics. By

J. B. Stallo. Third Edition. S^-

XLIII. Diseases of Menaory an Essay in the Positive Psychologj'.

By Professor Th. Ribot. Third Edition. 5j.

XLIV. Man before Metals. By N. Joly. With 148 Illustrations.

Fourth Edition. $s.

XLV. The Science of Politics. By Professor Sheldon Amos. Third

Edition. 5j.

XLVI. Elementary Meteorology. By Robert H. Scott Fourth

Edition. With numerous Illustrations. 5J.

XLVII. The Organs of Speech and their Application in the

Formation of Articulate Sounds. By Georg Hermann

Von Meyer. With 47 Woodcuts. 5j.

XLVIII. Fallacies. A View of Logic from the Practical Side. By

Alfred Sidgwick. Second Edition. 5^.

XLIX. Origin of Cultivated Plants. By Alphonse de Candolle.

Second Edition. 5 J.

L. Jelly-Fish, Star-Fish, and Sea-Urchins. Being a Reseaxch

on Primitive Nervous Systems. By G. J. Romanes. With

Illustrations. 5j.
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LI. The Common Sense of the Exact Sciences. By the late

William Kingdom Clifford. Second Edition. With loo Figures.

LI I. Physical Expression : Its Modes and Principles. By
Francis Warner, M.D., F.R.C.P., Hunterian Professor of Com-
parative Anatomy and ^Physiology, R.C.S.E. With 50 Illus-

trations. 5j.

LIII. Anthropoid Apes. By Robert Hartmann. With 63 Illustra-

tions, ^s.

LIV. The Mammalia in their Relation to Primeval Times.
By Oscar Schmidt. With 51 Woodcuts, t^s.

LV. Comparative Literature. By H. Macaulay Posnett, LL.D. 5j-.

LVI. Earthquakes and other Earth Movements. By Professor

John Milne. With 38 Figures. Second Edition, ^s.

LVII. Microbes, Ferments, and Moulds. By E. L. Trouessart.

With 107 Illustrations. 5j.

LVIII. Geographical and Geological Distribution of Animals*
By Professor A. Heilprin. With Frontispiece. 5^.

LIX. Weather. A Popular Exposition of the Nature of W^eather
Changes from Day to Day. By tlie Hon. Ralph Abercromby.
Second Edition. With 96 Illustrations. 5j.

LX. Animal Magnetism. By Alfred Binet and Charles Fe're.

Second Edition. 5^.

LXI. Manual of British Discomycetes, with descriptions of all the

Species of Fungi hitherto found in Britain included in the Family,
and Illustrations of the Genera. By William Phillips, F.L.S. ^s.

LXII. International Law. With Materials for a Code of Inter-

national Law. By Professor Leone Levi. 5J.

LXIII. The Geological History of Plants. By Sir J. William
Dawson. With 80 Figures. 5j.

LXIV. The Origin of Floral Structures through Insect
and other Agencies. By Rev. Professor G. Henslow. With
88 Illustrations, ^s.

LXV. On the Senses, Instincts, and Intelligence of Animals.
With special Reference to Insects. By Sir John Lubbock, Bart.,

M.P. 100 Illustrations. Second Edition. 5^.

LXVI. The Primitive Family : Its Origin and Development*
By C. N. Starcke. 5^.

LXVII. Physiology of Bodily Exercise. By Fernand Lagranee*
M.D. fx.
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LXVIII The Colours of Animals: their Meaning and Useespecially considered in the Case of Insects. By E BPoulton, F.R.S. With Coloured Frontispiece and 66 IllustraUoS
in 1 ext. jj,

LXIX. Ijt^oducti^on to Fresh-Water Algae. With'an Enumera.
tion of all the Bntish Species. By M. C. Cooke. 13 Plates. 5;.

ORIENTAL, EGYPTIAN, ETO.

AHLWARDT, Jf^-The Divans of the Six Ancient Arabic
Poets, Ennabiga, 'Antara, Tharafa, Zuhair, 'AJ-
quanaa, and Imruulquais. Edited by W. AhlwardtDemy 8vo, I2J.

ALABASTER Henry.— Wheel of the Law : Buddhism iUus-
trated from Siamese Sources. Demy 8vo, 14J.

ALI, Moiilavi Cherdgh.—T:h.Q Proposed Political, Legal and
Social Reforms in the Ottoman Empire and otherMohammedan States. Demy 8vo, 8j.

ARNOLD, Sir Edwm, C.^./.—With Sa'di in the Garden or
The Book of Love. Being the " Ishk," or Third Chapter of
the "Bostan" of the Persian Poet Sa'di. Embodied in a Dia-
logue held in the Garden of the Taj Mahal, at Agra. Crown 8vo,
7j. 6d,

'

Lotus and Jewel. Containing "In an Indian Temple," "A
Casket of Gems," "A Queen's Revenge," with Other Poems.
Second Edition. Crown 8vo, 7j. 6d,

Death—and Afterwards. Reprinted from the Fortnightly
Review oi KyxgM%t, 1885. With a Supplement. Ninth Edition.
Crown 8vo, \s. 6d.

; paper, is,

India Revisited. With 32 Full-page Illustrations. From Photo-
graphs selected by the Author. Crown 8vo, 7j-. 6d.

The Light of Asia
; or, The Great Renunciation. Being the

Life and Teaching of Gautama, Prince of India, and Founder
of Buddhism. With Illustrations and a Portrait of the Author.
Post 8vo, cloth, gilt back and edges ; or half-parchment, cloth

sides, 3J. 6d. Library Edition. Crown 8vo, yj. 6d, Illustrated

Edition. Small 4to, 2ij.

Indian Poetry. Containing " The Indian Song of Songs," from
the Sanskrit of the Gita Govinda of Jayadeva ; Two Books from
"The Iliad of India ; " and other Oriental Poems. Fifth Edition.

7j. 6d
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ARNOLD, Sir Edwin, C.SJ.—continued.

Pearls of the Faith ; or, Islam's Rosary : being the Ninety-nine

beautiful names of Allah. "With Comments in Verse from various

Oriental sources. Fourth Edition. Crown 8vo, 7j. dd.

Indian Idylls. From the Sanskrit of the Mahabharata. Crown
8vo, 7j. td.

The Secret of Death. Being a Version of the Katha Upanishad,
from the Sanskrit. Third Edition. Crown 8vo, 7j. 612^.

The Song Celestial ; or, Bhagavad-Gita. Translated from the

Sanskrit Text. Second Edition. Crown Bvo, 5^.

Poetical Works. Uniform Edition, comprising "The Light of

Asia," Indian Poetry," " Pearls of the Faith," " Indian Idylls,"

"The Secret of Death," "The Song Celestial," and "With
Sa'di in the Garden." In 8 vols. Crown Bvo, cloth, 48J.

The Iliad and Odyssey of India. Fcap. 8vo, is.

A Simple Transliteral Grammar of the Turkish Lan-
guage. Post Bvo, is. bd.

Asiatic Society.—Journal of the Royal Asiatic Society of
Great Britain and Ireland, from the Commencement to

1863. First Series, complete in 20 vols. 8vo, with many Plates,

;^lo, or in parts from 4^. to 6s. each.

Journal of the Royal Asiatic Society of Great Britain
and Ireland. New Series. Bvo. Stitched in wrapper.
1864-B8.

Vol. I., 2 Parts, pp. iv. and 490, 16s.—Vol. II., 2 Parts, pp. 522, i6s.—Vol. III., 2 Parts, pp. 516, with Photograph, 22s.—Vol. IV., 2 Parts,

pp. 521, i6j.—Vol. v., 2 Parts, pp. 463, with 10 full-page and folding
Plates, i8j. 6^.—Vol. VI., Part I, pp. 212, with 2 Plates and a Map, 2>s.

—Vol. VI., Part 2, pp. 272, with Plate and a Map, Bj.—Vol. VII., Part i,

pp. 194, with a Plate, 8j.—Vol. VII., Part 2, pp. 204, with 7 Plates and
a Map, 8j.—Vol. VIII., Part i, pp. 156, with 3 Plates and a Plan, Bj.
—Vol. VIII., Part 2, pp. 152, Bj.—Vol. IX., Part I, pp. 154, with a
Plate, 8j.—Vol. IX., Part 2, pp. 292, with 3 Plates, lor. 6d.~Yo\. X.,
Part I, pp. 156, with 2 Plates and a Map, Bj.—Vol. X., Part 2, pp. 146,
6j.—Vol. X., Part 3, pp. 204, 8j.—Vol. XI., Part i, pp. 128, 5J.—Vol.
XI., Part 2, pp. 158, with 2 Plates, -js. 6^/.—Vol. XI., Part 3, pp. 250,
8j.—Vol. XII., Part i, pp. 152, 5^.—Vol. XII., Part 2, pp. 182, with 2
Plates and a Map, 6j.—Vol. XII., Part 3, pp. 100, 4J.—Vol. XII., Part 4,
pp. X., 152, cxx., 16, Bj.—Vol. XIII., Part I, pp. 120, 5^.—Vol. XIII.,
Part 2, pp. 170, with a Map, Bj.—Vol. XIII., Part 3, pp. 17B, with a
Table, ^s. ed.—Wo\. XIII., Part 4, pp. 282, with a Plate and Table,
loj. 6</.—Vol. XIV., Part i, pp. 124, with a Table and 2 Plates, qj.

Vol. XIV., Part 2, pp. 164, with i Table, ^s. 6d.—Yo\. XIV., Part'

3

pp. 206, with 6 Plates, Bj.—Vol. XIV., Part 4, pp. 492, with i Plate'
14J.—Vol. XV., Part i, pp. 136, 6j-.—Vol. XV., Part 2, pp. 158, with
3 Tallies, 5^.—Vol. XV., Part 3, pp. 192, 6j.—Vol. XV., Part 4, pp
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Asiatic Society

—

continued.

140, 5J.—Vol. XVI, , Part I, pp. 138, with 2 Plates, 7j.—Vol. XVI.,
Part 2, pp. 184, with i Plate, gj.—Vol. XVI., Part 3, July, 1884, pp.
74-clx., loj. 6^^.—Vol. XVI., Part 4, pp. 132, 8j.—Vol. XVII., Part i,

pp. 144, with 6 Plates, \Qs. 6d.—Vol. XVII., Part 2, pp. 194, with a
Map, gj.—Vol. XVII., Part 3, pp. 342, with 3 Plates, loj. 6«/.—Vol,
XVIII. , Part I, pp, 126, with 2 Plates, 5i-,—Vol, XVIII., Part 2, pp.
196, with 2 Plates, 6s.—Vol. XVIII., Part 3, pp. 130, with 11 Plates,
loj. 6d.—\o\. XVIII., Part 4, pp. 314, with S Plates, ys. 6r/.—Vol.
XIX. , Part I, pp. 100, with 3 Pktes, loj-.—Vol. XIX., Part 2, pp. 156,
with 6 Plates, \os.—Vol. XIX., Part 3, pp. 216, with 6 Plates, loj.

—

Vol. XIX., Part 4, pp. 216, with i Plate, ioj.—Vol. XX., Part i, pp,
163, lOJ.—Vol. XX., Part 2, pp. 155, ioj.—Vol. XX., Part 3, pp. 143,
with 3 Plates and a Map, los.—Vol. XX., Part 4, pp. 318, los.

ASTON, W. G.—A Short Grammar of the Japanese Spoken
Language. Fourth Edition. Crown 8vo, 12s.

A Grammar of the Japanese Written Language. Second
Edition. 8vo, 28s.

Auctores Sanscrit!

Vol, I. The Jaiminfya-Nyaya-Mala-Vistara. Edited
under the supervision of Theodor Goldstucker. Large 4to,

£3 13^-

Vol. II. The Institutes of Gautama. Edited, with an Index of

Words, by A. F. Stenzler, Ph.D., Prof, of Oriental Languages
in the University of Breslau. 8vo, cloth, 4s. 6d, ; stitched, 3J. 6d.

Vol. III. Vaitana Sutra : The Ritual of the Atharva
Veda. Edited, with Critical Notes and Indices, by Dr. R.

Garbe. 8vo, 5j.

Vols. IV. and V. Vardhamana's Ganaratnamahodadhi,
with the Author's Commentary. Edited, with Critical Notes

and Indices, by JULIUS Eggeling. Part I. 8vo, 6s. Part II.

8vo, 6s.

