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PREFACE.

The subject of colour is always one of considerable

interest, more especially to those who, like artists,

painters, dyers and calico printers, use colour or

colours in their everyday work. Such persons will

have considerable practical experience in the mixing

and application of colours for various purposes

—

painting, dyeing and printing of textile fabrics, etc.
;

and they will have met with, from time to time,

some curious effects of mixing various colours to-

gether. To such persons a knowledge of theory

of colour, its cause and production, and a succinct

account of the phenomena which occur on mixing

colours together in various ways, will be of interest.

In the following pages an endeavour has been made

to present such matters in as clear a form as possible,

and, having in mincl the latest investigations in the

field of colour, particular regard has been paid to

the requirements of the practical man, and attention

given to the explanation of the effects which are



IV PREFACE.

obtained by mixing various dyes and pigments

together, as is done every day by the dyer and

painter.

In writing this book the author has obtained

some help on the subject from the manuals of

Chevreul, Benson, Rood, Church, and others, and

to such he now begs to pay his acknowledgments.

Chemical Laboratory,

22 blackfriars street,

Salpord, June, 1899.
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COLOUR.

CHAPTEE I.

COLOUR AND ITS PRODUCTION.

Light,—Some bodies, such as the sun, gas flame, candle

flame, electric lamp, etc., emit their own light ; these are

known as self-luminous bodies, and we see them in virtue of

the light they emit. Other bodies, comprising the great

majority of those known to us, do not emit light, and are

therefore non-luminous. Such bodies are rendered visible

by reflecting the light which falls. upon them from luminous

bodies. That this is so is a fact which is demonstrated

every day when the sun going down causes objects to be-

come invisible ; while in tunnels, where absolute darkness

reigns, no object is at all visible.

Colour.—It is also to the light which falls upon them
that bodies owe their colour. Go into a flower-garden at

mid-day, and the flowers show many and variegated tints,

from the faintest tint on the blush rose to the darkest and

most deeply coloured dahlia that is grown—pinks, reds,

yellows, violets and blues, to say nothing of the variegated

shades of green of the foliage. Go into the same garden

at night : all the colours will have vanished, and foliage and

flowers will have the same hue of blackness. Colour, there-

fore, is dependent on light. The same inference can be
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drawn from the difference in appearance of a room at night,

before and after the light is put out.

Dispersion of White Light.—But how does light affect

the production of colour ? The answer is to be found in the

classical experiments of Sir Isaac Newton. Let the shutters

of a window be tightly closed at mid-day, so that no light

can enter. Make a hole in the shutter ; the light streaming

in will cross the room and appear as a bright spot on the

opposite wall. Possibly the path of the light will be rendered

visible as a beam or a ray by its action on the dust particles

which are always to be found floating in the air. If now

a triangular glass prism be placed in the path of the sun-

beam, so that the beam passes through one edge, a change

in both its direction and character will be noticed ; instead of

continuing in a straight line, it will be bent out of its course

to a considerable extent, and will now appear, at a greater

or less distance laterally from its former position, not as a

bright spot of white light, but as a band of variously coloured

lights of the same character and order as the colours in the

rainbow, which, as a matter of fact, owes its existence to

the same kind of action. This band of coloured light is

called the spectrum, and the colours are known as spectral

or spectrum colours.

This dispersion of white light by its passage through a

prism is illustrated in Fig. 1, which represents the path of

white light through one edge of a triangular prism A, which is

the form commonly used in carrying out such experiments,

but any other form will give similar results. The lines aa

represent a ray of white light ; if there were no prism it would

strike the screen S at b ; but the ray of light passing into the

prism at c is refracted in the direction cd ; while passing out

at d it is again refracted and proceeds in the direction df ; the

light is now rendered divergent and therefore forms a band,

ef, on the screen, S, not of white light, but of various colours,
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as shown in Plate 1. For convenience of reference Sir

Isaac Newton divided the spectrum into seven parts—red,

orange, yellow, green, blue, indigo and violet—which are

popularly spoken of as the seven colours of the spectrum or

rainbow
; but it will be seen hereafter that this division into

seven colours is a purely arbitrary one. The spectrum of

white light is shown on Plate 1, No. 1.

Fig. l.

METHODS OF PRODUCING THE SPECTRUM.

There are several ways of producing colour from white
light :

—

(1) By means of a glass prism

;

(2) By means of a diffraction grating
;

(3) By means of the polariscope
;

(4) By means of phosphorescent and fluorescent bodies
;

(5) By means of thin films
;

(6) By the action of coloured bodies.

I. BY MEANS OF A GLASS PRISM. Names of Colours.—

When, as stated above, a beam of white light is passed

through a prism, as shown in Fig. 1, it is dispersed and a

band of coloured light produced, the spectrum, Plate 1,
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having at one end red, at the other end violet. Newton,

who first discovered this property of the prism, divided the

spectrum into seven divisions, viz., red, orange, yellow,

green, blue, indigo and violet. In naming them, however,

it is much better to follow the nomenclature of Eood,

and to call the principal colours red, orange-red, orange,

orange-yellow, yellow, green, cyan blue, blue and violet.

There is, however, no sharp line of demarcation between

these colour divisions, the red passing insensibly into the

orange-red, the orange-red into the orange ; this into the

yellow, the yellow imperceptibly into the green ; this into the

blue and the latter into the violet ; so that, really, we have not

simply seven colours in the spectrum, but an infinite number

of colours, for all of which language fails to find names.

Fixed Lines of Spectrum.—Fraunhofer was the first to

notice that the spectrum of sunlight was not a continuous

one, but was broken by a large number of fine lines ; Dr.

Wollaston also made the same discovery. These lines,

which are called the fixed lines, have an interest as forming

standards by means of which the various portions of the

spectrum may be located, for some of them are much more

prominent than others and have received reference letters,

starting from the red end of the spectrum ; these are shown

in Fig. 2, which is taken from Eood, who gives the following

measurements of the various portions of the spectrum, on

the assumption that the distance from A to H is divided

into 1000 parts.

Fixed Lines of the Solar Spectrum,—The fixed lines of

the spectrum shown in the figure fall at the following

places :

—

A E . 363-11

a 40-05 b . 389-85

B 74-02 F . 493-22

C . 112-71 G . 753.58

D . 220 '31 H . 1000
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Coloured Spaces of the Prismatic Spectrum—The follow-

ing table shows the positions occupied by the various colours

OL

B

c

E

H

Red.

Orange-red.

Orange.
Orange-yellow.
Yellow.

Greenish-yellow.
Yellowish-green.

, Green.

Cyan blue.

^Blue.

> Violet.

Fig. 2.

as measured by Rood, which correspond closely with obser-

vations made by the author :

—
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„ , Extends from
Red to 149
Orange-red 149 „ 194
O^nge 194 „ 210
Orange-yellow 210 „ 230
Yellow 230 „ 240
Greenish-yellow 240 ,, 344
Green 344 „ 447
Cyan blue 447 „ 495
Blue 495 „ 806
Violet 806 „ 1000

Relative Space of the Spectrum Colours.—From these

measurements the following table has been constructed,

which shows the space occupied by each division or colour :

—

Eed
. .149

Orange-red 45
Orange ig
Orange-yellow . . . ... . . .20
Yellow 10
Greenish-yellow and yellowish-green .... 104
Green and blue-green ....... 103
Cyan blue ......... 48
Blue and blue-violet 311
Violet 194

The two foregoing tables, however, do not give the full

length of the spectrum, as in front of A there is a dark-

red portion which gradually shades off into blackness ; while

at the other end beyond H there is a faint greyish kind
of tint which has been called lavender. It may be added
that in making such observations it is necessary that each
portion of the spectrum be isolated from the rest, a matter
which is very easily done, so that the effect of contrast (see

Chapter III.) on the hues may be eliminated, and, further,

it is desirable that the source of light be as bright as possible.

The order of the- colours in the spectrum is that of the

wave lengths as shown below. It might be assumed that in

a normal spectrum the position of each colour would be in

proportion to the wave length, but we find that in the

spectrum produced by a glass prism such is not the case

;
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thus in some portions there is undue crowding, while in

others the space occupied by the colours is unduly extended
;

this is the case with the blue and violet end, notably the

latter; while the red, orange and yellow, particularly the

two latter, are much shortened.

Wave Motion of Light.—Several theories have been

devised from time to time for the explanation of all the pheno-

mena of light—that known as the modulatory theory being

the one which most physicists have hitherto accepted as

most in accordance with the facts. This presupposes that

all space and the bodies in it are permeated by an exceedingly

light or even intangible entity known as the ether, and that

light is propagated through this by vibrations or undulations

or waves, just as waves in water are propagated and as sound

waves in air are formed. In all cases of wave motion there

is, practically, no transference of matter, etc., from the source

of the movement onwards, but simply a short to-and-fro

undulation, which is imparted from particle to particle of

the medium in which the wave motion is travelling ; in this

way effects are transmitted to considerable distances from the

exciting cause. The sun, or other source of light, sets up these

vibratory movements in the ether, which ultimately reaches

the retina of the eye and gives rise to the sensation of light.

In waves we recognise two elements—wave length and

amplitude. On the surface of a liquid such as water, the

distance between the crests of two waves is known as the

wave length ; while the height from crest to trough is known as

the amplitude of the ivave. It has been shown that it is on the

degree of the latter element that the intensity, or the power

of doing work, of the wave depends ; thus of two waves of

the same wave length that which has the greatest amplitude

is the most powerful, the power varying as the square of the

amplitude.

In light, difference of wave length gives rise to difference
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of colour
; thus the waves of red light are longer than those

of violet light, while orange, yellow, green and blue light

rays are intermediate in their wave lengths.

The Fraunhofer lines, being fixed and constant in position,

have become standards for the measurement of the spectrum.

They have been lettered, for ease of reference, from A in the

red end of the spectrum to H in the violet end, and the wave
lengths of the light at those portions of the spectrum have
been measured and are given in the following table in units

°f toooVooo of a millimetre.

Line.

A
B
C
D
E
F
G
H

Position in spectrum.
Red
Red
Red-orange .

Orange-yellow

Green

Blue

Violet .

Violet .

"Wave length in
ten-millionths
of a millimetre.

7594

6867

6562

5892

5269

4861

4307

3968

II. BY MEANS OF A DIFFRACTION GRATING.— The
second of the means referred to above for decomposing white
light, that of a diffraction grating, allows of a spectrum of

normal length in proportion to the wave length of the colours

being obtained. If the glass prism be replaced by a metal or

glass plate ruled with a large number of fine lines, in some
cases 20,000 to the inch, and the light be reflected from that,

a spectrum is obtained which gives the various colours almost

but not quite in their true position ; a diffraction spectrum
is, however, much less intense than a prismatic spectrum.

Fixed Lines of the Normal Spectrum Measurements
made by Eood of a normal spectrum produced in this way
give the position of the fixed lines as follows :

—

A E . 638.92
a . 113.74 b . 664.79
B

. 201.61 P . 749.24
c . 285.05 G . 902.07
D . 468.38 H . 1000
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Positions of Colours in Normal Spectrum The next table

gives the positions of the colours in the normal spectrum
according to Eood :

—

Extends from
Red
Orange-red 330 „ 434
Orange . 434

, , 459
Orange-yellow 459

,
485

Yellow 485
,

498
Greenish-yellow 498 „ 595
Full green 575

,
682

Blue-green 682
, 698

Cyan blue 698
,

823
Violet-blue

Violet .

153
,

940
,

940

1000

Spaces occupied by the Colours in a Normal Spectrum,

—

The amount of space occupied by each colour in such a

spectrum is shown in the following table :

—

Pure red .....
Orange-red . . . .

Orange

Orange-yellow ....
Yellow .....
Greenish-yellow and yellow-green

Full green

Blue-green

Cyan blue .....
Blue

Violet-blue and blue-violet

Pure violet .....

330

104

25

26

13

97

87

16

51

74

117

60

If the white light can be so split up into these coloured

lights, the question arises whether each of the spectrum

colours may not be split up further by a second passage

through another prism, as shown in Fig. 3. Here A repre-

sents a beam of white light passing through a prism P and
hence dispersed, the rays falling on the screen B, an opening

in which permits of the portion C passing through and
falling on a second prism D where it undergoes further

dispersion, falling ultimately on a second screen E at H.
The second dispersed rays, however, are not altered in kind

from the rays which fall on the second prism, being simply
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widened out at H. Therefore each portion of the spectrum

consists of one kind only of coloured light rays.

Spectroscope,—The instrument by means of which white

light can be resolved into its constituent colours and by

which other observations on colour can be made is known
as the spectroscope. Such an instrument is shown in Fig.

H

Fig. 3.

5. In its simplest form it consists of three parts. First,

a tube which carries at one end a slit arrangement by

means of which a narrow beam of light can be obtained,

while at the other end is a lens, called a collimating lens,

for the purpose of converting the diverging rays which pass

through the slit into parallel rays. Second, a glass prism,

through which the rays from the slit are passed ; and, third,

Fig

a telescope G by means of which the spectrum produced

may be observed.

Fig. 4 is an illustration of Browning's straight vision

spectroscope, which is useful for making observations of the

absorption spectra of coloured glass or coloured liquids, it

being only needful to hold the glass or a drop of the liquid

against the end of the apparatus, and direct the instrument

to the sky, when the spectra will be observed.
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In the majority of instruments only one prism is used,

but if a wider dispersion of the rays is required then more
may be added, and spectroscopes with six prisms have been

made. In some instruments there is also an arrangement
by means of which a graduated scale can be produced in the

field of view of the telescope so that measurements of the

spectrum can be made. In some instruments arrangements

are made whereby two spectra can be produced side by side

for the purpose of comparison.

A diffraction spectroscope is similarly constructed, but

the prism is replaced by a diffraction grating, the light passing

Fig. 5.

through the slit and collimating lens being reflected into the

telescope from the grating (see page 6).

Recomposition of White Light—As white light can be split

up into many coloured lights, so by combining coloured lights

together white light can be reproduced ; this can be effected

in several ways. One method is shown in Fig. 6, in which

the dispersed beam produced by the prism A is received on

a concave mirror B and reflected to a point D, where the

various coloured rays have all converged and again form

white light. In place of using a single concave mirror, the

various portions of the spectrum produced by the prism may
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be received on a series of mirrors and reflected to one spot

where white light will again be formed.

Another plan, which has been found very useful in the

construction of lenses for microscopes and other optical

instruments, is to pass the rays from the dispersing prism

through a second one placed in the reverse position, as shown

in Fig. 7, in which the path of the rays of light through the

two prisms is traced. It may be pointed out here that the

degree of dispersion varies with different kinds of glass—

a

WHITE

Pig. 6.

prism made of flint glass will disperse the light much more

than a similar prism made of crown glass. The passage of

light through lenses is always accompanied with a certain

amount of dispersion, which interferes with the definition

of objects by surrounding them with a fringe of coloured

light, this phenomenon being known as "chromatic aberra-

tion." It can be remedied by making the lens a compound

one, a convex lens of crown glass with a meniscus or plano-

concave lens of flint glass, the latter by its greater dispersive

power destroying the chromatic aberration of the crown glass
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lens, while the compound lens acts like a convex lens on the

light rays which pass through it.

Another, but not so perfect a method, is to paint a white

card disc in radial divisions in the seven principal colours

of the spectrum, as at 1 in Plate 2. If this be made to rotate

by means of the revolving arrangement shown in Fig. 44,

then, by the operation of persistence of vision, which will

be more fully dealt with in another chapter, the various

colours appear to blend one into the other, and a more or less-

greyish-white appears. A pure white can never be obtained,

on account of the fact that the pigments used in painting

the disc are not pure in colour, as will be noticed later

on.

Fig. 7.

Hue,—There are three constants, as they are called, Which

accompany every colour ; these are hue, luminosity and purity.

The hue of a colour is that constant which is commonly de-

nominated by the term colour, as blue, or green, or red, or

yellow, or rose, or violet, all which terms are employed to

distinguish certain colour sensations one from the other.

The only true standard for hue is the spectrum, and
,
we may

measure the hue of any particular colour by noting the

position in the spectrum it occupies or by determining

the wave length of the colour rays. The following table

gives the position in a normal spectrum, with the corre-

sponding wave length of the coloured light reflected from

discs painted with various pigments to imitate spectrum

colours :

—
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Name of the colour. Position in the
normal spectrum.

Vermilion 337
Red lead ...... 422
Chrome yellow .

'
. '.

. . 433
Emerald green 648
Prussian blue 740
Cobalt blue 770
Ultramarine (natural) .... 785
Ultramarine (artificial) .... 857
Same tinted with Hoffman's Violet BB. 916

Wave length in
ten-millionths of
a millimetre.

. 6290

. 2061

. 5820

. 5234

. 4899

. 4790

. 4735

. 4472

. 4257

Very minute differences in the hue of colours are dis-

tinguishable by the eye, but are almost indescribable by
language. Aubert, many years ago, made some experiments

on the sensitiveness of the eye to changes of colour by means
of coloured discs. It was found that the addition of one
part of white light to 360 parts of coloured light brought

about a change which was perceptible, and changes amount-
ing to only y^o to stro Part of colour are readily perceptible.

Aubert states that more than a thousand hues are distinguish-

able in the spectrum, and it is possible to recognise even
small variations of these hues. The addition of one part of

Chinese blue to 400 parts of barytes is sufficient to impart a

very perceptible blue tint to the latter, while the addition of

an equal quantity of chrome yellow will cause a change in

the hue of the mixture, making it become more greenish.

Mr. Charles Pierce has made experiments on this subject,

and has found that the power of perception of the eye is the

same for all the spectral colours.

Luminosity—The second constant of light is luminosity

or brightness. A sheet of yellow paper appears to the eye to

be much brighter or more luminous than a sheet of red paper,

or a sheet of blue paper. The most luminous surface is a

white one
;
the least luminous, a black one ; and between

these two there is every degree of luminosity. It is possible

to measure the relative luminosity of the spectrum colours,

by isolating each one and ascertaining the relative amount
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of white light which is equal to it in luminosity. Working

in some similar manner the following scale of luminosity has

been obtained, the spectrum being divided into 1000 parts

between the fixed lines A and H as in the previous tables

which have been given :

—

LUMINOSITY OF THE SPECTRUM COLOURS.

Colour. Position in spectrum. Luminosity.

Dark red . . . From 40-5 to 57 80

Pure red ... , , 104-5 „ 112-7 . 493

Red .... , 112-7 „ 138 1100

Orange-red .. . , , 158-5 „ 168-5 . 2773

Orange and orange-yellow , , 189 „ 220-3 . 6985

Orange-yellow . . , , 220-3 „ 231-5 . 7891

Greenish-yellow to green , , 231-5 „ 363 3033

Blue-green and cyan blue , , 390 „ 493 1100

Blue .... ,
623-5 „ 689-5 . 493

Ultramarine . . , , 493 „ 558-5 . 90-6

Blue violet . . , , 753-5 „ 825-5 . 36

Violet ...
, 896 „ 956 13

This relative luminosity of the spectrum colours is also

shown in a graphic form in Fig. 8, where the vertical lines

show the position in the spectrum and the horizontal lines

the luminosity. It will be seen that the most luminous portion

is the yellow and orange, while the luminosity declines very

rapidly on each side to the red or violet. It may be men-
tioned here that the luminosity of the colours as viewed by

persons who may be colour blind will differ from the lumin-

osity as seen by a person of normal sight. This subject will

be referred to later on.

Another method of determining the luminosity of colours

is to employ the apparatus shown in Fig. 44, which will be

more fully described in Chapter III. A large disc of card

coloured with some pigment, the luminosity of whose colour

is to be determined, is placed on the spindle of a revolving

apparatus ; on this spindle are also fixed two overlapping

discs of black and white paper, these being so arranged (see

Chapter III.) that the relative proportions of black and
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white exposed can be varied. When all is ready the combined

discs (which have, when at rest, the appearance shown in

Fig. 47) are revolved ; the black and white then amalgamate
and give the sensation of grey, which is more or less luminous

according to the proportions of black and white exposed ; by
varying these proportions a grey is obtained which will

appear to have the same luminosity as the colour whose
luminosity is to be measured. Then, assuming that white

light has a luminosity of 100, the luminosity of the colour

will be that of the quantity of white exposed in the black

and white discs. There is a small error owing to the

assumption that the black disc has no luminosity, whereas

it has a small luminosity, usually about 4 to 5 per cent, of

that of a white disc. The author has obtained the following

results by this method

White paper

Vermilion .

Orange red .

Ochre .

Chrome yellow

Emerald green

Green

Ultramarine

Blue .

Umber

100

20-5

40-3

55-5

61-1

51-4

50

50

20-5

22-2

These measurements are not at all easy to make, but by
taking the mean of several sets of observations a fair degree

of approximation to the truth will be obtained.

Compared together with the eye it is possible for two
colours, a red and a blue for example, to appear of the same
degree of luminosity.

Extent of surface has some influence in modifying im-

pressions of luminosity. A large surface of colour of low

luminosity will overpower a small surface of colour of high

intensity, and the two colours will appear to have the same
luminosity. Artists are well aware of this, and often take
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advantage of it in painting by introducing a spot or patch
of a highly luminous colour into a mass of dark sombre
colouring with very good effect.

The appearance of equal luminosity of different colours

is, perhaps, a psychological one, and different observers may
not regard the same pair of colours as being equally luminous,

just as in different persons the perception of shade and tint

in colours varies so much that in matching colour tints no
two persons will obtain precisely the same results.

Purity,—The third constant of colour is purity. By purity

of colour is meant the absence from a colour of any admixture

of another colour or of white light. The standard of purity

is the spectrum, the spectral colours being absolutely pure
;

they are, therefore, the standard of comparison for the light

which comes from coloured objects, painted surfaces, etc.

When the comparison is made it will be noticed that while

such surfaces and coloured bodies may correspond in hue

with some portion of the spectrum, yet the coloured surface

will appear pale in comparison with the spectrum colour

;

this is due to the colour which is being compared being

mixed with more or less white light. If, however, we make
a mixture of the spectral colour with white light we shall

reduce the intensity of the spectral colour to that of the

coloured surface
;
^and if the amount of white light thus

added be measured, it necessarily gives the amount of white

light admixed with the colour in ^question. Fig. 9 shows

one method of mixing white light with the spectral colours.

In this drawing ABC represents a glass prism, S is a

beam of white light passing through a hole, F, in a shutter,

EG ; this light,, after passing through the prism, forms a

spectrum, PT, on a screen, MN ; another beam of white

light from S passing through another hole in the shutter,

EF, falls upon a mirror, L, and is reflected thence to the

screen at ; by tilting the mirror, L, the white light may
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be thrown upon any part of the spectrum, PT, and its effect

upon the different colours observed.

Thus, for instance, vermilion, or rather the light reflected

from a surface painted with that pigment, can be matched
by mixing the light from a portion of the red end of the

spectrum with 20 per cent, of white light. In a similar way
it has been ascertained that emerald green reflects nearly

the same amount of white light, and ultramarine about

25 per cent. The effect of white light being mixed with the

colour is to reduce its intensity, to soften it and cause it to

have less action on the eye ; when the proportion of white

Fig. 9.

light becomes large then the influence of the coloured light

is reduced so much that it becomes almost invisible, and we
get what are termed grey tints varying in tone—reddish,

greenish, bluish, etc.—according to the colour from which they

are produced. This question will be best discussed in detail

in another chapter.

III. PRODUCTION OF COLOUR BY THE POLARISCOPE
When a ray of white light is passed through a prism of Ice-

land spar it undergoes what is known as double refraction,th&t is,

the ray is split up into two rays, which pass out of the prism

parallel to one another (see Fig. 10). These two rays possess
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properties different from the original ray of white light ; they

have become what has been rather inaptly termed polarised.

If the prism of Iceland spar be cut in two diagonally and the

two surfaces cemented together, then it is found that while

one ray passes on unchanged, the other ray is reflected to

the side of the prism. A prism thus cut and arranged is

known as a Nicol's prism, and forms a very convenient means

of obtaining polarised light for experimental purposes ; its

action is shown in Fig. 11.

Fig. 10.

The Nicol's prism is shown with the diagonal cut AB, the

two halves being cemented together with Canada balsam.

A beam of light, C, entering the prism at D, becomes doubly

refracted during its passage through the prism ; on reaching

the cemented surface AB, one of the two beams is reflected

to the side of the prism, as shown in the drawing, while the

other passes through the prism unaltered.

Fig. 11.

Another manner of obtaining polarised light is by reflection

from a bundle of glass plates (see Eig. 13). It is found that,

when a plate of glass is placed at an angle of 33° to the

incident ray, the light which is reflected consists chiefly of

polarised light ; by employing a bundle of glass plates the

effect is increased and a sufficient quantity of polarised light

obtained to perform a large number of experiments. If the

light from such a bundle of plates is caused to impinge upon
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a Nicol's prism it is found that in one position of the prism

the light passes through unchanged, while in a position at

right angles of 90° to this one no light passes through. The

same effect can be obtained if a second bundle of glass plates

be employed ; if this second bundle have their faces towards

the polarising bundle then the light is reflected ; while, if

they have their edges towards the polarising bundle, the

light is not reflected, but passes through the second bundle

of plates. If a piece of selenite be interposed between the

two bundles of glass plates its reflection on the second bundle

will be more or less coloured, and on rotating the second

Pig. 12.

bundle of plates it will be found that the colour changes

according to the position of the bundle. If a piece of rock

crystal cut perpendicular to the axis of the crystal be inter-

posed, colour will also be produced, and this colour will change

as the second bundle of plates is turned round.

Theinstrument which is employed to produce polarised light

is known as the polariscope. A simple form is shown in Fig.

12 taken from a photograph ; while Fig. 13 is a diagrammatic

representation of it. A bundle of glass plates, A, rests on

the bottom of the box ; light at the requisite angle is allowed

to fall on this bundle of glass plates, which is known as the

polariser, and being reflected upwards is then received in the
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analyser, as it is called, B, which may consist, as in the

instrument illustrated, of a Nicol's prism, or of a bundle of

glass plates. The objects are placed, if large, on the support

D ; or, if small, at E, while at F is a lens which focusses

the light on the objects when these are placed at E, or objects

placed at D on the analyser B. C is a ground glass plate

which diffuses the light that falls on the plates A. Polari-

scopes are now fitted to most microscopes, the polariser and

analyser being made of Nicol's prisms, the former being

placed under the stage of the microscope, while the latter

Fig. 13.

is placed just above the objective. Another form of the

polariscope is shown in Fig. 14.

In this drawing, A is a bundle of glass plates, the polar-

iser, while the enclosing tubes CD are so arranged that the

light strikes the plates at the proper angle (see above) ; B is

a similar bundle of glass plates, the analyser, in which the

effects produced by the passage of the polarised light from A
can be observed. This drawing shows a form of polariscope

suitable for use either as a table polariscope for individual use

or as a polariscope for the optical lantern for demonstrations

to a number of persons.
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Many substances, when placed between the polariser and

analyser, give rise to the production of chromatic effects ; thin

plates of selenite, in particular, are useful for this purpose.

The colour which is produced is dependent upon the thickness

of the plate—thus one particular thickness will give rise to a

yellow colour, another to a red, another to a green ; if the

plate of selenite be of|uneven thickness then quite a gradation

of colours will be produced. On rotating the analyser the

colours will change, and when the analyser has been rotated

through a quarter of a revolution the colour produced will be

complementary (see Chapter III.) to that originally obtained.

If a quartz plate be used, then, as the analyser is rotated, the

Fig. 14.

colours change in the order of the spectrum—red to orange,

orange to yellow, yellow to green, and so on. Some quartz

crystals require the analyser to be rotated to the right—such

are known as right-handed (dextro-rotatory) crystals ; others

require the analyser to be rotated to the left—such are known
as left-handed (lsevo-rotatory) crystals. Some solid bodies,

which do not produce any chromatic effect, have an action

on the ray of polarised light. It has been stated above that

when the analyser is rotated through 90° no light is trans-

mitted ; if now a substance be introduced between the polar-

iser and the analyser, light will again be transmitted, while

no colour is produced—this shows that the interposed sub-
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stance has some action on the ray which passes through it.

On rotating the analyser through a small angle the light is

again obliterated, showing that the substance has a rotatory

action on the ray of polarised light : some require the analyser

to be rotated to the right, these are called dextro-rotatory

bodies
; while others require it to be rotated to the left, these

are called lawo-rotatory bodies ; it has been found that with
many substances, as sugar, turpentine, etc., this property is

of value from an analytical point of view and is largely taken

advantage of. This feature of the subject is, however,

beyond the scope of the present work.

When the ray of polarised light is sent along the optic

axis of some crystals—potassium nitrate, tartaric acid, borax,

calcite, sugar, ferrocyanide of potassium, phosphate of potas-

sium, etc.—the analyser reveals a very fine effect ; there is a

series of concentric coloured circles round the axis of the
crystal, while crossing them is a black cross ; on rotating the

analyser, the black cross gives way to, a white one, while the
concentric rings change their colour and assume the com-
plementary hues

; the brilliance of the colours is great. The
character and degree vary with different crystals : in some
cases the rings are sharply defined; in others, they pass
gradually into one another; in some the black cross is

prominent, while in others it is but faint. Some crystals are

biaxial, and, therefore, two sets of coloured rings and two
black crosses, which more or less intersect one another, are

obtained.

When masses of crystals are allowed to form in thin

layers on a piece of glass, these crystals, when viewed in the

polariscope, give rise to very beautiful colour effects, which
almost defy description ; but when once seen they are not
readily forgotten, on account of the harmony of colouring

which prevails, and the immense variety of form and of

colour which is presented by different substances.
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Glass which has been heated and then suddenly cooled,

or has by some means been subjected to a strain, also pro-

duces colour effects ; sometimes the concentric coloured rings

and black cross appear ; at others, various effects, according

to difference of conditions.

Starch grains often give rise to coloured effects when

viewed under a microscope fitted with a polariscope ; in some

cases the colour effects produced suffice to distinguish one

starch from other starches.

It is impossible and quite beyond the scope of this book

to enter into a full account of the phenomena of polarised

light and attempt an explanation of how and why they are

obtained ; the reader is referred to special books on the

Fig. 15.

subject for that information. There is, however, just one

other point that must be touched upon, as it has a bearing

upon colour.

If, instead of using a Nicol's prism as an analyser, a simple

prism of calcite be substituted, the light from the polariser

being allowed to fall on this prism through a small hole, then,

on looking through the eye-piece of the instrument, it will be

observed that two white discs, more or less overlapping, will

be obtained (see Fig. 15). If, now, between the polariser and

the calcite prism be placed a thin plate of selenite, coloured

discs will be obtained, the colours varying with the thickness

of the film of selenite ; but the chief feature about them is

that the two discs are of different colours, which are comple-
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mentary to one another—thus, while one may be green the

other will be red, one yellow and the other blue, and so on.

Where, however, the discs overlap, that portion is usually

white
; thus showing that by the union of two colours white

light may be formed, see Plate 3, No. 5 et seq. This has a

very important bearing on the theory of colour, which will be

developed in a subsequent chapter.

IV. COLOUR PRODUCED BY PHOSPHORESCENCE AND
FLUORESCENCE,—Certain compounds, notably the sulphides

of barium, strontium and calcium, when exposed to bright

light after having been reduced to a fine powder, and then

taken into a dark room, are found to glow with light, differ-

ing in hue or tint in each case ; such glow is known as

phosphorescent light. Its nature or cause is not thoroughly

understood, but research has shown that a large number of

bodies are capable of exhibiting phosphorescence when first

exposed to a bright light, as from burning magnesium, and

then viewed in a dark place. There are some substances

which exhibit this phenomenon more strongly under a

vacuum than they do under ordinary conditions. The
production of the so-called " luminous paint," which shines

in the dark after exposure to light, is based on the property

of barium and sodium sulphides in this respect.

When a solution of eosine in alcohol is viewed by trans-

mitted light it appears of a pale crimson colour, yet when
looked at direct it exhibits a beautiful yellow glow, which is.

known as fluorescence. Many substances are found to have

this property, and are termed dichroic. Glass tinted or coloured

with uranium has this property ; when looked through it

shows a pale yellow tint, yet it scatters a bluish-green light.

Uranium glass has another property : if placed in a dark

room and illuminated with violet light it does not reflect

violet light, but appears to glow or to be self-luminous with

a bluish-green light ; this change of hue is very remarkable,
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because it would appear as if the uranium glass had the

property of changing the wave length of any' light which

falls upon it. A change in colour can only be accounted for

by a change in the wave length of the emitted light. Stokes

has made numerous experiments on this property of uranium

glass and substances which act on light in a similar manner

;

he finds that in each case the wave length is affected and,,

further, that in each case this alteration is in the direction

of increasing it. This property of fluorescence is possessed

by many substances, e.g., platino-cyanide of barium, thallene,.

etc., etc.