BABA, Tdtui.—An Elementary Grammar of the Japanese
Language. With Easy Progressive Exercises. Second Edi-

tion, Crown 8vo,

BADGER, George Percy, D.C.L.—Kn English-Arabic Lexicon.
In which the equivalent for English Words and Idiomatic

Sentences are rendered into literary and colloquial Arabic.

Royal 4to, 8oj.

BALFOUR, F. //.—Tlie Divine Classic of Nan-Hua, Being the

Works of Chuang Tsze, Taoist Philosopher. Svo, 14s.

Taoist Texts, Ethical, PoUtical, and Speculative. Imperial Svo,

loj. 6d.

Leaves from my Chinese Scrap-Book. Post Svo, 7s, 6d.
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BALLANTYNEyJ. ^.—Elements of Hindi and Braj Bhakha
Grammar. Compiled for the use of the East India College at

Haileybury. Second Edition. Crown 8vo, 5J.

First Lessons in Sanskrit Grammar ; together with an In-

troduction to the Hitopadesa. Fourth Edition. 8vo, 3^. 6d.

BEAL, S.—A Catena of Buddhist Scriptures from the
Chinese. Svo, 15J.

The Romantic Legend of Sakya Buddha. From the

Chinese-Sanskrit. Crown Svo, 12s.

Buddhist Literature in China. Four Lectures. Demy Svo,

10J. 6d.

BEAMES, /o/m.—Ontlines of Indian Philology. With a Map
showing the Distribution of Indian Languages. Second en-

larged Edition. Crown Svo, 5^.

A Comparative Grammar of the Modern Aryan Lan-
guages of India : Hindi, Panjabi, Sindhi, Gujarati, Marathi,

Oriya, and Bengali. 3 vols. l6s. each.

BELLEW, Deputy-Surgeon-GetieralH. W.—The History of Cholera
in India from 1862 to 1881. With Maps and Diagrams.
Demy Svo, £2 2s,

A Short Practical Treatise on the Nature, Causes, and
Treatment of Cholera. Demy Svo, 7^. 6d.

From the Indus to the Tigris. A Narrative of a Journey
through Balochistan, Afghanistan, Khorassan, and Iran, in 1872,

Svo, los. 6d.

Kashmir and Kashghar. A Narrative of the Journey of the

Embassy to Kashghar in 1S73-74. Demy Svo, ioj. 6d.

The Races of Afghanistan. Being a Brief Account of the

Principal Nations inhabiting that Country. Svo, 7^. 6d.

BELLOWS, English Outline Vocabulary, for the Use
of Students of the Chinese, Japanese, and other
Languages. Crown Svo, 6s.

BENFEY, Theodor.—K Practical Grammar of the Sanskrit
Language, for the Use of Early Students. Second
Edition. Royal Svo, \os. 6d.

BENTLEY, W. Holman.—Dictionary and Grammar of the
Kongo Language, as spoken at San Salvador, the Ancient
Capital of the Old Kongo Empire, West Africa. Demy Svo, 2\s.

BEVERIDGE, H.—THie District of Bakarganj : Its History and
Statistics. Svo, 21s.

Buddhist Catechism (A) ; or. Outline of the Doctrine of the Buddha
Gotama. By Subhaura Bjiikshu. i2mo, 2s.
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BUDGE, Ernest A.—Archaic Classics. Assyrian Texts; being Ex-
liacts from the Annals of Shalmaneser II., Sennacherib, and
Assur-Bani-Pal. With Philological Notes. Small 410, "js. 6d,

BUJiCESSy James.—Archaeological Survey of Western India :—

Reports

—

The Belgam and Kaladi Districts, With 56 Photographs

and Lithographic Plates. Royal 4to, half-bound, £2 2s.

The Antiquities of Kathiawad and Kachh. Royal

4to, with 74 Plates. Half-bound, ^^3 3J.

The Antiquities in the Bidar and Aurangabad Dis-
tricts, in the Territories of His Highness the Nizam of Haider-

abad. With 63 Photographic Plates. Royal 4to, half-bound,

£2 2S.

The Buddhist Cave-Temples and their Inscriptions.

Containing Views, Plans, Sections, and Elevation of Fa9ades of

Cave-Temples ;
Drawings of Architectural and Mythological

Sculptures ; Facsimiles of Inscriptions, etc. ; with Descriptive

and Explanatory Text, and Translations of Inscriptions. With

86 Plates and Woodcuts. Royal 4to, half-bound, ^^3 3J.

Elura Cave-Temples, and the Brahmanical and
Jaina Caves in Western India. With 66 Plates and

Woodcuts. Royal 4to, half-bound, ^^3 3J.

Arcileological Survey of Southern India:—

Reports of the Amaravati and Jaggaypyaeta Bud-
dhist Stupas. Containing numerous Collotype and other

Illustrations of Buddhist Sculpture and Architecture, etc., in

South-Eastern India; Facsimiles of Inscriptions, etc.; with

Descriptive and Explanatory Text. Together with Transcrip-

tions, Translations, and Elucidations of the Dhauli and Jaugada

Inscriptions of Asoka, by Professor G. Buhler, LL.D. Vol. I.

With numerous Plates and Woodcuts. Royal 4to, half-bound,

BURGESS, ?fl7«^J.—Epigraphia Indica and Record of the

Archaeological Survey of India. Edited by Jas. Bur-

gess, LL.D. Parts I., II., and III. Royal 4to, wrappers,

'js. each. <,

BURNELL A. C—Elements of South Indian Palaeography,

from the Fourth to the Seventeenth Century a.d. Benig an

Introduction to the Study of South Indian Inscriptions and

MSS. Second enlarged and improved Edition. I^Iap and 35

Plates. 4to, £2 12s. 6d.

A Classified Index to the Sanskrit MSS. in the Palace

at Tanjore. Prepared for the Madias Government. 3 Parts.

4to, loj. each.
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CALDWELL, Bishop R.-K Comparative Grammar of the

Dravidian or South Indian Family of Languages.

A second, corrected, and enlarged Edition. Demy 8vo, 28j.

CAPPELLER, Carl—K Sanskrit-English Dictionary. Based

upon the St. Petersburg Lexicons. Royal 8vo. \_In preparation.

CHALMERS, /.—Structure of Chinese Characters, under 300

Primary Forms, after the Shwoh-wan, 100 A.D. Demy 8vo,

12^. 6d.

CHAMBERLALN, B. H.—K Romanised Japanese Reader.

Consisting of Japanese Anecdotes, Maxims, with English Trans-

lation and Notes. l2mo, 6j.

The Classical Poetry of the Japanese. Post 8vo, *js. 6d.

Handbook of Colloquial Japanese. 8vo, 12s. 6d.

CHATTER/I, Mohini M.—T^iQ Bhagavad Gita ; or, The Lord's

Lay. With Commentary and Notes. Translated from the

Sanskrit. Second Edition. Royal 8vo, los. 6d.

CHILDERS, R. C.—K Pali-English Dictionary, with Sanskrit

Equivalents. Imperial 8vo, is.

The Mahaparinibbanasutta of the Sutta Pitaka. The
Pali Text. Edited by R. C. Childers. 8vo, ^s.

CHINTAMON, H.—K. Commentary on the Text of the Bha-
gavad-Gfta ; or, The Discourse between Khrishna and Arjuna

of Divine Matters. Post 8vo, 6^.

COOMARA SWAMY, Mutu.—T'b-Q Dathavansa ; or. The History

of the Tooth Relic of Gotama Buddha, in Pali Verse. Edited by

MuTU CooMARA SwAMY. Demy 8vo, 10s. 6d. English

Translation. With Notes. 6s.

Sutta Nipata ;
or. Dialogues and Discourses of Gotama Buddha,

Translated from the original Pali. Crown 8vo, 6s.

CO WELL, E. B.—A Short Introduction to the Ordinary-
Prakrit of the Sanskrit Dramas. Crown 8vo, 3^. 6d.

Prakrita-Prakasa ; or. The Prakrit Grammar of Vararuchi,

with the Commentary (Manorama) of Bhamaha. 8vo, 14s.

CRA VEN, t:—English-Hindustani and Hindustani-English
Dictionary. i8mo, 3J. 6d.

CUNNLNGHAM^ Major-General Alexander.— Ancient Geo-
graphy of India. I. The Buddhist Period, including the

Campaigns of Alexander and the Travels of Hwen-Thsang.

With 13 Maps. 8vo, %s.

Archaeological Survey of India, Reports. With numerous
Plates. Vols. I. to XXIII. Royal 8vo, \os. and \-zs. each.

General Index to Vols. I. to XXIII. Roy:;! 8yo, I2j.
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CUST
,

iV.—Pictures of Indian Life, Sketched with the Pen
from 1852 to 1881. With Maps. Crown 8vo, -js. 6d.

DENNYS, N. B.~rh.e Folk-Lore of China, and its Affinities
with that of the Aryan and Semitic Races. 8vo, 10s. 6d.

DOUGLAS, R. -ff:—Chinese Language and Literature. Tv.o
Lectures. Crown Svo, ^s.

The Life of Jenghiz Khan. Translated from the Chinese.
Crown Svo, 5^.

DOWSON, John.—A. Grammar of the Urdu or Hindustani
Language. Second Edition. Crown 8vo, 10s. 6d.

A Hindiistanr Exercise Book. Containing a Series of Passages
and Extracts adapted for Translation into Hindiistanl. Crown
Svo, 2s. 6d.

DUKAy Theodore.—An Essay on the Brahiil Grammar. Demy
Svo, 3J. dd.

DUTT, Romesh Chttnder.—A History of Civilization in Ancient
India. Based on Sanscrit Literature. 3 vols. Crown Svo.

. Vol. I. Vedic and Epic Ages. 8j. Vol. II. Rationalistic Age.
Sj. Vol. III. \In preparation.

EDKINS, y^?ji?//j.—China's Place in Philology. An Attempt to

show that the Languages of Europe and Asia have a common
origin. Crown Svo, \os. 6d.

The Evolution of the Chinese Language. As Exemplifying
the Origin and Growth of Human Speech. Demy Svo, 4?. 6d.

The Evolution of the Hebrew Language. Demy Svo, 5j.

Introduction to the Study of the Chinese Characters.
Royal Svo, iSj.

Egypt Exploration Fund :

—

The Store-City of Pithom, and the Route of the Exodus.

By Edouard Naville. Third Edition. With 13 Plates and

2 Maps. Royal 4to, 25^-.

Tanis, • Part L, 1SS3-S4. By W. M. Flinders Petrie. With

19 Plates and Plans. Royal 4to, 25J.

Tanis. Part II. Nebesha, Daphnaa (Tahpenes). By W. M.
FLiNDERS Petrie and F. Ll. Griffith. 64 Plates. Royal

4to, 2Sj.

Naukratis. Part I. By W. M. Flinders Petrie, Cecil Smith,

E. A. Gardner, and B. V. Head. With 45 Plates. Royal 410,

25J.

Naukratis. Part II. By Ernest A. Gardner. With an

Appendix by F. Ll. Griffith. With 24 Plates. Royal 4to, 25.r.

Goshen. By E. Naville. With 11 Plates. Royal 410, 25^-.
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EITEL, E. 7.—Buddhism : Its Historical, Theoretical, and Popular

Aspects. Third, Revised Edition. Demy 8vo, 5^.

Handbook for the Student of Chinese Buddhism.
Second Edition. Crown 8vo, iSj.

ELLIOT, Sir H. il/.—Memoirs on the History, Folk-Lore,

and Distribution of the Races of the North-Western
Provinces of India. Edited by J. Beames. 2 vols. With

3 Coloured Maps. Demy 8vo, i6j.

The History of India, as told by its own Historians. The

Muhammadan Period. Edited from the Posthumous Papers of

the late Sir H. M. Elliot. Revised and continued by Pro-

fessor John Dowson. 8 vols. 8vo, £^ 8^.

EMERSON, Ellen Russell.—1.TX&\2CCX Myths ; or, Legends, Tradi-

tions, and Symbols of the Aborigines of America. Illustrated.

Post 8vo, £i \s.

FERGUSSON, T.— Chinese Researches. First Part. Chinese

Chronology and Cycles. Crown 8vo, los. 6d.

FINN, Alexajider.—'PeTsia.n for Travellers. Oblong 32mo, 5^.

FRYER, Maj?r G. The Khyeng People of the Sandovsray
District, Arakan. With 2 Plates. 8vo, 3^. 6d.