V. PRODUCTION OF COLOUR BY INTERFERENCE
When certain oily bodies are thrown upon the surface of

water they spread over it in the form of a very thin layer, and

give rise to the production of a number of beautiful colours

which, chameleon-like, rapidly change in hue and extent.

These colours are produced in a peculiar manner ; the waves-

of light impinging upon the film of oil undergo refraction

and reflection, but the film is so thin that the waves of light

reflected from its upper and lower surfaces clash with one

another, whereby some are quenched, leaving the residue to

pass forward to the eye of the observer as coloured light ;.

the degree of quenching depends upon the thickness of the

film, and as this is constantly changing, the colours change

likewise. Interference colours are also produced when light

is reflected from regularly marked surfaces where the mark-

ings are small in extent.

Interference colours are frequently met with in nature :

the exquisite markings found on many beetles' wings, the

iridescent hues found in many shells, the similar tints of

fish scales, the colours on many birds' feathers are due to

this cause. The colours on a soap bubble, those of many
minerals, and those on many varieties of glass are due to

interference.
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For the purpose of showing the colours of thin films the

apparatus illustrated in Fig. 16 may be used. This consists

of a plano-convex lens, CD, and a double-convex lens, AB,
both of long focal length, and three pairs of screws, PP, for

Fig. 16.

the purpose of screwing them together and producing a

regular pressure at the point where the two lenses touch

each other. By pressing the two lenses together there

appears a black spot in the centre with a system of coloured

rings or spectra concentred round it as shown in Fig. 17,

.#.#r##if

a £§l pa 5

Pig. 17.

which represents about one-half of the system ; the farther

each system recedes from the centre the fewer are the colours

in it. This is the effect visible by reflected light. If the
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Reflected
Tints.

Transmitted
Tints.

Red. Bluish green.

Green. Red.

*

Red.

Yellow.

Green.

Blue.

Purple.

Red.

Bluish green.

Violet.

Red.

Yellow.

Green.

Blue.

Yellow. Violet.

Green. Red.

Blue. Yellow.

Violet. White.

Red. Blue.

Yellow. Violet.

White. Black.

Blue. Yellowish.

Black. — White.

Blue. Yellowish.

White. 1 Black.

Yellow. 1 Violet.

Red. —

1

Blue.

Violet. I White.

Blue. \ Yellow.

Green. \ Red.

Yellow. \ Violet.

Red.

Purple.

Blue.

\ Blue.

Green.

Yellow.
\

Green. \ Red.

Yellow.

Red.

\ Violet.

Bluish green.\

Green. V Red.

Red. \ Bluish green.

Fig. 18.

>

.
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spectra be viewed by transmitted light, then the central spot

appears to be white, and the system of spectra in colours

which are complementary to those observed by reflected

light. Fig. 18 shows the order of the tints passing from the

centre outwards as seen by reflected and by transmitted

light. It may be stated that a layer of air ceases to reflect

light when the thickness is less than half a millionth of an

inch ; that with a thickness of more than seventy-two

millionths of an inch it reflects white light, and that between

these two limits it reflects colours in various degrees. In the

same way water of a thickness of three-eighths of a millionth

of an inch ceases to reflect light ; above fifty-eight millionths

of an inch it reflects white light, and other colours at inter-

mediate thicknesses. Glass of a thickness of one-third of a

millionth of an inch does not reflect light; at a thickness

of fifty millionths of an inch it will reflect white light. Sir

Isaac Newton, who investigated the colours of these films

of air, has given the following table of the various spectra

which can be observed, together with the varying thicknesses

of air, water and glass at which they are obtained :

—



COLOUR AND ITS PRODUCTION. 31

SIR ISAAC NEWTON'S TABLE OP THE COLOURS OP THIN PLATES
OP AIR, WATER AND GLASS.

Succession of Spectra, or
Orders of Colours.

Colours produced at the thicknesses
stated in the last three columns.

Thickness in millionths
of an inch.

Reflected. Transmitted. Air. Water. Glass.

First Spectrum, or
order of colours.

Very black.
Black.

Beginning of black.
Blue.
White.
Yellow.
Orange.
Red.

White.

Yellowish-red.
Black.
Violet.

Blue.

1

1

2

5

6i
7*
8

9

8
¥
3
4

l!

1*

H
6

6*

10
"3~1

29
3T

1 2

m
4^
5*

Second Spectrum, or
order of colours.

Violet.

Indigo.

Blue.
Green.
Yellow.
Orange.
Bright red.

Scarlet.

White.

Yellow.
Red.
Violet.

Blue.

11*
12*
14

15*

16f
17*
18*
19*

3*
9*

10J
H|
121
13

131

14*

8*
9

9f
10f
11*
11*
121

Third Spectrum, or
order of colours.

Purple.
Indigo.
Blue.

Green.
Yellow.
Red.
Bluish-red.

Green.

Yellow.
Red.

Bluish-green.

21

22tV
23*

25i
21}
29
32

15*

17f
1711
-'TO"
xo 10

20i
21*
24

13**
14*

15A
16-i

17*

18*
20|

Fourth Spectrum, or
order of colours.

Bluish-green.
Green.
Yellowish-green.
Red.

Red.

Bluish-green.

24
35 *
36

40|

25*

26J
27
30i

22

22*
23*
26

Fifth Spectrum. Greenish-blue.
Red.

Red. 46

52!
34!
89*

39f
34

Sixth Spectrum. Greenish-blue.
Red.

68*
65

44

48*
38
42

Seventh Spectrum. Greenish-blue.
Reddish-white.

71

71

53i

57*
45*
491

The production of colour by the falling of white light on
coloured bodies, the sixth of the ways enumerated at the
head of this chapter, is of sufficient importance to merit
discussion in the next chapter.



CHAPTEK II.

CAUSE OP COLOUR IN COLOURED BODIES.

VI. BY THE ACTION OF COLOURED BODIES.—We have

now to discuss, as far as is possible, the reasons why any

particular substance presents itself to our eyes as coloured.

A final answer to this question cannot really be given, as

we are still far from knowing why one substance should

have a red colour, another one blue, and still another one

green. For a final answer we shall have to learn more of

the intermolecular structure of bodies than we know at

present to ascertain why they should be able to select some

of the rays of light and absorb or reflect them, while the

other rays are not affected
;
possibly we may find that the

molecules of these bodies are in such a state of motion as to

enable them to neutralise light rays of certain wave lengths

while not altering others.

We see coloured bodies under two conditions : in the first

the light comes to our eyes through the body, or is trans-

mitted, as is the case with stained glass, coloured solutions

and liquids, etc. ; while in the second case, the light is

reflected from the object to our eyes. We will first consider

colours produced by transmission through bodies and then

the colour of reflected light.

Transmitted Colours.—When white light passes through

coloured glass, of whatever colour that may be, and

on to the eye of the observer as coloured light, then, to

produce such light, it is evident that the glass or other body
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must have had some action on the light
;
probably it has

absorbed some of the rays which go to make up the white

light that fell upon it and permitted others to pass on, the

nature and degree of absorption depending upon the com-
position of the glass and the character of the colouring matter

present therein.

To understand fully the nature of the absorption of light

by coloured bodies we must observe the spectra of the rays

which are transmitted, and compare these with the spectrum

of white light. This is comparatively a simple matter : if the

object to be examined is coloured glass then it suffices to

hold it in front of the slit of an ordinary spectroscope ; or,

in the case of coloured solutions or liquids, to hold a glass

vessel containing them in front of the slit. In the case of

dyes from coal tar their absorption spectra can be very con-

veniently obtained by a plan described by Mr. Arthur Dufton :

ordinary photographic dry plates are taken, and the silver

salts removed from them by placing the plates in a bath of

hyposulphite of soda and thoroughly washing them afterwards
;

the plates are next immersed in a weak solution of the dye

stuff. In the case of the basic and direct dyes such as

Magenta, Safranine, Chrysoidine, Chrysamine, Benzo blue,

etc., no addition need be made to the solution ; while in the case

of the acid and azo colours, such as Acid green, Naphthol

yellow, Orange, Eosine, etc., a few drops of acetic acid may
be added. Any depth of colour may be obtained on the

plates within limits by regulatiDg the duration of immersion

in the dye solution ; in time, however, the gelatine film on

the plate seems to get saturated with colour, and no further

increase in depth is obtainable. The gelatine plate so ob-

tained may be placed in front of the slit of the spectroscope

and the spectra of the colour obtained. The author has

made numerous plates in this way, and finds it an easy and

yet efficient mode of working.
3
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When we examine by means of the spectroscope the light

transmitted by red glass, we see that the spectrum which is

obtained is not a complete one compared with the spectrum

of white light ; we only see the red and a part of the orange

portions of the spectrum—all the rest of the colours of white

light have been absorbed in its passage through the glass.

This is shown in Fig. 19, where the spectra of white light

and red glass are compared together. It will be seen that

the red glass only permits the red, orange and part of the

yellow to pass, while the rest of the yellow, all the green,

blue and violet rays are suppressed or absorbed, and are

prevented from being transmitted. In connection with the

WHITE LfGH.T

BC D

RED

RfC YIL. GREEN m.uE

H

VIOLET

FIELD LIGHT
Fig. 19.

fluorescence colours we have seen that the phenomenon is

brought about by the fluorescent body acting on the light

which falls upon it and changing its wave length ; hence the

question may arise, May not a red substance so act upon the

light which falls upon it and change it into red light ? That

this is not so is shown in several ways, as will be demonstrated

in the following chapters ; but one simple way may be given

here. If the spectrum of white light be thrown on a wall or

screen and observed through a piece of red glass, we shall

see the red portion of the spectrum, the rest being apparently

eliminated ; if a piece of green glass be substituted, then we

shall see the green portion only, the red, yellow, blue and
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violet being absorbed and their transmission prevented ; in

the same way a piece of blue glass will only permit the passage
of the blue and violet rays. It might be inferred that if the

coloured glass exercises a degree of selection on the light

which is presented to it, and will only allow certain rays to

pass through, then, if red glass will stop all but the red rays

and green glass all but the green rays, a combination
of both should stop all rays from passing ; this is actually

the case—a piece of green and a piece of red glass when super-

posed one on the other will stop all light from passing through
them, and on looking through them they will appear black

in consequence.

We have in the foregoing remarks assumed that a red glass

only transmits red rays ; it, however, does more than this.

If we take a spectroscope and fix across one half of the slit

a piece of red glass we shall see, first, an ordinary luminous
spectrum, and, secondly, the spectrum of the red glass ; by
this means we shall be able to compare the two together

and better observe the effect of transmitting the light through
the red glass. In the first place we shall see that the glass

not only prevents the transmission of some of the colours,

but also that the intensity of those which are transmitted is

very considerably reduced. The reduction in intensity can

be measured, but it is difficult to show the relative intensity

by shading on paper. One way of doing this is shown in

Fig. 20, which represents the spectrum of red glass. Here
the whole rectangle indicates the extent and intensity of the

light of a complete spectrum. The rectangle AHNO shows
the space occupied by the spectrum of white light, while

the shaded portion gives some idea of the extent and in-

tensity of the light transmitted by the red glass ; the height

NL of this portion shows the relative intensity of the light

transmitted compared with the light of the corresponding

portion of the spectrum of white light. We see from this
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that while red glass permits the transmission of the red rays,

it also allows the orange and, in a greatly diminished degree,

the yellow rays, together with even a small proportion of the

green and blue rays, to be transmitted ; but the violet rays

are completely cut off. The degree of luminosity of the

greenish-yellow to blue rays which the glass transmits being

RED YEL. GREEN BLUE VIOLET

Fig. 20.

so small, it is to the eye overshadowed by the preponderance

of red rays ; consequently the light from the glass appears

red, for it -is only when we view the red light through the

spectroscope that we see that it contains yellow, green and

blue light to a small extent. It must, however, be pointed

RED YE-L. GREEN BLUE VIOLET

A B c D E F G H

»tb
Fig. 21.

out (as will be seen more fully presently) that the character

and extent of the rays which may be transmitted vary with,

different kinds of red glass ; some may cut off more of the

green and blue rays than others ; and some may transmit

more of the orange and yellow rays. Compare Plate 1, in

which are given the spectra of various red bodies.
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As another example we may take a glass of an orange-

yellow colour, the spectrum of which is shown in Fig. 21.

Here we see that the glass transmits the red, orange and

yellow rays with a slightly diminished intensity ; the green

with a considerable diminution of intensity, a little of the blue

and a very small portion of the violet ; the eye sees, as it were,

RED YE.L/GREEN BLUE VIOLET
A B C D E

Hi

F G H

1 $M«tliili^»I Hfc^
Pig. 22.

the mean of these colours and calls the glass orange-yellow.

Fig. 22 shows the absorption spectrum of a piece of green

glass. In this case the glass materially reduces the intensity

of the light ; this is shown by the curve barely extending to

half the height of the normal spectrum in the green portion,

while it tapers off towards the yellow on one side and the

RED YEL. GREEN B L.U E VIOLET

Fig. 23.

violet on the other. It will be noticed that the glass permits

the violet rays (but with diminished intensity) up to the H
line to pass, while it stops all the red.

In Fig. 23 is shown the spectrum of a blue glass. This

is of a much more complex character than any of the others.

Every part of the normal spectrum is represented, the green-
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blue to violet being in considerable amount ; while a portion

of the spectrum close to the A line is shown, there is but
little of the orange-red near the B line, a little more of the

orange in the neighbourhood of the C line, a little of the

yellow and somewhat more of the greenish-yellow in the

space between the D and E lines.

The quantity and character of the light which is absorbed
by coloured glasses, or coloured media of any kind, depend
upon the thickness or depth of colouring

; thus red colouring

matter, when in a thin layer, may permit some of the green
and even small quantities of the blue and violet rays to pass,

while, in a thicker layer, only red, and, perhaps, some of the

green rays may pass through ; while in a very thick layer

none but red rays may pass. This explains how it is that

the dyer may, by using more or less dye-stuff, produce so

many varieties of tint, varying somewhat in hue, from the

same colouring matter, because when only a small amount of

dye-stuff is applied it is not in sufficient quantity to neutralise,

so to speak, the white light which is reflected from the fibre

on which the dye-stuff is applied ; as the quantity of dye is

increased there is less white light reflected, and the colouring

matter then shows its normal hue.

Absorption Spectra of Colouring Matters.—In the practical

applications of dyes for the colouring of textile fabrics of all

kinds we are accustomed to mix them together in a variety

of ways to produce any particular shade that may be desired
;

thus, for instance, a green is dyed on wool by using picric

acid or Tartrazine with indigo extract ; the first named is a

yellow dye-stuff, the last a blue dye-stuff. Browns are dyed
by uniting archil (a red dye) with indigo (a blue dye) and
Acid yellow (a yellow dye) in suitable proportions. To
understand how these various combinations, and others of

a similar character, can bring about the desired colour we
must know their colour absorptive action on white light.
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This is done by observing their absorption spectra. On
Plates 1 and 3 and in Figs. 24 to 29 are given the absorption

spectra of many of the most used colouring matters and

dyes.

In Plate 1, No. 2, we have the spectrum of Picric Acid.

This shows all the red, yellow and green, and a portion of

the greenish-blue, but the rest of the spectrum is extinguished.

We see now that picric acid is capable of dyeing greenish

-

yellow shades because it contains the green and a portion of

the blue.

No. 3 of the same plate shows the spectrum of Tartrazine.

This colouring matter dyes muchredder shadesthan does picric

acid, and the spectrum shows why this is so, for while the red,

orange, yellow and green are present, the blue and violet are

completely absorbed. The red and green constituents of these

colouring matters, when they enter the eye, give rise to the

sensation of yellowish-white ; hence we only perceive the

appearance of yellow, of a reddish tint, on account of the

greater predominance of red and green rays over those of the

former colour.

No. 4, Plate 1, represents the spectrum of Scarlet R. We
have here the complete extinction of the violet, blue, green

and yellow portions of the spectrum, leaving only the red

and the orange. As a contrast to this we have another red

dye Azorubine, shown in No. 5; this dye-stuff produces full

crimson shades, and the reason is that only the red rays are

permitted to pass through, while the rest are completely

absorbed.

No. 6, Plate 1, is the spectrum of a light shade of Magenta.

In this case the rays absorbed are the yellow, green and

greenish-blue ; but in dark shades of Magenta there is more

complete absorption, and only the extreme red rays are per-

mitted to pass.

In No. 7, Plate 1, we have the spectrum of Safranine ; in
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this there is only an absorption of the yellow, green, and
a portion of the blue rays, with partial absorption of the

violet, the whole of the transmitted rays making on the eye

the impression of a violet-red, which is the hue peculiar to

Safranine.

No. 8, Plate 1, is the spectrum of Bhodamine which dyes

pink shades. The spectrum shows the reason of this by the

fact that Khodamine only absorbs yellow, green and green-

blue rays, while the violet and red rays transmitted give rise

to the sensation of pink to the eye.

Another red dye-stuff, the spectrum of which is given in

Plate 1, No. 9, is Eosine, shown in a dark shade, which
indicates the transmission of red, orange, and a small portion

of the yellow. In light shades there is absorption of the

green and greenish-blue only, the other colours being trans-

mitted.

In No. 10, Plate 1, is shown the spectra of Acid Green.
The green and green -blue rays only are transmitted, while
all the other rays are absorbed.

In No. 11 on the same plate is the spectrum of Indigo
extract. Here the blue, bluish-green, part of the red and
small portions of the green and yellowish-green rays are trans-

mitted, and the orange, yellow and violet are absorbed.

No. 1, on Plate 3, is the spectrum of another blue dye-stuff.

Cyanol, which dyes an extremely pretty blue. It shows the

transmission of the green, blue, part of the violet and a small
part of the red rays, the sum total of which gives rise to the
sensation of blue to the eyes.

In No. 2 of the same plate we have the spectrum of

Aniline blue. This shows the transmission of a portion of

the red, some of the green, all the blue and part of the violet

rays, while the orange, yellow and extreme violet rays are

absorbed.

No. 3, Plate 3, is the spectrum of Methyl Violet, which
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shows the transmission only of the extreme red, part of the

blue and part of the violet rays, the rest being absorbed.

No. 4, Plate 3, is the spectrum of Iodine Green. It shows

an absorption of part of the red, orange and yellow, and of the

blue and violet rays.

It is the custom of dyers to mix dye-stuffs together for

the purpose of obtaining certain shades ; thus, for instance,

Indigo extract and Picric Acid are employed to produce green.

Now this green is produced, not because in the abstract blue

and yellow produce green, but because they both allow green

light to go through, the Indigo extract absorbing the red and

NAPHTHALENE RED
Fig. 24.

the yellow rays, and the Picric Acid the blue and the violet

rays ; thus only the green rays are permitted to pass. A
mixture of Methyl Green and Methyl Violet produces a blue

;

this is because blue is the colour common to both dye-

stuffs. The Violet absorbs the green and yellow, while the

Green absorbs the red and the violet ; thus the blue only is

transmitted. The combination ofAzorubine with Acid Green

produces a black ; an examination of the spectra of the two

colours shows why this is so, inasmuch as the Azorubine

permits only the red to pass through, while the Green trans-

mits only the green and blue rays. When both colouring

matters are used together no rays pass through, the result is

the production of a black ; this proves that black is the result
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of the absence of light, and is not produced by the addition of

one coloured light to another.

Fig. 24 is the spectrum of Naphthalene Eed. This product

dyes bluish-red tints, and the reason is visible from an exami-
nation of the spectrum, which shows the transmission of the

DRAGONS B'LOOO
Fig. 25.

red rays, together with a little of the violet, some of the blue,

and a small quantity of the yellow.

Fig. 25 is the spectrum of Dragon's Blood, which shows
the transmission of the red and the yellow rays, and but a
small quantity of the green, blue and violet.

TURMERIC
Fig. 26.

The spectrum of Turmeric, a yellow dye-stuff which pro-

duces somewhat orange shades, is shown in Fig. 26. Here
we see that yellow forms the principal portion of the trans-

mitted rays
;
some of the red and the lighter greenish-yellow

rays are also transmitted.
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Figs. 27 to 29 show the absorption spectra of certain

alcoholic solutions of various colouring matters. Alizarine,

Fig. 27, shows a transmission of the red, orange and yellow,

with a little of the green and but a small quantity of the blue

and violet. The sister colour, Purpurin, which dyes somewhat

ZAR IN ALCOHOL
Fig. 27.

bluer shades than Alizarine, has the absorption spectra

shown in Fig. 28. Cochineal solutions, Fig. 29, show the

transmission of red and blue rays, while only the green are

absent to any extent.

The principal difficulty in colour phenomena is to account

A BC

PURPURINE IN ALCOHOL
Fig. 28.

for the production of such shades as browns, olives, greys

and similar shades, which often pass under the term of

tertiary colours. An examination of the absorption spectra

of such shades solves the difficulty. For instance, Bismarck

Brown, which dyes cotton in reddish-brown or orange-brown
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shades, has a spectrum which shows both red, orange-yellow

and green shades, this spectrum being very similar to that

produced by an orange colour ; there is, however, much more
diminution in the intensity in those portions of the spectrum,

in other words, the luminosity of the spectrum of Bismarck

A BC D E F G H

CQCH I N EAL IN ALCOHOL
Fig. 29.

Brown is much less than that of the orange dye ; we may
regard Bismarck Brown as a poor or degraded orange without

much error.

It is a common feature in dyeing to produce olive by
using a mixture of Acid Green and Orange G. If the spectrum

VERMILION
Fig. 30.

of the olive colour is examined, it only shows a small portion

of the green in very diminished intensity ; therefore we may
regard olive as a degraded green.

Greys are produced in dyeing by mixing red, yellow and

blue dye-stuffs in various proportions. When the spectra of

these shades are examined (when dyes are used in their pro-
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duction) they usually show the presence of two points of

light, one in the red and the other in the bluish-green. Now
the red and the green together produce the sensation of

white ; but owing to the considerable degree of absorption

there is a very low luminosity, which shows itself to the eye

CARMINE
Fig. 31.

as a grey ; its production in this way is equivalent to mixing

a black and white together, the tint of grey produced depending

on the relative proportion of the dyes used.

Pigments, also, give absorption spectra, which may be

examined in two ways, either from the light that is reflected

INDIAN RED
Fig. 32.

from them, or from the light that is caused to pass through

a thin layer of the pigment. In either case, similar spectra

are obtained. Figs. 30 to 42 show the spectra of the most,

common pigments in use by painters. In Fig. 30 we have

that of Vermilion, which shows that this pigment reflects the;
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red and yellow rays and a small proportion of the other

colours. In Fig. 31 we have that of Carmine, which differs

from that of Vermilion in there being a larger proportion of

blue and violet rays ; to which circumstance is due the more

crimson hue of Carmine. In Fig. 32 is given the spectrum of

EMERALD GREEN
Fig. 33.

Indian Eed. In this the red, orange and yellow rays are

transmitted, as also a small proportion of the blue and violet

rays. It is somewhat of interest to compare the spectrum of

Vermilion with that of Indian Eed ; the former pigment is of

a bright scarlet colour, while the latter has a dull reddish

D E _£. a

CHROME GREEN
Fig. 34.

hue. The spectra show that, while in the case of the Ver-

milion, the red and orange rays are transmitted in almost

their full intensity, in Indian Eed there is a very considerable

loss in intensity in these rays, and it is to this circumstance

that the much duller colour of that pigment is due. In Fig.

33 is given the spectrum of Emerald Green, from which it
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will be seen that while the green rays are present in almost
their full intensity, there are present small proportions only
of the other rays of the spectrum. In Fig. 34 is given the
spectrum of Chrome Green, where we have the green rays in

nearly their full intensity, but there is also reflected a portion

A BC D E

TERRA VERTE
Fig. 35.

of the red rays and some of the blue and violet rays, and it

is to the presence of these latter shades that we must ascribe
the deeper tone of Chrome Green in comparison with Emerald
Green. In Fig. 35 we have the spectrum of Terra Verte ; this

colour is more renowned for its permanence than for its

ABC E F Q H

CHROME YELLOW
Fig. 36.

brilliancy. Its hue is that of a greyish-green; from the
spectrum we gather that while the green rays are present,

there is also a fair proportion of the red, orange and yellow
rays as well as a little of the blue and violet rays ; the inten-

sity of all these rays is, however, very slight ; this low
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intensity and the combined action of the blue and red rays,

where viewed by the eye, cause Terra Verte to appear of a

greyish hue.

In Fig. 36 we have the spectrum of Chrome Yellow. It

shows that this pigment reflects a large proportion of the

G H

CADMIUM YELLOW
Fig. 37.

yellow and green rays, with some small quantity of orange

and blue. Cadmium Yellow is a pigment of a rather more

orange tone than Chrome Yellow. This fact is explained

by examination of its spectrum, which is given in Fig. 37,

which shows that, while yellow rays are strongly represented,

there are also more violet and red rays than in Chrome Yellow.

YELLOW OCHRE
Fig. 38.

The spectrum of Yellow Ochre is seen in Fig. 38, which

shows the presence of yellow, some red, and a little green

;

the intensity of the rays is small as compared with Chrome

Yellow, and to this fact the dull hue of Yellow Ochre is to be
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ascribed, while the greater proportion of red reflected accounts
for its reddish hue.

In Fig. 39 we have the spectrum of Ultramarine, a pigment
of a bright hue. We see that, while there is a small quantity

of the red and yellow rays, there is a great predominance of

A BC

ULTRAMARINE
Fig. 39.

the blue and violet rays to which the colour of the pigment
is due.

Ultramarine Green is shown in Fig. 40, where we see the
green rays are in the greatest predominance, while there is.

A BC D E F Q H

ULTRAMARINE GREEN
Fig. 40.

only a small proportion of the blue and orange rays of a low
intensity.

In Fig. 41 we have the spectrum of Smalt, which is a
blue pigment of a violet hue and low intensity. The
spectrum shows that almost every ray of colour is present
in greater or less quantity, and that the red, the blue and
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the violet rays are much more prominent than the other

rays. The blue colour of this pigment is evidently due to

the fact that the red and green on the one hand, and the

blue and yellow on the other, are present in just the propor-

tions required to produce white light, leaving the violet and

AB C D _E_ _F_ _G H

SMALT
Fig. 41.

a portion of the blue to impress themselves on the eye. The

low intensity of the colour is due to only a portion of each

ray being transmitted.

The well-known pigment, Prussian Blue, has a spectrum

(Fig. 42) of a different character to either Ultramarine or Smalt.

ABO D E _F G b

PRUSSIAN BLUE
Fig. 42.

In this the blue and green rays have a greater predominance,

the violet is also present, but there is little yellow or red rays.

The deep colour of Prussian Blue is undoubtedly due to the

fact that the principal rays are transmitted in almost their

full intensity.
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We may conclude this section of the subject by an
examination of the green colouring principle to which
vegetation owes its hue, Chlorophyll. An examination of

the spectra of the green colours which have already been
given will show that with them the red is absent or nearly
so, and the blue and violet are present in very small quantities.

In Chlorophyll, however, we have a different result : we find

the extreme red of the spectrum present in almost its full

intensity
;
the orange is nearly absent, while the yellow,

greenish-yellow and green, are present in considerable
amount, a small proportion of the blue and violet rays is

CHLOROPHYLL
Fig. 43.

also present (see Fig. 43). The hue of Chlorophyll presents
itself to the eye as a yellowish-green, and the reason of this

is due to the fact that the red and a portion of the green
combine to form white light, and this, uniting with the other
rays, produces a shade of yellowish-green. The fact that the
Chlorophyll of green leaves reflects some of the red rays is

the reason of the foliage of trees, when illuminated by the
setting sun, having a reddish appearance.

The study of absorption spectra such as those above
described leads to one very important conclusion : that the
eye cannot distinguish the true character of any lights, white
or coloured, which may be presented to it, but pronounces
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them one and all monochromatic in effect, although possibly

polychromatic in structure.

It is a well-known fact to painters that the appearance

of a pigment depends very greatly upon the particular vehicle

or medium which is used with it ; this may be noticed by

an examination of drawings in crayons, water colours and oil,

using the same pigment. The explanation of this phenomenon

arises from the different manner in which the pigment or

paint surface reflects the light that falls on it ; in the case

of a crayon drawing, and to a limited extent a water colour

painting, there is not only reflected the characteristic colour

of the pigment, but a good deal of white light, the presence

of which materially modifies the hue of the pigment as it is

ssen by the eye ; in the case of water colours the presence

of the very small proportion of gummy matter which is

employed to fix the pigments used is found to considerably

reduce the quantity of white light which the pigment reflects,

therefore we are much nearer to obtaining the true hue of

the pigment, but there is less light reflected on the whole.

When oil or varnish is used as the vehicle, the pigments

appear to be much darker, the colour is richer, and there is

found to be less white light reflected from the pigment.

This change in appearance is due to the different conditions

in which the light strikes and is reflected from the pigment.

"With the dry pigment, as in crayon work and chalk drawings,,

'there is a very considerable amount of white light reflected

from it, along with the characteristic colour rays, owing to

the difference in the density of the air in which the light

moves, and the surface from which it is reflected. In the

case of water colours, or pigments immersed in water, we

have other conditions, the light moving in a dense medium

and reflected from a pigment which is practically only

slightly more dense than itself ; hence there is but little

white light reflected, and the coloured light which is reflected
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comes very nearly to the natural appearance of the pigment.

In the case of paintings in oils we have a medium which is

of the same practical density as the pigment, consequently

there is very little white light reflected from it, and it will

appear dark. This is particularly noticeable in the case of

Prussian Blue, which, used by itself in oil, appears of a

blue-black colour; and it is only when it is spread out in

very thin layers on a white surface, or mixed with a white

pigment, that the peculiar blue hue of Prussian Blue mani-

fests itself. This change of colour is very noticeable with

other pigments : some ochres or natural earths, which appear

of a pale hue while dry, when mixed with oil appear much
darker and more brilliantly tinted.

This change in appearance of pigments by the use of these

media has a very important influence on their use in painting,

and between the extremes of drawings in crayons and chalks

and oil painting we have various intermediate qualities. In

oil painting the colouring is characterised by its richness and

the transparency and depth of shadows ; while in crayon

drawing the shades obtained are much paler, the shadows are

much less intense, and there is a harshness which pervades

the whole drawing.

In fresco drawing or painting the artist is very much
troubled by this change of appearance of pigment due to the

difference of conditions as to media, for he has to work with

a wet medium, which imparts to the pigments considerable

richness of colour, while the finished picture is observed when
the medium has disappeared, and consequently its effects on

the pigments lost, the colours will have lost much if not all

of their brilliancy. The artist has perforce to be on his guard

and to make allowance for this change, which renders fresco

painting one of some difficulty ; and few artists are successful

in producing fresco drawings which are wholly satisfactory as

regards harmonious colouring and uniformity of hue.
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As an inference from the study of the absorption spectra

such as have been described above, we may assert that coloured

bodies owe their colour to a selective power they exert on the

rays of light which fall upon them, quenching or absorbing-

some, reflecting or transmitting others ; and the colour which

they show depends upon the character and intensity of these

latter rays.



CHAPTBE III.

COLOUR PHENOMENA AND THEORIES.

Dyees, painters and all who use colouring matters of various

descriptions are well aware of the fact that, using but a few

of these colouring matters, they are able to produce a great

variety of colour effects : thus, for instance, give the painter

red, yellow and blue pigments, he can produce a great variety

of other colours and tints. The same may be said of a textile

colourist ; for instance, by mixing a red and a yellow, orange

can be produced, and by using various proportions of these

two colours he can produce an infinite variety of tints of

orange, from an extreme orange-red to a very yellowish-

orange. Again, by mixing a blue and a yellow together, an

infinite variety of green shades, from a yellowish-green to a

bluish-green, may be produced ; while the admixture of blue

and red in various proportions will produce various tints of

purple and violet ; then by mixing the three colours together

an infinite variety of olive, sage and brown shades, which are

known to the painter as sad shades, and even black may be

produced. This fact has been known to colourists for many

years, and formed the foundation for that theory of three

primarycolours—red, yellow andblue—which from the circum-

stance that Dr. Brewster was the principal exponent of it,

has been known as the Brewsterian theory of colours. He

considers that there are three fundamental colours—red,
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yellow and blue—and that by the admixture of these three

colours all other colours can be produced. This theory has,

however, been shown by various physicists—Thos. Young,
Helmholtz, and others—to be erroneous, and it has given

place to a much more correct theory, although it may be stated

in its defence that it explains very well the phenomena which
occur on mixing colouring matters together.

Before passing on to the consideration of theories of

colours, it would be as well to consider some of the results

Fig. 44.

which can be obtained by mixing various colours together.