Pali Studies. No. I. Analysis, and Pali Text of the Subodhalan-

kara, or Easy Rhetoric, by Sangharakkhita Thera. 8vo, 3J. 6d.

CHOSE, Lake iV.—The Modern History of the Indian Chiefs,

Rajas, etc. 2 vols. Post 8vo, 21s.

GILES, Herbert yi.—Chinese Sketches. 8vo, loj. (id.

A Dictionary of Colloquial Idioms in the Mandarin
Dialect. 4to, 28^.

Synoptical Studies in Chinese Character. 8vo, 15^.

Chinese without a Teacher. Being a Collection of Easy and

Useful Sentences in the Mandarin Dialect. With a Vocabulary.

i2mo, t^s.

The San Tzu Ching ; or, Three Character Classic ; and the

Ch'Jen Tsu Wen; or. Thousand Character Essay. Metrically

translated by Herbert A. Giles. i2mo, is. 6d.

COVER, C. E.—Tlae Folk-Songs of Southern India. Con-
taining Canarese, Badaga, Coorg, Tamil, Malayalam, and Telugu
Songs. The Cural. 8vo, los. 6d.

GRIFFIN, L. H.—The Rajas of the Punjab. History of the

Principal States in the Punjab, and their Political Relations with
the British Government. Royal 8vo, 21s.

GRIFFITH, F. Z.—The Inscriptioijis of Siut and Der Rifeh.
With 31 Plates. 4to, 10s.
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CRIFFIS, W. E.-The Mikado's Empire. Book I. History of
Japan, from B.C. 660 to A.D. 1872. Book 11. Personal Experi-
ences, Observations, and Studies in Japan, 1870-1874. Second
Edition. Illustrated. 8vo, 20s.

Japanese Fairy World. Stories from the Wonder-Lore of
Japan. With 12 Plates. Square i6mo, ys. 6d.

HAFIZ OF Selections from his Poems, Translated
from the Persian by Hermann Bicknell. With Oriental
Bordering in gold and colour, and Illustrations by J. R. Her-
BERT, R.A. Demy 4to, £2 2s.

HAGGARD, JV. H., and LE STRANGE, G^.—The Vazir of Lan-
kuran. A Persian Play. Edited, with a Grammatical Intro-
duction, a Translation, Notes, and a Vocabulary, giving the
Pronunciation. Crown 8vo, ioj. dd.

HALL, John Carey.—A General View of Chinese Civilization,
and of the Relations of the West with China, From the French
of M, Pierre Laffitte, Demy 8vo, 3f,

Hebrew Literature Society.—Lists on application.

HEPBURN, J. C.—K. Japanese and English' Dictionary.
Second Edition. Imperial 8vo, i8j.

A Japanese-English and English-Japanese Diction-
ary. Abridged by the Author. Square l6mo, 14^.

A Japanese-English and English-Japanese Diction-
ary. Third Edition. Demy 8vo, half-morocco, cloth sides.

30J-.

HILMY, H.H. Prince Ibrahim.—The Literature of Egypt and
the Soudan. From the Earliest Times to the Year 1SS5
inclusive, A Bibliography; comprising Printed Books, Periodical

Writings and Papers of Learned Societies, Maps and Charts,

Ancient Papyri, Manuscripts, Drawings, etc. 2 vols. Demy

Hindoo Mythology Popularly Treated. An Epitomised De-
scription of the various Heathen Deities illustrated on the Silver

Swami Tea Service presented, as a memento of his visit to India,

to H.R.H. the Prince of Wales, K.G., by His Highness the

Gaekwar of Baroda. Small 4to, 3i-. dd.

HODGSON, B. ^.—Essays on the Languages, Literature, and
Religion of Nepal and Tibet. Together with further

Papers on the Geography, Ethnology, and Commerce of those

Countries. Royal 8vo, 14J,

HOPKINS, F. Z.—Elementary Grammar of the Turkish
Language. With a few Easy Exercises, Crown 8vo, is. 6d.
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HUNTER, Sir William Wilson.—The Imperial Gazetteer of

India. New Edition. In 14 vols. With Maps. 1886-87.

Half-morocco, £s 3^'

The Indian Empire : Its People, History, and Products.

Second and Revised Edition, incorporating the general results

of the Census of 1881. With Map. Demy 8vo, £1 is.

A Brief History of the Indian People. Fourth Edition,

With Map. Crown 8vo, 3J. 6d.

The Indian Musalmans. Third Edition. 8vo, 10s. 6d.

Famine Aspects of Bengal Districts. A System of Famine
Warnings. Crown 8vo, 7^. 6d.

A Statistical Account of Bengal. In 20 vols. 8vo, half-

morocco,

A Statistical Account of Assam, 2 vols. With 2 Maps.
8vo, half-morocco, los.

Catalogue of Sanskrit Manuscripts (Buddhist). Col-

lected in Nepal by B. H. Hodgson. Svo, 2s.

India.—Publications of the Geographical Department of
the India Office, London. A separate list, also list of all

the Government Maps, on application.

India.—Publications of the Geological Survey of India,
A separate list on application.

India Office Publications :

—

Aden, Statistical Account of. 5J.

Baden Powell. Land Revenues, etc., in India. 12s.

Do. Jurisprudence for Forest Officers. 12s.

Beal's Buddhist Tripitaka. 4?,

Bombay Code. 21J.

Bombay Gazetteer. Vol. II. 14J. Vol. VIII. gs. Vol. XIII.

(2 parts) 16s. Vol. XV. {2 parts) 16^.

Do. do. Vols. III. to VII., and X., XI., XIL,
XIV., XVI. Ss. each.

Do. do. Vols. XXL, XXII., and XXIII. 9J. each.

Burgess' Archaeological Survey of Western India.
Vol. II. 63s.

Do. do. do. Vol. III.42J.

Do. do. Vols. IV. and V. 126s,

Do. do. Southern India.
Vol. I. S4S.

Burma (British) Gazetteer. 2 vols. 50J.
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India Office Publications—^r^«//««^(/.

Corpus Inscriptionem Indicarum, Vol. T. 32J. Vol III
50J.

Cunningham's Archaeological Survey. Vols. I. to XXIII.
los. and 12s. each.

Do. Index to Vols. I. to XXIII. 12s.

Finance and Revenue Accounts of the Government of
India for 1883-4. 2s. 6d.

Gamble, Manual of Indian Timbers. loj.

Indian Kducation ^ Commission, Report of the. 12s.
Appendices. 10 vols. lo^.

Jaschke's Tibetan-English Dictionary. 30j-.

Liotard's Silk in India. Part I. 2s.

Loth. Catalogue of Arabic MSS, loj. 6d.

Markham's Abstract of Reports of Surveys, is. 6d.

Mitra (Rajendralala), Buddha Gaya. 60s.

Moir. Torrent Regions of the Alps. is.

Mueller. Select Plants for Extra-Tropical Countries.
8j.

Mysore and Coorg Gazetteer. Vols. I. and II. loj. each.

Do. do. Vol. III. 5^.

N. W. P. Gazetteer. Vols. I. and II. los. each.

Do. do. Vols. III. to XI., XIII. and XIV. 12s.

each.

Oudh ; do. Vols. I. to III. loj, each.

Rajputana Gazetteer. 3 vols. 15J.

Saunders' Mountains and River Basins of India. 3J.

Taylor. Indian Marine Surveys, 2s. 6d.

Trigonometrical Survey, Synopsis of Great. Vols. I, to

VI, lOJ. 6d. each.

Trumpp's Adi Granth. 52J-. 6d.

Waring, Pharmacopoeia of India (The). 6j.

Watson's Tobacco, 5j.

Wilson. Madras Army, Vols. I. and II. 21s.

International Numismata Orientalia (The). Royal 4to. in paper

wrapper. Part I. Ancient Indian Weights. By E. Thomas,
F,R.S. With a Plate and Map of the India of Manu. gs. 6a'.

Part II, Coins of the Urtuki Turkumans. By Stanley Lank
Poole. With 6 Plates. 9J. Part III. The Coinage of Lydia



Kemn Paul, Trench, Triihney & Cols Ptihlications. 63

International Numismata Orientalia {^\y€)—continued.

and Persia, from the Earliest Times to the Fall of the Dynasty of

the Achcemenidce. By Barclay V. Head. With 3 Autotype

Plates. lOJ. (>d. Part IV. The Coins of the Tuluni Dynasty.

By Edward Thomas Rogers, i Plate. 5j. Part V. The

Parthian Coinage. By Percy Gardner. 8 Autotype Plates.

i8j. Part VI. The Ancient Coins and Measures of Ceylon. By

T. W. Rhys Davids, i Plate. \os.

Vol. I. Containing the first six parts, as specified above. Royal

4to, half-bound, £,i 13J. dd.

Vol. II. Coins of the Jews. Being a History of the Jewish

Coinage and Money in the Old and New Testaments. By F. W.
Madden, M.R.A.S. With 279 Woodcuts and a Plate of

Alphabets. Royal 4to, :^2.

Vol. III. Part I. The Coins of Arakan, of Pegu, and of

Burma. By Lieut.-General Sir Arthur Phayre, C.B.

Also contains the Indian Balhara, and the Arabian Intercourse

with India in the Ninth and following Centuries. By Edward
Thomas, F.R.S, With 5 Autotype Illustrations. Royal 4to,

8j. dd.

Vol. III. Part II. The Coins of Southern India. By Sir

W. Elliot. With Map and Plates. Royal 4to, 25J.

JASCHKE, H. A.—K Tibetan-English Dictionary. With special

reference to the Prevailing Dialects. To which is added an

English-Tibetan Vocabulary. Imperial 8vo, £l los.

Jataka (The), together with its Commentary. Being Tales of the

Anterior Birth of Gotama Buddha. Now first published m Pali,

by V. Fausboll. Text. 8vo. Vol. I. 28j. Vol. II. 28J.

Vol. III. 28j. Vol. IV. 28J. Vol. v., completing the work,

is in preparation.

JENNINGS, Hargrave.—Hlae Indian Religions or, Results'of the

Mysterious Buddhism. Demy 8vo, los. 6d.

JOHNSON, Samtcel.—OvieTxXal Religions and their Relation to

Universal Religion. Persia. Demy 8vo, iSj.

KISTNER, (9/^.—Buddha and his Doctrines. A Bibliographical

Essay. 4to, 2s. 6d.

KNOWLES, J. jy.—Folk-Tales of Kashmir. Post 8vo, i6^.

KOLBE, F. W.—K Language-Study based on Bantu ; or, An
Inquiry into the Laws of Root-Formation. Demy 8vo, 6j.

KRAPF, Z.—Dictionary of the Suahili Language. 8vo, 30J.

LEGGE, The Chinese Classics. With a Translation,

Critical and Exegetical. In 7 vols. Vols. I.-V. in 8 Parts^

published. Royal 8vo, £2 is. each part.
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LEGGE, yatnes—continued.
The Chinese Classics, translated into English. With Prelimi-

nary Essays and Explanatory Notes. Popular Edition. Crown
»vo. Vol. I. Life and Teachings of Confucius. Sixth Edition.
los. 6d. Vol. II. Works of Mencius. 12s. Vol. Ill She-King

; or, Book of Poetry. 12s.

LILLIE Arthur, M.J?. A.S.—The Popular Life of Buddha.
Containing an Answer to the Hibbert Lectures of r88i. With
Illustrations. Crown 8vo, 6s.

Buddhism in Christendom; or, Jesus the Essene. With
Illustrations. Demy Svo, 15^.

LOBSCHETD, fT.—Chinese and English Dictionary, arranged
according to the Radicals. Imperial Svo, £2 8j.

English and Chinese Dictionary, with the Punti and Man-
darin Pronunciation. Folio, 8j.

Maha-vira-Charita
; or. The Adventures of the Great Hero Rama.

An Indian Drama. Translated from the Sanskrit of Bhava-
BHUTi. By John Pickford. Crown Svo, 5^.

MARIETTE-BEY, Azcguste.—The Monuments of Upper Egypt.
A Translation of the " Itineraire de la Haute Egypt " of Auguste
Mariette-Bey. By Alphonse Mariette. Crown Svo, 7s. dd.

MARSDEN, Numismata Orientalia Illustrata : The
Plates of the Oriental Coins, Ancient and Modern,
of the Collection of the late William Marsden, F.R.S. En-
graved from Drawings made under his Directions. 57 Plates.
4to, 31J. 6d.