In mixing colours we must carefully distinguish between the

admixture of colouring matters, dyes and pigments, and the

admixture of coloured lights. It will be more convenient to

deal with the latter class first, and see the effects which can
be produced by mixing coloured lights, and the means by
which these colour mixtures can be produced.

One very common method of making such experiments in
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the mixture of coloured lights is by means of a revolving disc,

the plan which is used in the experiment of Newton's disc,

with which every student of light is familiar. A white card-

board disc is painted with different colours along its radius

(Fig. 1, Plate 2), and on rotating this rapidly, by the influence

•of the phenomenon known as persistence of vision, which will

be fully discussed in the chapter on the physiology of light,

the colours blend one into the other, and a whitish or greyish-

white uniform colour is obtained.

Fig. 44 represents a very convenient rotatory apparatus,

consisting of an electro-motor driven by a galvanic battery

of any convenient kind. The discs of cardboard are attached

to the spindle of the electro-motor; and are so arranged that

Fig. 45.

they may be changed as required. Fig. 45 is a drawing of

Rothe's apparatus for rotating the colour discs. In this

apparatus a variety of speeds may be obtained, from a slow to

a very quick speed, by driving as may be desired, from the

pulleys 1, 2 or 3 : if 3 be made the driving pulley, then a slow

speed is obtained ; if No. 1 is used, then a quick speed is the

result. If, in place of the Newton's disc, there is employed a

disc painted one half blue and the other half yellow, on

rotation there will be got the sensation produced by mixing

blue and yellow lights together, and in this case we produce

a white and not a green. The white may not, however, be

quite pure, but may be more or less tinted with blue or green,
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because it is extremely difficult to proportion the blue to the

yellow in this method of working. A better plan is that

devised by Maxwell, who takes two or more discs, each painted

in any desired uniform colour ; and then, by making in each a

slit from the centre to the edge, he can, as shown in Fig. 46,

place them together and produce a combined disc showing

any desired proportions of colour ; thus he can have, when
using blue and yellow, either more yellow or more blue, as the

results of rotating the disc show to be desirable. Fig. 47

shows the rotatory apparatus with these discs in position, and

with their aid it is quite possible to study combinations with

two, three, or even more colours. By changing the proportion

of blue to yellow a position is reached when we obtain on

Fig. 46.

rotation a greyish-white ; in no case, whatever may be the

proportions of the blue and yellow, is a green obtained.

Another method of combining coloured light is- to place

two sheets of the desired colours side by side on the table, and

then to place a sheet of glass upright between the two patches,

of colour ; on looking through the glass at one of the patches-

we also see the reflection of the other, but the sensation

visible to the eye is not that of the two colours separately,

but the combined sensation of the two. By just changing

the position of the patches it is quite possible to arrange to.

see them as if they overlapped, then we shall be able to see

the effect of the colours being combined together as well as

separately
; in the case of blue and yellow patches,, white is.

always the result of the union.
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Another method of mixing colours is by means of Dove's

dichroiscope, a section of which is shown in Fig. 48. This

consists of a box, ABCD, with an open back, BD, in which,

can be placed a piece of coloured glass, and an open top,.

AB, on which a piece of coloured glass may also be placed ;

while arranged diagonally from the front to the back are

a number of glass plates, CB. If now the eye be placed

Fig. 47.

at the aperture, E, and coloured plates on the top and at the

back' of the box, then the light passing from the mirror, M,

through the glass, BD, and direct through the glass plates,

BC ; if also a glass plate be placed at AB, the light which

passes through this will be reflected from the surface of the

plates, BC, and will also reach the eye, so that the eye

receives two colour sensations, one from BD, the other from

AB, but, as it is unable to distinguish the two, one colour
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effect only is observable—what this colour effect is will

depend upon the colours of the two glass plates ; not only so,

but also upon the relative proportion of the two colours. By
taking advantage of the fact that the light that passes through

the instrument is more or less polarised, then by observing

through a Isicol's prism, P, we can adjust the relative pro-

portions of the two colours. By rotating the Nicol's prism

more or less we find that, for instance, red and green glass will

infallibly give a yellow varying from orange-yellow to greenish-

yellow, according to the proportions of the red and green.

Blue and yellow glasses give white, green and purple give

also white, red and yellow give orange, green and yellow

Fig. 48.

yellowish-green, and blue and red purple to violet, the tints

of the mixed colour depending upon the hues of the glasses

which are employed ; and a little care is needed to select the

glasses to give the best possible effects.

Advantage may be taken of the fact that calcspar is

double refracting and therefore gives two images of an object

•of equal intensity ; if now a small screen of cardboard has two

small apertures cut in it, these apertures can be covered

with pieces of stained glass, and if viewed through an' achro-

matic prism of calcspar, two images of each glass will be

obtained, four images altogether. By careful arrangement it is

possible to arrange for one image of each glass to fall on the

same spot, then we get the colour effect of the two colours
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combined, while there are also separate images of each colour

for comparison. The colour effects so obtained are the same

as given by Dove's dichroiscope described above.

For showing colour phenomena on a large scale two

magic lanterns may be employed, both arranged so as to be

focussed on the same portion of the screen, while the use of

stained glass or coloured gelatine films will give the desired

results.

The following are a few results which the author has

obtained in experimenting with Maxwell discs. Using ultra-

marine and a deep yellow disc in equal proportions, we get

combinations which have a reddish hue ; altering the propor-

tion to 150 of ultramarine to 210 of deep yellow, we have a

reddish-white tint produced. If, in place of using a deep

yellow, we use a pale shade of yellow, then, if the proportions

of the two discs are equal, a creamy-white is obtained, while

if 270 parts of ultramarine and 90 parts of chrome, a pale

violet tint is produced. A mixture of 180 of vermilion and

180 of ultramarine produces a lilac rose tint, while one of

270 of vermilion and '90 of ultramarine, gives a pinkish-red ;

or, if the proportions be reversed, 90 of vermilion and 270 of

ultramarine, a blue-violet is produced. Using a mixture of

250 parts of Prussian blue and 110 of pale chrome we obtain

a grey of a faint greenish tint. Using a disc of vermilion

and green in about equal proportions produces a tint of a

yellowish cast. In using these mixtures a great deal depends

upon the depth of tone of the vermilion disc and that of the

green disc, so the shade of the combined results may vary

from yellowish to a pale brown. If the vermilion disc is in

excess then a terra-cotta shade is obtained, while if the green

disc predominates the hue becomes greenish ; a combination

of a vermilion disc with a yellow disc in equal proportions

produces a deep orange shade, while if the vermilion pre-

dominates, an orange-red ; vermilion and Prussian blue discs.
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in equal proportions produce a dull greenish shade—an excess
of the Prussian blue produces a deep lilac, while an excess
of the vermilion produces a palish red. A disc of vermilion
and one of emerald green produces a whitish-yellow

; this

of course is the result according to Young's theory. A disc

painted with violet and one painted with yellow give a
yellowish-grey, while a combination of a violet disc and a
dark-green disc gives a greenish-grey. A disc painted with
carmine combined with one painted with green gives rise to

a faint reddish tint.

As the results thus produced are due to the effect of

persistence of vision, while the pigments used are not of
themselves pure colours (see the spectra Figs. 30 to 42), it can
never be expected that the results of these colour experiments
shall be exactly those demanded by theory, but they are so
within what might be termed errors of experiment. They
show how wide is the difference between mixing the colour
sensations themselves and mixing the pigments or colouring
matters which have been used in the production of the discs

;

thus, a mixture of ultramarine with chrome yellow on the
discs produces a reddish-white, while the same pigments mixed
together produce greyish-green. Prussian blue and chrome
yellow

.
discs give a greenish-grey, a mixture of the two

pigments gives a full green; vermilion and emerald-green
mixed by the disc produce yellow, while in the form of

pigments they give rise to a brick red. Vermilion and
ultramarine mixed together by the discs give a faint rose
tint, while as pigments they give rise to a purple colour.

"We may also consider some of the results which are
obtained by mixing coloured lights together with the Dove
apparatus, with the calcite prism, and we may compare these
results with the effect produced by passing light through the
two glasses and observing them with the eye. Thus a red
glass and a green glass observed by the prism give rise to from
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a pale yellow to an orange colour according to the character of

the red glass, while on looking through the two glasses placed

together the colour appears from a dark-green to a black. A
yellow glass and a blue glass viewed with the prism appear

white, which may possibly have a pinkish hue according to

the exact tone of the two glasses ; by direct observation these

glasses appear to be green. A mixture of red and blue glass

appears of a purple or violet in the apparatus, and of a deep

red directly. Yellow and red glasses appear to be yellow or

orange with the prism, and of a deep orange or red seen

directly. A yellow and a blue-green glass with the prism

appear of a yellowish - white colour, without, of a rich

yellowish-green. A violet and a green glass with the prism

may have a blue colour, while without the prism they would

appear to be black. From these results it will be seen that

the effects obtained by mixing coloured pigments together,

and those obtained by mixing coloured lights together, are of

a very different kind. The difference is very marked in many
cases, and one cannot be predicted from the other. Figs. 2,

3 et seq., Plate 2, show some of the results which are obtained

with coloured lights which are allowed to fall one upon the

other on a screen from two lanterns, and the colour obtained

by two coloured glasses placed together in a beam of light. In

Fig. 2, Plate 3, we have the results of two discs of blue and

yellow light falling upon the screen from two lanterns—where

they overlap it appears white. In Fig. 3 we have the same
two colours thrown together on the screen from one lantern

—

where they overlap it is green. These differences of result

are explainable in this way : In the first case we have both

blue and yellow lights illuminating the same spot, and the

illumination excites in our eyes the sensation of white. In

the second case the light has already passed through one

glass, say the blue, and been robbed of its red and yellow rays

before it passes through the yellow glass, and this again exerts
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its absorbing effect and stops the passage of the blue and
violet rays which reach it, and only permitting the green rays

to pass through, so that green only appears on the screen.

In the second case we have in Fig. 4, Plate 3, the effect of

two discs of red and green light from two lanterns—where
they overlap it appears yellow. This of course is in accordance

with Young's theory of light. In Fig. 5, Plate 3, we see the

effect of the light passed successively through the red and
green glasses, the result being the production of black. This
is due to the fact that the red glass, through which the light

first passes, only permits of the passage of red rays, and these

on reaching the green glass are absorbed, and black appears

as the result.

So far we have considered the mixture of coloured sensa-

tions produced by transmission or reflection from artificial

colours
;

it will now be as well to briefly describe the results

obtained by mixing coloured lights together of a pure char-

acter, such as are got by means of either the spectroscope or

the polariscope. It is quite possible to produce a spectrum

by one spectroscope, and then to throw upon this any portion

of a spectrum produced by another spectroscope; by an
arrangement of the polariscope, as shown previously, over-

lapping images of two colours can be produced. Captain

Abney has described an arrangement by means of three

slits, which, placed in connection with the spectroscope, is

capable of allowing three portions of the spectrum to fall upon
the screen at one spot. The apparatus can be so arranged

that any portion of the spectrum can be examined at the

same time; if .with such an apparatus the slit is arranged in

the red, the green and the violet, we have white light produced.

If now the green slit is moved towards the red the tint of

the mixture becomes more reddish ; and to still keep it white

the slit in the red must be closed, until we find that, by having

one slit on the yellowish-green and the other slit on the
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violet, we also are able to produce white light. This fact will

tend to show that the yellowish-green rays were originally

formed by the admixture of the red and the green of the
original spectrum ; it is also found that a mixture of red and
a bluish-green produces white. In a similar manner we find

that a mixture of orange and greenish-blue makes white,

a mixture of yellow and blue makes white, a mixture of

greenish-yellow and violet makes white, and of green and
purple makes white. Putting these results in the form
of a table for clearness, we have the following five combina-
tions, any of which will produce white :

—

Ked and bluish-green.

Orange and greenish-blue.

Yellow and blue.

Greenish-yellow and violet.

Green and purple.

In other words, white light must contain one of these
five pairs of colours, in each of which one colour is said to

be complementary to the other, but these same results are
obtained whether we use the spectrum lights or the lights

of the polariscope. Eed and green lights mixed together
make yellow.

The changes which are brought about by one colour
falling upon another is of very great importance, and has
some bearing on the employment of pigments and dyes in

the production of paintings and designs for decorative

purposes. Eood has made a number of experiments on this

question, and we may give his results here, with the remark
that some of them have been confirmed by experiments made
by the author.

TABLE i.

Yellow light falling on paper painted with

Carmine gave .... Red-orange.
Vermilion gave .... Bright orange- red.

5
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Yellow light falling on paper painted

Orange 1 gave

Chrome yellow gave

Gamboge gave

Yellowish-green 2 gave

Green 3 gave .

Blue-green 4 gave .

Cyan blue 5 gave .

Prussian blue gave

Ultramarine blue gave

Violet 6 gave .

Purple 7 violet gave

Purple 8 gave

Black 9 gave .

with

Bright orange-yellow.

Bright yellow.

Bright yellow.

Yellow.

Bright yellow-green.

Yellow-green (whitish).

Yellow-green.

Bright green.

White.

Pale reddish tint.

Orange (whitish).

Orange.

Yellow.

TABLE II.

Bed light falling on paper painted

Carmine gave

Vermilion gave

Orange gave .

Chrome yellow gave

Gamboge gave

Yellowish-green gave

Green gave .

Blue-green gave .

Cyan blue gave

Prussian blue gave

Ultramarine blue gave

Violet gave .

Purple violet gave

Purple gave .

Black gave .

with

Bed.

Bright red.

Red-orange and scarlet.

Orange.

Orange.

Yellow and orange.

Yellow and orange (whitish).

Nearly white.

Grey.

Red-purple or blue-violet.

Red-purple or blue-violet.

Red-purple.

Red-purple.

Purple-red or red.

Dark red.

TABLE III.

Green light falling on paper painted with

Carmine gave

Vermilion gave .

Orange gave .

Chrome yellow gave

Gamboge gave

Dull yellow.

Dull yellow or greenish-yellow,

Yellow and greenish-yellow.

Yellowish-green.

Yellowish-green.

1 Mixture of red lead and Indian yellow.

2 Mixture of gamboge and Prussian blue.

3 Mixture of emerald green with a little chrome yellow.

4 Mixture of emerald green with a little cobalt blue.

5 Mixture of cobalt blue and emerald green.

6 Hoffmann's violet BB. 7 Hoffmann's violet BB and carmine.

8 Hoffmann's violet BB and carmine. 9 Lamp black.
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Green light falling on paper painted

Yellowish-green gave

Green gave .

Blue-green gave .

Cyan blue gave .

Prussian blue gave

Ultramarine blue gave

Violet gave .

Purple violet gave

Purple gave .

Black gave .

with

Yellowish-green.

Bright green.

Green.

Blue-green.

Blue-green, cyan blue.

Cyan blue, blue.

Cyan blue, blue, violet-blue.

Pale blue-green, pale blue.

Greenish-grey, grey, reddish-blue.

Dark green.

TABLE IV.

Blue light falling on paper painted

Carmine gave

Vermilion gave

Orange gave .

Chrome yellow gave

Gamboge gave

Green gave .

Blue-green gave .

Cyan blue gave

Prussian blue gave

Ultramarine blue gave

Violet gave .

Purple violet gave

Purple gave .

Black gave .

with

Purple.

Red-purple.

Whitish-purple.

Yellowish-grey, greenish-grey.

Blue-grey.

Blue-green, cyan blue.

Blue, cyan blue.

Blue.

Blue.

Blue.

Ultramarine, violet-blue.

Blue-violet.

Violet-blue, purple-violet.

Dark blue.

Incidentally there has been mentioned some of the colour

shades which can be produced by the admixture of various

pigments together. It will be as well if we devote more

attention to this question and also to the colours or shades

obtained by the dyer in mixing various dye-stuffs together.

For instance, when chrome yellow and vermilion are mixed

an orange is produced ; when a yellow pigment and a blue

pigment are mixed together a green is the result—as, for in-

stance, mixing Prussian blue and gamboge, a very favourite

mixture with artists ; or Prussian blue with chrome yellow,

which forms the Brunswick green of the house painter. The

reason of these two pigments producing green and not white,

as would have been the case with blue and green lights, is
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due to the fact that Prussian blue reflects green light as well

as blue light, as is seen from its spectrum given on page 50,

while the chrome yellow, as will be seen from its spectrum

given on page 67, also reflects green as well as yellow.

It is usually stated, in explaining this effect, that the blue

rays of the one pigment and the yellow rays of the other

pigment neutralise one another, allowing only the green rays

to develop themselves, but it is really because the combined

absorptive action of the pigments on the light results in only

the green rays being allowed to pass or reflect that the

mixture of yellow and blue pigments produces green. When
red and yellow pigments are mixed together, orange is the

result, as stated above ; in this case a somewhat different

explanation is required, inasmuch as we not only get an

absorption effect of the two pigments on the light, the red

absorbing all the rays from the violet to the green, and most

of the yellow ; the yellow pigment absorbing all the rays

from the violet to the bluish-green, and most of the red—thus

orange itself, and part of the red and part of the yellow are

the only rays not absorbed, and hence reflected to the eye

;

also the combined effect of red rays and yellow rays upon

the eye is to produce orange, and hence it is that the red

rays and the yellow rays, which both pigments allow to pass,

also help in the production of orange.

Again, when blue and red pigments are combined together,

violet is the result; here again, as with the orange combina-

tion, we have not only the absorptive effect of the two pigments

on the light, but also the physiological effect, inasmuch as

when red and blue rays are both present they give rise to

the sensation of violet in the eye.

But the character of the orange, green or violet which

is produced largely depends upon the character of the red,

yellow and blue pigments which are used, and upon the

relative proportions ofthem which are present. Ultramarine,
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although a blue pigment, does not give as good greens as

Prussian blue ; its tone approaches more nearly to a pure

blue than does that of Prussian blue, and it does not reflect

as many of the green rays as does the latter pigment (see

Figs. 39 and 42). Yellow ochre, again, does not produce

good greens, but greyish tones, Carmine produces purer

violets with Prussian blue than does vermilion, because it

reflects more of the violet rays than the latter pigment, as

will be seen by a comparison of the spectra given in Figs.

30 and 31.

If a red pigment and a green pigment are mixed together,

a brown is the result, the brown varying in tone or hue

according to the relative proportions of the two pigments
;

thus brown is really a resultant of a double effect first with

the red and the green tending to absorb nearly the whole of

the rays, and only permitting the red, orange and yellow to

pass, while there is a considerable decrease in the luminosity

of the mixture, which exhibits itself to the eye by giving a

brown appearance to it. Mixing an orange and a green

pigment has a similar effect, only the mixture is not so dark.

The dyer, like the painter, produces a great many of his

effects by mixing various dye-stuffs together. Thus he gets

brown by mixing a red, a yellow and a blue dye together,

and by varying the proportions he can produce a great range

of shades. By using Archil, Turmeric and Indigo extract he

gets a brown, and a similar brown is got from Indian yellow,

Aniline blue, and Orange 2 ; it is to be noted that the orange

or yellow predominates in each case—by increasing the pro-

portion of the blue, the brown becomes darker. The dyer

is also accustomed to produce greys by mixing a red, a blue,

and a yellow dye, as for instance a grey from Chromotrop 2R,

Cyanine B, and Azo yellow. A spectroscopic examina-

tion of this mixture would show that between them they

absorb all the rays, for each so acts as to take out its own
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proportion of the rays, and therefore black results ; this,

mingling with the white of the fabric, produces a grey effect.

By increasing the proportion of the red, reddish-greys are

obtained, while if the blue is increased, then bluish-greys

are the result, or if both the blue and the yellow are increased,

then a greenish-grey is obtained. Like the painter, the dyer

gets his greens by mixing blue and yellow dyes together in

various proportions, and occasionally he adds a little red for

such colours as peacock green ; thus, by using a mixture of

Cotton blue and Acid yellow and Chromotrop, a peacock

green can be dyed. Many of the modern coal-tar blacks have

a bluish or violet shade ; it is found, by using a little

yellow or green dye, that the black is changed and becomes

much purer. There is no doubt that this is due to the fact

that the addition of this yellow or green dye results in the

absorption of the blue which the original dye-stuff allowed to

pass through. Black can be dyed on wool by using a mixture

of Naphthol blue, Indian yellow and Naphthol green : this

black is produced as the result of each of these dyes absorbing

the whole of the spectrum, and in allowing no rays to be

reflected or transmitted. It is of course impossible to describe

or to notice all the colour effects which may be obtained or

produced by the admixture of different colouring matters,

but it may be stated here that much of the effects of such

dark shades as browns, olive-greens, etc., is due to their

low reflecting power for light, for in the case of light tints

such as greys, lilacs, pinks, creams, we have the fibre, or

rather the light reflected from it, also playing a part in the

sensation developed in the eye. We shall have further to

consider the effects brought about by changing the luminosity

of light either by an increase or a decrease thereof.

The same tint may often be produced by combining

different dye-stuffs together ; thus, for instance, a bright

green may be got with indigo extract and Naphthol yellow,
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and also by using Naphthol yellow, Orange G and Acid

green, but it does not follow that, while the tint of the two

colours may be the same, they have quite identical properties

;

when they are subjected to various illuminations they may

show slight differences of tints, and again the addition of

other colouring matters may produce divergent effects ; thus,

while the addition of a red dye-stuff to one of the mixtures

may produce a deep brown, with the other it may form a

maroon. Again, the shade of blue produced on wool by

indigo extract may be matched by daylight with a mixture

of Naphthol yellow, Violet 4B, and Cyanol, but viewed by

gaslight the shades are quite different. The addition of

a crimson dye to the indigo may convert it into a bluish-

black, while the same addition to the mixture may produce

reddish-black. These differences in effect are due to differ-

ences in the absorptive action of the colouring matters on

the light—the eye, as it were, sees the mean of the rays of

light which are transmitted or reflected, and it has no power

of distinguishing what particular groups of rays are actually

present, yet the character of the shades which may be pro-

duced by the admixture of various dye-stuffs together always

depends upon the character of the rays which those dye-stuffs

transmit or reflect, and not upon what is seen by the eye.

It may be broadly stated that when dye-stuffs are mixed

together whose absorption spectra more or less overlap one

another, then it is the overlapping portion which governs

the shades which are produced. The larger this portion is,

the brighter and more luminous will be the hue of the colour

as visible to the eye ; the smaller the overlapping portions

are the less luminous and duller will appear the shades.

When dye-stuffs are used whose spectra do not overlap one

another, then black will invariably ensue.

We may now devote some attention to the subjects of

primary and complementary colours. It has been pointed
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out that the fact of the painter being able, by using red,

blue and yellow pigments, to produce all colour effects, has
led to the development of the Brewsterian theory of there
being three primary colours—red, yellow and blue. As this

theory has a good many practical applications we will devote
some attention to it. By the combination of two of these
primary colours we get, as has already been described, a
series of three other colours, which are known as secondary
colours, these being orange, green and violet—the orange

Fig. 49.

from the combination of the red and yellow ; the green from
the combination of the yellow and blue ; and the purple or
violet from a combination of the red and blue. Then by the
combination of these secondary colours together in pairs or
with a primary colour, we get a series of other colours which
are called tertiary colours. Coloured diagrams on Plate 4,

and also Figs. 49 and 50, illustrate this theory of primary,'
secondary and tertiary colours. The diagrams take the
form of triangles, the sides of which are filled with a primary
or secondary colour overlapping at the corners

; the central
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portion is also filled with each colour, and therefore is

produced by the union of the three colours forming the plate.

In the triangle in Fig. 49 are employed the three primary

colours—at the top red, left-hand side yellow, and the right-

hand side blue ; the red and yellow overlap at the top left-

hand corner and form the secondary colour orange, similarly

the red and blue overlapping in the top right-hand corner

form the secondary colour violet, and the blue and yellow

where they overlap at the bottom corner form green, while

in the middle is a tertiary colour formed by the union of the

three primary colours formed in constructing this diagram. In

Fig. 50.

Fig. 50 we have the triangle formed from the three secondary

colours ; at the left-hand side is green, right-hand side violet,

bottom side orange ; where the green and the violet overlap

at the top corner we have the tertiary colour commonly
named slate ; at the left-hand bottom corner we have the

green and orange overlapping and we get the tertiary colour

named citrine ; while at the right-hand bottom corner we
have the violet and green overlapping and forming the
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tertiary colour usually named russet. In the centre is a

more complex colour formed by the union of the three

secondary colours. The diagrams (Figs. 49 and 50) should be

compared with the corresponding coloured diagrams on Plate

4. The combination between the primary and secondary

colours to form the tertiary colours may take place in a great

variety of ways, and consequently there can be produced a

large number of shades of tertiary colours depending upon

the relative proportions of the constituent colours from

which they are formed.

The tone, tint, or shade of a colour are terms which are

frequently met with in colour work, and are somewhat

indefinite in their application, and are used by colourists

rather indiscriminately. If a colour is mixed with a white

pigment we weaken or reduce its tone, and by using various,

proportions of the two (the colour and the white) we can

get quite a range of tints, as they are called. By mixing

black with the pigment we produce darkish-red sand shades,

as they are called. Here we have quite a scale or range of

shades according to the relative proportions of the black and

the pigment ; we can therefore distinguish the last two classes

of the colours.

First, a reduced scale of tints made by mixing the colour

with white.

And second, a darkened scale of shades which are pro-

duced by mixing the colour with black.

The tertiary colours are always more or less dull, on

account of the fact that a mixture of the three primary

colours should produce black, but in the tertiary colours one

or other of these three primary colours has predominated, and

it is this predominating colour which produces the hue of the

tertiary colour.

It has been found, in mixing the primary colours, that the

best effects are not obtained by mixing the pigments employed

in equal weights, but rather in what may be called equivalent



COLOUE PHENOMENA AND THEORIES. 75

proportions : thus, it has been found that three parts of yellow

require five parts of red to make a good orange ; in the same

way it has been found that three parts of yellow require eight

parts of blue to form a green, and that these eight parts of

blue are able to combine with five parts of red to form a

violet. These numbers three, five and eight are considered

to be the equivalents of yellow, red and blue respectively ; but

too much stress must not be laid on these colour equivalents,

for they will vary with the particular pigments which may
be used ; however, they will serve a convenient purpose

occasionally. By following the proportions of red and yellow,

and yellow and blue, or of blue and red, we can produce a

variety of tints of the secondary colours : these we may repre-

sent in the following manner, using the letters R, Y and B for

the three primary colours :

—

Y + R = Orange.

2Y + R = Yellowish-orange.

Y + 2R = Reddish-orange.

R + B = Violet.

2R + B = Reddish -violet.

R + 2B = Bluish-violet.

B + Y = Green.

2B + Y = Bluish-green.

B + 2Y = Yellowish-green.

COMPLEMENTARY COLOURS.

It has been shown that when two coloured lights are

mixed together white light is produced. This statement is only

true of a number of combinations, such as blue and yellow,

and green and purple (see page 65) ; such pairs of colours are

said to be complementary to one another. We find that

a knowledge of pairs of complementary colours is of con-

siderable importance from an artistic point of view, inasmuch

as the colours thus paired appear of the greatest possible con-

trast to one another, while at the same time they harmonise

more together than any other combinations would do—as,
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for instance, a red design on a green ground shows up much
more distinctly and is much more harmonious than a red on

blue or a red on violet. Similarly a yellow design on a blue

ground shows up much more strongly than a yellow design

•on a green ground.

All the spectrum colours are primary, and each of them
has its own particular complementary colour situated in

some other portion of the spectrum. We may give here

:a table of the complementary colours of the principal

divisions of the spectrum :

—

TABLE OF COMPLEMENTARY COLOURS.

Red Bluish-green.
Orange Deep-blue.
Yellow Ultramarine blue.

Greenish-yellow ...... Violet.

Green Reddish-violet.

Many other pairs could be formed. The colours which lie

between the red and the orange have their complementary

•colours between the bluish-green and cyan blue. The
•colours which lie between yellow and green find their com-

plementary colours in the portion lying between the ultra-

marine blue and the reddish-violet.

The best plan of studying the production of complemen-

tary colours is by means of the polariscope arranged to

produce, by means of selenite plates of varying thickness,

discs of colour such as those shown in Figs. 5 to 8 on Plate

2. It is the best way of producing complementary colours,

and gives by far the most satisfactory results. It is im-

possible in words to convey any idea of the exact shade of

"the pairs of colours which are complementary to one another.

It is not always easy to match them by painting, but the

latter method is by far the most satisfactory.

The polariscope will not, however, give us the comple-

mentary colours of many tints which are produced by a
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pigment, and of which it is desired sometimes to know the

complementary colours. This is especially the case with,

olive-green, brown, and other tints of a like character. This

is caused by the fact that the colours, as obtained by the

polariscope from selenite, are very largely mixed with white

light, which considerably increases their luminosity, whereas

the colours referred to have a very weak luminosity. We
can get a solution of this problem by means of the Maxwell
discs, if we take advantage of the fact that the rotation of

Fig. 51.

two primary colours tends to produce a grey, and if we take

one colour which we require to match, and by employing one

or two other discs, arranged so that with the other primary

colours they will produce a grey—such a combination is

shown in Fig. 51, where we have a combination of three

large discs—one red, one green, the other blue ; and two small

discs—one black and one white. The black and white by

rotating give the sensation of grey, the red is the colour

which is desired to match, and by mixing the green and blue

in certain proportions and rotating the discs we get a grey
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matching that of the central discs : the combination of the

green and blue is therefore complementary to the red. Again,

Fig. 52 shows the manner of producing a complementary

colour to a yellow ochre ; the yellow required more blue than

green to obtain a grey identical to that produced by the

rotation of the black and white discs. Even this method

is not altogether satisfactory, for the relative intensities and

luminosities of the pigment used in the production of the

discs have a very considerable influence in modifying the

Fig. 52.

results. We can of course only obtain the true complement

of any colour if we combine it with other colours of an

equal degree of intensity and luminosity. Unfortunately this

is not always the case, as the red and yellow pigments

—

carmine, vermilion, chrome yellow—are much more luminous

than the pigments—emerald green, cobalt blue, ultramarine

—

which we have to employ in this method of experimenting

on producing the complementary colours.

In painting, and according to the Brewsterian theory of
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colour, the term complementary is employed in another sense.

According to this theory there are three primary colours—red,

blue and yellow. Now by mixing any of these three together

we can get three other colours, orange from the yellow and

red, green from the yellow and blue, and purple or violet

from the red and the blue. These are called secondary

colours, and each secondary colour is considered to be com-

plementary to the third primary colour which is not used in

producing it ; thus, green is complementary to red, blue to

orange, yellow to violet. This is shown in the coloured chart

Fig. 5, Plate 4, which shows a triangle the three sides of

which are occupied by the three primary colours, while at

the points the colours overlap and form the secondary colours.

The primary on one side is complementary to the secondary

in the corner opposite to it. In the coloured triangle No. 6,

Plate 4, are shown in a similar way the secondary colours,

orange, green and violet, with at the corners the tertiary

colours they form, the latter being complementary to the

secondary to which it is opposite, slate to orange, citron to

violet, russet to green.

SUPPLEMENTARY COLOURS.

This is a term which will be found in some text-books,

and indicates the other colour which is left when two of the

primary colours are taken from any combination. This is a

term which is extremely vague in its derivation and use.

Colour Theories.—Having discussed many if not all the

phenomena of colour production and admixture it will now
be convenient to consider some of the theories which have

been propounded from time to time to account for these

phenomena.

Brewster Theory.—This theory has already been several

times referred to in speaking of primary and secondary colours,
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and its bearings have been adequately discussed. The red,

blue and yellow primary theory fails, however, to account

for all the colour phenomena which can be produced, chiefly

because it was not based on a proper examination of the true

composition of coloured lights.

Young-Helmholtz Theory,—Thomas Young was the first

to note that the Brewster theory did not explain the results

which can be obtained by mixing the spectral colours together,

nor the effects which can be got by means of the revolving

Maxwell discs. He then propounded a theory of three primary

colours consisting of red, green and blue ; this theory has

been more fully developed by Helmholtz, and hence is known

as the Young-Helmholtz theory, and, as it explains in a fairly

satisfactory manner all colour phenomena, it has become

almost universally accepted by colourists.

According to this theory there are three primary colours-

red, green and blue. Now as there are various hues of these

colours, some difference of opinion exists amongst colourists

as to the exact hue which should be adopted as the true

primary colour, particularly as regards the blue. The primary

red is usually accepted to be one having much the same hue

as carmine or a mixture of equal proportions of carmine and

vermilion, the green resembling emerald-green in hue, being

perhaps a little deeper in tone, the blue approaching the tone

of Prussian blue. Some colourists are inclined to regar' 1 the

true primary blue as being a little greener in tone lan

Prussian blue, while others, Maxwell and Miiller, consider the

primary blue as one having a more violet hue, like nltra-

marine.

When two of these primary colours are mixed together

secondary colours are obtained ; thus red and green yield

yellow, green and blue give a greenish-blue, named sea green,

while red and blue give a kind of purple tint. It will be

observed that in thus mixing the colours we get the tint
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which is intermediate between them in the position they

occupy in the spectrum. When more than two of the primary
colours are mixed together we get white light. We would
point out that the results which are here stated to be ob-

tained are those which may be got with spectral colours

or the colours obtained with the polariscope, or in some
cases with coloured lights thrown from several sources on
a screen (see Plates No. 2, Figs. 2 to 5, and No. 3, Figs. 5 to

8). If we arrange three magic lanterns to form three over-

lapping discs on the screen, and in one have a red glass, in

the second a green glass, and in the third a blue glass, it will

be found that where the red and green overlap yellow is

obtained, where the red and blue overlap then violet is got,

and where the blue and green overlap a greenish-blue is got,

while in the centre will appear a triangular white space where
all three of the colours overlap.

To obtain the best results, care will have to be taken in

selecting the red, blue and green glasses so that they are of

the right hue, and probably many will have to be tried before

the right ones are obtained.

We have here one of the fundamental differences between
the old and the new theories. In the old theory, based as it is

upon the admixture of pigments, the addition of the three

primary colours together gives rise to the production of

another tertiary colour ; while in the newer theory we have
white produced, which is not only true in theory but in fact,

for we have seen that white light is built up of coloured

lights, and theories ought to explain facts.

If, instead of adding coloured lights together to form white
light, we take away one of the primary colours from white light,

there will be left, according to the Young-Helmholtz theory, a

combination of the other two primaries : thus, if we take away
blue there will be left yellow, which is produced by the com-
bination of the other primaries red and green ; if the red be
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next taken away we shall have green left ; and if this be taken

away we shall have no light at all ; in other words, blackness

results. It is thus seen that black denotes the absence of

colour. Now as it has been shown that the colour of bodies

is due to their possessing an absorptive action on the light

which falls upon them, a black body is black because it

absorbs all the light which falls on it.

According to the Young-Helmholtz theory the colour

effects which are obtained by mixing pigments, dyes and

colouring matters together are due to the absorptive action

of the colouring matters upon the light which falls upon

them. This absorptive action can only result in one thing,

and that is a reduction in the intensity of the light, and so

the colour which is produced by the mixture of two or three

other colours will be weaker as regards its light intensity

and therefore appear duller or darker ; in the end, by total

absorption of all the light, black will result. How soon this

happens will depend entirely upon the colouring matters

which are used ; in some cases—as, for instance, when the dyer

uses Azorubine and Acid Green—two will suffice, in other

cases three or more may be required.

If the colouring matters are so mixed together that, while

there is some considerable reduction in the intensity of the

light, the colours are such as would form an orange—that is,

red and yellow predominate—then brown will result
;

if, on

the other hand, the green is predominant the resulting colour

will have an olive hue, while plum shades will result when

the red and blue predominate.

In a similar manner we may account for the production

of all the secondary and tertiary hues produced by the

admixture of pigments and colouring matters together. If

there is an absorption of light which tends to produce the

same effect as adding black, then the predominant colours

show themselves somewhat in the manner indicated above.
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Maxwell's Theory.—This closely resembles that of Young
and Helmholtz, only differing from it as to the hue of the
primary colours. Maxwell takes scarlet, green and a violet
tone of blue like ultramarine as the primary colours, the
wave lengths corresponding to the true primaries being in
millionths of an inch, for the scarlet 2328 between lines
B and C, for the green 1914 near line E, for the blue 1717
near line G. As regards the secondary colours obtained on
mixing the primaries together and the relationship of primary
and complementary colours, Maxwell agrees in all essential
particulars with Helmholtz. In 1861 Maxwell demonstrated
the correctness of this theory in lectures at the Eoyal Insti-
tution.

A solution of sulphocyanide of iron matches well the
primary red, one of chloride of copper the primary green,
and one of ammoniacal sulphate of copper the primary blue.
With three lanterns, and using troughs filled with these
solutions, many experiments on the mixture of the primary
colours may be made.

Colour Photography—It may be of interest here to refer
to the production of photographs of objects in their natural
colours, particularly as it bears on the theory of colour.
While, so far, all attempts to produce a permanent photo-
graph of objects in their natural colours have not been
successful, yet transient coloured photographs have been
produced. Henry Collen, in 1865, was one of the first to
lay down the lines on which successful colour photography
might possibly be carried on, although he himself did no
work in this direction. He described his ideas thus :—

Obtain a negative sensitive to the blue rays only, obtain a
second negative equally sensitive to the red rays only, and
a third sensitive to the yellow rays only.

There will thus have been three plates obtained for printing
in colours, each plate having extracted all its own peculiar
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colour from every part of the subject in which it has been

combined with tones used in chromo-lithography. Now it

is evident that if a surface be prepared for a positive picture,

sensitive to yellow rays only, and if the two negatives,

sensitive only to blue and red, be superimposed one on the

other, and be laid on this surface, the action of light will be

to give all the yellow existing on the subject ; and if this

process be repeated on other surfaces, sensitive only to red

or blue respectively, there will have been produced three

pictures of a coloured object, each of which contains a

primitive colour from that object.

Now, supposing the first great point achieved, viz., the

discovery of substances or preparations, each having sensi-

tiveness to each of the primary colours only, it will not be

difficult to imagine that the negatives being received on the

surface of a material quite transparent and extremely thin,

and that being so obtained, are used as above, i.e., one

pair of superimposed negatives to obtain the colour of

the third, three positives will be obtained, each repre-

senting a considerable portion of the form of the object, but

only one primary of the decomposed colour of it. Now, if

these three positives be received on the same kind of material

as that used for the negatives, and be then laid the one on

the other, with true coincidence as to the form, and all laid

upon a white surface, it will not be difficult to imagine that

the effect would be not only the representation of the form

of the object, but that of its colour also in all its variations.

Very perfect contrivances would be required to produce

the superposition of both negatives and positives, and a

considerable difficulty would exist in handling the extremely

thin material. This, however, as well as other difficulties,

will easily be overcome when the chemist has discovered the

three preparations, which are each of them sensitive to one

of the primary colours only.



COLOUE PHENOMENA AND THEOEIES. 85

Mr. F. E. Ives, of Philadelphia, has succeeded in devising

two instruments—the Photochromoscope and Kromskop

—

by means of which it is possible to produce and observe

photographs in colours.

The process, to be brief, consists of making three negatives

on colour-sensitive plates, which are exposed simultaneously

in a triple camera, behind light filters that are carefully

adjusted to transmit to each plate just the kind and amount

of light that will cause the resulting negative to make a

coloured picture, which, when combined with the other two

coloured pictures produced in the same manner, will counter-

feit the colours of the spectrum, or the colours and light and

shade of any object. In order to accomplish this, each

spectrum colour that is not counterfeited by any one repro-

duction colour must, of course, be represented by the two

negatives in such a manner as will secure a definite and

suitable combination of two reproduction colours in the final

result. Negatives of the required character are made by

exposing a cyanine-stained gelatino-bromide plate through a

double screen of chrysoidine orange and aniline yellow of

suitable intensity; for the red sensation, a cyanine-erythro-

sine gelatino-bromide plate through a screen of aniline

yellow of suitable intensity, and for the green sensation an

ordinary gelatino-bromide plate through a double screen of

chrysophenine yellow and E.E. methyl violet. The sensitive

plates are, of course, exposed simultaneously in a triple

camera of special design.

The Photochromoscope consists essentially of a box, open

at both ends, with three coloured glasses or screens (red,

green and blue-violet) and three pairs of small mirrors

arranged within it. With such a simple device it is possible

to view the monochromatic triple image of the chromo-

gram as a single image reproducing all the colours of the

object photographed ; but in order to magnify the image, to
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improve the illumination, and in other respects to add to the

efficiency and convenience of the instrument, it is constructed

upon a more elaborate plan, with condensing lenses, colour

screens, mirrors, objective lens, focussing eye-piece, etc.

THE KROMSKOP.

This instrument consists of a case with five pieces of

coloured glass, a reflector and eye-lenses, which are so dis-

posed as to blend the images, either single or stereoscopic,

and focus them upon the retina.

The construction and operation of the Kromskop may
be readily shown by reference to a diagram (Fig. 53).

A, B and C are red, blue and green glasses, against which
the corresponding images of the colour record are. placed

when the instrument is in use.

D and E are transparent reflectors of coloured glass. F
represents the eye-lenses for magnifying the image. Beyond
C is a reflector for illuminating the images at C, those at A
and B being illuminated by direct light from above.

The operation of the Kromskop is as follows : The
green images are seen directly, in their position at C, through



COLOUR PHENOMENA AND THEORIES. 87

the transparent glasses D and E. The blue images are seen

by reflection from the surface of the glass, D, and also appear

to form part of the images at C. In the same way the red

images are seen by reflection from the surface of the glass, E,

and also appear to form part of the image at C. And finally

the eye-lenses at E not only magnify but cause the eyes to

blend the two images which constitute the complete stereo-

scopic pair, as in the ordinary stereoscope. The result is a

single image, in solid relief and in the natural colours.

Hering's Theory.—Hering has proposed a theory of six

primary colours arranged in three pairs, black and white,

red and green, and blue and yellow, connecting these three

pairs with three corresponding sets of nerves in the eye.

The physiological bearing of these various colour theories

will be described in the chapter on the physiology of light.



CHAPTEE IV.

THE PHYSIOLOGY OF LIGHT.

The sense organ by means of which we perceive the

phenomena of light and colour is the eye, of which man has

two, situated in the upper portion of the face, and are each

similarly situated. The eye is a globular ball loosely placed

in a cavity known as the orbit, its movements being con-

trolled by a number of muscles ; the eye and the orbit are

shown in Fig. 54. A section of the eye is given in Fig. 55,

where it is seen to be a hollow ball formed of a very dense

ER

Fig. 54.

and muscular tissue, the front portion of which is. trans-

parent, while by far the largest portion is opaque. The

transparent portion is known as the cornea, shown at Cn in

the figure. The opaque portion is called the sclerotic, and

is shown in the figure at Scl. The interior is divided into

two cavities, a small anterior cavity at Aq next to the cornea,

and a posterior cavity, Vt, by means of a transparent crystal
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structure Cry, the function of which is to act as a lens on

the light which passes through the cornea. In front of the

lens is a kind of diaphragm, It, known as the iris, in the

centre of which is a circular hole, the pupil, the main use

of which is to simply allow the light to pass through the

central portion, which is the most useful portion of the lens.

The anterior cavity, Aq, is filled with what is known as the

aqueous humour, while the posterior cavity is filled with a

fluid substance known as the vitreous humour. In close

contact with the sclerotic is a muscular member which,

on account of its containing polygonal cells and pigmentary

matter, is known as the choroid, marked Ch in the drawing

;

this choroid coat goes all round the interior of the eye, and

in front it is attached to the muscles of the lens by ciliary

processes. Immediately in front of this coat is another

highly important one, the retina, marked Bt in the drawing.

This retina is a highly nervous structure, and plays an im-

portant part in the observation of light. The retina is in
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connection with the optic nerve and is a continuation thereof,

as is shown in the drawing where Op represents the optic

nerve.

Fig. 56 is a vertical section of the human retina as seen

under the microscope. There is first of all at i next to the

sclerotic what is known as the anterior limiting membrane,
while next to this is a layer of nerve fibres which separate

A
Fig. 56.

themselves up into the small fibres, passing through the

substance of the retina. Upon this at hH is a layer of nerve

cells ; again above these is a mass of granular tissue, the

granular layer as it is called, and a small layer is at gg , while

between these two occurs what is known as the anterior

nuclear layer, a small layer ; the exterior layer is at dd'

.

At be is what is known as the external limiting membrane,.
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which allows the nerve fibres to pass through to the under-

most portion of the retina. This consists of a layer, b, of

rods and cones as they are called. It is in this layer of rods

or cones that the nerve sense or light is supposed to reside.

The retina is uniformly distributed over the surface of the

eye except at two places, one in the middle and in the line

of vision, where there is a slight depression of a yellowish

hue, this is known as the " yellow spot," or the macula lutea,.

and the blind spot, which on the under side has a radial

appearance, caused by the entrance of the optic nerve, and

this spreading over the retina from that point as a centre.

At the yellow spot the rods are absent, the fibres are

fewer in number, only the cones being present, while the

yellow colour is due to a small deposit of pigmentary matter.

Persistence of Vision—When an image of an object

is formed upon the retina it remains there for a perceptible

period of time. This duration of the impression on the retina

is the cause of many illusive phenomena being observed by
the eye. Thus if a black disc be fitted to the rotatory appa-

ratus shown in Fig. 44, and on this disc is placed a smalL

patch of white and the disc rotated, we observe, not a patch

of white on black, but a grey ring which does not vary in

intensity with any rapidity of rotation. The tint of the grey

which is produced depends upon the proportion between the

patch of white and the amount of black at the particular

distance from the centre of the disc ; if the white patch be

made larger then the grey will be lighter, but if the patch be
smaller then it will be darker. If a disc be so arranged that

one half of it is black, and the other half white, then the grey

which is produced by the rotation of the disc has half the

luminosity of white light. That this is so can be proved

experimentally in the following manner : A prism of calcspar

will produce two images of a strip of white paper ; each of

these images is just one half or nearly one half the luminosity
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of the original. Now if the grey produced by the rotation of

the black and white disc be compared as regards luminosity

with the images formed by the calcspar, they will be seen to

be practically the same.

Grey may be produced by the rotation of a disc which con-

tains alternate black and white spots. The intensity of the

grey is changed by an alteration in the speed of rotation and

it is quite independent of the absolute duration of the periods

of light and dark. This can be shown by the employment of

Fig. 57.

the disc shown in Fig. 57, in which the disposition of the

black and white portions is such as to produce variations in

the proportions or duration of light and dark as the disc

rotates. If this disc be rotated at a speed of twenty revolu-

tions per second, then the periods in which these alterations

of light and dark exist are, for the inner zone T̂ of a second,

in the middle zone ^ of a second, and in the outer zone TV of

a second, the alterations of light and dark being equal. On

xotating the disc it will be noticed that the grey produced in
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the three zones is of the same degree of brilliancy, while a.

quicker speed of rotation makes no difference in the results.

Many fireworks, notably the pin wheel, depend for their

brilliancy and form upon this phenomenon of persistence of

vision
; they are produced by the rotation of a single point of

light. Perhaps the simplest of such experiments is when a

live spark on the end of a stick is made to revolve, when it

produces a ring of light which burns, and yet it is very

evident that at any single moment there must be just a

minute spot of light and not a ring at all. In such pheno-

menon the rapidity of rotation is of importance ; the motion

may be so slow as not to show the presence of a ring of light

at all ; there must be a certain degree of rapidity, and from

observations made by D'Arcy the average rate of rotation

should be one revolution in -±?
v of a second, but the rapidity

varies with different bodies. Thus in some cases it is only-

necessary to have a revolution of once in ^-w of a second..

This is the measure of the duration of the impression pro-

duced on the retina with almost full intensity, but there is.

reason for thinking that the duration is often less than this,,

then it decreases and fades away entirely. Altogether the

time of duration may be taken as J of a second. The spokes

in a revolving wheel are also invisible from the same cause,.

and the position they occupy takes the form of a nebulous

disc.

This persistence of vision gives rise to various colour

phenomena of a rather uncertain character, some of which
are fairly familiar to many persons. If, for instance, a piece

of red paper is hung against a white wall and looked at for

a few minutes, and then the eyes cast upwards to another

portion of the white wall, a faint green image occupying the

place apparently of the red paper is observable. If a piece of

yellow paper be substituted the after-image would have a
bluish tint. The first impression, that is, of the red and
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yellow paper in the above experiments, produced on the retina

is called the positive image ; while the next image, which is

of a fainter character, is the negative image or after-image.

Another method of carrying out this experiment would be to

take a sheet of grey paper and place it on a piece of green

paper, and look at the latter attentively for several seconds

;

then suddenly remove the green paper, when its place is taken

by a rose-red image, which, however, disappears very shortly.

If in place of using green paper, red is used, then the image

would have a greenish-blue colour. In the same way blue

gives rise to a yellow image, violet to greenish-yellow, orange

to a blue, the colour of the image being in all cases the

•complementary to that of the original colour.

We can explain these colour phenomena according to the

theory of Young and Helmholtz in the following manner :

In the eye there are three sets of nerve fibres, one set sensitive

to green light, another sensitive to red, and a third sensitive

to violet or blue light ; the grey paper has an equal influence

on all the three sets of nerves. When we look at the green

paper the green nerves become fatigued and rendered inert ; on

the other hand, the red and the violet nerves are not much
affected. When the green paper is taken away then grey light is

presented to these fatigued nerves, which only faintly respond,

while on the other hand the red and the violet nerves respond

considerably, and between them a sensation of a mixture of

red and violet, that of a rose-red image, is obtained. A
similar effect which the green nerves have on this image is

to make it appear fainter.

Again, take the effect which is produced when a piece of

green paper placed on a yellow ground is suddenly removed,

and we have an orange-coloured image of the green paper

produced. This may be accounted for in this way : The green

nerves are fatigued while the red and the violet nerves are

still fresh ; when the green paper is removed, yellow light is

I
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presented to the eye, and yellow being produced by a com-
bination of red and green, it tends to act upon the red and
the green nerves equally, but the green nerves are already
fatigued, hence they do not readily respond, and so the red
nerves overpower the much weaker green nerves, and the
union of the red sensation and the yellow sensation on the
paper gives rise to the effect of orange ; in this particular

instance the violet rays are but little affected.

If a small piece of black paper be placed upon a sheet
of red paper and the patch of black observed intently for

some time, and it be suddenly removed, there will be
observed a luminous spot of red, much more intense than
the rest of the red ground. In a similar way, if a green
ground be substituted for the red the afterimage is much
more intensely green. We may explain these effects by
considering that where the black spot is focussed upon the
retina the nerves on that spot are not affected to any degree
—at all events the three sets of colour nerves would be
equally affected

; but the red or green nerves on the other
portions of the retina are more or less fatigued, and this

fatigue causes a reduction in the intensity of the sensation
they produce

; while on the other hand, where the black spot
has been, the red and green nerves are quite fresh, and readily

produce the appearance of a more intense image than the
rest of the ground.

This experiment also illustrates another phenomenon
which is very frequently met with, and that is, that when a
coloured object has been looked at for some time, or when
a range of objects of the same general colour, such as reds
or greens, have been under observation for a long period,

the eye appears to lose its sensitiveness, and then the
colours of the objects begin to appear dull, and lose their

brilliancy. This may be explained from the fact that the
coloured light from any coloured object is not quite pure,
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and that therefore, while in the main it acts upon one set of

nerves, the other two sets are brought into action to some

extent ; thus red light excites to a considerable degree the

red nerves—it also excites slightly the green nerves and the

violet nerves. The red nerves soon begin to be fatigued

and lose much of their power, while the other sets of nerves

are but slightly affected, and gradually the sensations of

green and violet will be added on to the red, and so the

colour will begin to get more greyish or of a dull tone. In

the same way, while green excites most powerfully the green

nerves, yet the red and the violet are slightly affected ;
the

ABC D

Fig. 58.

green soon loses its power, and the red and the violet begin

to exert their influence and a greyish-green is the result.

Clerk Maxwell has investigated the sensitiveness of the

colour-nerves of the eye, and has shown that, while the red

colour-nerves are most excited by red rays, they are also

excited in a much lesser degree by other colours
;
in the same

way the green colour-nerves are most sensitive to green, but

are also sensitive to other colours ; and similarly the blue

colour-nerves are most sensitive to blue, still other colours

excite them to a lesser degree. Fig. 58 shows the curves of

sensibility which Maxwell has drawn for each of the three

sets of colour-nerves.
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Dyers, calico printers and cloth lookers, who have to

examine and pass coloured goods, find their judgment warped
when they have been looking over a number of pieces of the
same colour, the later pieces not appearing so bright or of

the same tone as the earlier pieces. To overcome this defect
they have to pass from one range of coloured goods to

another range—as, for instance, from reds to greens or blues.

Perhaps this peculiar phenomenon is rendered more
intense if in place of the patch of black on a coloured ground
we employ a patch of a colour complementary to that of the
ground—as, for instance, a patch of green on a red ground,

Fig. 59.

or a patch of red on a green ground. When the patches are
removed the subsequent after-images are much more intense,
because we have fatigued the nerves affected by the green or
the red patch, and the green or red after-images have a much
stronger action upon the red or the green nerves, as the case
may be, and are much more intense. Many examples of
such colour phenomenon might be given, but these are suffi-
cient to illustrate what are commonly known as " successive
contrast " ;

when we look upon two different colours in
succession to one another. Persons who have, in the course
of their business, to examine tints of coloured bodies, find
this phenomenon of successive contrast to have a material

7
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influence upon the degree of perception of colour shades

and tints.

The eye is not a perfect optical instrument ;
thus it is

subject to the phenomenon known as irradiation, and also

to errors from imperfect judgment as to size, direction

and relative distances or direction of objects ;
thus in Fig.

59 we have a black spot on a white ground, and a white

spot on a black ground—the two spots are identical in size,

but according to the eye the white spot appears to be larger

than the black spot. In Fig. 60 we have another example

of this, where a square is divided into four equal squares, two

Fig. 60. Fig. 61.

white and two black ; on looking at these from a distance the

white squares will appear to be larger than the black squares,

and further that they are joined together by a strip of white,

while, as a matter of fact, they only touch each other at the

corners. Fig. 61, which is commonly known as Zollner's

lines, illustrates another manner in which the eye is but

imperfectly capable of judging correctly. The long diagonal

lines do not appear to be parallel, although they are
;
their

slope appears to differ. This is the effect caused by the

short lines which cross them—without these crossed lines the

long lines would appear to be what they are, parallel. Then

the judgment as to the actual length of a line is* much
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influenced by the relationship of other lines
; thus in Fig. 62

the two lines A and B are of the same length, but B appears
to be longer than A. Another instance of error of judgment
as to size is in observing a row of the letter S or a row of
the figure 8 (see Fig. 63). Actually, the bottom halves of
these figures are a trifle larger than the top halves, but to

/K

\l/

V
B

A
Fig. 62.

the majority of persons the top halves appear to be the same
size as the bottom halves.

We have seen above that, by bringing about the fatigue
of certain sets of nerves, we can produce an image of an
object in a different colour to that it originally represented.
These colours are sometimes known as subjective colours,
and we can produce them in various ways. For instance,'

ssssssssss
8888888888

Fig. 63.

if a disc of card is painted in alternate black and white
sectors, and placed upon the rotating machine and rotated—
or black painted upon a white ground—on rotating, the
resulting disc will, after a short time, acquire a certain
colour according to the speed of rotation

; thus a slow rate
gives rise to the production of a green hue, while an increasem the rate of revolution changes it to a rose colour. Bood
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describes a method of observing these subjective colours by

viewing the sky through a revolving disc with sectors
;
with

a slow rate of revolution the sky has a red tint, with a higher

rate of revolution a bluish-green tint was obtained in the

centre, the outer portion being purple. The passage of a

current or shock of electricity through the eye gives rise to

the production of subjective colours, which vary with dif-

ferent persons ;
while persons who have partaken of santonme

see white objects in various colours, the violet end of the

spectrum being invisible to them.

Colour Blindness Many persons are deficient in colour

sense. This is independent of the fact that much confusion

about colours results from the very defective nomenclature

which prevails. The defect referred to is where there is an

actual want of perception of certain colours ;
for instance, a

person may be unable to distinguish between a red and a green.

This was the case with the eminent chemist John Dalton, to

whom red of the most staring hue had the same appearance

as a quiet greyish-green. Such persons are said to be colour

blind, and the phenomenon itself is known as colour blindness,

and very often Daltonism. To such persons the spectrum is

usually devoid of variety, they see in it only two or three

colours. If they are deficient, as is usually the case, in the

perception of the red rays, they only perceive two well-marked

divisions, which they call yellow and blue, the yellow including

all the spectrum lying between the extreme red and yellowish-

green, while the blue includes the rest of the spectrum.

Often there is in the middle portion of the spectrum a neutral

zone in which no colour is perceptible ; in the majority of

cases this neutral zone is the position of neutral green to the

normal eye.

Maxwell, who investigated this phenomenon of colour

blindness with the aid of his discs, showed that any colour

presented to them can be matched with the aid of two colours
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along with black and white, which proves that colour blind

people perceive only two of the three fundamental colours

which are visible to the normal eye. Helmholtz has also

investigated this theory of colour blindness, and arrived at

the same results as Maxwell. The most common form of

colour blindness is that one alluded to above, where the colour

sensation for red is deficient. In this case, red objects appear

more or less yellow, and it is not possible to distinguish

between red and green. A common case is where the eye

is deficient to the yellow—to such a person red and violet are

easily distinguishable, but green and violet are confused

together, as are also blue and red. Yellow has the same
effect as, and is indistinguishable from, a bright red ; one

portion of the spectrum is a neutral zone and appears of a

grey tint. Again, still more rarely do we meet with persons

who are colour blind to violet.

Of course there are degrees of colour blindness, as 1 in other

defects. In some persons the defect only occurs to a limited

extent; they may be able to distinguish the red from the

green, but only just, the difference is not so marked as in the

case of a normal-eyed person, while there are other cases where
we get the extreme kind of defect, where the person utterly

fails to distinguish between various colours. Persons who
are colour blind have, of course, considerable difficulty in

matching colours—in fact, it is impossible for them to match
correctly the different colours. One method of testing for

colour blindness is to place before the suspected person

samples of dyed cotton of various hues, and ask him to select

those of the same kind ; and if he mixes reds with greens and
reds with yellows, it is evident that he must be deficient in

colour sense. It may be remarked, in passing, that it is not

sufficient to ask a person to name the colour of a coloured

object, and to judge of the efficiency of his colour vision

thereby, for a person may not be actually colour blind, but
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may give wrong names to the colours ; he must be asked to

match one colour by means of another colour.

Persons who are colour blind often confuse a colour that

is a mixture of red and violet with a colour mixture of red

and green ; hence colour blindness and the character of the

defect may often be ascertained by placing before the colour

blind persons objects coloured with mixtures of red and

green ; red and violet, and of green and violet, and asking

them to form matches by the aid of similar colours. A red

colour blind person will match a mixture of green and violet

with red, while he would not be able to match a mixture of

red and green, for to him this would give the sensation of

white or grey. A green colour blind person will match a

mixture of red and violet with green, while a green or red

also would show more or less white to him. The degree of

perception of colour varies also with the same person at

different periods of his life. This has often been noticed in

the case of artists. The colouring of the great artist J. M.

W. Turner varied considerably between his early pictures

and his late pictures, and this change is usually ascribed to

an alteration in the colour perception faculties of the artist.

A normal-eyed person may actually render himself for a

brief space colour blind, by looking intently for some time

at a red or green surface, or looking through spectacles made

of coloured glass. When he has thus fatigued his eye to one

of the fundamental coloured rays, he will find that he is not

able to distinguish the colours of objects properly. Another

plan which may be followed is to heat some soda in a Bunsen

burner, when a yellow light will be obtained, whose luminous

qualities are such as to illuminate very well the whole of the

objects in a room, but it is impossible to distinguish colours,

red or green objects appearing to be quite black. Such facts

as are thereby obtained serve to show how much colour adds

to the beauty of objects.
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CONTRAST.

If we look at two coloured objects which are side by side

it may be noticed that the sensation of colour or tone which

each produces in our eyes is modified by the adjacent colour.

This phenomenon was first developed and expounded by

Chevreul, who first described the laws by which it is

regulated, and by him it was named contrast.

Contrast generally shows itself simultaneously in the

observation of two or more colours side by side or close to-

gether. There is another form of contrast of colours, and

that is, that when, after looking at one colour, we look at a

second colour, in the latter case the sensation is more or less

of a subjective character, while in the former case the sensa-

tion is of a much more tangible character ; we may therefore

distinguish, as Chevreul distinguished, between two kinds of

contrast known as :

—

(1) Simultaneous contrast.

(2) Successive contrast.

Simultaneous contrast is that form where we see two or

more colour effects at the same time, and as the phenomenon
observable has a most important bearing on the practical

applications of colour, it will be of importance to study the

matter in detail. We may get two forms of simultaneous

contrast :

—

(1) Contrast of tone.

(2) Contrast of colours.
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By contrast of tone is meant the effect which is obtained

when we look at or observe several tones or shades of the

same colour. In Fig. 9, Plate 3, we have a rectangular space

divided into six equal divisions, which are filled with six

different tones, from light to dark of the same grey colour.

The experimenter may imitate this very conveniently by

taking a piece of Bristol cardboard, and outlining with a

pencil a rectangular space and dividing this into six spaces
;

then mix a light wash of sepia or Indian ink, and brush it

evenly over the whole of the six divisions. This wash the

experimenter allows to dry. He then covers up the first of

the divisions on the left hand and covers another wash over

the remaining five ; this second wash is also allowed to dry.

The two divisions on the left hand are now covered up and a

wash applied to the remaining four divisions, and this process

is repeated until finally the last division has received its wash,

care being taken that each wash shall be laid on as evenly

and uniformly as possible, and it is to facilitate this uniform

washing that it is recommended to cover up the left hand

divisions as each successive wash is applied. Now it will be

observed, on looking at this tinted rectangle, that each division

does not appear of a uniform colour, but each has a fluted or

hollow appearance, although really the whole of the surface

of each division is perfectly uniform in tint. This shows us

that, whatever may be the reason, our eyes do not always see

tints and shades exactly as they are ; and further, that the

appearance of these tints and shades must have a material

influence in the formation of a judgment as to the form of

the object observed.

We may get some idea of the cause of the fluted appear-

ance represented by the six strips shown in Fig. 9, Plate 3,

by making another experiment which is shown in Fig. 1, Plate

4. Here are shown four strips of grey paper placed as shown

in the figure ; A and A1 are of a pale tint, B and B 1 of a dark
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one. Now if these are looked at for a short time it will be
noticed that a portion of A1 which is next to B 1 appears to

be paler in tint than is A, while that portion of B 1 which is

next to A1 has a darker look than B ; it is evident, therefore,

that if a pale object is placed next to a dark object it appears

a'

CL a! V

B'

b
Fig. 64.

to be paler than what it really is, and similarly a dark object

next to a light object has a darker appearance than it actu-

ally is. If now the middle portions of A1 and B 1 are covered
over as is shown in Fig. 64, leaving two strips of each visible,

it will be observed that the adjacent strips a1 and b 1 have a

Fig. 65.

stronger contrast of tone than the strips a and b which are

removed from one another. This shows us that our judg-

ment is modified by the degree of contiguity of the contrasting

objects. If we take the two strips A and B of Fig. 1, Plate 4,

and place them at a short distance apart as shown in Fig. 65,

it will now be seen that the contrast between A and B of
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this last figure is by no means so great as between A1 and

B 1 of Fig. 1, Plate 4.

This contrast of tone is observable with all colours when

we look at different tints at the same time. The reader is

advised to experiment on this phenomenon by using strips of

coloured papers, light and dark shades of the various colours,

and placing them in various positions, as indicated in the

drawings.

Contrast of Colour,—Contrasts of colour are of a much

more complex character than are contrasts of tone, and

are modified according to the relative brilliancy of the colours

which are contrasted and they are often open to modifications.

A'

a a b'

B'

b

Fig. 66.

of a subjective character, and then they may present con-

trast of tone, while again, in dealing with contrast of tone,,

we have to deal with simultaneous contrast. In regard to

the contrast of colour we may have also to consider successive

contrasts in addition to simultaneous contrasts. If, in carry-

ing out the experiment which is illustrated in Fig. 1, Plate 4,

we use two different colours as shown in Fig. 2, Plate 4, we

make A and A1
all red and B and B 1

all yellow, it will be

seen that the appearance of A1 and B 1 to the eye is not the

same as A and B. Now it will be observed that A1 will

appear to have a more violet tone than A, and that B will

have a greener tint than B 1
. It is evident, therefore, that the

relative positions of the two coloured spaces A1 and B 1 have
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brought about a modifying influence upon the appearance of

the coloured strips as represented to the eye. It may be also

shown by arranging the strips A1 and B 1 as illustrated in

Fig. 66, that the contrast or modifying influence of one colour

upon the other is greater if they are close together than
when they are farther apart. By carrying out a number of

experiments with different coloured spaces, which can be

conveniently done by means of pieces of coloured papers
or dyed cloths, neither of which should have any lustre, the

contrasting influence of one colour upon the other may
be observed.

The following table shows the influence which one colour

bears upon the other when subjected to this simultaneous-

contrast, taken chiefly from Bood :
—

No. 1.

Colour pairs

fRed .

I Orange

2
(Red .

*\ Yellow

fRed
een

4
|Red .