MASONy i^—Burma : Its People and l^roductions
; or, Notes

on the Fauna, Flora, and Minerals of Tenasserim, Pegu, and
Burma. Vol. I. Geology, Mineralogy, and Zoology. Vol. IT.

Botany. Rewritten by W. Theobald. 2 vols. Royal Svo, £-3>-

MAXWELL, W. E.—K Manual of the Malay Language.
Second Edition. Crown Svo, js, 6d.

MAYERS, Wm, Fred.—The Chinese Government. A Manual of

Chinese Titles. Second Edition. Royal Svo, 15J.

Megha-Duta (The)i (Cloud Messenger.) By KLalidasa. Trans-

lated from the Sanskrit into English Verse by the late H. IT.

Wilson, F.R.S. The Vocabulary by Francis Johnson. New
Edition. 4to, lOJ. dd.

MOCICLER, E.—A Grammar of the Baloochee Language, as

it is spoken in Makian (Ancient Gedrosia), in the Persia-Arabic

and Roman characters. Fcap. Svo, 5^.

MUIR, John.—Original Sanskrit Texts, on the Origin and History

of the People of India. Translated by JOHN MuiR, LL.D.
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MUIR, jfohti—continued.

Vol. I. Mythical and Legendary Accounts of the Origin of Caste,

with an Inquiry into its Existence in the Vedic Age. Third
Edition. 8vo, u.

Vol. II. The Trans-Himalayan Origin of the Hindus, and their

Affinity with the Western Branches of the Aryan Race. Second
Edition. 8vo, £i is.

Vol. III. The Vedas : Opinions of their Authors, and of later Indian
Writers, on their Origin, Inspiration, and Authority. Second
Edition. 8vo, i6s.

Vol. IV. Comparison of the Vedic with the Later Representation of
the Principal Indian Deities. Second Edition. 8vo, £l is.

Vol. V. Contributions to a Knowledge of the Cosmogony, Mytho-
logy, Religious Ideas, Life and Manners of the Indians in the
Vedic Age. Third Edition. 8vo, is.

MULLER, F. Max.—Q^xX\^^x& Dictionary, for the Use of Mission-
aries, Explorers, and Students of Language. i2mo, morocco,

The Sacred Hymns of the Brahmins, as preserved in the
Oldest Collection of Religious Poetry, the Rig-Veda-Sanhita.
Translated by F, Max Muller. Vol. I. Hymns to the Maruts,
or the Storm-Gods. 8vo, 12s. 6d.

The Hymns of the Rig-Veda, in the Samhita and Pada
Texts. 2 vols. Second Edition, 8vo, £l 12s.

Nagananda ; or, The Joy of the Snake World. A Buddliist Drama.
Translated from the Sanskrit of Sri-Harsha-De-va, with Notes.
By P. Boyd. Crown 8vo, 4^. 6d.

NEWMAN, Francis William— Handbook of Modern Arabic.
Post 8vo, 6s.

A Dictionary of Modern Arabic. Anglo-Arabic Dictionary
and Arabo-English Dictionary. 2 vols. Crown 8vo, £1 is.

Oriental Text Society's Publications. A list may be had on
application.

PALMER, the late E. II.—A. Concise English-Persian Dic-
tionary. With a Siraplified Grammar of the Persian Language.
Royal i6mo, iQs. 6d.

A Concise Persian-English Dictionary, Second Edition.
Royal i6mo, los. 6d.

PRATT, George.—A Grammar and Dictionary of the Samoau
Language. Second Edition. Crown 8vo, iZs.

REDHOUSE,J. fT.—The Turkish Vade-Mecum of Ottoman
Colloquial Language. English and Turkish, and Turkish
and English. The whole in English Characters, the Pronuncia-
tion being fully indicated. Third Edition. 32mo, 6j.

r
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REDHOUSE, J. W.—continued.

On the History, System, and Varieties of Turkish
Poetry. Illustrated by Selections in the Original and in

English Paraphrase. 8vo, "Zs. 6d. ;
wrapper, is. 6d.

A Tentati-ve Chronological Synopsis of the History of

Arabia and its Neighbours, from B.C. 500,000 (?) to

A.D. 679. Demy 8vo, is.

Rig-Veda-Sanhita. A Collection of Ancient Hindu Hymns. Trans-

lated from the Sanskrit by the late H. H, Wilson, F.R.S.

Edited by E. B. Cowell and W. F. Webster. In 6 vols. 8vo,

cloth. Vols. L, IL, III. 2iJ.each. Vol. IV. 14J. Vols. V. and

VI. 2 1 J. each.

SACHAUy, Edward.—Alberuni's India. An Account of the Re-

ligion, Philosophy, Literature, Geography, Chronology, As-

tronomy, Customs, Laws, and Astrology of India, about A.D.

1030. Edited in the Arabic Original by Dr. Edward Sachau.

4to, ;.^3 Z^'

An English Edition. With Notes and Indices. 2 vols. Post

Bvo, 36J.

SALMONS, H. A.—Kn Arabic-English Dictionary. Com-

prising about 120,000 Arabic Words, with an English Index of

about 50,000 Words. 2 vols. Post Bvo, 36J.

SATOJV, Ernest Mason.—An English-Japanese Dictionary of

the Spoken Language. Second Edition. Impenal 32mo,

12s. 6d.

SCHLAGINTWEIT, ^//«7.—Buddhism in Tibet. Illustrated by

Literary Documents and Objects of Religious Worship. NVith a

Folio Atlas of 20 Plates, and 20 Tables of Native Print m the

Text. Royal 8vo, £2 2s.

SCOTT, James George.—^Vivraa. as it was, as it is, and as it will

be. Cheap Edition. Crown 8vo, 2s. 6d.

SHEERING, M. The ' Sacred City of the Hindus An

Account of Benares in Ancient and Modem Times. With Illus-

trations. 8vo, 21J.

STEELE, TIi.—An Eastern Love-Story. Kusa Jatakaya. Crown

8vo, 6s.

SUYEMATZ, ^.-Genji Monogatari The Most Celebmted of U,c

Classical Japanese Romances. Translated by K. bu\EMATZ.

Crown 8vo, 7j. ()d.

TARRING, C. y.—A Practical ElementaryTurkish Grammar.

Crown 8vo, 6s.

Vazir of Lankufan. A Persian Play. A Text-Book of Modern

Colloquial Persian. Edited by W. H. HAGGARD and G. le

Strange. Crown 8vo, loj. 6d.
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WATSON, John Forhes.—XTX&e.yi to the Native and Scientific
Names of Indian and other Eastern Economic
Plants and Products. Imperial 8vo, £x lu. dd.

WHEELER,/. TaIi>oj/s.—rChe History of India from the Earliest
Ages. Demy 8vo. Vol. I. Containing the Vedic Period
and the Maha Bharata, With Map. Vol. II. The Ramayana,
and the Brahmanic Period. With 2 Maps. 21s. Vol. III.
Hindu, Buddhist, Brahmanical Revival. With 2 Maps. 8vo]
i8s. This vokime may be had as a complete work with the fol-
lowing title, "History of India: Hindu, Buddhist, and Brah-
manical." Vol. IV. Part I. Mussulman Rule. 14s. Vol. IV.
Part II. Completing the History of India down to the time of the
Moghul Empire. 12^.

Early Records of British India. A History of the English
Settlements in India, as told in the Government Records, and
other Contemporary Documents, from the earliest period down to
the rise of British Power in India. Royal Svo, 15^.

WHITNE Y,
_
W. D.—K Sanskrit Grammar, including both the

Classical Language and the older Dialects of Veda and Brahmana.
Second Edition. Svo, 12s.

WHITWORTH, George C/^jT^^ra^.—An Anglo-Indian Dictionary :

a Glossaiy of Indian Terms used in English, and of such English
or other Non-Indian Terms as have obtained special meanings in
India. Demy Svo, cloth, izs.

WILLIAMS, S. Wells.— Syllabic Dictionary of the Chinese
Language

; arranged according to the Wu-Fang Yuen Yin
with the Pronunciation of the Characters as heard in Pekin'
Canton, Amoy, and Shanghai. 4to, 5^.

'

/F/Zi-aV.—Works of the late Horace Hayman Wilson.
Vols. I. and II. Essays and Lectures chiefly on the Religion of the

Hindus. Collected and Edited by Dr. Reinhold Rost. 2 vols
Demy Svo, 21^.

Vols. III., IV., and V. Essays Analytical, Critical, and Philolofrical
on Subjects connected with Sanskrit Literature. Collected and
Edited by Dr. Reinhold Rost. 3 vols. Demy Svo, 36J.

Vols. VI,, VIL, VIII., IX., and X. (2 parts). Vishnu Purana, a
System of Hindu Mythology and Tradition. From the ori"inal
Sanskrit. Illustrated by Notes derived chiefly from other Puranas
Edited by FitzEdward Hall, D.C.L. Vols. I. to V. (2 parts)*Demy Svo, ^^3 4J, ed.

^

Vols. XI. and XII. Select Specimens of the Theatre of the Hindus
From the original Sanskrit. Third Edition. 2 vols Demv
Svo, 2 1J.

' '

WRIGHT, fT.-The Book of Kalilah and Dimnah Trans
lated from Arabic into Syriac. Demy Svo, 2ij.
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Essays on the Sacred Language, Writings, and Religion
of the Parsis. By Martin Haug, Ph.D. Third Edition,

Edited and Enlarged by E. W. West. i6j.

Texts from the Buddhist Canon, commonly known as Dham-
mapada. Translated from the Chinese by S. Beal. 7j. 6d.

The History of Indian Literature. By Albrecht Weber.
Translated from the German by J. Mann and Dr. T. Zachariae,

Second Edition, los. 6d.

A Sketch of the Modern Languages of the East Indies.

With 2 Language Maps. By Robert Cust. 7j. 6d.

The Birth of the War-God. A Poem. By KAlidasa. Trans-

lated from the Sanskrit by Ralph T. H. Griffiths. Second

Edition. 5^.

A Classical Dictionary of Hindu Mythology and History,

Geography and Literature. By John Dowson. i6j-.

Metrical Translations from Sanskrit Writers. By J. IMuir.

14J.

Modern India and the Indians. Being a Series of Impres-

sions, Notes, and Essays. By Sir MoNiER Monier-Williams.

Fourth Edition. I4J-.

The Life or Legend of Gaudama, the Buddha of the Burmese.

By the Right Rev. P. Bigandet. Third Edition. 2 vols. 2Ij.

Miscellaneous Essays, relating to Indian Subjects. By B. H.

Hodgson. 2 vols. 28j-.

Selections from the Koran. By Edward William Lane.
Selections^i^

Edition. With an Introduction by Stanley Lane

POOLE. 9J.

Chinese Buddhism. A Volume of Sketches, Historical and Critical.

By J.
Edkins, D.D. i8j.

rr^c. rnlistan- or Rose Garden of Shekh Mushliu-'d-
The GUI stan^^. or, KO^^^^

Translated from the Atish Kadah, by

E B Eastwick, F.R.S. Second Edition, los. td.

and Translated by P. J.
Hershon. 14^.

The History of ^^^^^^^^^^^Si.oJS'^L''S4

By E. A. Budge, los. 6d.
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Buddhist Birth-Stories; or, Jataka Tales. The Oldest Collec-
tion of Folk-Lore extant : being the Jatakatthavannana. Editedm the original Pali by V. Fausboll, and translated by T. W.
Rhys Davids. Translation. Vol. I. i8s.

The Classical Poetry of the Japanese. By Basil Cham-
berlain. 7j. 6d.

Linguistic and Oriental Essays. By R. Cust, LL.D. First
Series, los. 6d. ; Second Series, with 6 Maps, 21s.

Indian Poetry. Containing "The Indian Song of Songs," from
the Sanskrit of the Gita Govinda of Jayadeva ; Two Books from
" The Iliad of India " (Mahabharata) ; and other Oriental Poems.
By Sir Edwin Arnold, K.C.LE. Third Edition. 7s. 6d.

The Religions of India. By A. Barth. Translated by Rev.
J. Wood. Second Edition, i6s.

Hindu Philosophy. The Sankhya Karika of Iswara Krishna.
An Exposition of the System of Kapila. By John Davies. 6s.

A Manual of Hindu Pantheism. The Vedantasara. Trans-
lated by Major G. A. Jacob. Second Edition. 6s.

The MesnevI (usually_,known as the Mesneviyi Sherif, or Holy
Mesnevi) of Mevlana (Our Lord) Jelalu-'d-Din Muhammed, Er-
Rumi. Book the First. Illustrated by a Selection of Charac-
teristic Anecdotes as collected by their Historian Mevlana
Shemsu-Vi-Dln Ahmed, El Eflaki El Arifl. Translated by T. W-
Redhouse. ij.

Eastern Proverbs and Emblems illustrating Old Truths
By the Rev. J. Long. 6s.

The Quatrains of Omar Khayyam. A New Translation. Bv
E. H. Whinfield. 5^.

^

The Quatrains of Omar Khayydm. The Persian Text with
an Enghsh Verse Translation. By E. H. Whinfield. 10s. 6d.

The Mind of Mencius
; or. Political Economy founded upon Moral

Philosophy. A Systematic Digest of the Doctrines of the
Chinese Philosopher Mencius. The Original Text Classified and
Translated by the Rev. E. Faber. Translated from the German
with Additional Notes, by the Rev. A. B. Hutchinson, ioj. 6d.

Yusuf and Zulaika. A Poem by Jaml Translated from the
Persian into English Verse by R. T. H. Griffith. 8j. 6d.

Tsuni-
II Goam, the Supreme Being of the Khoi-Khoi. Bv Thfo
philus PIahn. *is.6d.

'

A Comprehensive Commentary to the Quran. With Sale's
Preliminary Discourse, and Additional Notes. By Rev F M
Whe^rj^y. Vols. I., IL, and III. 12s. 6d each. Vol.' IV.*
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Hindu Philosophy : The Bhagavad GitS. ; or, The Sacred
Lay. A Sanskrit Philosophical Lay. Translated by John
Davies. 8j. 6d.

The Sarva-Darsana-Samgraha ; or, Review of the Different

Systems of Hindu Philosophy. By Madhava Acharya. Trans-
lated by E. B. CowELL and A. E. Gough. los. 6d.

Tibetan Tales. Derived from Indian Sources. Translated from
the Tibetan of the Kay-Gyur by F. Anton von Schiefner.
Done into English from the German by W. R. S. Ralston. i^.

Linguistic Kssays. By Carl Abel. gs.

The Indian Kmpire : Its History, People, and Products, By Sir

William Wilson Hunter, K.C.S.I. 21s.

History of the Egyptian Religion, By Dr. C. P. Tiele, Leiden.

Translated by J. Ballingal. 7j. 6d.

The Philosophy of the Upanishads. By A. E. Gough. gj.

Udanavarga. A Collection of Verses from the Buddhist Canon.

Compiled by DharmatrAta. Translated from the Tibetan by

W. Woodville Rockhill. gs.

A History of Burnaa, including Burma Proper, Pegu, Taungu,

Tenasserim, and Arakan. From the Earliest Time to the End
of the First War with British India. By Lieut.-General Sir

Arthur P. Phayre, C.B. 14J.

A Sketch of the Modern Languages of Africa. Accom-

panied by a Language Map." By R. N. CUST. 2 vols. With

31 Autotype Portraits. i8j.

Religion in China. Containing a Brief Account of the Three

Religions of the Chinese. By Joseph Edkins, D.D. Third

Edition. ']s. 6d.

Outlines of the History of Religion to the Spread of the

Universal Religions. By Prof. C. P. Tiele. Translated

from the Dutch by J. ESTLIN Carpenter. Fourth Edition. Ts.6d.

Si-Yu-Ki. Buddhist Records of the Western World.
Translated from the Chinese of Hiuen Tsaing (a.d. 629). By

Samuel Beal. 2 vols. With Map. 24J.

The Life of the Buddha, and the Early History of his

Order. Derived from Tibetan Works in the Bkah-Hg)Tir and

the Bstan-Hgyur, By W. W. Rockhill. ioj. 6d.

The Sankhya Aphorisms of Kapila. With Illustrative Extracts

from the Commentaries. Translated by J. R. Ballantyne,

LL.D. Third Edition. i6j.

The Ordinances of Manu. Translated from the Sanskrit. With

an Introduction by the late A. C. BURNELL, CLE. Edited by

Edward W. Hopkins. 12;.
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The Life and Works of Alexander Csoma De Kbros between
1819 and 1S42. With a Short Notice of all his Works and
Ussays, from Original Documents. By T. Duka, M.D. gs.

Ancient Proverbs and Maxims from Burmese Sources:
or, 1 he Niti Literature of Burma. By James Gray. 6s.

Manava-Dharma-Castra The Code of Manu. Original Sanskrit
Text, with Cntical Notes. By Prof. J. Jolly, Ph.D. los. 6d.

Masnayi I Ma'navi. The Spiritual Couplets of Maulana Jalalu-d-Din Muhammad I Rumf. Translated and Abridged. By
E. H. Whinfield. 7^. 6d.

^

Leaves from my Chinese Scrap-Book. By F. H. Balfour

Miscellaneous Papers relating to Indo-China. Reprinted

0X1 ^f^/y^^^Plfs Omental Repertory," "Asiatick Researches,"
and the Journal of the Asiatic Society of Bengal." 2 vols. 21s.

Miscellaneous Essays on Subjects connected with the
^^.f7 and the Indian Archipelago. Fromthe - Journals" of the Royal Asiatic, Bengal As£tic,lid Royal
Geographical Societies

; the " Transactions " and «« fournal " of

VA-tTl'"'
B^t^Vi^, and the " Malayan Miscellanies."

Edited by R. Rost. Second Series. 2 vols. With 5 Platesand a Map. £1 e^s.
^

The Satakas of Bhartrihari. Translated from the Sanskrit by theRev. B. Hale Wortham. 5^-.
^

AlbSriini's India. An Account of the Religion of India : itsPhilosophy, Literature, Geography, Chronology, Astronomy.

sachTu! "iTois^'se";.''"^'^^'

The Folk-Tales of Kashmir. By the Rev. J. Hinton Knowles.

Mediaeval Researches from Eastern Asiatic Sources Frafrments towards the Knowledge of the Geography and Flistory ofCentral and Western Asia from the Thirteenth to the Seven-
teenth Century. By E. Bretschneider, M.D. 2 vols. With2 Maps. 2.1s.

The Life of Hiuen-Tsiang. By the Shamans Hwui Li andYen-Tsung. With an Account of the Works of I-Tsinjr BvProf. Samuel Beal. los. ^' ^
English Intercourse with Siam in the Seventeenth GenturvBy J. Anderson, M.D., LL.D., F.R.S. 15^.

'-fniury.

Bihar Proverbs. By John Christian. [/„ preparalion.
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Qriginal Sanskrit Texts on the Origin and History of the
People of India : Their Religion and Institutions. Collected,

Translated, and Illustrated. By J. MuiR, LL.D. Vol. I.

Mythical and Legendary Accounts of the Origin of Caste, with

;in inquiry into its existence in the Vedic Age. Third Edition.
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BRACKENBURYy Col. C. B., i?.^. — Military Handbooks for

Regimental Oflicers.

I. Military Sketching and Reconnaissance. By Col.

F. J.
Hutchison and Major H. G. MacGregor. Fifth

Edition. With 16 Plates. Small crown 8vo, 4^.

II. The Elements of Modern Tactics Practically

applied to English Formations. By Lieut. -Col.

Wilkinson Shaw. Seventh Edition. With 25 Plates and

Maps. Small crown 8vo, pj.

Ill Field Artillery. Its Equipment, Organization and Tactics.

By Lieut.-Col. Sisson C. Pratt, R.A. Fourth Edition.

Small crown Svo, 6s.

IV. The Elements of Military Administration. First

Part : Permanent System of Administration. By Major

J. W. Buxton. Small crown Svo, 7^. 6d.

V Military Law: Its Procedure and Practice. By

Lieut.-Col. Sisson C. Pratt, R.A. Fifth Edition. Re\ased.

Small crown Svo, 4J. 6d.

VI. Cavalry in Modern War. By Major-General F. Chenevix

Trench, C.M.G. Small crown Svo, 6s.

VII Field Works. Their Technical Construction and Tactical

Application. By the Editor, Col. C. B. Brackenbury, R.A.

Small crown Svo, in 2 parts, 12s.

BROOKE, Major, C. K.-K System of Field Training. Small

crown Svo, cloth limp, 2s.

Campaign of Fredericksburg, NoYember-December, 1862
campaign 01

^^^^^^ Volunteers. By a Line Ofticer. With

S Maps and Plans. Second Edition. Crown Svo, Ss.

CLERY C. Francis, C./.-Minor Tactics. With 26 Maps and Plans.

Eighth Edition, Revised. Crown Svo, 9^.

COLVTLE, Lieut.-Col. C. /-.-Military Tribunals. Sewed, 2s. 6d.
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CRAUFURD, Capt. IT. 7.—Suggestions for the Military Train-
ing of a Company of Infantry. Crown 8vo, is. 6d.

HAMILTON, Capt. Ian, A.D.C.—'Th.e Fighting of the Future, is.

HARRISON, Col. i?.—The OfHcer's Mem.oranduin Book for

Peace and War. Fourth Edition, l^evised throughout.

Oblong 32mo, red basil, with pencil, 3^. iid.

Notes on Cavalry Tactics, Organisation, etc. By a Cavalry

Officer. With Diagrams. Demy 8vo, I2j.

PARR, Col. H. Hallam, C.M.G.—The Dress, Horses, and
Equipment of Infantry and Staff Officers. Crown
8vo, IS.

Further Training and Equipment of Mounted In-
fantry. Crown 8vo, is.

PATERSON, Lieut.-Colonel William.—Notes on Military Survey-
ing and Reconnaissance. Sixth Edition. With 16 Plate?.

Demy 8vo, "js. 6d.

SCHAiV, Col. H.—The Defence and Attack of Positions and
Localities. Fourth Edition. Crown 8vo, 3J. dd.

STONE, Capt. F. Gleadowe, i?.^.—Tactical Studies from the
Franco-German War of 1870-71. With 22 Lithographic
Sketches and Maps. Demy 8vo, 10s. 6d.

WILKINSON, H. Spenser, Capt. 20th Lancashire R. V. — Citizen
Soldiers. Essays towards the Improvement of the Volunteer
Force. Crown 8vo, 2s. 6d.

EDUCATIONAL.

ABEL, Carl, /y^.Z?.—Linguistic Essays. Post 8vo, gs.

Slavic and Latin. Ilchester Lectures on Comparative Lexi-
cography. Post 8vo, $s.

ABRAHAMS, L. B.—A Manual of Scripture History for Use
in Jewish Schools and Families. With Map and Ap-
pendices. Crown 8vo, is. 6d.

AIIN, F.—A Concise Grammar of the Dutch Language, with
Selections from the best Authors in Prose and Poetry. After
Dr. F. Ahn's Method. i2mo, 3J. 6d.

Practical Grammar of the German Language, Crowo
8vo, 3^. 6d.
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AHN, F.—continued.

New, Practical, and Easy Method of Learning theGerman Language. First and Second Courses in i vol
l2mo, 3^.

Key to Ditto. i2mo, %d.

Manual of German and English Conversations, or Vade
Mecum for English Travellers. l2mo, \s. 6d.

^e-vir, Practical, and Easy Method of Learning the
French Language. First Course and Second Course, i2mo,
each is. 6d. The Two Courses in i vol. i2mo, 35.

New, Practical, and Easy Method of Learning the
French Language. Third Course, containing a French
Reader, with Notes and Vocabulary. i2mo, is. 6d.

New, Practical, ""and Easy Method of Learning the
Italian Language. First and Second Courses. i2mo, ^s. 6d.

Ahn's Course. Latin Grammar for Beginners. By W. Ihne,
Ph.D. i2mo, 3J.

BARANOWSKI, y. J.—Anglo-Polish Lexicon. Fcap. 8vo, i2j.

Slownik Polsko-Angielski. (Polish-Enghsh Lexicon.) Fcap,
8vo, 1 2J.

BELLOWS, y^/iw.—French and English Dictionary for the
Pocket. Containing the French-English and English-French
divisions on the same page ; conjugating all the verbs ; distin-

guishing the genders by different types ; giving numerous aids to

pronunciation ; indicating the liaison or no7i-liaison of terminal
consonants ; and translating units of weight, measure, and value
by a series of tables. Second Edition. 32mo, roan, loj. (>d.

;

morocco tuck, 12s. 6d.