'I Blue .

5>
(Red .

ICyan blue

6
fRed .

"

I Violet

„ f Orange

'IYellow

8 f Orange

\ Green

/Orange
I Cyan blue

10 rOrange

'I Violet

..-. f Yellow

I Green

„ i 2 / Yellow

I Cyan blue

9.

Modification by contrast.

Inclines to violet.

,, „ yellow.

,, ,, violet.

,, ,, greenish-yellow.

Becomes more brilliant.

" )> )>

Inclines to orange.

„ ,, green.

,, ,, yellow.

,, ,, blue-green.

„ „. orange.

» ,, blue.

,, ,, red-orange.

,, „ greenish-yellow.

,, ,, red-orange.

,, ,, bluish-green.

Becomes more brilliant.

" !> ))

Inclines to yellow.

,, ,, bluish.

,, „ bright orange.

,, „ blue.

„ „ orange-yellow.

,, ,, bright blue.
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it!-

No. 13

Colour pairs

/Yellow

I Bright blue

14.

15.

/Green
I Blue .

/Green

\ Violet

1fi
/Greenish-yellow

'l Violet

17.
(Blue.

I Violet

Modification by contrast.

Becomes more brilliant.

n )) »'

Inclines to yellow.

„ violet.

„ yellow-green.

,, ,, reddish.

Becomes more brilliant.

J) !> "

Inclines to greenish.

,, „ reddish.

Fig. 67.

If this list of pairs be examined and compared with a

chromatic circle given in Fig. 67, particularly noticing the

relative distances diametrically of the pairs, it will be observed

that the effect of contrast is to throw each member of the

pair farther apart. Thus with pairs that are already situated

as far apart as they possibly can be, as is the case with com-

plementary colours, the effect of contrast is to render each

much more brilliant and distinct.

The effect of contrast may be studied in several ways

•other than those already mentioned ; thus in Fig. 68 it may
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be shown by means of a revolving disc. This revolving disc

is white with four coloured sectors, which may be green or

red or yellow as may be desired. In the middle of the

sectors are placed, as shown in the figure, strips of black

;

on rotating the disc the coloured sectors will produce a

coloured ground, while the black strips will produce a ring of

grey, but it will be observed that this ring of grey becomes
tinted with the colour complementary to that of the ground
and contrast effects thereby obtained.

Fig. 68.

Another form of apparatus which can be employed for

this purpose is that devised by Kagona Scina, shown in Fig.

69. This consists of two pieces of board placed at right

angles to one another, and covered with white cardboard or

white paper. From the angle where the two boards meet.

there projects at an angle of 45° a piece of deeply coloured

(preferably ruby) glass. Now if the eye be placed in the

position shown in the drawing, it will receive light from two
sources: (1) light that is reflected from the bottom of the
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apparatus, which passes through the coloured glass, will be

•coloured ; the eye will also receive light reflected from the

side of the apparatus, which is reflected from the upper

•surface of the glass, and will consist mostly of white light.

If a piece of black paper is attached to the right side of the

apparatus, the reflection of this will be seen by the eye as if

it formed a red patch, if the coloured glass be of a ruby tint,

and will appear as if it were a red square at the bottom of the

apparatus. A small square of black is placed at C ; this will

prevent any light being reflected through the glass to the eye

Fig. 69.

from that particular spot, and it should make its appearance

as a black patch ; but owing to the fact that the upper surface

of the glass is reflecting white light, the patch shows itself

as a grey ; but being beside a red patch we have the effect of

contrast, and the grey patch acquires more or less a greenish

tint. That this is so may be shown by removing the black

square B from the right side, when the patch C will show

itself in its true appearance, grey on a pale red ground. If,

in place of employing a red glass, a blue glass were used,

then the grey patch would assume an orange-grey tint.
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A very interesting series of experiments in contrast may
he made by producing shadows of an object side by side with

various coloured lights, white, etc., and noting the tints of the

shadows thus obtained ; for instance, if a rod of wood or

metal be held in front of a white screen, and it be illuminated

by sunlight from an aperture in a window, we shall have

produced a grey shadow on a white ground. If now a candle

or gaslight be placed near, a second shadow of the rod, close

to the first one, will appear ; we shall have now the appear-

ance, not of a second grey shadow, as is really the case, but

of a blue shadow on a yellow ground. This is brought about

in this way, that the sunlight illuminates with pure white

light all the surface of the screen except that occupied by the

shadow caused by the rod ; the candle illuminates the whole

of the surface with a yellow light—that is, yellow in compari-

son with the sunlight—except that portion covered by the

second shadow of the rod, and this is illuminated by white

light, which, however, by contrast with the yellow of the

ground, acquires a decidedly blue tint. To obtain the best

results in carrying out this experiment it is desirable to have

the shadows as nearly of the same intensity as possible, and

this can be done by regulating the amount of sunlight which
is admitted. If the shadows be observed through a tube whose
inside surface is blackened, then the shadow caused by the

candle flame will appear to be blue, and the shadow caused

by the white light will appear to be yellow, from the effects

of contrast. If now the position of the tube is changed so

that only the blue shadow is observed, we get still the effect

of blue, although really we are looking at white light, and have
no means of producing contrast effects. The candle flame

may be even screened off without affecting what is visible

through the tube ; but if the tube be removed from the eye,

the contrast effect immediately vanishes, proving that in

this case the effect is due to error of judgment of the eye.
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Successive Contrast of Colours,—In dealing with the

phenomena of persistence of vision on page 93 we referred

to a class of colour phenomena where, after looking intently

at a coloured surface, and then transferring the eye to a

white surface, there was formed an after-image of the original

surface, but in a colour complementary to that originally

presented to the eye, and a number of examples were given.

The phenomenon here alluded to is of a subjective character,

and differs therefore from the objective sensations which are

produced on the retina by observation of tangible objects.

The image or sensation first produced on the retina is known

as the positive image, while the after-image or sensation is

known as a negative image. Phenomena such as those

already alluded to have a considerable bearing on the impres-

sion which colours produce in our eyes, especially when we

look at a series of colours in succession ; for example, if we

have been looking at a red object or a series of red objects,

for some time, and then turn our attention to blue objects, we

find that, so far from the blue presenting its true colours to

the eye, it acquires a greenish tint ; a white surface viewed

in the same way tends to acquire a green tone. Such sub-

jective phenomena are not always readily perceptible, some

observers' eyes being more sensitive in this direction than

others. A more elaborate illustration is the following. Close

one eye, say the right one, and look steadily for a short time

at a sheet of red paper—in a few minutes the brilliancy of

the sensation will become less ; then look at a sheet of violet

paper with the same eye—the violet paper will now, however,

appear to the eye to be much bluer in tone than it really is.

If the right eye be opened and the sheet of violet paper observed,

it will appear to be even redder in tone than it originally ap-

peared to the left eye, the contrast, possibly, between the

bluish-violet observed by the left eye contrasting with the

violet tint observed by the right eye. Such phenomena as
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these are explainable by the fatigue of the special sets of
colour nerves, which dull the sense of the eye for those
particular colours. This has been explained in a previous
chapter, to which the reader is referred.

This question of successive contrast of colours, brought
about by first looking at one colour and then at another, has
a very important bearing on its particular application as to
the judgment of the actual colour of coloured objects. It is

a well-known fact,, among persons who have to examine dyed
or printed goods of the same colour, that the eye loses its

sensibility, and does not perceive the objects in their true
colours

;
not only so, but if the observer passes through a

range of goods of one colour, say red, to a range of goods of
another colour, say blue, then the latter is much influenced
by the colour effect produced by the former. The following
table will give some idea of the modification of colour which
is brought about by the successive observation of different,

colours :

—

If the eye has first seen and then looks at

-^ed • . . Orange .

Red .
. Yellow .

Red .
. Green

Red .
. Blue

Red .
. Violet

Orange
. Red

Orange
. Yellow

Orange
. Green

Orange
. Blue

Orange
. Violet

Yellow
. Red

Yellow
. Orange

Yellow
. Green

Yellow
. Blue

Yellow
. Violet

Green
. Red

Green
. Orange .

Green
. Yellow .

Green
. Blue

Green

Blue .

. Violet .

. Red

8

the latter colour will appear

. Yellow.

. Greenish-yellow.

. Bluish-green.

. Greenish-blue.

. Bluish-green.

. Reddish-violet.

. Greenish-yellow.

. Bluish-green.

. Tinted with violet.

. Bluish-violet.

. Reddish-violet.

. Reddish-orange.

. Bluish-green.

. Violet-blue.

. Bluish-violet.

. Tinged with violet.

. Reddish-orange.

. Orange-yellow.

. Violet-blue.

. Reddish-violet.

. Orange-red.
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If the eye has first seen and then looks at the latter colour will appear

Blue . . . Orange . . Yellower.

Blue . . Yellow . . Orange-yellow.

Blue . . Green . Yellowish-green.

Blue . . Violet . . Reddish-violet.

Violet . Red . Orange-red.

Violet . Yellow . . Slightly greenish.

Violet . Orange . . Yellowish-orange.

Violet . Green . Yellowish-green.

Violet . Blue . Greenish-blue.

Some pairs of colours produced by successive contrast are

much more distinguishable and consistent in their appearance

than others ; for instance, when the eye has looked at red

and then at green, the change is brought about immediately.

Again, if after having looked at violet we transfer the eyes

to yellow, the contrast effect is persistent and readily per-

ceptible ; while the contrast effect of blue and orange is

intermediate between these two pairs. It should also

be pointed out that the depth or tone of the contrasting

colours has a very material influence upon the effect which is

produced. If the eye has first looked at a reddish-orange and

then proceeds to view dark blue, the latter may exhibit a

greenish effect ; while, on the other hand, normal blue fol-

lowing on normal orange would become more violet.

There is one particular effect of contrast to which atten-

tion may be usefully directed at this point. When we have

a broad mass of two colours placed side by side as shown in

Fig. 3, Plate 4, we get the effect of contrast on both those

colours comprised within the rules laid down. When,

however, the mass of colour is in the form of fine lines or

dots, placed side by side, such as is shown in Fig. 4, Plate 4,

and viewed from a little distance, the eye fails to distinguish

between each separate line or point, and the effect of contrast

is greatly heightened; and in place of seeing the lines or

points, one has the effect of a mass of colour, supplementary

to those of the colours employed. Thus when the colours
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are red and blue the effect produced is violet
; when they

are blue and yellow, green is the resultant. This property of

colours to mingle is taken advantage of in decorative work
by printing or producing, side by side, fine lines or dots of

colour, or by overprinting the lines of one colour with those
of another, to produce colour effects which could not be
conveniently obtained by the direct admixture of the pigment
bodies themselves.

This property of the contrast is taken advantage of very
largely by designers of figured textile fabrics, who, by a
judicious arrangement of the warp and weft threads, can, by
using three different coloured threads, produce a design in
six tints. For example, by using red, white and blue threads
m both warp and weffc a figured design in dark red, pink,
dark blue, light blue, violet and white, may be produced, the
dark red being formed by the crossing of red warp and weft
threads, the pink by the crossing of red and white threads,
the dark blue by the crossing of blue warp and weft threads,
the light blue by the crossing of blue and white threads,
the white by the crossing of white threads, and the violet by
the crossing of red warp and blue weft threads. Other
combinations of colour and effect may be produced, and are
largely so, by using other coloured yarns.

Colour Contrast in Decorative Design—Colour contrasts
have a most important bearing upon decorative design in

whatever way the contrast effects may be brought about—
in the production of wall papers and wall hangings, in calico

printing, in weaving coloured figure cloths, the designing of

carpets and floor cloths, in painting, and wherever there are
brought in juxtaposition several colours which are viewed
at the same time. We must therefore devote some consider-
able amount of attention to the influence or contrast effect

produced by one colour upon the other from a practical point
of view. Chevreul, who was one of the first to observe the
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effects of the simultaneous contrast of colour, was led to do

so by having been consulted in a case where merchants

refused some printed calicoes on the ground .that the colours

were not equal to pattern and deficient in depth, pointing

out that the blacks were of various tints in the different

fabrics. The printers said this could not be, inasmuch as all

the patterns were printed with the same black and therefore

should have been identical; and while some of the designs

were approved of others were rejected, but they averred the

colours in these were identical with those which were

accepted. By cutting out and comparing independently of

the designs of the goods, Chevreul showed that they were

identical and of the required degree of strength, and that

the effect of the difference in colouring was due to the

influence of one colour upon the other when placed together

in the design : the black when placed against the red showed

a greenish hue, while placed against a green it acquired a

reddish tint ; moreover, a black placed against a bright colour

looked somewhat impoverished.

In Plate 5 is shown an illustration of the effect of various

grounds upon different colours. There are four grounds-

white, black, yellowish-grey and bluish-grey; taking the

various colours we see that the red on white ground appears

brilliant and deep, while the ground itself has a tendency to

acquire a greenish tint ; orange looks bright and brilliant in

tone,yellow becomes darker, is less luminous, and is not promi-

nent, and, if anything, shows a tendency to acquire a greenish

tint ; deep yellow on white is much more satisfactory than

pale yellow on white. The contrast between orange and

white is greater than that between yellow and white, and is

much more effective. Green on a white ground appears to

become more intense and of a deeper tone, white evidently

improving its appearance. Blue on a white ground shows a

better and deeper appearance, the effect being more striking
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with deep blues than with pale blues. Violet on white shows
a decided contrast, and is enriched considerably. It will

be observed that the general effect of a white ground is to

deepen and enrich the colours.

A black ground being very much deeper in tone than any
other colour, when employed as a groundwork its presence
must tend to lower the tone of the contiguous colour, while
at the same time its own tone becomes modified. Now, as

all black surfaces reflect a little white light, the black becomes
tinted with the complementary of any colour with which it

may be contiguous. There is one important fact, and that

is, that if the contiguous colour be deep in tone, blue or

violet and some shades of deep red, the black tends to appear
slightly weaker. Eed on black has a tendency to become
more luminous, and to acquire an orange tone, the black

having a greenish tint. Orange and black become much
more luminous and of a yellower tone, the black appearing
to be of a bluer shade. Yellow on black is one of the most
contrasting changes that can be produced ; the yellow
becomes lighter and much more luminous, while the black

has an enriched appearance, due to its acquiring a bluish-

violet hue. Green on black becomes more brilliant, but
rather lighter in tone ; on the other hand, the black acquires

a rusty hue and appears impoverished, owing to its becoming
tinged with the complementary colour red. Blue on black
is a rather poor combination, especially when the blue is of

a deep tone, the black becoming slightly rusty in tone ; a

light shade of blue becomes a little more luminous on a black

ground. Violet on black becomes slightly deeper and richer

in tone, but, on the other hand, the black loses some of its

intensity and acquires a rusty hue.

Colours on grey will vary considerably according to the
tone of the ground, for the name grey is a vague one, and is

applied to various tints and shades markedly different in
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character ; thus, in Plate 6, there are given two shades of grey

—a yellowish-grey and a bluish-grey—and it will be observed

that the effect of these two kinds of grey grounds on the various

colours is different. Taking the yellowish-grey we note the

following, that red becomes somewhat more intense and

deeper, and acquires a bluish hue ; orange becomes redder in

tone
;
yellow becomes darker and rather less luminous, much

depending upon the relative intensities of the yellow and the

grey, pale grey having a tendency to reduce the luminosity of

the yellow, while the deep grey increases it
;
green becomes

somewhat deeper and bluer in tone; blue becomes much

brighter in tone and is enhanced in quality, while violet

becomes somewhat bluer in tone and brighter in appearance.

With the bluish-grey somewhat different results will be

obtained. The red becomes brighter and somewhat yellower

in tone ; orange is made a little more luminous and forms a

very good combination
;
yellow is rendered more luminous

and deeper
;
green is rendered lighter and somewhat yellower

in tone ; violet is somewhat deadened in appearance ;
while

there is little effect on the blue, which, if anything, is rendered

slightly less luminous. These experiments will suffice to

show that contrast has a very material influence on colours

when they are employed in a decorative design. In another

chapter some further consideration will be given to the sub-

ject of colour from a decorative point of view.

Theories of Contrast.—At the present time there are

two theories which have been put forward to explain the

phenomena of colour contrast—the psychological theory of

Helmholtz and the physiological theory of Hering.

The psychological theory of Helmholtz supposes the exist-

ence in the eye of three sets of colour-nerves corresponding to

the three primary colours ; these have been alluded to in the

last chapter. Now a colour not only excites that set of nerves

which are peculiar to it, if it be a primary colour, or if it be a
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secondary colour the nerves corresponding to the primaries of

which it is composed, but also, although to a lesser degree,

the nerves of the colour complementary to it ; a red colour

will thus not only excite the red nerves but the complemen-
tary green nerves, the latter only in a minor degree. Both sets

of nerves transmit the sensations which have been excited in

them to the brain. The latter, however, does not distinguish

between the red sensation, which is the real objective colour

sensation, and the green, which is a subjective sensation, but

only sees, as it were, one colour, which must naturally be com-
posed of two colour sensations, and will therefore be modified

accordingly; thus a red will look somewhat yellower than it

really is, for red and green colours give rise to yellow. In the

same way green will appear rather more bluish and a blue

more greenish than it really is. Yellow will appear brighter,

because it brings into play all the colour nerves, and therefore

excites a sensation of white light in the brain, and this makes
the colour apparently brighter than it would have been.

When we see two colours side by side, as in Fig. 2, Plate 4,

the three sets of colour nerves are excited in a similar manner,

and we do not see either colour as it really appears, but in a

modified manner ; hence we get what are called contrast

effects, which have already been described.

The physiological theory, to which Hering has given his

support, supposes the existence in the retina of the eye or in

the retina-cerebral substance, of a material which is called

"vision stuff" (" Seh-Stoff "), and that by the aid of this

material the various colour effects are brought about by

chemical changes ; for instance, the red changes the vision stuff

in one direction, green in another, and so on. These changes

are considered to be of two classes, one the assimilative or

anabolic, which is induced by black, blue and green colours
;

while in the second the changes are " dissimilative " or cata-

bolic, and are produced by white, yellow and red colours, and
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further, these changes may extend outside the area which is

directly influenced by the colour cause. One experiment on

which Hering relies as a support for this theory can be made

as follows : On a large sheet of paper place side by side a

large piece of black and a large piece of white paper, the

division between the two patches being vertical. Fixed in the

centre and touching the vertical division attach two V-shaped

pieces of grey paper with apices touching one another, one of

the Y's being on the black, the other on the white. Look

intently at the two V's for a short time, and then transfer the

eye to a uniform white surface, when there will be seen after-

images of the black and white papers, and of the two

grey V's ; the after-image of the black and white papers will

soon disappear, while that of the V on the black ground looks

darker than that of the V on the white ground. In explana-

tion of this phenomenon, Hering considers that it must be due

to a material change brought about by the V's in a portion of

the retina-cerebral portion of the eye. This chemical theory

seems, however, to require the presence of a substance not

hitherto found in the eye, and which must be exceedingly

sensitive to light reactions. On the other hand, the psycho-

logical theory of Helmholtz does not presume the presence of

anything not known to be present in the retina, or. assume

any changes in the nervous system of the eye which are at all

unreasonable.
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COLOUR IN DECORATION AND DESIGN.

Coloue plays a very important part in the decoration and

design of the houses we dwell in, public buildings, the orna-

ments spread around dwelling rooms, and the materials

employed in clothing ourselves.

The simplest colour effect is produced when a single

colour only is employed, but such colour effect varies consider-

ably in the impression it makes upon our eyes, or, perhaps,

more strictly speaking, upon our sense of colour. This colour

sense varies very considerably in different individuals—in

some being more highly developed than in others ; and we
find a colour or combination of colours makes a different

impression upon one individual than it does on another, and

what may be pleasing to the one is far from harmonious to

the other. In this respect the sense of colour resembles the

sense of sound : a combination of musical notes which would

grate upon the ears of one person, whose sense of musical

harmony is strongly developed, would be passed over by

one whose sense of music is in but a rudimental condition.

The impression which a colour makes upon the eye

depends upon several factors—first its character, whether it

be red, orange, yellow, green, blue or violet ; whether it is

brilliant or luminous, dull or sombre. Different colours of

themselves convey different impressions to the mind, yellow, for

instance, conveys the impression of luminosity or brightness.

Blue, on the other hand, conveys the impression of coldness.
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Again, red conveys the impression of warmth : hence it i&

that artists, if they wish to give a bright tone to their pictures,,

or when it is desired to impart a brightness or warmness to-

the decoration of a room, employ reds or yellows ; while, on

the other hand, blues and violets, conveying as they do an

impression of coldness, are always used when such an im-

pression is desired. Then, again, colours convey an impression

of distance ; thus red and yellow always convey an impression

of nearness, while blues and greens convey an impression of

distance. This is observable on Plates 6 and 7, which give

a number of combinations of colours, and it will be noticed

that the yellow and red parts appear to stand out much

more prominently than the greens, blues or violets. Artists

are also well acquainted with this fact, and always, in painting

landscapes, give a blue tone to the distant objects of the-

picture, while this is brought into contrast by a reddish tint

which the nearer objects are made to possess.

When, in any scheme of decoration, two or more colours

are employed in producing the effect, then we have the

question of contrast entering into the case, and the combina-

tions of colours may have a harmonious or inharmonious-

effect upon our sense of colour. When we have two colours

we have the simplest possible case of colour contrast ; when,

however, there are more than two colours, the colour effect

becomes more complicated, and the difficulties of producing

a harmonious colour scheme are increased. On Plate 6 is

given a design repeated several times in different combinations

of colours, which will illustrate the remarks on the harmony

of contrast which are given below. The reader examining

this plate is advised to cover up those portions of the plate

which he is not examining, so that he simply has in view a

particular colour combination that he wishes more particularly

to observe, and to avoid any effect of contrast with the other-

portions of the plate. The following tables contain a number-
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of pairs of colour combinations, together with the effect pro-

duced on our sense of colour harmony. Before giving these

tables it may be pointed out that much depends upon the

tone and brilliancy of the respective colours ; thus, for

instance, a combination of a crimson with a yellow is a very

inferior combination, but if the red inclines to a purplish tint

and the yellow to a greenish, the combination becomes a very

fair one.

HARMONY OF TWO COLOUR COMBINATIONS.

Crimson and orange . Bad.

„ yellow

„ green

,, ,, blue .

. Inferior.

. Strong but harsh.

. Good.

,, ,, violet . Bad.

„ „ gold-yellow

Scarlet and yellow

. Good.

. Bad.

„ green .

,, ,, greenish-blue

„ blue .

,, ,, violet .

Orange and yellow

. Inferior.

. Good.

. Good.

. Bad.

. Poor.

,, yellow-green . Fair.

„ green .

,, ,, green-blue .

„ ,, blue .

,, ,, violet .

Orange-yellow and crimson

. Strong-poor.

. Fair.

. Good.

. Strong-good.

. Poor.

,, ,, scarlet . Poor.

» green

,, ,, blue-greei1

. Bad.

. Bad.

,, ,, green-blue

,, „ blue

. Fairly good.

. Excellent.

,, „ violet

Yellow and crimson

. Good.

. Poor.

,, green .

,, ,, blue-green .

,, „ blue .

,, ,, violet .

Green and blue

,, ,, violet .

,, red

. Bad.

. Very bad.

. Only fair.

. Very good.

. Very poor.

. Moderate.

. Good.

From a consideration of the above tables the following

rules may be laid down : First, that two colours which are
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closely related to one another do not form a harmonious pair

—

as, for instance, red and orange, and blue and green. This

may be observed by comparing the two star designs, Nos.

4 and 7 on Plate 6 ; on the other hand, blue and red, green

and violet, and also red and violet go well together, as may

be seen on comparing the numbers 1, 2 and 3 on the same

plate. Much, of course, depends upon the tone and brilliancy

of the colour, as has been pointed out before.

The following table gives some combinations of pigments

and colours and their effect, which may be of service to artists

and designers :

—

Orange and ultramarine . . . . . Good and strong.

Lemon-yellow and ultramarine .... Moderate.

,, ,, vermilion .... Strong and hard.

Emerald-green and violet ,,,,,,
„ ,,

purple ii >» ii

jj j j T6& . . • • . . j) j) jj

,, ,, orange ,,,,,,
,, ,,

yellow . . . . • . Bad.

Ultramarine and carmine ..... Poor.

,,
purple

,, ,, violet „

Violet and carmine ,,

On looking at designs Nos. 4 and 7, in which colours are

used that are related to one another, it will be noticed that

they are indistinct, that indistinctness arising from the effect

of simultaneous contrast on the two colours tending to blend

them one into the other. By interposing between them

either black or white, however, the distinctness of the colours

is materially increased, as may be observed on comparing

Pigs. 5 and 8, in which the following colours, blue and green,

and emerald-green and dark green, have been used, but are

separated by black in one case and white in the other.

There is another feature of colour which enters into the

production of a harmonious colour combination, and that is

what may be termed the fulness and relative proportion of

the two colours which are used ; thus, for instance, while a
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colour combination of blue and yellow, in which the blue

largely predominates so far as the amount of space occupied

is concerned, may be harmonious, on the other hand a

combination of the same two colours, in which the yellow

predominates, may have a displeasing effect—the yellow, on

account of its greater luminosity, overpowering the effect of

the blue. No very definite rules can be given bearing on

this point, so much really depending upon the tone of the

particular colours entering into the combination.

Field has endeavoured to lay down proportions between

the various colours—as, for instance, he says that 3 parts of

yellow are equal to 5 parts of red, or to 8 parts of blue, or

that 11 parts of green formed by the combination of 8 parts

of blue and 3 of yellow will equal 5 of red, or again that 13

parts of purple formed by the combination of 8 of blue and 5

of red, will balance 3 of yellow. But all such attempts at

colour relations are purely arbitrary, and only true of certain

particular shades or tints. No definite rules can be given by

means of which the designer can with geometrical accuracy

proportion the several areas of the different colours that he

uses, and he must, in developing his designs, find the proper

balance of colour by trial with the pigments he may be using.

When more than two colours are used in any design, the

production of a harmonious contrast becomes much more
difficult. The combination of crimson, yellow and blue is good ;

one of purple, yellow and greenish-blue is good ; orange, green

and violet make a good combination. A combination of

green, yellow and crimson is rather harsh ; one of red,

yellowish-green and violet-blue is good ; while one of red,

green and blue is rather poor. In colour combinations of this

character, often by separating them by white or black, the

effect becomes much more pleasing.

Chevreul lays down the following propositions as explain-

ing the harmonious contrast of colours.
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1st Proposition,—In the harmony of contrast the comple-

mentary assortment is superior to every other.

2nd Proposition.—The primaries red, yellow and blue,

associated in pairs, will assort better together as a harmony

of contrast than an arrangement formed of one of these

primaries and of a binary colour, of which the primary may

be regarded as one of the elements of the binary colour in

juxtaposition to it.

3rd Proposition.—The assortment of red, yellow or blue

with a binary colour which we may regard as containing the

former, contrast the better, as the simple colour is essentially

more luminous than the binary.

4th Proposition.—When two colours are bad together it

is always advantageous to separate them by white.

5th Proposition,—Black never produces a bad effect when

it is associated with two luminous colours. It is therefore

preferable often to white, especially in an assortment where

it separated the colours from each other.

6th Proposition.—Black, in association with sombre

colours, such as blue and violet, and with broken tones of

luminous colours, produces harmony of analogy, which in

many instances may have a good effect.

7th Proposition.—Black does not associate so well with

two colours, one of which is luminous, the other sombre, as

when it is associated with two luminous colours.

In the first instance the association is much less agreeable

in proportion as the luminous colour is more brilliant.

8th Proposition.—If grey never produces exactly a bad

effect in its association with two luminous colours, in most

cases its assortments are nevertheless dull, and it is inferior

to black and white.

9th Proposition.—Grey, in association with sombre

colours, such as blue and violet, and with broken tones of

luminous colours, produces harmonies of analogy which have
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not the vigour of those with black ; if the colours do not
combine well together, it has the advantage of separating
them from each other.

10th Proposition—When grey is associated with two
colours, one of which is luminous, the other sombre, it will

perhaps be more advantageous than white, if this produces
too strong a contrast of tone ; on the other hand, it will be
more advantageous than black, if that has the inconvenience
of increasing too much the proportion of sombre colours.

1 1th Proposition.—If, when two colours combine together
badly, there is in principle an advantage in separating them
by white, black, or grey, it is important to the effect to take
in consideration :

—

(1) The height of tone of the colours, and

(2) The proportion of sombre to luminous colours, in-

cluding in the first the broken brown tones of the brilliant

scales, and in the luminous colours, the light tones of the
blue and violet scales.

It has already been pointed out that the harmony of a
combination is much increased by the luminosity and tone
of the colours forming the combination. The material on
which the colours are formed has also a considerable influence
on the result. A combination which is fairly good on such
materials as stained glass and silk, which have a lustre of
their own, may be very poor on such materials as cotton or
wool, or in tempera painting. But on the question of the
influence of material in the harmony of colour more will be
said in a subsequent section.

In regard to the use of black and white for the purpose
of separating colours the following hints may be found useful

:

With red and yellow, black is preferable to white ; with red
and blue, white is to be preferred

; with blue and yellow a
grey is preferable to either black or white ; with yellow or
orange, black agrees very well. Grey separates blue and
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violet better than either black or white ;
black should be

used with orange and green, grey in connection with violet,

while white can be used to separate violet and green. As

to whether black, white or grey will give the best results in

outlining or separating the various colours of a design, much

depends upon the balance of tone of the colours used. The

following rules will be found to generally cover all cases of

colour combination with which the designer has to deal

:

(1) if the ground of an ornamental design be of a light tint

or tone of colour, and the design itself be deep or intense in

colour, then it will be found best to outline the design in

black or in grey, or in a colour which is deeper than either

the ground colour or the design colour
; (2) in the case

of an ornamental design, where the figure is of a lighter

colour, or a less intense colour than the ground, then it will

be found best to outline the figures with white or with a light

shade of grey
; (3) in monochrome work, where the ground

and the design are in varying shades of the same colour,

similar rules must be observed. If the ground be dark then

the outlines should be white or grey ;
if the ground be light

then the outlines should be of a darker shade than the general

colour.

The effect of separating colours by outlines is shown in

a number of the figures given on Plate 6 and in the design

shown on Plate 7, and the effect of using both black and

white for the separation of the same colours is shown on

both plates.

The harmony of a design or combination formed of such

simple colours as red, yellow, blue, green, orange and violet

is readily perceptible, but such is not the case with the

more complex hues or shades of browns, olives, bronzes, etc.

The differences which exist between these shades need a

well-trained eye to distinguish them, and to appreciate the

harmony of any colour combinations in which they may
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enter. In nature one often meets with such combinations
among the trunks and foliage of trees-as, for instance, the
greyish-greens of lichens which grow on the trunks of the
trees and contrast with the brownish tints of those members
Or we have the dark tints of the trunks and stems in
contrast with the green of the leaves. Then, a^ain in
autumn we get the rust tints which prevail among' the
foliage of the trees, helping to form combinations of hues
which have a most harmonious appearance. Language
almost fails to describe such effects, while it needs a master
artist to depict them with the pencil.

Following on the lines first developed by Chevreul it is
usual to divide harmonies of colour into two classes :

(1) Harmonies of analogy, and
(2) Harmonies of contrast,

each of which can be further divided into sub-groups, as will
be seen presently. It is, however, a more or less arbitrary
classification, for by the term harmonies of analogy is gener-
ally meant the effect produced by the employment of various
tones or shades of the same colour, or what might be termed
analogous colours

;
while by the term harmonies of contrast

is meant the effect produced by the combination of different
colours, but the two kinds of harmony often pass insensibly
one into the other. If the various shades of yellow and
green are employed, they may pass so insensibly from one
to the other, that we get the harmony of analogy rather than
the harmony of contrast.

Chevreul gives the following classification :—

HARMONIES OF ANALOGY.

(1) Harmony of scale, which is produced when several
tones of the same colour are present. These tones may be
either so graded as to run insensibly one into the other
when we have the effect generally known as shading, or the
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difference may be rather more marked ;
when the interval

between two contiguous tones is greater, the effects of

harmony of contrast are often observable.

(2) The harmony of tones or hues. This is obtained

when two tones or hues of about the same degree of intensity

and power, but belonging to different scales or different

colours, are combined together. In many such cases the

effect is rather displeasing than harmonious.

(3) The harmony of dominant colour. Such an effect

as is here illustrated is obtained when a landscape or picture

is viewed through a lightly tinted glass, so that while the

colours of the object are readily perceptible, yet they are

dominated by the tint of the glass, or the material through

which they are observed.

HARMONIES OF CONTRAST.

(1) Harmony of contrast of scale is obtained when two

tones of the same colour some distance from one another

are simultaneously observed.