Tous les Verbes. Conjugations of all the Verbs in the French
and English Languages. 32mo, 6d.

BOJESEN, Maria.—A Guide to the Danish Language. De
signed for English Students. l2mo, 5J.

BOLIA, C.—The German Caligraphist. Copies for German Hand-
writing. Oblong 4to, IS.

BOwen; H. a, M.A.—studies in English. For the use of iModem
Schools. Tenth Thousand. Small crown 8vo, is. 6d.

English Grammar for Beginners. Fcap. Svo, is.

Simple English Poems. English Literature for Junior Classes.

In four parts. Paris I., II., and III., 6d. each. Part IV., is.

Complete, 3J.
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BRETTE, PM.,and THOMAS, i^.-French Examination Papers

set at the University of London. Arranged and Edited

bv the Rev. P. H. Ernest Brette, B.D., and Ferdinand

Thomas, B.A. Part I. Matriculation, and the General Examina-

tion for Women. Crown 8vo, 3^. ()d.

French Examination Papers set at the University of

London. Key to Part 1. Edited by the Rev. P. H. E.

Brette and F. Thomas. Crown 8vo, 5^.

French Examination Papers set at the University of

London. Edited by the Rev. P. H. Ernest Brette and

Ferdinand Thomas. Part II. Crown 8vo, Ts.

BUTLER, i^.—The Spanish Teacher and Colloquial Phrase

Book, iSmo, half-roan, 2s. 6d.

BYRNE, yames.—General Principles of the Structure of Lan-
guage. 2 vols. Demy 8vo, 36J.

The Origin of Greek, Latin, and Gothic Roots. Demy

8vo, iSs.

CAMERINI, L'Eco Italiano. A Practical Guide to Italian

Conversation. With a Vocabulary. i2mo, 4^. ()d.

CONTOPOULOS, N.—K Lexicon of Modern Greek-English
and English-Modern Greek. 2 vols. 8vo, 27J-.

CONWA y, R. Seypiow-.—Yerner^s Law in; Italy. An Essay in the

History of the Indo-European Sibilants. Demy 8vo, 5^.

The Italic Dialects. I. The Text of the Inscriptions. 11. An
ItaUc Lexicon. Edited and arranged by R. Seymour Conway.

gyQ^ [In preparation.

DELBRUCK, ^.—Introduction to the Study of Language.

The History and Methods of Comparative Philology of the Indo-

European Languages. 8vo, 5^.

D'ORSEY, A. 7. D.—K Practical Grammar of Portuguese

and English. Adapted to Ollendorff's System. Fourth

Edition. l2mo, 7^.

Colloquial Portuguese ; or, The Words and Phrases of Every-

day Life. Fourth Edition. Crown 8vo, 3j. 6d.

DUSAR, P. Friedrich.—A Grammar of the German Language.

With Exercises. Second Edition. Crown 8vo, 4^. td.

A Grammatical Course of the German Language. Third

Edition. Crown 8vo, y. 6d.

Education Library. Edited by Sir Philip Magnus :—

An Introduction to the History of Educational
Theories. By Oscar Browning, M.A. Second Edition.

3J. ()d.
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Education lAhvaxY-continucd.
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S^r^rJ Sir Phiup Magnus. 6s.

School Management. Including a general view of th. ^.r. ^

^^^^^^^^^

BCBJl, ««to._Technological Dictionary in theEnslish anrt

£:Sr'°Dr;U';fI/'™-- Basque ^a„-

FRIEDSICH, ^.-Progressive German Reader With r •

Notes to the First Part. Crown 8vo! v U
FRfEMBLING, FriedricI, 0«..-GracJuated German Reader A

Idiomatic Notes. Crown 8vo, 4.. 6^. Without Notes, J'GARLANDA, Federico.-TYve Fortunes of Words. Letters to aLady. Crown 8vo, 5^.
-i-ecters 10 a

The Philosophy of Words. A Popular Introduction to theScience of Language. Crown 8vo, ^s.

GELBART, E. M-K Guide to Modern Greek. Post 8vo. 7j 6^Key, 2J. 6d. ' '
'

^'^'^'^^TfifK:;>^"f''/--^-.^^^°°^'^
R^33i^^ Grammar.

(i&th Edition.) Translated, enlarged, and arranged for use of
btudents of the Russian Language. Demy 8vo, 6s.

HODGSON, IV. ^.-The Education of Girls ; and the Em-ployment of Women of the Upper Classes Edu-
cationally considered. Second Edition. Crown 8vo, y. 6d.

KARCHER, Theodore.—QyxQ%\\orymxvQ Francais. Questions on
French Grammar, Idiomatic Difficulties, and Military E.xpres-
sions. Fourth Edition. Crown 8vo, 4.<-. 6d. ; interleaved with
writing-paper, 5j. 6d.

LANDON,yoseph.~'S,choo\ Management
; Including a General View

of the Work of Education, Organization, and Discipline. Seventh
Edition. Crown 8vo, 6s.

LANGE F. K. Germania. A German Reading-Book Arranged
Progressively. Part I. Antholog)' of German Prose and Poetry,
with Vocabulary and Biographical Notes. Svo, 3^. 6d. Part II.
Essays on German Histoiy and Institutions, with Notes. Svo!
3J. 6d. Parts I. and II. together, 5^. 6d.
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LANGEy F. K. W,—continued.

German Grammar Practice. Crown 8vo, u. bd.

Colloquial German Grammar.' Crown 8vo, 4J. dd,

LE-BRUN Z.—Materials for Translating from English into

French. Seventh Edition. Post 8vo, 4^. bd.

Little French Reader (The). Extracted from "The Modern

French Reader." Third Edition. Crown 8vo, zs.

MAGNUS, Sir P/wY?)),—Industrial Education. Crown 8vo, 6j.

MASON, Charlotte M—Home Education ; a Course of Lectures to

Ladies. Crown 8vo, 3j. 6d.

MILLHOUSE, y^jAw.—Pronouncing and Explanatory English

and Italian Dictionary. 2 vols. 8vo, \2s.

Manual of Italian Conversation. i8rao, 2s.

Modern French Reader (The). A Glossary of Idioms, Gallicisms,

and other Difficulties contained in the Senior Course of the

Modern French Reader. By Charles Cassal. Crown 8vo, 2s. 6d.

Modern French Reader (The). Prose. Junior Course. Tenth

Edition. Edited by Ch. Cassal and Theodore Karcher.

Crown 8vo, 2s. 6d.

Senior Course. Third Edition. Crown 8vo, 4J.

Modern French Reader. Senior Course and Glossary combined. 6s.

NUGENT.—iTxi^vo^red. French and English and English and
French Pocket Dictionary. 24mo, 2>^.

OLLENDORFF.—Metodo para aprender a Leer, escribir yhablar

el Ingles segun el sistema de Ollendorff. Pot Ramon Palen-

zuELA y Juan de la Carreno. 8vo, 4j. 6d. Key to ditto.

Crown 8vo, 3^.

Metodo para aprender a Leer, escribir y hablar el Frances,

segun el verdadero sistema de Ollendorff. Por Teodoro

SiMONNfi. Crown 8vo, 6^. Key to ditto. Crown 8vo, 3J. 6d.

OTTE, E. C. — Dano-Norwegian Grammar. A Manual for

Students of Danish based on the OUendorffian System. Third

Edition. Crown 8vo, ']s. 6d. Key to above. Crown 8vo, 3J.

PONSARD, 7^.—Charlotte Corday. A Tragedy. Edited, with

English Notes and Notice on Ponsard, by Professor C. Cassal,

LL.D. Third Edition. i2mo, 2s. 6d.

L'Honneur et I'Argent. A Comedy. Edited, widi English

Notes and Memoir of Ponsard, by Professor C. Cassal, LL.D.

Second Edition. l2mo, y. 6d.

RASK, Erasmus.—Gv^rtxTaax of the Anglo-Saxon Tongue.
from the Danish of Erasmus Rask. By Benjamin Thorpe.

Third Edition. Post 8vo, 5j. 6d.
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RIOLA, /Wj/.-How to Learn Russian. A Manual for Students.
based upon the Ollendorffian System. With Preface by W R.
S. Ralston. Fourth "Edition. Crown 8vo, I2j.

'

Key to the above. Crown 8vo, 5j.

A Graduated Russian Reader. With a Vocabulary. Crown
8vo, loj. (id.

J ^ ^

ROCHE, A.—K French Grammar. Adopted for the Public Schools
by the Imperial Council of Public Instruction. Crown 8vo, 3J-.

Prose and Poetry. Select Pieces from the best English Authors,
lor Readmg, Composition, and Translation. Second Edition,
tcap. 8vo, 2.S. 6d.

ROSING, Knglish-Danish Dictionary, CrowTi 8vo, 8j. 6d.

SAYCE, A. H.—hxi Assyrian Grammar for Comparative Purposes.
Crown 8vo, 7j. td.

The Principles of Comparative Philology. Third Edition.
Crown 8vo, loj. 6d.

SINCLAIR, E.—A German Vocabulary. Crown 8vo,2j.

SMITH, M., and HORNEMAN, ^.—Norwegian Grammar.
With a Glossary for Tourists. Post Svo, 2s.

THOMPSON, A. i?.—Dialogues, Russian and English. Crown
Svo, 5j.

TOSCANI, Giovanni.—Italian Conversational Course. Fourth
Edition. i2mo, ^s.

Italian Reading Course. Fcap. Svo, 4^. 6d.

Trubner's Catalogue of Dictionaries and Grammars of the
Principal Languages and Dialects of the World.
Second Edition. Svo, 5^.

Trubner's Collection of Simplified Grammars of the Prin-
cipal Asiatic and European Languages. Edited by
Reinhold Rost, LL.D. Crown Svo.

I. Hindustani, Persian, and Arabic. By E. H. Palmer.
Second Edition, ^s.

II. Hungarian. By I. Singer. 4J. 6d.

III. Basque. By W. Van Eys. 3^. 6d.

IV. Malagasy. By G. W. Parker. 5^-.

V. Modern Greek. By E. M. Geldart. 2s. 6d,

VI. Roumanian. By R. Torceanu. 5^.

VII. Tibetan Grammar. By H. A. Jaschke. 5^

VIIL Danish. By E. C. Ott6. 2j. 6d.

IX. Turkish. By J. W. Redhouse. lOr. 6d.
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Triibner's Collection of Simplifled Grammars of the Prin-

cipal Asiatic and European Languages—fi^w^w^^^/.

X. Swedish. By E. C. Ottj5. 2s. 6d.

XL Polish. By W. R. Morfill. 3^. 6d.

XIL Pali. By E. Muller. ^s. 6d.

XIII. Sanskrit. By H. Edgren. los. 6d.

XIV. Grammaire Albanaise. Par P. W. 7^. ed.

XV. Japanese. By B. H. Chamberlain. Sj.

XVI. Serbian. By W. R. Morfill. 4J. 6d.

XVII. Cuneiform Inscriptions. By George Bertin, 5^.

XVIII. Panjabl Language. By the Rev. W. St. Clair

TiSDALL. 7J. 6d.

XIX. Spanish. By W, F. Harvey. 3^. 6d.

VANLA <7iV.—Grammar of the French Language. Crown 8vo.

Parts I. and II. Accidence and Syntax. 4J. Part III. Exer-

cises. 3J. 6d.

VELASQUEZ, M., de la Cadena.—K Dictionary of the Spanish
and English Languages. For the Use of Young Learners

and Travellers. In 2 parts. I. Sp9.nish-EngHsh. II. English-

Spanish. Crown 8vo, 6j.

A Pronouncing Dictionary of the Spanish and English
Languages. 2 parts in one volume. Royal 8vo, £\ 4J.

New Spanish Reader. Passages from the most approved

Authors, in Prose and Verse. With Vocabulary. Post 8vo, 6j-.

An Easy Introduction to Spanish Conversation. i2mo,

2J. td.

VELASQUEZ and SLMONNE.—N&ssr Method to Read, Write,
and Speak, the Spanish Language. Adapted to Ollen-

dorff's System. Post 8vo, 6s. Key. Post 8vo, ^y.

VIEYRA.—K New Pocket Dictionary of the Portuguese and
English Languages. In 2 parts. Portuguese-English and

English-Portuguese. 2 vols. Post 8vo, ioj.

WELLER, E.—hxx Improved Dictionary. English and French,

and French and English. Royal 8vo, 7j. dd.

WHITNEY, W. Z).—Language and the Study of Language.
Twelve Lectures on the Principles of Linguistic Science. Fourth

Edition. Crown 8vo, loj. dd.

Language and its Study, with especial reference to the Indo-

European Family of Languages. Lectures. Edited by the Rev.

R. Morris, LL.D. Second Edition. Crown 8vo, SJ.
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WHITNEY Prof. William -Essentials of English

cultivate the Observing Powers of Children. Whh wEngravings. New and Cheaper Edition. Crown 8vo, 2.. 6</.^

POETRY.

ADAMS, Estelle Davenport.-^^3. Song and River Rhyme, from

sloTo^y ^^""""y^^^- ^^"h 12 Etchings. Large crown

^^^^"^Wniff; ^"'''^^ ''/^^^^^.-St. Augustine'sHoliday, and other Poems. Crown 8vo, 6j.

ARNOLD, Sir Edwin C.S.I.-\n my Lady's Praise. BeinijPoems Old and New, written to the Honour of Fanny, Lady
Arnold. Imperial i6mo, parchment, 3J. ed.

Poems: National and Non-Oriental. With some New
Pieces. Selected from the Works of Sir Edwin Arnold. C.S I
Crown 8vo, 7^. 6d.

*#* See also under Oriental. \

BADDELE V, Si. C/«z>.—Lotus Leaves. Fcap. folio, boards, 8s. 6d.

BARNES, William.—Poems of Rural Life, in the Dorset
Dialect. New Edition, complete in one vol. Crown 8vo,
6s.

BLUNT, Wilfrid Scawen. — Tlcie Wind and the Whirlwind.
Demy 8vo, is. 6d.

The Love Sonnets of Proteus. Fifth Edition. Elzevir Svo.

In Vinculis. With Portaait. Elzevir Svo, 5J.

A New Pilgrimage, and other Poems. Elzevir Svo, Sj.

BRYANT, W. C—Poems. Cheap Edition, with Frontispiece. Small
crown Svo, 3^. 6d.

CODD, John.—K Legend of the Middle Ages, and other Songs of
the Past and Present. Crovvn Svo, 4^.

DASH, Blancor.—Tales of a Tennis Party. Small crown Svo, ^s.

DA WE, William.—Sketches in Verse. Small crown Svo, ^s. 6d.

DA WSON, C. ^.—Sappho. Small crown Svo, 5j,
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DE VERB, Aubrey.—VoeXical Works.
I. The Search after Proserpine, etc. 3J. 6d,

II. The Legends of St. Patrick, etc. 3^. 6d.
III. Alexander the Great, etc. 3^. 6d.

The Foray of Queen Meave, and other Legends of Ireland's
Heroic Age. Small crown 8vo, 3J. 6d.

Legends of the Saxon Saints. Small crown 8vo, 3^. 6d.

Legends and Records of the Church and the Empire.
Small crown 8vo, 3J. 6d.

DOBSON, Atistin.—Old. World Idylls, and other Verses. Elzevir
8vo, gilt top, 6j.

At the Sign of the Lyre. Elzevir 8vo, gilt top, 6j.

DOYLE, y.—Cause. Small crown 8vo, 6j.

DURANT, Heldise.—Dante. A Dramatic Poem. Small crown 8vo,

DUTT, Toru.—K Sheaf Gleaned in French Fields. Demy 8vo,
los. 6d.

Ancient Ballads and Legends of Hindustan. With an
Introductory Memoir by Edmund Gosse. i8mo. Cloth extra,
gilt top, Sj.

Elegies and Memorials. By A. and L. Fcap. 8vo, 2s. 6d.

ELLIOTT, Ebenezer, The Corn Law Rhymer.—Poems. Edited by his
son, the Rev. Edwin Elliott, of St. John's, Antigua. 2 vols.
Crown 8vo, i8j.

English Verse. Edited by W. J. Linton and R. H. Stoddard.
5 vols. Crown 8vo, cloth, $s. each,

I. Chaucer to Burns.
II. Translations.

III. Lyrics of the Nineteenth Century,
IV. Dramatic Scenes and Characters.
v.. Ballads and Romances.

FIFE-COOKSON, Lieut.-Col.—HYiQ Empire of Man. Small crown
8vo, 2J. dd.

GARRICK, H. B. fT.—India. A Descriptive Poem. Crown 8vo
7j. dd.

'

COSSE, Edmund.—New Poems. Crown 8vo, 'js. 6d.

Firdausi in Exile, and other Poems. Second Edition. Elzevir
8vo, gilt top, 6s,

On Viol and Flute ; Lyrical Poems. With Frontispiece by LAlma Tadema, R.A., and Tailpiece by IIamo Thornycroft'
R.A. Elzevir 8vo, 6s.

'

G
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GRAY^ Maxzuell.—Westminster Chimes, and other Poems. Small
crown 8vo, 5j.

GURNEY, Rev. Alfred.—The Vision of the Eucharist, and other
Poems. Crown 8vo, 5^.

A Christmas Faggot- Small crown 8vo, 5j.

Voices from the Holy Sepulchre. Crown 8vo, ^s.

HARRISON, Clifford.—In Hours of Leisure. Second Edition.

Crown 8vo, 5j.

HEINE, Heinrich.—TYie Love-Songs of. Englished by H. B.

Briggs. Post 8vo, parchment, t,s. 6d.

HUES, Ivan.—Heart to Heart. Small crown 8vo, 5^.

INGLEBY, Holco?nbe.—Echoes from Naples, and Other Poems.
With Illustrations by his Wife. Crown 8vo, 3J. 6d.

KEA TS, Poetical Works. Edited by W. T. Arnold. Large
crown 8vo, choicely printed on hand-made paper, with Portrait

in eau-forte. Parchment or cloth, I2J. j vellum, 15J. New
Edition. Crown 8vo, cloth, 3^. dd.

KING, Mrs. Hamilton.—HYiQ Disciples. Tenth Edition. Small

crown 8vo, 5^. Elzevir Edition. Cloth extra, 6j.

A Book of Dreams. Third Edition. Ciown 8vo, y. 6d.

The Sermon in the Hospital (from "The Disciples"). Fcap.

8vo, I J. Cheap Edition for distribution 3^/,, or 20s. per 100.

Ballads of the North, and other Poems. Crown 8vo, 5^.

LANG, XXXII. Ballades in Blue China. Elzevir 8vo, 55.

Rhymes a la Mode. With Frontispiece by E. A. Abbey.

Second Edition. Elzevir 8vo, cloth extra, gilt top, 5j.

Living English Poets MDCCCLXXXII. With Frontispiece by

Walter Crane. Second Edition. Large crown 8vo. Printed

on hand-made paper. Parchment or cloth, 12s. ; vellum, 15J.

LOCKER, /f.—London Lyrics. Tenth Edition. With Portrait,

Elzevir 8vo, cloth extra, gilt top, 5^.

LULWORTH, ^m-.—Sunshine and Shower, and other Poems.

Small crown 8vo, 5j.

LYALL, Sir Alfred.—Verses written in India. Elzevir Svo, gilt

top, 5f.

MASSE Y, Gerald.—yiY Lyrical Life. Poems Old and New. Two

Series. Fcap. 8vo, 5^. each.

MEREDITH, Owen [The Earl of Lyilon'\.—'Lvic\\e. New Edition.

With 32 Illustrations. l6mo, 3^. 6d. Cloth extra, gilt edges,

4?. dd.
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MORRIS, Z^/j—Poetical Works of. New and Cheaper Editions.

In 5 vols., 5j. each.

Vol. I. contains "Songs of Two Worlds." Thirteenth Edition.

Vol. II. contains " The Epic of Hades." Twenty-third Edition.

Vol. III. contains "Gwen" and "The Ode of Life," Seventh

Edition.

Vol. IV. contains " Songs Unsung" and " Gycia." Fifth Edition.

Vol. V. contains *' Songs of Britain." Third Edition. Fcap. 8vo, ^s.

Poetical Works. Complete in i vol. Crown 8vo, 6j.

The Epic of Hades. With 16 Autotype Illustrations, after the

Drawings of the late George R. Chapman. 4to, cloth extra, gilt

leaves, 21 J.

The Epic of Hades. Presentation Edition. 4to, cloth extra,

gilt leaves, lo^. ()d.

The Lewis Morris Birthday Book. Edited by S. S. Cope-
man, with Frontispiece after a Design by the late George R.

Chapman. 32mo, cloth extra, gilt edges, is. ; cloth limp, \s. 6d,

OWEN', JoJm.—Verse Musings on Nature. Faith and Freedom,
Crown 8vo, ']s. 6d.

PFEIFFER, Emily.—Flo-w&TS of the Night. Crown 8vo, 6s.

PIERCE, y.—In Cloud and Sunshine. A Volume of Poems.
Fcap. 8vo, 5j.

FOEy Edgar Allan.—The Raven. With Commentary by John H.
Ingram. Crown 8vo, parchment, 6s.

Rare Poems of the 16th and 17th Centuries. Edited by W. J.
Linton. Crown 8vo, 5J.

ROWBOTHAM, J. i^".—The Human Epic. Canto i. Crown 8vo,
IS. 6d.

RUNEBERG, Johan Ludvig.—Nadeschda. A Romantic Poem in
Nine Cantos. Translated from the Swedish by Miss Marie A.
Brown (Mrs. John B. Shipley). With Illustrations. 8vo.

[/« preparation.

SCOTT^ G. F. Sursum Corda
; or, Songs and Service. Small

. crown 8vo, 5^.

SEARELLE, Luscombe.—The Dawn of Death. Crown 8vo, 4J. 6d.

SYMONDS, yohn Addingion.—Vagahu.D.du.U Libellus. Crown
8vo, 6s.

TAYLOR, Sir //.—Works. Complete in Five Volumes. Crown
8vo, 30J.

Philip Van Artevelde. Fcap. 8vo, 3J. 6d.

The Virgin Widow, etc. Fcap. 8vo, 3^. 6d.
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TRENCH, Archbishop.—l?oems. Collected and Arranged anew. Tenth
Edition. Fcap. 8vo, js. 6ci.

Poems. Library Edition. 2 vols. Small crown 8vo, 10/.

Sacred Latin Poetry. Chiefly Lyrical, Selected and Arranged
for Use. Third Editioh, Corrected and Improved. Fcap, 8vo, "js.

Twilight and Candleshades. By Exul. With 15 Vignettes.

Small crown 8vo, 5^.

TYNAN, Katherine.—'L.oviise de la Valliere, and other Poems.
Small crown 8vo, 3^. 6d.

Shamrocks. Small crown 8vo, $s.

WADDIE, John.—Divine Philosophy. Small crown 8vo, 5J,

WILSON, Crawford.—Pastorals and Poems. Crown 8vo, 7j. 6^/.

Wordsworth Birthday Book (The). Edited by Adelaide and
Vioi.ET Wordsworth. 32m9, limp cloth, is. 6d. ; cloth extra, zs.

Wordsworth, Selections from. By Wm. Knight and other

members of the Wordsworth Society. Large crown 8vo. Printed

on hand-made paper. With Portrait. Parchment, I2s.
; vellum,

15^.

YEATS, W. B.—The Wanderings of Oisin, and other Poems.

Small crown 8vo, 5j.

NOVELS AND TALES.

BANKS, Mrs. G. L.—God's Providence House. Crown 8vo, ds.

BILLER, Emma.—Ulli. The Story of a Neglected Girl. Translated

from the German by A. B. Daisy Rost. Crown 8vo, 6j.

CABLE, G. W.—Strange True Stories of Louisiana. 8vo,

"js. 6d,

CAJRD, Mona.—T'he Wing of Azrael. Crown 8vo, 6s.

COLERIDGE, Hon. Stephen.—TYie Sanctity of Confession. A
Romance. Crown 8vo, 55.

CRAWE[IRD, Os7vald.—Sylvia. Arden. With Frontispiece. Crown

8vo, IS.

BERING, Rots George.—G\xSi\d\ \
or, The Curse of Love. A Tale of

the Sects. 2 vols. Crown 8vo, \2s.

EBERS, Georg.—VL&TgeTy. A Tale of Old Nuremberg. Translated

from the German by Clara Bell. 2 vols. 8j. ;
paper, 5^.
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ECKSTEIN, Ernst.—TUqto. A Romance. Translated from the German

by Clara Bell and Mary J. Safkord. 2 vols. Paper, $s.