(2) The harmony of contrast of hues or tones is pro-

duced by the simultaneous view of tones of different heights

or depths belonging to relative colours or scales.

(S) The harmony of contrast of colours of different

kinds, arranged according to the law of contrast which has

already been discussed.

This classification of Chevreul's is rather an artificial one,

and is somewhat forced in character ; a much simpler classi-

fication—if such is needed-is in two kinds of colour

harmony only. If particular notice is taken of the harmonies

which prevail in nature, paintings, and in good ornamental

designs, it will be found that the harmony can be produced

in two ways : first, by employing tones or hues of the same

colour or of colours which are related to one another
;
and
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second, by the use of different colours which harmonise with
one another. For shortness we may speak of this as—

(1) Harmony of succession, or seriation of tones or hues.
(2) The harmony of change of colour.

The harmonies of the first kind are often met with in
nature in the petals of flowers, and possibly more particularly
m the colours of the leaves in the autumn. We may have
a succession of hues passing imperceptibly one into the other
as shown in Plate 8. One sees these effects more particularly
in large leaves like those of the oak, horse-chestnut, and the
elm. Another example of such harmony would be when we
have a succession of tones in red, orange and yellow, or of
blue and green, passing insensibly from one to the other.' Not
only do we find such harmonies of succession or seriation
in nature, but the artist finds them extremely serviceable
for the production of decorative and ornamental designs for
all kinds of objects.

That this is so one may readily see by visiting museums
such as those at South Kensington, Liverpool or Salford
and inspecting the great collections of pottery ware, textile'
fabrics, and ornamental work of all kinds which are to be
found in those places, and it will be seen that the designers
of them have made full use of the kind of harmony which
we have here called seriation.

The infinite gradation of shades which are met with in
nature, and produce exceedingly charming effects, are due not
only to changes in the colour of the object such as we have
been already describing, but also to the play of light upon it.

Artists have to take into account the peculiar action of light
when portraying a large surface. Supposing, for instance, an
artist wishes to depict a large sheet of white paper, or a
screen of coloured drapery : if he were to paint them of a
uniform white, or of a uniform colour, although he would be
representing them as they actually are, yet we should say
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that he was wrong. This is due to the fact that the white

paper or the coloured drapery is not reflected to our eyes, or

does not appear to us to be of a perfectly uniform tone
;
the

play of light upon it leads to the production of infinite

gradations of light and shade, which modify our sense of

observation. The artist takes this into consideration, and

accordingly portrays the white paper or the coloured drapery

with some gradations of light and shade.

All the best artists are well aware of this important fact,

and pay very particular attention to it. John Euskin, in

his Elements of Drawing, shows that he is perfectly well

aware of the importance of gradation of tone, and gives this

advice: "And it does not matter how small the touch of

colour may be, though not larger than the smallest pin's

head, if one part of it is not darker than the rest, it is a

bad touch ; for it is not merely because the natural fact is so

that your colour should be graduated ; the preciousness and

pleasantness of colour depends more on this than on any other

of its qualities, for graduation is to colours what curvature is

to lines, both being felt to be beautiful by the pure instinct of

every human mind, and both, considered as types, expressing

the law of gradual change and progress in the human soul

itself. What the difference is in mere beauty between a

graduated colour and an ungraduated colour may be seen

easily by laying an even tint of rose colour on paper and

putting a rose leaf beside it. The victorious beauty of the

rose as compared with other flowers depends wholly upon

the delicacy and quantity of its colour-gradations, all other

flowers being less rich in graduation, not having so many

folds of leaf, or less tender, being patched and veined instead

of flushed."

In monochrome work the succession of tones is of import-

ance for the production of a pleasing and effective picture

;

when a picture in monochrome work is composed simply of
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light and dark shades, the effect is extremely harsh and dis-

pleasing, and the art and skill of the painter in monochrome
work he in the careful gradation of one shade or tone into

another.

There is another phase of the harmony of succession or

senation, and that is when, as in the spectrum, we have a

series blended one into the other—as, for instance, we may
cite a design in which the colours are in the following order

:

green, blue, violet, red, orange.

A design where the following colours were used—green,
violet and orange—would be somewhat ineffective ; but by the
introduction of the intermediate colours blue, red and yellow,
the design is made much more effective in character. If

these series of colours are not sharply defined by means of

outlines, they must shade one into the other, as is the case
with regard to the spectrum colours. Much of the harmony
in such a case depends upon the relation of form, and the
definition of that form by means of outlines, as in the case of
foliage of various tints, combined with flowers of different

colours. This kind of harmony of succession of colours is

very much used in artistic work, but in designing considerable

care and skill must be exercised, in order to produce a per-

fectly harmonious result.

The subject of harmonies of change of colour has already

been dealt with fully in dealing with the contrasts of colour,

and little need be said about it in this place.

Harmonies of change of colour are greatly influenced by
the character of the colours themselves, their relative pro-

portions, and the manner or the use of separating lines of

black, white or grey to define the form and scope of the
colours. These questions have already been referred to, and
the influence of separating them discussed.

In Plates 6, 8, 9 and 10 are shown some designs such as

are to be seen in textile fabrics, wall papers, etc. They have
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been arranged to illustrate the principles of colour as applied

to decorative design as laid down in the preceding sections.

In Plate 6 we have the same design in a variety of harmonies

and effects of one colour on another. In Plate 8 we have a

design comprising the colours orange, yellow, yellowish-green,

showing the harmony brought about by using a series of

colours in succession.

In Plate 9 we have a design in various tints of red, giving

a harmony in tones which is rather pleasing. In Plate 10

we have a design using blue, green and violet, the result of

which can hardly be considered very harmonious.

ILLUMINATION AND COLOUR,

We have seen in a preceding section, page 65, that the

appearance of a colour or colours varies according to the cir-

cumstances or conditions under which it is observed. It will

be useful here if we devote a little more attention to this

aspect of light and colour, and consider the modifying

influence which different kinds of illumination have upon

colours of objects under observation.

It must be obvious to any one that the kind and degree

of luminosity—or, in other words, the quality and intensity of

the light which falls upon them—will vary from time to time,

and it is a matter of common observation that the appearance

and tint of the colours of such objects vary in degree also.

We shall see, subsequently, that the nature and character of

the surface of the object also have some influence particularly

bearing upon the manner in which the object is illuminated.

Objects are observed under at least four kinds of illumina-

tion :

—

(1) Direct sunlight or diffused daylight.

(2) Artificial light.

(3) Dominant coloured light.



COLOUR IN DECORATION AND DESIGN. 135

(4) Two lights of varying quality and intensity.

(1) It is a matter of common observation that the light

of day varies much in colour, not only during each day,

but at different seasons of the year. The cause of this

change of colour in the light is that the atmosphere through

which the light reaches the earth in its passage from the

sun is not perfectly transparent, and is always more or less

clouded in character, the degree of cloudiness varying from

time to time from that of a clear bright summer's day to

that of a foggy winter's day. Now, when light passes

through a cloudy medium, it undergoes changes which vary

in degree according to the character and extent of the

cloudiness. If a mass of water be observed against a black

background it will appear perfectly transparent, but intro-

duce into that water a small quantity of milk or finely

powdered chalk, then the water will appear of a bluish colour;

the milk or the chalk forms a cloudy medium in the water,

which medium has the property of reflecting the blue rays

of the spectrum to a greater extent than the rays at the red

end of the spectrum, and hence the water appears of a

bluish hue. It is for the same reason that the sky appears

of a blue colour when observed under ordinary conditions
;

the atmosphere is filled with minute particles, which reflect

chiefly the blue rays of the sun's light, and these blue rays

make the skies appear blue. The same phenomenon may be

observed in all cases where light is reflected from a medium
more or less cloudy, placed against a black background.

But the question of the colour of a cloudy medium is a

question of degree of the cloudiness : should the cloudiness

increase considerably and it is observed more directly, then

the reflected rays which are bluish, being thrown off in all

directions, while the other rays of the spectrum are trans-

mitted in greater extent, the blue rays tend to lose their

transparency, and therefore the light which is transmitted

B^HBHWHii^
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through a cloudy medium tends to acquire an orange tone.

It is for this reason that sunlight, when observed through a

foggy atmosphere, is of a red colour ; and for the same reason

the sunset hues appear of a red character, because they

are transmitted through a greater thickness of atmosphere

than is the case when the sun is more directly overhead, as

it is at noonday. Street lamps, for the same reason, have an

orange colour on a foggy day, the particles of aqueous vapour,

etc., which constitute the fog, having a sifting action upon

the light from the lamps—the blue rays are reflected and

scattered in all directions, while the orange and yellow rays

are transmitted.

There is another feature of a cloudy medium which must

also be noticed : if a ray of light be sent through clear water,

it will pass through practically unchanged, and the water is

not greatly illuminated as a whole ; but place a small

quantity of milk in the water, and immediately the whole

tankful becomes more or less illuminated with a diffused

light of a bluish character if observed by reflected light, or

of a yellowish or orange tone if observed by transmitted

light. This is due to a scattering of the light caused by

repeated reflections from one particle to another of the

substances which cause the cloudiness of the water, and it

is at once obvious that this scattering of light, by reason of

its large surface, must lead to a reduction in the intensity

of the light that passes through a cloudy medium. This is

the reason that lamp lights and sunlight lose so much of

their intensity during time of fog.

It is necessary to point out that a great deal depends

upon the size of the particles of the cloudy medium, as to

the degree of their action upon the light which falls upon it,

or is transmitted through it. If small, then they have the

effect described above ; if large, they have very little effect

whatever. And thus it is that under certain conditions of fog
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and mist, the only effect is to reduce the intensity of the

sunlight, but not to alter the quality of its colour ; and thus

also it is that sometimes the light reflected from the clouds

appears to be white, while at others it appears to have a

greenish hue, due to variations in the size of the particles

of aqueous vapour composing the clouds.

(2) Illuminations by artificial light. Artificial lights—gas

in its various forms, oil, and the electric light—play at the

present time so large a part in the illumination of rooms,

that it is important to consider their effect upon the colour

of objects, etc. It has been shown in a previous section

what effect the light of one colour has when it falls upon
other colours. Now, in the case of most of the artificial

lights, the light emitted from them is not a pure white light,

but is usually more or less tinted, the prevailing tint being
yellow in the ordinary flame of gas, oil and the incandescent

electric light ; and therefore the changes which have been
brought about are those which have been shown to occur when
yellow light falls upon any colours. It is a well-known fact

that there are many colours which perceptibly change their

hue when exposed to artificial light. Some of the blue and
green dyes which the textile colourist uses have this effect—

the green tends to become rather bluish in tone, so that it

is often impossible to see by night whether a particular shade
of dyed cloth is actually green or blue. Blacks which by
daylight are bluish in tone, show a dead black under gas-

light. Blues tend to become greenish, and hence in design-

ing, where the object is to be shown under artificial light,

it is necessary to substitute green for blue, or to employ a

blue of a reddish hue rather than a blue of a greenish tint.

The pigment smalts changes colour in a similar manner.
The amethyst, which is a pale blue by day, is a dark red at

night. The sapphire, which is blue by day, exhibits a violet

tint by night. Some flowers of a blue colour show a reddish
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tint by gaslight. All these effects are due to the deficiency

of the ordinary artificial light in the blue and violet rays,

and therefore the objects illuminated appear to be richer in

red and yellow than they actually are. In many cases, to

make a colour appear to be perfectly white, or to counteract

a slight yellow tint that it may have, it is given a bluish

tint. This is more particularly shown in the bleaching of

textile fabrics, where the bleached fabric has a perceptibly

yellow tint. To avoid this effect it is customary to pass

the fabric through a liquor containing a small quantity of

blue dye-stuff ; the slight amount of bluing that is thereby

given destroys the yellow effect, and the fabric appears white

in daylight. In gaslight, however, its effect is not seen, and

the fabric loses its brilliant appearance and becomes more

or less dull looking.

The third condition under which the illumination of

objects takes place is that when seen under a dominant

coloured light, which has a very material effect upon objects

seen under its illumination. A reference may be made to a

previous section, in which the effect of one coloured light

falling upon another has been discussed in some detail. One

may conveniently observe these effects by looking at a land-

scape, for instance, through pieces of coloured glass ; if, for

example, a piece of yellow glass be used it will be noticed

that, while all yellow portions are intensified but are otherwise

unchanged, the red objects tend to acquire an orange cast.

Blue objects become a greyish-green colour, and green objects

of a yellowish-green colour, and so on, in many cases the

effects obtained are more or less considerable; and, by viewing

landscapes through variously tinted glasses, one may often

produce the changes in appearance due to various seasons.

It may be pointed out, however, that the effects observed by

viewing objects through a coloured glass are not the same as

when viewed under a coloured artificial light, because all
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objects illuminated by daylight reflect more or less white-

light, and this white light modifies the effect as seen through

the coloured glass. On the other hand, when an object is

illuminated by a dominant coloured light—such as, for

instance, that which is obtained from gas or electric light

enclosed in a coloured globe—-the changes are very different
;

but as we have already given details relating to this matter,,

it need not be discussed further.

We come now to the fourth case—that is, illumination by

two lights of different quality and intensity. This double

illumination produces striking effects, and is met with very

frequently in nature, especially at night in such places as

blacksmiths' forges, street illumination, and in the case of

conflagrations. It is very difficult to lay down any laws-

governing the case of double illumination, so much will

depend upon the kind and relative degree of the two sources,

of light. A very simple experiment may be carried out in the

following manner :

—

Place a screen formed of a sheet of white paper or white

cloth in such a position that it will be illuminated by daylight

and by candle light at the same time, and then place in

position a rod so that the shadow is thrown by both lights-

on to the paper. It will now be observed that the shadow

thrown by the daylight will be tinged yellow, while that

thrown by the candle will be tinged blue ; this effect is, of

course, produced by the different quality of the two sources of

light. The candle light is deficient in blue rays, while the

sunlight has a large proportion of such rays. Now the

shadow thrown by the candle is illuminated by the sunlight*

and in consequence appears to possess bluish rays, because all

the surrounding parts of the screen are illuminated by both

sources of light, and therefore have a superabundance of

yellow rays, and by contrast we have a blue effect of the

shadow ; on the other hand, the shadow caused by the day-
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light is illuminated by the yellow rays of the candle light,

and in consequence acquires this yellowish tint. Very curious

effects of this character are often to be observed in churches

or chapels having stained glass windows. In such places

objects are often illuminated and shadows cast by two

sources of illumination-—-the white light from some windows,

the coloured light from others ; one gets then some very

complicated effects. In hilly districts, in time of sunset and

sunrise, especially in the former case, one often gets some very

peculiar effects of double illumination, inasmuch as the ground

and the objects, especially of distant hills behind which the

sun is either setting or rising, are often illuminated by the

sun's rays, and by the illumination from the blue sky, and

this double illumination brings about some curious effects

upon the surrounding objects which are more readily observed

than described. Artists, particularly, are more apt to observe

the contrast effects produced by double illumination, and

so they often produce some very beautiful pictures by copy-

ing them as closely as possible.

All objects visible to the eye are so because of the light

which they reflect, as has been stated in previous sections of

this book. And when these objects have been coloured, the

cause of their colour has been pointed out ; but, in addition

to the reflecting action of the different bodies on light, the

structure of the surfaces has to be taken into consideration,

inasmuch as it very materially affects the intensity or beauty

of any colour that the object may have. This may be noticed

in the different appearance that the same dye-stuff has when

dyed in different textile fabrics ; thus on silk a colour is much
more brilliant than it is on wool or on cotton. Again, the

structure of a textile fabric has a very material influence upon

the appearance of a colour. A colour is much richer when it

is dyed upon a piece of silk velvet than when it is dyed upon

a piece of plain silk ; hence it is evident that texture of
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surface brings about considerable modification in the appear-

ance of the colour of such surface, and we have now to

consider some of the causes which bring this about.

All objects, whether coloured or otherwise, reflect more or

less white light—even the most intense black surfaces may
reflect from 3 to 4 per cent, of white light. Now, most of

this white light which is reflected has considerable influence

upon any colour the object may have
;
generally its effect is

to lessen its intensity. One perhaps may notice this point

more particularly with metals than with other objects. Metals

have considerable power, when they are bright and untar-

nished, of reflecting light—the greater the amount of light

they reflect, the less colour do they appear to have. Owing
to tarnishing or other causes the reflecting power becomes

diminished, then the metals have a stronger colour. Again,

a great deal depends upon the manner in which light is

reflected from metallic surfaces, and also upon the angle at

which the metal is viewed. If it is viewed in such a manner
that the light which is reflected skims the surface of the

metal—as when we look along a highly polished plate of gold

or silver—the metal may appear to be white ; but if we look

at it at an angle of incidence, then the colour of the metal

begins to show itself; while, if a couple of plates of metal be

placed parallel to one another, then the light which is

reflected from surface to surface becomes more highly satu-

rated, and we get a strong development of the colour of

the metal—gold, for instance, under such conditions acquires-

a very deep orange colour. It is owing to these repeated

reflections that chased or granulated gold has a much richer-

colour than burnished gold; and in the case of metallic vessels

which have highly polished interiors, these appear of a much
greater brilliancy than the exteriors, on account of the light

which passes in and out of the vessels suffering repeated

reflections from the sides. It may be pointed out that the
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quality of the light is altered by this repeated reflection ; it

becomes saturated with colour, while there is a less amount of

light reflected from the surface of the metals in this way.

The influence of surface structure is also seen, particularly

in painting, in the differences which exist in the appearance

of the same pigments when used in water-colour drawing, or

in fresco painting, or in oil-painting : in oil-paintings the

surface being more transparent and homogeneous, the colours

have a more intense and brilliant appearance ; while in water-

colour paintings the surface is more opaque, and the colours

are by no means so intense. To a large extent the greater

amount of white light which is reflected from a water-colour

drawing than from an oil-painting helps to bring about this

reduction in the intensity of the colours.

A similar state of things exists in regard to pottery and

porcelain : colours have a brilliancy and intensity on glazed

porcelain which they do not possess on unglazed porcelain,

due to the greater amount of light which is reflected directly

to the eye, and to the fact that the light penetrates more into

the body of the porcelain, and therefore gets better saturated

"than it does in unglazed porcelain, before being reflected to

the eye.

Colour plays a very important part in the decoration of

textile fabrics ; it is, however, materially influenced by the

character of the fibre on which it is applied. The colour of

textile fibres is produced partly by reflection and partly by

absorption. When light falls upon the coloured fabric a

small portion is reflected as white light, a somewhat larger

portion as coloured light, while some passes into the fibre, and

then the colouring matter on the latter exerts an absorptive

effect on the light that passes through it, and causes it

to become coloured : it is this portion of the light that

ultimately makes most impression on the eye. When one is

looking at a single piece of coloured yarn, or a very thin
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piece of cloth, the intensity of the colour appears slight, it

looks poor and weak ; if, however, there are a number of

threads or a number of folds of cloth, then the colour appears

more intense and strong.

The various textile fibres differ from one another as

regards lustre, which depends upon their structure and power

of reflecting light. Lustre has a material and beneficial

influence on the appearance of dyed fabrics—a fact well

known to dyers, who endeavour to enhance the beauty of

the colours they produce by imparting a lustre to their

goods.

Silk is the most lustrous of textile fibres
; wool ranks

next, followed by China grass, cotton, linen, jute and hemp,

in the order given. Silk owes its lustre to several causes : it

is homogeneous in structure, is somewhat transparent, its

outer surface is smooth, and thus capable of reflecting

light in definite directions ; therefore more reflected light

reaches the eye from silk than from wool, and the length of

the silk fibre, with its smooth structure, allows the fibres to be

laid more parallel to one another in throwing and weaving

than is the case with any other fibre, and this increases the

reflective power of silk fabrics.

Wool comes next in its degree of lustre, but as its surface

is rougher than that of silk, it does not reflect so much light,

and this is more scattered than is the case with silk.

China grass may take rank next to wool in lustre. Its

fibres are long and parallel in formation—a fact which goes

a long way to explain its having greater lustre than cotton.

The cotton fibre does not possess much lustre. This is due
to its short length and its twisted character, which causes it

to scatter the light falling upon it and not to reflect it in a

definite direction.

Linen, jute and hemp have practically no lustre. They
are fibres not homogeneous in structure, and are also some-
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what rough, consequently their power of reflecting light is but
small.

The effect of lustre upon the colour of dyed fabrics may
be observed in dyeing the various fibres with a single dye-stuff

and then comparing the results. It will be observed that the

colour looks more brilliant on silk than it does on wool, and
more brilliant on cotton than on linen or jute. The character

of the fabric has also a material influence on the appearance

of any colours dyed upon them. Thus a smooth fabric never

has so solid an appearance as a fabric with a raised surface.

This is strikingly shown by comparing the front and back of

a piece of velvet, or a piece of plain black silk, with a black

velvet dyed in the same way and from the same materials.

The velvet has by far the more solid and rich appearance.

This is due to the fact that the pile of velvet, being presented

to the light, allows it to penetrate into the fabric and be more
completely saturated with colour before being reflected to the

eye, while the ends of the fibres forming the nap or pile reflect

but little white light, and therefore the light from the sub-

stance of the pile is not interfered with. Silk velvet is richer

in appearance than cotton velvet, because of the greater direct

reflective power of the fibre, cotton scattering the light

more.

The loose fibrous structure of the dyed woollen cloth causes

it to have a greater appearance of solidity than has dyed

cotton cloth, or even worsted cloth, wherein the fibres are

kept closer together. Dyed cotton flannelettes, for the same
reason, have a better appearance as regards depth of dye than

have plain cotton cloths.
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CHAPTEE VII.

MEASUREMENT OF COLOUR.

The practical colourist has very often to test or examine the
colouring matters he uses for their actual tone or strength,

and a description of the methods in common use for this,

particular purpose will be useful. It may be premised that
we shall not concern ourselves with the methods of testing

those properties of colouring matters upon which their appli-

cation in the various arts of painting, dyeing, etc., depends.

The consideration of such properties will be found in books
relating to the special subjects, such as the author's Manual
of Painters Colours and Knecht and Eawson's Manual of

Dyeing, to which we refer the reader. "What will be described

here will be the method for estimating the tone and strength
of colouring matters of various kinds.

ABNEY'S COLOUR PATCH PROCESS.

Captain Abney described some years ago a new form
of apparatus for the measurement of colour, which he
calls a " colour patch apparatus," and which will be found
described and illustrated in his book on Colour Measurement
and Mixture. With this apparatus it appears to be quite

possible to measure the desired tone and value of any colour-

ing matter.

The apparatus may be described as follows : The source
of the light to be used is an electric arc lamp, which Captain
Abney selected because he found that it was a more regular

10
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source of light than any other which he could employ. The

light from this arc is allowed to fall upon the collimating

lens of a spectroscope, and from thence passes through the

prisms of the instrument, and into a photographic camera,

on the focussing screen of which it is received as a spectrum.

As the reflective powers of the different colours vary consider-

ably, and therefore are not all brought to a focus on the same

plane, to allow for this the focussing screen is placed slightly

oblique so as to get as equal a focus for all the rays as

possible. At a distance of about four feet from the camera

is placed a white screen, on which the rays can be received

after passing through the camera. When the focussing screen

is removed the rays form a confused mass of coloured light ; by

interposing a lens this mass of light can be resolved into a

patch of white light. If, however, a card containing a vertical

slit be put in the place of the focussing screen, there will be

obtained a patch of coloured light upon the screen, the colour

of which will depend upon the position of the card in the

camera, and by moving this card to and fro there will be

obtained upon the screen any portion of the spectrum which

may be desired. By taking advantage of the fact that the

front face of the prism reflects a portion of the light which

falls upon it from the collimating lens of the spectroscope,

passing this light through a lens of suitable focus, and then

reflecting it from a small mirror on to the screen, there can

be obtained two patches of white light from the same source,

and therefore practically equal in value in every respect. By

placing a rod in front of the screen, which can be illuminated

both by the light that has passed through the spectroscope

and by the light which is reflected from the mirror, we have

the means of comparing the two lights in a very correct

manner. If their intensities are equal, then the shadows cast

by the rod will also be equal in intensity ;
if one be stronger

than the other, then the shadows will differ also ; by employing
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an instrument with a pair of revolving sectors, and placing

these in the path of either of the beams of light, the intensity

of them may be reduced to any required degree.

The instrument just referred to consists of an electro-

motor carrying on its spindle a pair of fast and a pair of

loose sectors. The latter are so contrived that during their

Fig. 70.

rotation the aperture that they form with the fixed sectors

can be varied to any required degree, so that the amount of

light which is allowed to pass through these apertures may
be altered as required. The arrangement of the apparatus

is shown in the diagram Fig. 70.

This apparatus can be used for the measurement of colour

in this way: The screen is replaced by a revolving disc
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arrangement such as shown in Fig. 44 ; this revolving

arrangement carries in the centre a disc painted with the

pigment which it is desired to measure ; then there are black

and white discs so arranged that the proportion of black to

white may be altered as required. The apparatus is arranged

so that a patch of light from one portion of the spectrum

falls upon the screen in such a manner that it illuminates

both the centre coloured disc and the black and white sectors ;

by moving the slit along the spectrum the hue of the central

Pig. 71.

disc may be matched, while its luminosity is measured by

altering the proportions of the black and white sectors. In

this way the exact hue of the colour may be valued, and by

passing the slit along the spectrum the amount and character

of the rays which are reflected by the pigment can be ascer-

tained by laying down on a diagram the values or the position

in the spectrum, or the relative luminosity of the light, and

a curve can be drawn as in Figs. 18, 19, et seq. ; further,

it is possible to make a template of a colour which, when
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placed in the rotating apparatus and rotated in front of the

colour patch of the spectrum produced by the spectroscope

on the screen, will reproduce exactly the hue of the colour.

This is done by drawing a part of an arc, laying out along

one of the radii the relative positions of the various rays of

the spectrum, and from these points drawing concentric

circles along which the relative luminosities are laid down
;

by cutting out the curve so formed, a template is made which,

when rotated as described, matches the colour. Such a

template is shown in Fig. 71, which is taken from Captain

Abney's book.

This method of measurement is only applicable to those

cases where the colouring matter is in the form of a pigment,

or may be spread upon the surface of a card or other medium.

THE TINTOMETER.

A very convenient apparatus, which may be applied to

the measurement of a great variety of coloured bodies, is the

instrument invented by Mr. J. W. Lovibond of Salisbury,

and named by him the tintometer. The essential feature

of this instrument consists of a box, rectangular in section,

broad at one end and tapering to the other, in which an eye-

piece is placed ; down the centre of the box is a partition

dividing the instrument into two parts. If light is permitted

to pass along the two tubes which have been thus formed,

the arrangement of the parts is such that only one field of

view is presented to the eye ; if now there be interposed in

one half of the apparatus a coloured body, the field of view

of that half will be coloured, while the other half remains

white as before. If in the second half of the apparatus

another coloured body be inserted, then we have the means

of comparing exactly the colours of the two bodies in

question ; and if the second coloured body is of a standard
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character, we have a means of comparing the first in terms

of the second.

There is supplied with the instrument a number of

coloured glasses of varying hues and tints and of different

intensities, all these glasses being standardised and numbered.

These glasses are used in one half of the apparatus, for the

purpose of measuring the hue and intensity of coloured

bodies placed in the other half of the apparatus, by placing

one, two, or more as may be required in slots which are left

for the purpose in the body of the instrument. The glasses

are selected of such tints as may be best adapted for the

particular colour measurements that have to be made.

The tintometer may be used in a variety of ways

according to the particular substance whose colour is to

be measured. Thus, for example, supposing that pigments

are to be examined, then a small quantity of the pigment is

placed in a box with a glass lid under one half of the tube,

while in another box a quantity of precipitated sulphate of

calcium is placed under the second half of the tube, and the

light from each reflected through the instrument. On look-

ing through the eyepiece the field of view will be found to

be half white and half coloured. The standard glasses are

next placed in the white half of the instrument until the

tint of the coloured half is exactly matched, and the numbers

of the coloured glasses are then noted down for reference.

It may be pointed out here that the instrument is first

placed in front of a window with a good light. A similar

plan may be followed with any other kind of opaque

coloured bodies that may be measured by reflected light,

such as dyed cloths, yarns, coloured papers, etc.

When the shades of coloured solutions or liquids are to

be examined, the instrument is arranged horizontally, and

the liquid or solution is placed in a glass trough with glass

ends, and the light reflected from a screen through this
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trough, the trough being so arranged that it only covers one

half of the field of view of the instrument. Then, by placing

the standard glasses in the other half, the colour can be

measured and a record kept which can be reproduced at

any time.

The tintometer can be used to measure the colour of all

kinds of coloured substances, and is the most practicable

and convenient apparatus for the purpose that has been

devised. For a fuller description the reader is referred to

Fig. 72.

Mr. J. W. Lovibond's Measurement of Light and Colour

Sensations.

For the purpose of measuring tints of coloured bodies

various instruments have been invented from time to time.

In Fig. 72 is shown the chromometer designed by Mr.

Wilson for measuring the colour of petroleum oils, but

which may be used for other colourimetric experiments with

liquids. This instrument consists of two small tubes closed

at each end by a screw cap carrying a stout glass disc : light
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is reflected upwards through the tubes by a mirror, and is

then, by means of prisms, reflected and brought into an eye-

piece
;
one of the tubes is filled with the oil to be tested,

and in the other, which is empty, a disc of tinted glass. On
looking through the eyepiece the field of view is seen to be

divided by a sharp line formed at the junction of the two
images produced by the prisms, one half of the field being

tinted with the colour of the oil, the other half with that of

the standard. An accurate comparison can then be made
of the quality of the oil as regards colour. For the purpose

of testing petroleum oil the instrument is supplied with a set

of four standard glasses, representing the various grades of

the colour of commercial petroleum oil which are recognised.

This instrument may also be employed for measuring the

comparative intensities, by filling the two tubes with the

oils that are to be compared, and viewing them through the

eyepiece.

Many other similar forms of colourimeters have been

devised by Eidsdale and others, which, however, do not need

detailed description here.

i
For examination of the comparative strengths of coloured

solutions this apparatus may be used in the following manner

:

A solution of a known quantity of a standard colour in a

given quantity of water is made ; then a solution of the colour

to be tested is also made of the same nominal strength ; a

measured quantity of the standard solution is placed in one

of the tubes, and the same quantity of the other solution in

the second tube. An observation is now made by looking

down the tubes, as to whether both exhibit the same inten-

sity of colour; if one be lighter than the other, then the

quantity of the solution is added to until a new observation

shows that both have exactly the same depth of tint. Then
the volumes of the two liquids may be taken as measurements

of the comparative strength of the two colouring matters.
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When a colourimeter is not available, a comparison of

two colours, such as two dye-stuffs which are soluble in

water, may be made by taking a weighed quantity, say

-one gramme, dissolving in 100 cc. of water. Next procure

two glasses with flat bottoms and of the same diameter

and a capacity of about 80 cc. ; the diameter need not be

more than f inch. Measure into each glass 30 cc. of water

and 10 cc. of the dye solution, and then hold the glass in

front of a window and compare the colour of the two solutions

for depth. To the strongest add water until the tint of the

colour in both glasses is identical ; then measure the length

of each column of liquid, when a measure of the comparative

value of the colouring power of the two bodies is obtained.

In the case of pigments the relative colouring power of

two samples may be determined in the following manner :

—

By comparison with standard sample. Supposing it it

a sample of vermilionette whose colouring power is to be

determined, then 10 grammes of the sample are weighed ous

and mixed with 30 grammes of china clay ; the mixing must

be thoroughly done. Ten grammes of the standard sample

are mixed in the same way with 30 grammes of the same

sample of china clay. The two mixtures are now compared

"together for depth of colour as described above : if the two

samples are equal in colouring power, the depth of colour of

the two mixtures will be the same ; if one is stronger than

the other, then one of the mixtures will be darker than the

other. Some idea of the relative strength of colouring

power can be obtained by adding small and known weights

of china clay to the darkest sample, until the tint of all

the mixtures is equal ; then the samples have a colouring

power proportional to the amount of china clay used. Thus,

if one sample took 30 grammes of china clay and the other

sample 37 "5 grammes, then the relative colouring power is

•as 30 to 37'5
; or, if the strongest sample be taken at 100,
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then the colouring power may be expressed in percentages-

thus—37*5 : 30 : : 100 : 80 ; the weakest colour has only 80'

per cent, of the colouring power of the strongest.

Again, in making some experiments to test the comparative-

colouring powers of Orr's white and white lead, 5 grammes

of the former were mixed with l
-46 grammes of blue, and

the tint thus formed was found to be exactly matched by a

mixture of 5 grammes of white lead with 0'55 gramme of

blue. Hence we have :

—

146 : 55 : : 100 = 236-6,

that is, 100 parts of Orr's white is equal to 236*6 parts of

white lead as regards colouring power.

As the toning colour for all pigments, except whites, a

good sample of china clay may be used
;
gypsum, also, makes-

a good toning colour ; barytes and white lead are a little

too heavy. For whites a good animal black makes a good

toning colour.

When a large number of assays for colouring power have

to be made, a standard tint should be made by taking, say, 50

grammes of the standard sample, and mixing with about

twice its weight of the toning colour ; this tint may be used

in subsequent tests, and will save some time in the prepara-

tion of a standard tint. It is important, however, that the

same sample of toning colour be used to mix with the samples

whose colouring power is being tested, as has been used in

making the standard tint.
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Experiences—Index.

(See also Writing Inks, p. n.)

THREE HUNDRED. SHADES AND HOW TO MIX
THEM. For Architects, Decorators and Painters.

(See page 28.) • A
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PAINTS, COLOURS, ETC.—continued,

CASEIN. By Robert Scherer. Translated from the Germanby Chas. Salter. Demy Svo. Illustrated. 160 pp Price 7s fid
net. (Post free, 7s. lOd. home

; 8s. abroad.)
P

Contents.

Casein Painting. Casein Adhesives and Putties -Case n Glue ?n pT^? ^"'f8 of

Colour Printing, etc.-Caseogum-" G&'-Casdn DrfssL"^^^' an^T^Fabrics-Printing Colour with Metallic Lustre-Process for Softening Sizino „Hr 5? °"

SIMPLE METHODS FOR TESTING PAINTERS'MATERIALS. By A. C. Wrioht, M.A. fOxon ), B Sc.

h^mtfss.^rb^d:) ^ PP
"
*** fc ^

<

Port ^ 5s
"
3d "

IRON - CORROSION, ANTI - FOULING AND ANTICORROSIVE PAINTS. Translated from the German ofLouis Edgar Andes. Sixty-two Illustrations. 275 pp. Demy SvoPrice 10s. fid. net. (Post free, 10s. lOd. home ; lis. 3d. abroad.)
*

. . . „ Contents.
LinsTe^ OH ^T^g^^^^^g^^ * P«-t-0~unding the Iron with

rosive ana snip s Paints—Official Standard Specifications for Ironwork Paints—IndexTHE TESTING AND VALUATION OF RAW MATERIALS USED IN PAINT AND COLOUR MANUFACTURE By M. W. Jones, F.C.S. A Book for the

(Pt7?r^ C™ *** **» * net.

THE MANUFACTURE AND COMPARATIVE MERITSOF WHITE LEAD AND ZINC WHITE PAINTS By
mn

PETIT,
D
CiVl1 Engineer etc. Translated from the French. Crown 8vo.100 pp. Pr,ce 4s. net. (Post free, 4s. 3d. home ; 4s. 4d. abroad.)

„. . . _, Contents.

Preparatron. IX., Zinc White Paint and Zinc White Coatings-Their Merits and Defects.
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STUDENTS' HANDBOOK OF PAINTS, COLOURS, OILS
AND VARNISHES. By John Furnell. Crown 8vo. 12
Illustrations. 96 pp. Price2s.6d.net. (Post free, 2s. 9d. home and abroad.)

Varnishes and Drying Oils.
OIL CRUSHING, REFINING AND BOILING, THE

MANUFACTURE OF LINOLEUM, PRINTING AND
LITHOGRAPHIC INKS, AND INDIA-RUBBER
SUBSTITUTES. By John Geddes McIntosh. Being
Volume I. of the Second, greatly enlarged, English Edition, in three
Volumes, of " The Manufacture of Varnishes and Kindred Industries,"

based on and including the work of Ach. Livache. Demy Svo. 150 pp.
29 Illustrations. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s.

abroad.)

VARNISH MATERIALS AND OIL-VARNISH MAKING.
By J. G. McIntosh. Being Vol. II. of " The Manufacture of Varnishes
and Kindred Industries". Demy Svo. 70 Illustrations. 220 pp.
Price 10s. 6d. net. (Post free, 10s. lOd. home ; lis. 3d. abroad.)

Contents.
Chapter I., Introduction. II., Amber and Amber Oil Varnishes. III., Copal, etc. IV.,

Resins—Assorting, Cleaning and Fusing. V., Asphaltum, Coa-Tar, Pitch, Rubber, etc. VI.,

Oil-Varnish Making—General Instructions. VII., Copal Oil Varnish. VIII., Rosin Oil Varnish
—Brunswick Black—Super Black Japan. IX., Testing Varnish—Utilisation of Residues.

DRYING OILS, BOILED OIL AND SOLID AND
LIQUID DRIERS. By L. E. Andes. Expressly Written
for this Series of Special Technical Books, and the Publishers hold
the Copyright for English and Foreign Editions. Forty-two Illustra-

tions. 342 pp. Demy Svo. Price 12s. 6d. net. (Post free, 13s. home ;

13s. 3d. abroad.)
Contents.

Properties of the Drying Oils ; Cause ot the Drying Property ; Absorption of Oxygen
;

Behaviour towards Metallic Oxides, etc.—The Properties of and Methods for obtaining the
Drying Oils—Production of the Drying Oils by Expression and Extraction ; Refining and
Bleaching; Oil Cakes and Meal; The Refining and Bleaching of the Drying Oils; The
Bleaching of Linseed Oil—The Manufacture of Boiled Oil; The Preparation of Drying Oils

for Use in the Grinding of Paints and Artists' Colours and in the Manufacture of Varnishes
by Heating over a Fire or by Steam, by the Cold Process, by the Action of Air, and by Means
of the Electric Current; The Driers used in Boiling Linseed Oil; The Manufacture of Boiled
Oil and the Apparatus therefor; Livache's Process for Preparing a Good Drying Oil and its

Practical Application—The Preparation of Varnishes for Letterpress
;
Lithographic and Copper-

plate Printing, for Oilcloth and Waterproof Fabrics; The Manufacture of Thickened Linseed
Oil, Burnt Oil, Stand Oil by Fire Heat, Superheated Steam, and by a Current of Air—Behaviour
of the Drying Oils and Boiled Oils towards Atmospheric Influences, Water, Acids and Alkalies

—Boiled Oil Substitutes—The Manufacture of Solid and Liquid Driers from Linseed Oil and
Rosin; Linolic Acid Compounds of the Driers—The Adulteration and Examination of the
Drying Oils and Boiled Oil.

Oils, Fats, Waxes, Greases,
Petroleum.

LUBRICATING OILS, FATS AND GREASES: Their
Origin, Preparation, Properties, Uses and Analyses. A Handbook for

Oil Manufacturers, Refiners and Merchants, and the Oil and Fat
Industry in General. By George H. Hurst, F.C.S. Second Revised
and Enlarged Edition. Sixty-five Illustrations. 317 pp. Demy Svo
Price 10s. 6d. net. (Post free, lis. home; lis. 3d. abroad.)

Contents.
Introductory—Hydrocarbon Oils—Scotch Shale Oils—Petroleum—Vegetable an

Animal Oils—Testing and Adulteration of Oils—Lubricating Greases—Lubrication —
Appendices—Index.
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TECHNOLOGY OF PETROLEUM : Oil Fields of the

World—Their History, Geography and Geology—Annual Production
and Development—Oil-well Drilling—Transport. By Henry Neu-
berger and Henry Noalhat. Translated from the French by J. G.
McIntosh. 550 pp. 153 Illustrations. 26 Plates. Super Royal 8vo.
Price 21s. net. (Post free, 21s. 9d. home ; 23s. 6d. abroad.)

Contents.
Study of the Petroliferous Strata,
Excavations—Hand Excavation or Hand Digging of Oil Wells.
Methods of Boring.
Accidents—Boring Accidents—Methods of preventing them—Methods of remedying them

—Explosives and the use of the "Torpedo" Levigation—Storing and Transport of Petroleum
—General Advice—Prospecting, Management and carrying on of Petroleum Boring Operations.

General Data—Customary Formulas—Memento. Practical Part. General Data
bearing on Petroleum—Glossary of Technical Terms used in the Petroleum Industry—Copious
Index.

MINERAL WAXES : Their Preparation and Uses. By
Rudolf Gregorius. Translated from the German. Crown 8vo. 250
pp. 32 Illustrations. Price 6s. net. (Post free, 6s. 4d. home

;

6s. 6d. abroad.)
Contents.

Ozokerite—Ceresine—Paraffin—Refining Paraffin—Mineral Wax—Appliances for
Extracting, Distilling and Refining Ozokerite—Uses of Ceresine, Paraffin and
Mineral Waxes—Paint and Varnish Removers—Leather and Piston=Rod Greases-
Recipes for Silk, Cotton and Linen Dressings—Candles.

THE PRACTICAL COMPOUNDING OF OILS, TAL-
LOW AND GREASE FOR LUBRICATION, ETC.
By An Expert Oil Refiner. Second Edition. 100 pp. Demy 8vo.
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.)

Contents.
Introductory Remarks on the General Nomenclature of Oils, Tallow and Greases

suitable for Lubrication— Hydrocarbon Oils— Animal and Fish Oils— Compound
Oils—Vegetable Oils—Lamp Oils—Engine Tallow, Solidified Oils and Petroleum
Jelly— Machinery Greases: Loco and Anti-friction—Clarifying and Utilisation
of Waste Fats, Oils, Tank Bottoms, Drainings of Barrels and Drums, Pickings
Up, Dregs, etc.—The Fixing and Cleaning of Oil Tanks, etc.—Appendix and
General Information.

ANIMAL FATS AND OILS: Their Practical Production,
Purification and Uses for a great Variety of Purposes. Their Pro-
perties, Falsification and Examination. Translated from the German
of Louis Edgar Andes. Sixty-two Illustrations. 240 pp. Second
Edition, Revised and Enlarged. Demy 8vo. Price 10s. 6d. net.
(Post free, 10s. lOd. home; lis. 3d. abroad.)

THE MANUFACTURE OF LUBRICANTS, SHOE
POLISHES AND LEATHER DRESSINGS. By
Richard Brunner. Translated from the Sixth German Edition by
Chas. Salter. 10 Illustrations. Crown 8vo. 170 pp. Price 7s. 6d.
net. (Post free, 7s. lOd. home ; 8s. abroad.)

THE OIL MERCHANTS' MANUAL AND OIL TRADE
READY RECKONER. Compiled by Frank P. Sherriff.
Second Edition Revised and Enlarged. Demy 8vo. 214 pp. 1904.

With Two Sheets of Tables. Price 7s. 6d. net. (Post free, 7s. lOd.

home ; 8s. 3d. abroad.)
Contents.

Trade Terms and Customs—Tables to Ascertain Value of Oil sold per cwt. or ton— Specific
Gravity Tables— Percentage Tare Tables—Petroleum Tables—Paraffine and Benzoline Calcu-
lations—Customary Drafts—Tables for Calculating Allowance for Dirt, Water, etc.—Capacity
of Circular Tanks, Tables, etc. etc.
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VEGETABLE FATS AND OILS : Their Practical Prepara-
tion, Purification and Employment for Various Purposes, their Proper-
ties, Adulteration and Examination. Translated from the German of
Louis Edgar Andes. Ninety-four Illustrations. 340 pp. Second
Edition. Demy 8vo. Price 10s. 6d. net. (Post free, lis. home;
lis. 6d. abroad.)

EDIBLE FATS AND OILS : Their Composition, Manufacture
and Analysis. By W. H. Simmons, B.Sc. (Lond.), F.C.S.

[In preparation.
The Contents will include the Constitution of Oils and Fats

;
Raw Materials ; Bleaching,

Deodorising and Refining; Butter; Lard; Margarine; Salad Oils; Chocolate Cream;
Analysis of Raw Materials ; Statistics.

Essential Oils and Perfumes*
THE CHEMISTRY OF ESSENTIAL OILS AND ARTI-

FICIAL PERFUMES. By Ernest J. Parry, B.Sc.
(Lond.), F.I.C., F.C.S. Second Edition, Revised and Enlarged. 552 pp.
20 Illustrations. Demy 8vo. Price 12s. 6d. net. (Post free, 13s. home

;

13s. 6d. abroad.)

Contents.
Chapter I. The General Properties of Essential Oils. II. Compounds occurring- in

Essential Oils: (I.) The Terpenes— Sesquiterpenes—Olefinic Terpenes and Sesquiterpenes—
Pinene— (II.) The Camphor Series—(III.) The Geraniol and Citronellol Group—The Geraniol
and Citronellol Series—(IV.) Benzene Compounds : Cymene—Phenols and their Derivatives— Phenols with Nine Carbon Atoms—Phenols with Ten Carbon Atoms—Alcohols—Aldehydes—Ketones—Acids—(V.) Aliphatic Compounds: Alcohols—Acids—Aldehydes—Sulphur Com-
pounds—Other Bodies. III. The Preparation of Essential Oils : Expression— Distillation
—Extraction. IV. The Analysis of Essential Oils : Specific Gravity—Optical Methods :

(1) Refraction (2) Polarimetry, Melting and Solidifying Points—Boiling Point and Distillation—Quantitative Estimations of Constituents—Aldehydes, Ketones and Oils on which a Direct
Determination can be made. V. Systematic Study of the Essential Oils. VI.
Chemistry of Artificial Perfumes. Appendix I. Table on Constants of the more
important Essential Oils. Appendix II. Table of Pharmacopoeial Standards. Index.

Soaps.
SOAPS. A Practical Manual of the Manufacture of Domestic,

By George H. Hurst, F.C.S. 2nd edition.
Price 12s. 6d. net. (Post free, 13s. home

;

Toilet and other Soaps.
390 pp. 66 Illustrations.

13s. 6d. abroad.)
Contents.

Introductory—Soap=maker's Alkalies—Soap Fats and Oils—Perfumes—Water as
a Soap Material—Soap Machinery—Technology of Soap=making—Glycerine in Soap
Lyes—Laying out a Soap Factory—Soap Analysis—Appendices.

TEXTILE SOAPS AND OILS. Handbook on the Prepara-
tion, Properties and Analysis of the Soaps and Oils used in Textile
Manufacturing, Dyeing and Printing. By George H. Hurst, F.C.S.
Crown 8vo. 195 pp. 1904. Price 5s. net. (Post free, 5s. 4d. home

;

5s. 6d. abroad.)

THE HANDBOOK OF SOAP MANUFACTURE. By
Wm. H. Simmons, B.Sc. (Lond.), F.C.S. and H. A. Appleton. Demy
8vo. 160 pp. 27 Illustrations. Price 8s. 6d. net. (Post free,

8s. lOd. home ; 9s. abroad.)
Contents.

Definition of Soap.—Properties—Hydrolysis—Detergent Action. Constitution of Oils
and Fats, and their Saponification.—Researches of Chevreul and Berthelot—Mixed
Glycerides—Modern Theories of Saponification—Hydrolysis accelerated by (1) Heat or
Electricity. (2) Ferments, Castor-seed Ferment, Steapsin Emulsin and (3) Chemical
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Contents of "Handbook of Soap manufacture"—continued.

Reagents, Sulphuric Acid, Twitchell's Reagent, Hydrochloric Acid, Lime, Magnesia, Zinc
Oxide, Soda and Potash. Raw Materials used in Soap-making.—Fats and Oils—Waste
Fats—Fatty Acids—Less-known Oils and Fats of Limited Use—Various New Fats and Oils
Suggested for Soap-making—Rosin—-Alkali (Caustic and Carbonated)—Water— alt—Soap-
stock. Bleaching and Treatment of Raw Materials intended for Soap-making.—
Palm Oil—Cottonseed Oil—Cottonseed " Foots"—Vegetable Oils—Animal Fats—Bone Fat

—

Rosin. Soap=making.—Classification of Soaps—Direct combination of Fatty Acids with
Alkali—Cold Process Soaps—Saponification under Increased or Diminished Pressure—Soft
Soap—Marine Soap—Hydrated Soaps, Smooth and Marbled—Pasting or Saponification

—

Graining Out— Boiling on Strength—Fitting—Curd Soaps—Curd Mottled—Blue and Grey
Mottled Soaps—Milling Base—Yellow Household Soaps—Resting of Pans and Settling of
Soap— Utilisation of Nigres—Transparent Soaps—Saponifying Mineral Oil— Electrical Pro-
duction of Soap. Treatment of Settled Soap.—Cleansing—Crutching—Liquoring of Soaps
—Filling— Neutralising, Colouring and Perfuming—Disinfectant Soaps—Framing—Slabbing
—Barring—Open and Close Piling—Drying—Stamping—Cooling. Toilet, Textile and
Miscellaneous Soaps.—Toilet Soaps—Cold Process Soaps—Settled Boiled Soap—Remelted
Soaps—Milled Soaps—Drying, Milling and Incorporating Colour, Perfumes, or Medicaments
—Perfumes—Colouring Matter—Neutralising and Super-fatting Material—Compressing

—

Cutting—Stamping—Medicated Soaps—Ether Soap—Floating Soaps—Shaving Soaps

—

Textile Soaps—Soaps for Woollen, Cotton and Silk Industries—Patent Textile Soaps

—

Miscellaneous Soaps. Soap Perfumes.— Essential Oils—Source and Preparation—Properties
—Artificial and Synthetic Perfumes. Glycerine Manufacture and Purification.—Treat-
ment of Lyes—Evaporation—Crude Glycerine— Distillation—Distilled and Dynamite
Glycerine—Chemically Pure Glycerine—Animal Charcoal for Decolorisation—Glycerine
resultant from other methods of Saponification—Yield of Glycerine from Fats and Oils.

Analysis of Raw Materials, Soap and Glycerine.—Fats and Oils—Alkalies and Alkali
Salts—Essential Oils—Soap— Lyes—Crude Glycerine. Statistics of the Soap Industry.
Appendix A.

—

Comparison of Degrees Twaddell, Beaume and Actual Densities.
Appendix B.

—

Comparison of Different Thermometric Scales. Appendix C.

—

Table, of
the Specific Gravities of Solutions of Caustic Soda. Appendix D.

—

Table of Strength
of Caustic Potash Solutions at 6o° F. Index.

Cosmetical Preparations.
COSMETICS : MANUFACTURE, EMPLOYMENT
AND TESTING OP ALL COSMETIC MATERIALS
AND COSMETIC SPECIALITIES. Translated
from the German of Dr. Theodor Roller. Crown 8vo. 262 pp.
Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.)

Contents.
Purposes and Uses of, and Ingredients used in the Preparation of Cosmetics—Preparation of

Perfumes by Pressure, Distillation, Maceration, Absorption or Enfleurage, and Extraction
Methods—Chemical and Animal Products used in the Preparation of Cosmetics—Oils and Fats
used in the Preparation of Cosmetics—General Cosmetic Preparations—Mouth Washes and
Tooth Pastes— Hair Dyes, Hair Restorers and Depilatories— Cosmetic Adjuncts and
Specialities—Colouring Cosmetic Preparations—Antiseptic Washes and Soaps— Toilet and
Hygienic Soaps—Secret Preparations for Skin, Complexion, Teeth, Mouth, etc.—Testing and
Examining the Materials Employed in the Manufacture of Cosmetics—Index. -

Glue, Bone Products and
Manures.

GLUE AND GLUE TESTING. By Samuel Rideal, D.Sc
(Lond.), F.I.C. Fourteen Engravings. M4 pp. Demy 8vo. Price
10s. 6d. net. (Post free, 10s. lOd. home ; lis. abroad.)

Contents.
Constitution and Properties: Definitions and Sources, Gelatine, Chondrin and Allied

Bodies, Physical and Chemical Properties, Classification, Grades and Commercial Varieties
—Raw Materials and Manufacture : Glue Stock, Lining, Extraction, Washing and Clari-

fying, Filter Presses, Water Supply, Use of Alkalies, Action of Bacteria and of Antiseptics,

Various Processes, Cleansing, Forming, Drying, Crushing, etc., Secondary Products

—

Uses
of Glue : Selection and Preparation for Use, Carpentry, Veneering, Paper-Making, Book-
binding, Printing Rollers, Hectographs, Match Manufacture, Sandpaper, etc., Substitutes for

other Materials, Artificial Leather and Caoutchouc

—

Gelatine : General Characters, Liquid
Gelatine, Photographic Uses, Size, Tanno-, Chrome and Formo-Gelatine, Artificial Silk,

Cements, Pneumatic Tyres, Culinary, Meat Extracts, Isinglass, Medicinal and other Uses,
Bacteriology

—

Glue Testing: Review of Processes, Chemical Examination, Adulteration,
Physical Tests, Valuation of Raw Materials

—

Commercial Aspects.
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BONE PRODUCTS AND MANURES : An Account of the
most recent Improvements in the Manufacture of Fat, Glue, Animal
Charcoal, Size, Gelatine and Manures. By Thomas Lambert, Techni-
cal and Consulting Chemist. Illustrated by Twenty-one Plans and
Diagrams. 162 pp. Demy Svo. Price 7s. 6d. net. (Post free, 7s. lOd.

home ; 8s. abroad.)
Contents.

Chemical Composition of Bones—Arrangement of Factory—Properties of Glue—Giutin
and Chondrin—Skin Glue—Liming of Skins—Washing—Boiling of Skins— Clarification of Glue
Liquors—Glue-Boiling and Clarifying-House—Specification of a Glue—Size—Uses and Pre-
paration and Composition of Size—Concentrated Size—Properties of Gelatine—Preparation
of Skin Gelatine—Drying—Bone Gelatine—Selecting Bones—Crushing—Dissolving—Bleaching
—Boiling—Properties of Giutin and Chondrin—Testing of Glues and Gelatines—The Uses of

Glue, Gelatine and Size in Various Trades—Soluble and Liquid Glues—Steam and Waterproof
Glues

—

Manures—Importation of Food Stuffs—Soils—Germination—Plant Life

—

Natural
Manures—Water and Nitrogen in Farmyard Manure—Full Analysis of Farmyard Manure
—Action on Crops—Water-Closet System—Sewage Manure—Green Manures

—

Artificial
Manures—Mineral Manures—Nitrogenous Matters—Shoddy—Hoofs and Horns—Leather
Waste—Dried Meat—Dried Blood—Superphosphates—Composition—Manufacture—Common
Raw Bones—Degreased Bones—Crude Fat—Refined Fat—Degelatinised Bones—Animal
Chareoa!—Bone Superphosphates—Guanos—Dried Animal Products—Potash Compounds

—

Sulphate of Ammonia—Extraction in Zacuo—French and British Gelatines compared—Index.

Chemicals, Waste Products and
Agricultural Chemistry.

REISSUE OF CHEMICAL ESSAYS OF C. W.
SCHEELE. First Published in English in 1786. Trans-
lated from the Academy of Sciences at Stockholm, with Additions. 300

pp. Demy Svo. Price 5s. net. (Post free, 5s. 6d. home ; 5s. 9d. abroad.)

Contents.
Memoir: C. W. Scheele and his work (written for this edition by J. G. Mcintosh)—On

Fluor Mineral and its Acid—On Fluor Mineral—Chemical Investigation of Fluor Acid,
with a View to the Earth which it Yields, by Mr. Wiegler—Additional Information
Concerning Fluor Minerals— On Manganese, Magnesium, or Magnesia Vitrariorum— On
Arsenic and its Acid—Remarks upon Salts of Benzoin—On Silex, Clay and Alum—Analysis
of the Calculus Vesical—Method of Preparing Mercurius Dulcis Via Humida—Cheaper and
more Convenient Method of Preparing Pulvis Algarothi—Experiments upon Molybdsena
—Experiments on Plumbago—Method of Preparing a New Green Colour—Of the De-
composition of Neutral Salts by Unslaked Lime and Iron—On the Quantity of Pure Air which
is Daily Present in our Atmosphere—On Milk and its Acid—On the Acid of Saccharum Lactis
—On the Constituent Parts of Lapis Ponderosus or Tungsten—Experiments and Observations
on Ether—Index.

THE MANUFACTURE OF ALUM AND THE SUL-
PHATES AND OTHER SALTS OF ALUMINA AND
IRON. Their Uses and Applications as Mordants in Dyeing
and Calico Printing, and their other Applications in the Arts, Manufac-
tures, Sanitary Engineering, Agriculture and Horticulture. Translated
from the French of Lucien Geschwind. 195 Illustrations. 400 pp.
Royal Svo. Price 12s. 6d. net. (Post free, 13s. home ; 13s. 6d abroad.)

AMMONIA AND ITS COMPOUNDS : Their Manufacture
and Uses. By Camille Vincent, Professor at the Central School of

Arts and Manufactures, Paris. Translated from the French by M. J.

Salter. Royal Svo. 114 pp. Thirty-two Illustrations. Price5s.net.
(Post free, 5s. 4d. home ; 5s. 6d. abroad.)

Contents.
General Considerations: Various Sources of Ammoniacal Products; Human Urine

as a Source of Ammonia

—

Extraction of Ammoniacal Products from Sewage

—

Extraction of Ammonia from Gas Liquor—Manufacture of Ammoniacal Com=
pounds from Bones, Nitrogenous Waste, Beetroot Wash and Peat—Manufacture of
Caustic Ammonia, and Ammonium Chloride, Phosphate and Carbonate—Recovery
of Ammonia from the Ainmonia = Soda Mother Liquors—Index.
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pp.

INDUSTRIAL ALCOHOL. A Practical Manual on the
Production and Use of Alcohol for Industrial Purposes and for Use as
a Heating Agent, as an Illuminant and as a Source of Motive Power.
By J. G. M'Intosh, Lecturer on Manufacture and Applications of
Industrial Alcohol at The Polytechnic, Regent Street, London.
Demy 8vo. 1907. 250 pp. With 75 Illustrations and 25 Tables.
Price 7s. 6d. net. (Post free, 7s. 9d. home ; 8s. abroad.)

Contents.
Alcohol and its Properties.—Ethylic Alcohol—Absolute Alcohol—Adulterations-

Properties of Alcohol—Fractional Distillation—Destructive Distillation—Products of Com-
bustion—Alcoholometry—Proof Spirit—Analysis of Alcohol—Table showing Correspondence
between the Specific Gravity and Per Cents, of Alcohol over and under Proof—Other
Alcohol Tables. Continuous Aseptic and Antiseptic Fermentation and Sterilisation
in Industrial Alcohol Manufacture. The Manufacture of Industrial Alcohol from
Beets.—Beet Slicing Machines—Extraction of Beet Juice by Maceration, by Diffusion

—

Fermentation in Beet Distilleries—Plans of Modern Beet Distillery. The Manufacture of
Industrial Alcohol from Grain.—Plan of Modern Grain Distillery. The Manufacture of
Industrial Alcohol from Potatoes. The Manufacture of Industrial Alcohol from
Surplus Stocks of Wine, Spoilt Wine, Wine Marcs, and from Fruit in General. The Manu-
facture of Alcohol from the Sugar Cane and Sugar Cane Molasses— Plans. Plant, etc.,
for the Distillation and Rectification of Industrial Alcohol.—The Caffey and other
"Patent " Stills—Intermittent versus Continuous Rectification—Continuous Distillation

—

Rectification of Spent Wash. The Manufacture and Uses of Various Alcohol
Derivatives, Ether, Haloid Ethers, Compound Ethers, Chloroform—Methyl and Amy!
Alcohols and their Ethereal Salts, Acetone—Barbet's Ether, Methyl Alcohol and Acetone
Rectifying Stills. The Uses of Alcohol in Manufactures, etc.—List of Industries in

which Alcohol is used, with Key to Function of Alcohol in each Industry. The Uses of
Alcohol for Lighting:, Heating-

, and Motive Power.

ANALYSIS OP RESINS AND BALSAMS. Translated
from the German of Dr. Karl Dieterich. Demy 8vo. 340
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. 3d. abroad.)

MANUAL OP AGRICULTURAL CHEMISTRY. By
Herbert Ingle, F.I.C., Late Lecturer on Agricultural Chemistry, the
Leeds University ; Lecturer in the Victoria University. Second
Edition, with additional matter relating to Tropical Agriculture, etc.

438 pp. 11 Illustrations. Demy 8vo. Price 7s. 6d. net. (Post free,

8s. home ; 8s. 6d. abroad.)
Contents.

Properties and Characteristics of the Elements.—Hydrogen—Oxygen—Heat of Com-
bustion—Nitrogen —Carbon— Sulphui Phosphorous— Potassium — Sodium— Fluorine —
Magnesium—Iron—Chlorine—Aluminium—Silicon—Borax. The Atmosphere.—Nitrogen

—

Oxygen—Argon—Carbon Dioxide—Ammonia— Nitric Acid—Ozone—Solid Matter. The Soil.
—Classification of Rocks— Quartz—Felspar— Mica—Clay—Sandstones—Shales—Limestones
—Calcareous Rocks—Transported Soils. Formation of Soils.—By Water, Air, Earth
Worms, Vegetation and Bacteria—Sand— Clay—Limestone—Humus— Classification of Soils.

Reactions in Soils.—Diffusion—Gravitation— Nitrification—Soil Gases—Water of the Soil

—

Biology of the Soil—Electrolytic Dissociation Theory—Mass Action. Analysis of Soils.—
Sampling—Mechanical and Chemical Analyses—Determination of Silica, Alumina, Ferric
Oxide, Total Potash and Phosphoric Acid, Lime, Magnesia, Calcium Carbonate, Sulphuric
Acid, Nitrates and Nitrites. Natural Manures.—Improvement of Soils— Farmyard Manure
—Composition of Animal Excreta—Use of Litter, Straw, Peat, Bracken, Leaves, Sawdust,
Tanners' Refuse—Fermentation and Preservation of Farmyard Manure. Other Organic
Manures.—Guano—Poultry and Fish Manures— Seaweed—Dried Blood— Bones—Meat
Guano—Hair—Soot—Oil-cakes. Nitrogenous Manures.—Sodium Nitrate—Ammonium
Sulphate

—

Phosphatic Manures—Tricalcum Phosphate—Coprolites—Phosphorites—Mineral
Superphosphates—Basic Slag

—

Potash Manures—Composition of Principal Potash Salts

—

Various Manures—Common Salt—Gypsum—Limestone—Ferrous Sulphate—Gas Lime

—

Copper Sulphate. Analysis of Manures.—Constituents—Determination of Nitrogen

—

Phosphoric Acid—Potassium—Valuation of Manures from Analysis. Constituents of
Plants.—Carbohydrates—Sugars—Starch—-Dextrin—Glycogen—Inulin—Gums—Cellulose—
Glucose—Fructose—Cane Sugar—Meletrose—Arabinose— Xylose—Lignose—Pectose— Gly-
cerol—Waxes—Organic Acids and their Salts. Essential Oils and Resins.—Terpenes

—

Oxygenated Essential Oils—Essential Oils containing Sulphur—Resins. Nitrogenous Sub-
stances.—Albuminoids—Amides—Alkaloids—Chlorophyll. The Plant. — Germination—
Roots—Osmotic Pressure—Leaves—Assimilation—Flowers. Crops.—Cereals—Root Crops
—Fodder Crops—Hay—Ventilating Stacks— Silage—Composition of Crops. The Animal.—
Blood—Bones—Fatty Tissue—Muscle—Digestion—Bile—Urine. Foods and Feeding.—
Composition of Oil-cake—Bye-Products as Foods—Digestibility of Foods—Calorific Value of
Foods— Feeding Standards—Manurial Value of Foods. Milk and Milk Products.—Fat

—

Albuminoids—Milk Sugar—Chemical Composition of Cow's Milk—Influence of Food, Season
and Milking Time—Milk Products—Cream—Skimmed Milk—Butter—Butter-milk—Cheese

—

Condensed Milk—Koumiss- -Milk Preservation. Analysis of Milk and Milk Products.

—
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Milk—Amount of Fat—Determination of Total Solids, Specific Gravity, Proteids, Milk Sugar
—Adulteration of Milk—Detection of Preservatives—Butter—Butter Colouring—Cheese

—

Milk Standards. Various Products used in Agriculture.—Arsenious Oxide—Bleaching
Powder—Copper Salts—Disinfectants—Fungicides—Iron Sulphate—Mercuric Chloride

—

Plant Poisons. Appendix.—Atomic Weights—Hydrometer Scales—Metric System

—

Solubilities. Tropical Agriculture, etc.—Composition of Rain Water—Irrigation Water

—

Earth Worms—Motion of Water in Soil—Analysis of Soils—Green Manuring—Kraal Manure
—Bats' Guano—Artificial Manures—The Plant—Rice—Maize—Millet—Cotton—Flax—Castor
Seeds—Sunflower—Composition of Various South African Grown Crops—Ash Constituents of

Foods—Variations in the Composition of Milk—Butter—Fat—Bordeaux Mixture—Insecticides.

THE UTILISATION OF WASTE PRODUCTS. A Treatise
on the Rational Utilisation, Recovery and Treatment of Waste Pro-
ducts of all kinds. By Dr. Theodor Roller. Translated from the
Second Revised German Edition. Twenty-two Illustrations. Demy
8vo. 280 pp. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. 3d.

abroad.)