FLETCHER, jf. Andrewlina. Crown Svo, cloth, is. 6d. ;
paper

covers, is.

The Winding Way. Crown Svo.

FRANCIS, Frances.—Mosquito. A Tale of the Mexican Frontier.

Crown Svo, 3J. 6d.

GALDOS, B. Perez.—Leon Roche. A Romance. From the Spanish

by Clara Bell. 2 vols. i6mo, cloth, Ss. ; paper, 5^.

GARDINER, Linda.—His Heritage. With Frontispiece. Crown
Svo, 6^.

GRAY, Maxwell.—The Reproach of Annesley. With Frontis-

piece. Crown Svo, 6j.

Silence of Dean Maitland. With Frontispiece. Crown Svo, 6j.

GREY, Rowland.—In Sunny Switzerland. A Tale of Six Weeks.
Second Edition. Small crown Svo, 5j.

Lindenblumen and other Stories. Small crown Svo, 5J.

By Virtue of his Office. Crown Svo, 6j.

Jacob's Letter, and other Stories. Crown Svo, (is.

HARRIS, Emily Marion.—Lady Dobbs. A Novel. In 2 vols. 2ij.

HUNTER, Hay, and WIIYTE, Walter.—M.Y Ducats and My
Daughter. With Frontispiece. Crown Svo, 6s.

JNGELOW, Jean.-OflX'h.e SWelligs. A Novel. With Frontispiece.

Crown Svo, 6s.

LANG, Andrew.—In the Wrong Paradise, and other Stories.

Crown Svo, 6s,

MACDONALD, (?.—Donal Grant. A Novel. With Frontispiece.

Crown Svo, 6s.

Home Again. With Frontispiece. Crown Svo, 6s.

Castle Warlock. A Novel. With Frontispiece. Crown 8vo,'6j.

Malcolm. With Portrait of the Author engraved on Steel.

Crown Svo, 6s.

The Marquis of Lossie. With Frontispiece. Crown Svo, 6s.

St. George and St. Michael, With Frontispiece. Crown Svo, 6j.

What's Mine's Mine. With Frontispiece. Crovvn Svo, 6s.

Annals of a Quiet Neighbourhood. With Frontispiece.

Crown Svo, 6s.

The Seaboard Parish : a Sequel to " Annals of a Quiet Neigh-
bourhood." With Frontispiece. Crown Svo, 6s.
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MACDONALD, G.—contimted.

Wilfred Cumbermede. An Autobiographical Story. With
Frontispiece. Crown 8vo, 6s.

Thomas Wingfold, Curate. With Frontispiece. Crown 8vo,
6s.

Paul Faber, Surgeon. With Frontispiece. Crown 8vo, 6s.

The Elect Lady. With Frontispiece. Crown 8vo, 6s.

MALET, Lucas.—dolonol Enderby's Wife. A Novel. With
Frontispiece. Crown 8vo, 6s.

A Counsel of Perfection. With Frontispiece. Crown 8vo, 6s.

MULHOLLANDy i?^?^^.—Marcella Gracea An Irish Novel. Crown
8vo, 6s.

A Fair Emigrant. With Frontispiece. Crown 8vo, 6s,

OGLE, Anna C.—A Lost Love. Small crown 8vo, 2J. 6d.

PONTOPIDDAN, Henrik. — The Apothecary's Daughters.
Translated from the Danish by GoRDius Nielsen. Crown 8vo,

3J. 6d.

ROBINSON, Siry. C—The Dead Sailor, and other Stories. Cro\vn

8vo, 5j.

SA VILE, Ames.—A Match Pair. 2 vols. 2is.

SEVERNE, Florence.—TliQ Pillar House. With Frontispiece.

Crown 8vo, 6s.

SUA W, Flora Z.—Castle Blair : a Story of Youthfiil Days. CroAvn

8vo, 3^. 6d.
*

STRETTON, i^j^a.—Through a Needle's Eye. A Story. With
Frontispiece. Crown 8vo, 6s.

TASMA.—A Sydney Sovereign, and other Tales. Crown 8vo,

cloth, 6s.

Uncle Piper of Piper's Hill. An Australian Novel. Third

Edition. Crown 8vo, 6s.

In her Earliest Youth. 3 vols. Crown 8vo, 315. 6d.

TAYLOR, Col. Meadnvs, C.S.L, M.R.LA.—Seeta.. A Novel. With

Frontispiece. Crown 8vo, 6s,

Tippoo Sultaun : a Tale of the Mysore War. With Frontispiece.

Crown 8vo, 6s.

Ralph Darnell. With Frontispiece. Crown 8vo, 6^.

A Noble Queen. With Frontispiece. Crown 8vo, 6^.

The Confessions of a Thug. With Frontispiece. Crown 8vo, 6s.

Tara : a Mahratta Tale. With Frontispiece. Crown 8vo, 6s,
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TOORGEYNIEFF, Ivan.— Unfortunate One. A Novel.

Translated from the Russian by A. R. Thompson. Crown 8vo,

2,s. 6d,

TREHERNE, Mrs.—A Summer in a Dutch Country House.
Crown 8vo, 6s.

Within Sound of the Sea. With Frontispiece. Crown 8vo, 6s.

BOOKS FOR THE YOUNG.

Brave Men's Footsteps. A Book of Example and Anecdote for

Young People. By the Editor of "Men who have Risen." With

4 Illustrations by C. Doyle. Ninth Edition. Crown Svo, 2s. 6d,

COXHEAD, Efhel.—mTds and Babies. With 33 Illustrations.

Second Edition. Inip. i6mo, cloth, \s.

DAVIES, G. Christopher.—'B.a.xa.laleB and Adventures of our

School Field Club. With 4 Illustrations. New and Cheaper

Edition. Crown Svo, 3J. 6d.

EDMONDS, Herbert—"WQll-S^enX Lives : a Series of Modern Bio-

graphies. New and Cheaper Edition. Crown Svo, 3J. 6d.

MAC KENNA, S. y.—Plucky Fellows. A Book for Boys. With

6 Illustrations. Fifth Edition. Crown Svo, 3J. 6d.

MALET, Lucas.—l^iXllQ Peter. A Christmas Morality for Children of

any Age. With numerous Illustrations. Fourth Thousand. 5J.

REANEY, Mrs. G. 6".—Waking and Working ; or, From Girlhood

to Womanhood. New and Cheaper Edition. With a Frontis-

piece. Crown Svo, 3j. 6d.

Blessing and Blessed: a Sketch of Girl Life. New and

Cheaper Edition. Crown Svo, 3J. 6d.

Rose Gurney's Discovery. A Story for Girls. Dedicated to

their Mothers. Crown Svo, %s. 6d.

English Girls : their Place and Power. With Preface by the

Rev. R. W. Dale. Fifth Edition. Fcap. Svo, 2s. 6d.

Just Anyone, and other Stories. Three Illustrations. Royal

l6mo, is. 6d.

Sunbeam Willie, and other Stories. Three Illustrations. Royal

i6mo, IS. 6d.

Sunshine Jenny, and other Stories. Three Illustrations. Royal

i6mo, IS. 6d.

STORR, Francis, and TURNER, //«7c;^j.—Canterbury Chimes;
or, Chaucer Tales re-told to Children. With 6 Illustrations from

the Ellesmere Manuscript. Third Edition. Fcap. Svo, 3J. 6d.
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STRETTON, ^^jia.—David Lloyd's Last Will. With 4 Illustra-
tions. New Edition. Royal i6mo, 2s. 6d.

WHITAKER, Florence—C\xr\s\.Ys Inheritance. A London Story.
Illustrated. Royal i6mo, \s. dJ,

PERIODICALS.
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Indian Magazine. Monthly, 6d.

Library Journal.—Official Organ of the Library Associations of
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Subscription, 20J., or with Co-operative Index, 25^. Post free.
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Nineteenth Century.—Monthly, 2s. 6d.
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Philological Society (Transactions and Proceedings of).—
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Psychical Research (Society of), Proceedings of.
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Subscription, 16s. Post free, i^s.
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Sunday Review.—Organ of the Sunday Society for Opening Museums
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tion, 4^, 6d. Post free.

Theosophist (The).—Magazine of Oriental Philosophy, Art, Litera-

ture, and Occultism. Monthly, 2s.
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lonial Publications. Small 4to, 2s. per number. Annual Sub-
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THE AVON EDITION.

Printed on thin opaque paper, and forming 12 handy
volumes, cloth, iSj., or bound in 6 volumes, 15^.

The set of 12 volumes may also be had in a cloth box,
price 2 1 J-., or bound in Roan, Persian, Crushed Persian
Levant, Calf, or Morocco, and enclosed in an attractive

leather box at prices from 31^. dd. upwards.

SOME PRESS NOTICES.
** This edition will be useful to those who want a good text, well and

clearly printed, in convenient little volumes that will slip easily into an

overcoat pocket or a travelling-bag."

—

St. /ames^s Gazette.

We know no prettier edition of Shakspere for the price. "

—

Academy.
*' It is refreshing to meet with an edition of Shakspere of convenient

rize and low price, without either notes or introductions of any sort to

distract the attention of the reader. "

—

Saturday Rcuieiv.

"It is exquisite. Each volume is handy, is beautifully printed, and

in every way lends itself to the taste of the cultivated student of Shak-

spere. "

—

Scotsman.

London : Kegan Paul, Trench, TilUbner Co., Lt9.
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THE PARCHMENT LIBRARY EDITION.

In 12 volumes Elzevir 8vo., choicely printed on hand-made

paper, and bound in parchment or cloth, price ^3 12^.,

or in vellum, price 1.0s.

The set of 12 volumes may also be had in a strong cloth

box, price £z 17^., or with an oak hanging shelf, £z i8^.

SOME PRESS NOTICES.
"... There is, perhaps, no edition in which the works of Shakspere

can be read in such luxury of type and quiet distinction of form as this,

and we warmly recommend it."

—

Pall Mall Gazette.

"For elegance of form and beauty of typography, no edition of

Shakspere hitherto published has excelled the 'Parchment LfbVary

Edition.' . . . They are in the strictest sense pocket volumes, yet the

type is bold, and, being on fine white hand-made paper, can hardly tax

the weakest of sight. The print is judiciously confined to the text, notes

being more appropriate to library editions. The whole will be comprised

in the cream-coloured parchment which gives the name to the series.

'

—Daily News.
, r 1.

"The Parchment Library Edition of Shakspere needs no further

praise. "

—

Saturday Review,

Just published. Price 55.

AN INDEX TO THE WORKS OF SHAKSPERE.

Applicable to all editions of Shakspere, and giving reference, by topics,

to notable passages and significant expressions ; brief histories of the

plays ;
geographical names and historic incidents ; mention of_ all

characters and sketches of important ones ;
together with explanations

of allusions and obscure and obsolete words and phrases.

By EVANGELINE M. O'CONNOR.

London ; Kegan Pai-l, Trench, Trubner & Co., Lt?.



SHAKSPERE'S WORKS.
SPECIMEN OF TYPE.

4 THE MERCHANT OF VENICE
, Act x

S'^lo^r. My wind, cooling my broth,
Would blow me to an ague, when I thought
What harm a wind too great might do at sea.

I should not see the sandy hour-glass run
But I should think of shallows and of flats,

And see my wealthy Andrew, dock'd in sand,
Vailing her high-top lower than her ribs

To kiss her burial. Should I go to church
And see the holy edifice of stone.

And not bethink me straight of dangerous rocks,

Which touching but my gentle vessel's side,

Would scatter all her spices on the stream,

Enrobe the roaring waters with my silks.

And, in a word, but even now worth this.

And now worth nothing ? Shall I have the thought
To think on this, and shall I lack the thought

That such a thing bechanc'd would make me sad ?

But tell not me : I know Antonio

Is sad to think upon his merchandise.

Ant. Believe me, no : I thank my fortune for it,

My ventures are not in one bottom trusted.

Nor to one place ; nor is my whole estate

Upon the fortune of this present year :

Therefore my merchandise makes me not sad.

Salar. Why, then you are in love.

Ant. Fie, fie 1

Salar. Not in love neither ? Then let us say you
are sad,

Because you are not merry j and 'twere as easy

For you to laugh, and leap, and say you are merry,

Because yo« are not sad. Now, by two-headed

Janus,

Nature hath fram'd strange fellows in her time :

Some that will evermore peep through their eyes

And laugh like parrots at a bag-piper ;

And other of such vinegar aspect

I
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