THE MANUFACTURE OF CHEMICAL MANURES.
From the French of J. Fritsch. With 70 Illustrations and 4 Plates.

\lii preparation.
The Contents will include Superphosphates, Guanos, Nitrate of Soda, Dried Blood Sulphate

of Ammonia, Potashes, etc.

Writing Inks and Sealing Waxes.
INK MANUFACTURE : Including Writing, Copying, Litho-

graphic, Marking, Stamping, and Laundry Inks. By Sigmund Lehner.
Three Illustrations. Crown 8vo. 162 pp. Translated from the German
of the Fifth Edition. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 6d.

abroad.)

SEALING-WAXES, WAFERS AND OTHER ADHES-
IVES FOR THE HOUSEHOLD, OFFICE, WORK-
SHOP AND FACTORY. By H. C. Standage. Crown
Svo. 96 pp. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 4d. abroad.)

Contents.
Materials Used for Making Sealing' -Waxes—The Manufacture of Sealing-Waxes

—

Wafers—Notes on the Nature of the Materials Used in Making Adhesive Compounds—Cements
for Use in the Household—Office Gums, Pastes and Mucilages—Adhesive Compounds for

Factory and Workshop Use.

Lead Ores and Compounds.
LEAD AND ITS COMPOUNDS. By Thos. Lambert,

Technical and Consulting Chemist. Demy 8vo. 226 pp. Forty Illus-

trations. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. 3d. abroad.)

/Contents.
History—Ores of Lead—Geographical Distribution of the Lead Industry—Chemical and

Physical Properties of Lead—Alloys of Lead—Compounds of Lead—Dressing of Lead Ores
—Smelting of Lead Ores—Smelting in the Scotch or American Ore-hearth—Smelting in the
Shaft or Blast Furnace—Condensation of Lead Fume— Desilverisation, or the Separation
of Silver from Argentiferous Lead—Cupellation—The Manufacture of Lead Pipes and
Sheets—Protoxide of Lead—Litharge and Massicot—Red Lead or Minium—Lead Poisoning
—Lead Substitutes—Zinc and its Compounds—Pumice Stone—Drying Oils and Siccatives
—Oil of Turpentine Resin—Classification of Mineral Pigments—Analysis of Raw and Finished
Products—Tables—Index.

NOTES ON LEAD ORES : Their Distribution and Properties.
By Jas. Fairie, F.G.S. Crown Svo. 64 pages. Price Is. net.

(Post free, Is. 3d. home; Is. 4d. abroad.)

(White Lead and Zinc White Paints, see p. 4.)
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Industrial Hygiene.
THE RISKS AND DANGERS TO HEALTH OF VARI-

OUS OCCUPATIONS AND THEIR PREVENTION.
By Leonard A. Parry, M.D., B.Sc. (Lond.). 196 pp. Demy 8vo.
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.)

Contents.
Occupations which are Accompanied by the Generation and Scattering of Abnormal

Quantities of Dust—Trades in which there is Danger of Metallic Poisoning— Certain Chemi-
cal Trades—Some Miscellaneous Occupations—Trades in which Various Poisonous Vapours
are Inhaled—General Hygienic Considerations—Index.

Industrial Uses of Air, Steam and
Water.

DRYING BY MEANS OF AIR AND STEAM. Explana-
tions, Formula;, and Tables for Use in Practice. Translated from the
German of E. Hausbrand. Two folding Diagrams and Thirteen Tables.
Crown 8vo. 72 pp. Price 5s. net. (Post free, 5s. 3d. home; 5s. 6d.

abroad.) Contents.
British and Metric Systems Compared—Centigrade and Fahr. Thermometers—Estimation

of the Maximum Weight of Saturated Aqueous Vapour which can be contained in 1 kilo,

of Air at Different Pressure and Temperatures—Calculation of the Necessary Weight and
Volume of Air, and of the Least Expenditure of Heat, per Drying Apparatus with Heated
Air, at the Atmospheric Pressure: A, With the Assumption that the Air is Completely Satur-
ated with Vapour both before Entry and after Exit from the Apparatus

—

B, When the
Atmospheric Air is Completely Saturated before entry, but at its exit is only |, J or J Saturated
—C, When the Atmospheric Air is not Saturated with Moisture before Entering the Drying
Apparatus—Drying Apparatus, in which, in the Drying Chamber, a Pressure is Artificially

Created, Higher or Lower than that of the Atmosphere—Drying by Means of Superheated
Steam, without Air—Heating Surface, Velocity of the Air Current, Dimensions of the Drying
Room, Surface of the Drying Material, Losses of Heat—-Index.

(See also "Evaporating, Condensing and Cooling Apparatus," p. 26.)

PURE AIR, OZONE AND WATER. A Practical Treatise
of their Utilisation and Value in Oil, Grease, Soap, Paint, Glue and
other Industries. By W. B. Cowell. Twelve Illustrations. Crown
8vo. 85 pp. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 6d. abroad.)

Contents.
Atmospheric Air ; Lifting of Liquids ; Suction Process; Preparing Blown Oils; Preparing

Siccative Drying Oils—Compressed Air; Whitewash—Liquid Air; Retrocession-—Purification
of Water; Water Hardness—Fleshings and Bones—Ozonised Air in the Bleaching and De-
odorising of Fats, Glues, etc. ; Bleaching Textile Fibres—Appendix: Air and Gases; Pressure
of Air at Various Temperatures; Fuel; Table of Combustibles; Saving of Fuel by Heating
Feed Water; Table of Solubilities of Scale Making Minerals; British Thermal Units Tables

;

Volume of the Flow of Steam into the Atmosphere ; Temperature of Steam—Index.

THE INDUSTRIAL USES OP WATER. COMPOSI-
TION— EFFECTS—TROUBLES— REMEDIES—RE-
SIDUARY WATERS—PURIFICATION—ANALYSIS.
By H. de la Coux. Royal 8vo. Translated from the French and
Revised by Arthur Morris. 364 pp. 135 Illustrations. Price 10s. 6d.

net. (Post free, lis. home; lis. 6d. abroad.)
Contents.

Chemical Action of Water in Nature and in Industrial Use—Composition of Waters

—

Solubility of Certain Salts in Water Considered from the Industrial Point of View—Effects on
the Boiling of Water—Effects of Water in the Industries—Difficulties with Water—Feed
Water for Boilers—Water in Dyeworks, Print Works, and Bleach Works—Water in the
Textile Industries and in Conditioning—Water in Soap Works—Water in Laundries and
Washhouses—Water in Tanning—Water in Preparing Tannin and Dyewood Extracts—Water
in Papermaking—Water in Photography—Water in Sugar Refining—Water in Making Ices
and Beverages—Water in Cider Making—Water in Brewing—Water in Distilling—Preliminary
Treatment and Apparatus—Substances Used for Preliminary Chemical Purification—Com-
mercial Specialities and their Employment—Precipitation of Matters in Suspension in Water
—Apparatus for the Preliminary Chemical Purification of Water—Industrial Filters—Indus-
trial Sterilisation of Water— Residuary Waters and their Purification—Soil Filtration

—

Purification by Chemical Processes—Analyses— Index.

(See Books on Smoke Prevention, Engineering and Metallurgy
, p. 26, etc)
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X Rays.
PRACTICAL X RAY WORK. By Frank T. Addyman,

B.Sc. (Lond.), F.I.C., Member of the Roentgen Society of London;
Radiographer to St. George's Hospital; Demonstrator of Physics and
Chemistry, and Teacher of Radiography in St. George's Hospital
Medical School. Demy 8vo. Twelve Plates from Photographs of X Ray
Work. Fifty-two Illustrations. 200 pp. Price 10s. 6d. net. (Post free,

10s. lOd. home; lis. 3d. abroad.)
Contents.

Historical—Work leading up to the Discovery of the X Rays—The Discovery

—

Appara=
tus and its Management—Electrical Terms—Sources of Electricity—Induction Coils

—

Electrostatic Machines—Tubes—Air Pumps—Tube Holders and Stereoscopic Apparatus

—

Fluorescent Screens

—

Practical X Ray Work—Installations—Radioscopy—Radiography

—

X Rays in Dentistry—X Rays in Chemistry—X Rays in War— Index.
List of Plates.

Frontispiece—Congenital Dislocation of Hip-Joint.— I., Needle in Finger.— II., Needle in

Foot.—III., Revolver Bullet in Calf and Leg.—IV., A Method of Localisation.—V , Stellate
Fracture of Patella showing shadow of "Strapping".—VI., Sarcoma.—VII., Six-weeks-old
Injury to Elbow showing new Growth of Bone.—VIII., Old Fracture of Tibia and Fibula
badly set.—IX., Heart Shadow.—X., Fractured Femur showing Grain of Splint.—XL, Bar-
ren's Method of Localisation.

India-Rubber and Gutta Percha.
INDIA-RUBBER AND GUTTA PERCHA. Second

English Edition, Revised and Enlarged. Based on the French work of
T. Seeligmann, G. Lamy Torrilhon and H. Falconnet by John
Geddes McIntosh. Royal 8vo. 100 Illustrations. 400 pages. Price
12s. 6d. net. (Post free, 13s. home; 13s. 6d. abroad.) [Just published.

Contents.
India- Rubber.—Indiarubber, Latex— Definitions—Laticiferous Vessels—Botanical Origin

—Habitats—Methods of obtaining the Latex—Methods of Preparing Raw or Crude India-
rubber—Rubber Cultivation in Various Countries—Climatology—Soil—Rational Culture and
Acclimatisation of the Different Species of Indiarubber Plants—Classification of the Com-
mercial Species of Raw Rubber—Physical and Chemical Properties of the Latex and of
Indiarubber—General Considerations—Mechanical Transformation of Natural Rubber into
Washed or Normal Rubber (Purification)—Softening, Cutting, Washing, Drying, Storage

—

Mechanical Transformation of Normal Rubber into Masticated Rubber—Vulcanisation of
Normal Rubber—Chemical and Physical Properties of Vulcanised Rubber—Hardened Rubber
or Ebonite—Considerations on Mineralisation and Other Mixtures—Coloration and Dyeing

—

Analysis of Natural or Normal Rubber and Vulcanised Rubber—Rubber Substitutes—
Imitation Rubber—Analysis of Indiarubber.

Gutta Percha.—Definition of Gutta Percha—Botanical Origin—Habitat—Climatology

—

Soil—Rational Culture—Methods of Collection—Felling and Ringing versus Tapping—Extrac-
tion of Gutta Percha from Leaves by Toluene, etc.—Classification of the Different Species of
Commercial Gutta Percha—Physical and Chemical Properties of Gutta Percha—Mechanical
Treatment of Gutta Percha—Methods of Analysing Gutta Percha—Gutta Percha Substitutes.

Leather Trades.
PRACTICAL TREATISE ON THE LEATHER IN-

DUSTRY. By A. M. Villon. Translated by Frank T.
Addyman, B.Sc. (Lond.), F.I.C., F.C.S. ; and Corrected by an Emi-
nent Member of the Trade. 500 pp., royal 8vo. 123 Illustrations.

Price 21s. net. (Post free, 21s. 6d. home ; 22s. 6d. abroad.)
Contents.

Preface—Translator's Preface—List of Illustrations.

Part I., Materials used in Tanning—Skins: Skin and its Structure; Skins used in

Tanning; Various Skins and their Uses—Tannin and Tanning Substances: Tannin; Barks
(Oak) ; Barks other than Oak ; Tanning Woods ; Tannin-bearing Leaves ; Excrescences

;

Tan-bearing Fruits ; Tan-bearing Roots and Bulbs ; Tanning Juices ; Tanning Substances
used in Various Countries; Tannin Extracts; Estimation of Tannin and Tannin Principles.

Part II., Tanning—The Installation of a Tannery: Tan Furnaces; Chimneys, Boilers,

etc.; Steam Engines—Grinding and Trituration of Tanning Substances: Cutting up Bark;
Grinding Bark; The Grinding of Tan Woods; Powdering Fruit, Galls and Grains; Notes on
the Grinding of Bark—Manufacture of Sole Leather: Soaking; Sweating and Unhairing;
Plumping and Colouring; Handling; Tanning; Tanning Elephants' Hides; Drying;
Striking or Pinning—Manufacture of Dressing Leather : Soaking ; Depilation ; New Pro-
cesses for the Depilation of Skins; Tanning; Cow Hides; Horse Hides; Goat Skins; Manu-
facture of Split Hides—On Various Methods of Tanning : Mechanical Methods; Physical
Methods; Chemical Methods; Tanning with Extracts—Quantity and Quality; Quantity;
Net Cost

;
Quality of Leather—Various Manipulations of Tanned Leather : Second Tanning

;

Grease Stains; Bleaching Leather; Waterproofing Leather; Weighting Tanned Leather;
Preservation of Leather—Tanning Various Skins.
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Part III., Currying — Waxed Calf: Preparation; Shaving; Stretching or Slicking;

Oiling the Grain ; Oiling the Flesh Side; Whitening and Graining; Waxing; Finishing; Dry
Finishing; Finishing in Colour; Cost— White Calf: Finishing in White—Cow Hide for
Upper Leathers: Black Cow Hide; White Cow Hide; Coloured Cow Hide—Smooth Cow
Hide—Black Leather—Miscellaneous Hides: Horse; Goat; Waxed Goat Skin; Matt Goat
Skin—Russia Leather: Russia Leather; Artificial Russia Leather.

Part IV., Enamelled, Hungary and Chamoy Leather, Morocco, Parchment, Furs
and Artificial Leather—Enamelled Leather: Varnish Manufacture; Application of the
Enamel; Enamelling in Colour—Hungary Leather: Preliminary; Wet Work or Prepara-
tion; Aluming; Dressing or Loft Work; Tallowing; Hungary Leather from Various Hides
—Tawing: Preparatory Operations; Dressing; Dyeing Tawed Skins; Rugs—Chamoy Leather—Morocco: Preliminary Operations, Morocco Tanning; Mordants used in Morocco Manu-
facture; Natural Colours used in Morocco Dyeing; Artificial Colours; Different Methods
of Dyeing; Dyeing with Natural Colours; Dyeing with Aniline Colours; Dyeing with
Metallic Salts

;
Leather Printing

; Finishing Morocco ; Shagreen ; Bronzed Leather—Gilding
and Silvering: Gilding; Silvering; Nickel and Cobalt—Parchment—Furs and Furriery:
Preliminary Remarks; Indigenous Furs; Foreign Furs from Hot Countries; Foreign Furs
from Cold Countries; Furs from Birds' Skins; Preparation of Furs; Dressing; Colouring;
Preparation of Birds' Skins; Preservation of Furs—Artificial Leather : Leather made from
Scraps; Compressed Leather; American Cloth; Papier Mache ; Linoleum; Artificial Leather.

Part V., Leather Testing and the Theory of Tanning—Testing and Analysis of Leather
;

Physical Testing of Tanned Leather; Chemical Analysis—The Theory of Tanning and the
other Operations of the Leather and Skin Industry: Theory of Soaking; Theory of Un-
hairing; Theory of Swelling; Theory of Handling; Theory of Tanning; Theory of the
Action of Tannin on the Skin; Theory of Hungary Leather Making; Theory of Tawing;
Theory of Chamoy Leather Making; Theory of Mineral Tanning.

Part VI., Uses of Leather—Machine Belts: Manufacture of Belting; Leather Chain
Belts; Various Belts; Use of Belts—Boot and Shoe-making: Boots and Shoes; Laces-
Saddlery : Composition of a Saddle ; Construction of a Saddle—Harness : The Pack Saddle-
Harness—Military Equipment—Glove Making—Carriage Building—Mechanical Uses.

Appendix, The World's Commerce in Leather—Europe ; America; Asia; Africa:
Australasia—Index.

THE LEATHER WORKER'S MANUAL. Being a Com-
pendium of Practical Recipes and Working Formulas for Curriers,
Bootmakers, Leather Dressers, Blacking Manufacturers, Saddlers,
Fancy Leather Workers. By H. C. Standage. Demy 8vo. 165 pp.
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.)

Contents.
Blackings, Polishes, Glosses, Dressings, Renovators, etc., for Boot and Shoe Leather-

Harness Blackings, Dressings, Greases, Compositions, Soaps, and Boot-top Powders and
Liquids, etc., etc.—Leather Grinders' Sundries—Currier's Seasonings, Blacking Compounds,
Dressings, Finishes, Glosses, etc.—Dyes and Stains for Leather—Miscellaneous Information—Chrome Tannage—Index.

(See " Wood Products, Distillates and Extracts," p. 29).

Books on Pottery, Bricks,
Tiles, Glass, etc.

THE MANUAL OF PRACTICAL POTTING. Compiled
by Experts, and Edited by Chas. F. Binns. Third Edition, Revised
and Enlarged. 200 pp. Demy 8vo. Price 17s. 6d. net. (Post free,
17s. lOd. home; 18s. 3d. abroad.)

Contents.
Introduction. The Rise and Progress of the Potter's Art—Bodies. China and Porcelain

Bodies, Parian Bodies, Semi-porcelain and Vitreous Bodies, Mortar Bodies, Earthenwares
Granite and C.C. Bodies, Miscellaneous Bodies, Sagger and Crucible Clays, Coloured
Bodies, Jasper Bodies, Coloured Bodies for Mosaic Painting, Encaustic Tile Bodies, Body
Stains, Coloured Dips—Glazes. China Glazes, Ironstone Glazes, Earthenware Glazes,
Glazes without Lead, Miscellaneous Glazes, Coloured Glazes, Majolica Colours

—

Gold and
Gold Colours. Gold, Purple of Cassius, Marone and Ruby, Enamel Coloured Bases,
Enamel Colour Fluxes, Enamel Colours, Mixed Enamel Colours, Antique and Vellum
Enamel Colours, Underglaze Colours, Underglaze Colour Fluxes, Mixed Underglaze Colours,
Flow Powders, Oils and Varnishes—Means and Methods. Reclamation of Waste Gold,
The Use of Cobalt, Notes on Enamel Colours, Liquid or Bright Gold

—

Classification and
Analysis. Classification of Clay Ware, Lord Playfair's Analysis of Clays, The Markets of
the World, Time and Scale of Firing, Weights of Potter's Material, Decorated Goods
Count—Comparative Loss of Weight of Clays—Ground Felspar Calculations—The Conver-
sion of Slop Body Recipes into Dry Weight—The Cost of Prepared Earthenware Clay

—

Forms and Tables. Articles of Apprenticeship, Manufacturer's Guide to Stocktaking,
Table of Relative Values of Potter's Materials, Hourly Wages Table, Workman's Settling
Table, Comparative Guide for Earthenware and China Manufacturers in the use of Slop Flint
and Slop Stone, Foreign Terms applied to Earthenware and China Goods, Table for the
Conversion of Metrical Weights and Measures on the Continent and South America—Index.
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CERAMIC TECHNOLOGY : Being some Aspects of Tech-
nical Science as Applied to Pottery Manufacture. Edited by Charles
F. Binns. 100 pp. Demy 8vo. Price 12s. 6d. net. (Post free,
12s. lOd. home; 13s. abroad.)

Contents.
Preface—The Chemistry of Pottery — Analysis and Synthesis — Clays and their Com-

ponents — The Biscuit Oven — Pyrometry — Glazes and their Composition — Colours and
Colour-making—Index.

POTTERY DECORATING. A Description of all the Pro-
cesses for Decorating Pottery and Porcelain. By R. Hainbach.
Translated from the German. Crown 8vo. 250 pp. Twenty-two
Illustrations. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.)

Contents.
Glazes and Engobes.—Glazes and Their Composition—Glaze Materials—The Prepara-

tion of Glazes—Coloured Glazes—Engobes and Glazes for same—Porcelain Glazes. Ceramic
Colours.—Preparation of Pure Colours—Underglaze Colours—Applying the Colours on
Earthenware—Glost Fire Colours—Muffle Colours—Decorating Porcelain with Metals-
Decorating Porcelain by Electroplating—Lustre Decorating on Porcelain—Firing Muffle
Colours—Imitation of Paintings on Porcelain—Index.

MODERN BRICK-MAKING.
Illustrated.

By Alfred B. Searle, Ph.D.
[In the press.

ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, Ena-
melled Terra-cottas, Ordinary and Incrusted Quarries, Stoneware
Mosaics, Faiences and Architectural Stoneware. By Leon Lefevre.
Translated from the French by K. H. Bird, M.A., and W. Moore
Binns. With Five Plates. 950 Illustrations in the Text, and numerous
estimates. 500 pp., royal 8vo. Price 15s. net. (Post free, 15s. 6d.
home ; 16s. 6d. abroad.)

Contents.
Part I., Plain Undecorated Pottery.—Chapter I., Clays : Sec. 1, Classification, General

Geological Remarks—Classification, origin, locality; Sec. 2, General Properties and Composi-
tion: physical properties, contraction, analysis, influence of various substances on the
properties of clays; Sec. 3, Working of Clay Pits— I. Open. pits—II. Underground pits

—

Mining Laws. Chapter II., Preparation of the Clay: Crushing cylinders and mills, pounding
machines—Damping: damping machines—Soaking, Shortening, Pugging: horse and steam
pug-mills, rolling cylinders—Particulars of the above machines. Chapter III., Bricks : Sec. 1,
Manufacture—(1) Hand and machine moulding.— I. Machines working by compression : on soft
clay, on semi-firm clay, on firm clay, on dry clay.—II. Expression machines—Dies—Cutting-
tables—Particulars of the above machines—Types of installations—Estimates—Planishing,
hand and steam presses, particulars—(2) Drying—Drying-roams in tiers, clo-ed drying-rooms,
in tunnels, in galleries—Detailed estimates of the various drying-rooms, comparison of prices

—

Transport from the machines to the drying-rooms—(3) Firing—I. In clamps—II. In intermittent
kilns. A. Open: a. using wood ; b. coal ; 6'. in clamps; b". flame

—

B. Closed : c. direct flame

;

c'. rectangular; c". round; d. reverberatory— III. Continuous kilns. C. With solid fuel : round
kiln, rectangular kiln, chimneys (plans and estimates)

—

D. With gas fuel, Fillard kiln (plans and
estimates), Schneider kiln (plans and estimates), water-gas kiln—Heat production of the kilns;
Sec. 2, Dimensions, Shapes, Colours, Decoration and Quality of Bricks—Hollow bricks-
Dimensions and prices of bricks, various shapes, qualities—Various hollow bricks, dimensions,
resistance qualities

; Sec. 3, Applications—History—Asia, Africa, America, Europe : Greek,
Roman, Byzantine, Turkish, Romanesque, Gothic, Renaissance. Chapter IV., Tiles : Sec. 1,
History; etc.

Part II., Made=up or Decorated Pottery.—Chapter I., General Remarks on the
Decoration of Pottery : Dips—Glazes : composition, colouring, preparation, harmony with
pastes—Special processes of decoration—Enamels, opaque, transparent, colours, under-glaze,
over-glaze—Other processes. Chapter II., Glazed and Enamelled Bricks—History: Glazing
—Enamelling—Applications—Enamelled tiles. Chapter III., Decorated Quarries: I. Paving
Quarries— 1. Decorated with dips—2. Stoneware: A. Fired to stoneware; a. of slag base

—

Applications
;

b. of melting clay—Applications

—

B. Plain or incrusted stoneware ; a. of special
clay (Stoke-on-Trent)—Manufacture—Application— b. Of felspar base— Colouring, manu-
facture, moulding, drying, firing—Applications. II. Facing Quarries— 1. In faience

—

A. Of
limestone paste—B. Of silicious paste—C. Of felspar paste—Manufacture, firing—2. Of glazed
stoneware—3. Of porcelain—Applications of facing quarries. III. Stove Quarries—Prepara-
tion of the pastes, moulding, firing, enamelling, decoration—Applications. Chapter IV.,
Architectural Decorated Pottery: Sec. 1, Faiences; Sec. 2, Stoneware; Sec. 3, Porcelain.
Chapter V., Sanitary Pottery : Stoneware Pipes—Manufacture, firing—Applications—Sinks

—

Applications—Urinals, seatsand pans—Applications—Drinking fountains, wash-stands. Index.
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THE ART OF RIVETING GLASS, CHINA AND
EARTHENWARE. By J. Howarth. Second Edition.
Paper Cover. Price Is. net. (By post, home or abroad, Is. Id.)

NOTES ON POTTERY CLAYS. The Distribution, Pro-
perties, Uses and Analyses of Ball Clays, China Clays and China
Stone. By Jas. Fairie, F.G.S. 132 pp. Crown 8vo. Price 3s. 6d.
net. (Post free, 3s. 9d. home ; 3s. lOd. abroad.)

A Reissue of

THE HISTORY OF THE STAFFORDSHIRE POTTER-
IES ; AND THE RISE AND PROGRESS OF THE
MANUFACTURE OF POTTERY AND PORCELAIN.
With References to Genuine Specimens, and Notices of Eminent Pot-
ters. By Simeon Shaw. (Originally Published in 1829.) 265 pp.
Demy 8vo. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 9d. abroad.)

i

A Reissue of

THE CHEMISTRY OF THE SEVERAL NATURAL
AND ARTIFICIAL HETEROGENEOUS COM-
POUNDS USED IN MANUFACTURING POR-
CELAIN, GLASS AND POTTERY. By Simeon Shaw.
(Originally published in 1837.) 750 pp. Royal 8vo. PricelOs.net. (Post
free, 10s. tr'd. home; 12s. abroad.)

BRITISH POTTERY MARKS. By G. Woolliscroft Rhead.
Demy Svo. 310 pp. With Fourteen Illustrations in Half-tone and
upwards of Twelve-hundred Marks in the Text. Price 7s. 6d. net (Post
free, 8s. home; 8s. 3d. abroad) [Just published.

Glassware, Glass Staining and
Painting.

RECIPES FOR FLINT GLASS MAKING. By a British
Glass Master and Mixer. Sixty Recipes. Being Leaves from the
Mixing Book of several experts in the Flint Glass Trade, containing
up-to-date recipes and valuable information as to Crystal, Demi-crystal
and Coloured Glass in its many varieties. It contains the recipes for
cheap metal suited to pressing, blowing, etc., as well as the most costly
crystal and ruby. Second Edition. Crown Svo. Price 10s. 6d. net.
(Post free, 10s. 9d. home; 10s. lOd. abroad.)

Contents.
Ruby—Ruby from Copper—Flint for using with the Ruby for Coating—A German Metal-

Cornelian, or Alabaster—Sapphire Blue—Crysophis—Opal—Turquoise Blue—Gold Colour-
Dark Green—Green (common)—Green for Malachite—Blue for Malachite—Black for Mela-
chite—Black—Common Canary Batch—Canary—White Opaque Glass—Sealing-wax Red-
Flint—Flint Glass (Crystal and Demi)—Achromatic Glass—Paste Glass—White Enamel-
Firestone— Dead White (for moons)—White Agate—Canary—Canary Enamel— Index.
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A TREATISE ON THE ART OF GLASS PAINTING.
Prefaced with a Review of Ancient Glass. By Ernest R. Suffling.

With One Coloured Plate and Thirty-seven Illustrations. Demy Svo.

140 pp. Price 7s. 6d. net. (Post free, 7s. lOd. home
;
8s. abroad.)

Contents. . , ; „ : T .

A Short History of Stained Glass-Designing Scale Drawings-Cartoons and the Cut Line

-Various Wnds of Glass Cutting for Windows-The Colours and Brushes used -".Glass

Painting-Painting on Glass, Dispersed Patterns-Diapered Patterns-Aoding-Fir.ng-

iFret Lead Glazing—Index.

PAINTING ON GLASS AND PORCELAIN AND
ENAMEL PAINTING. A Complete Introduction to the

Preparation of all the Colours and Fluxes used for Painting on Porce-

lain, Enamel, Faience and Stoneware, the Coloured Pastes and Col-

oured Glasses, together with a Minute Description of the Firing of

Colours and Enamels. By Felix Hermann, Technical Chemist. With

Eighteen Illustrations. 300 pp. Translated from the German second

and enlarged Edition. Price 10s. 6d. net. (Post free, 10s. lOd. home ;

lis. abroad.)

Paper Making, Paper Dyeing,

and Testing.
THE DYEING OF PAPER PULP. A Practical Treatise for

the use of Papermakers, Paperstainers, Students and others. By

Julius Erfurt, Manager of a Paper Mill. Translated into English

and Edited with Additions by Julius Hubner, F.C.S Lecturer on

Papermaking at the Manchester Municipal Technical School. With

Illustrations and 157 patterns of paper dyed in the pulp. R
°yf

8vo, 180 pp. Price 15s. net. (Post free, 15s. 6d. home
;
16s. 6d. abroad.)

Contents^ _, . ..

Behaviour of the Paper Fibres during the Process of Dyeing, Theory of the

Mordant-Colour Fixing Mediums (Mordants)-Influence of the Quality ol the Water

Used-lnorlranic Colours-Organic Colours -Practical Application of the Coal Tar

Colours according to their Properties and their Behaviour towards the Different

Paper Fibres-Dyfdf Patterns on Various Pulp Mixtures-Dyeing to Shade-Index.

THE PAPER MILL CHEMIST. By Henry P. Stevens,

M.A, Ph.D., F.I. C. Royal 12mo. 60 Illustrations. 300 pp. Price

7s'. 6d. net. ' (Post free, 7s. 9d. home
;

7s. lOd. abroad.)

Contents. . . „, , , ^ 1

Introduction.-Dealing with the Apparatus required in Chemical Work and General

Chemical Manipulation, introducing the subject of Qualitative and Quantitative Analysis.

Fuels -Analysis of Coal, Coke and other Fuels-Sampling and Testing for Moisture, Ash,

c"onficVaiue,e
S

tc%Com Parative Heating Value of different Fuels and Relative Efficiency.

Water.-Analysis for Steam Raising and for Paper Making Purposes generally-Water

Softening and PuriBcation-A List of the more important Water Softening PIa«t.g'™>f

Power required, Weight, Space Occupied, Out-put and Approximate Cost. Raw Materials

and Detection of Adulterants-Analysis and Valuation of the more important Chemicals

ufed in Pipe "Making, including Lime, Caustic Soda, Sodium Carbonate, Mineral Acids,

Bleach Antfchlor^Alum Rosin and Rosin Size, Glue Gelatin and Casern, Starch.China Clay

Blanc Fixe Sat n White and other Loading Materials, Mineral Colours and Aniline Dyes.

Manufacturing Operations.-Rags and the Chemical Control of Rag Bo. ing-Esparto

^"ng-WoodVomng-Testing Spent Liquors and Recovered Ash-Experimentalie

with Raw Fibrous Materials-Boiling in Autoclaves-Bleaching and making . p «^ d She
^

s
.

-Examination of Sulphite Liquors-Estimation of Moisture m Pulp :™d Halt-st"f-Reco™
mendations of the British Wood Pulp Association. Finished Products.—Paper testing,

Sd1nrphysical. Chemical and Microscopical Tests, Area, Weight Thickness Apparent

SpecificGravity? Bulk or Air Space. Determination of Machine Direction, Th.ckness.

Strength Stretch Resistance to Crumpling and Friction, Transparency Absorbency and

?ther
g
qual"eTof Blotting Papers-Determination of the Permeability of Filtering Papers-

Detection and Estimation of Animal and Vegetable Size ,n Paper-SizingSQuahb« of

Paper-Fibrous Constituents-Microscopical Examination of F.bres-The Effect ot Beating

on Fmres-Staining Fibres-Mineral Matter-Ash-Qualitative and Quant,tat.ve Examina-

tion o: Mineral Matter-Examination of Coated Papers and Colouring Matters in Paper.
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THE ART OF ENAMELLING ON METAL. By WNorman Brown. Twenty-eight Illustrations. Crown 8vo 60 !n"Price 2s. 6d. net. (Post free, 2s. 9d. home and abroad.)
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Silk Manufacture.
SILK THROWING AND WASTE

By Hollins Rayner. Demy 8vo. 170 pp(Post free, 5s. 4d. home; 5s. 6d. abroad.)

SILK SPINNING.
117 Illus. Price 5s. net.
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Books on Textile and Dyeing
Subjects.

THE FINISHING OF TEXTILE FABRICS (Woollen,

Worsted, Union and other Cloths). By Roberts Beaumont M.Sc,

M.I Mech.E., Professor of Textile Industries, the University ot Leeds

;

Author of " Colour in Woven Design "
;
" Woollen and Worsted Cloth

Manufacture "
;
" Woven Fabrics at the World's Fair "

;
Vice-President

of the Jury of Award at the Paris Exhibition, 1900; Inspector ot Tex-

tile Institutes; Society of Arts Silver Medallist; Honorary Medallist

of the City and Guilds of London Institute. With 150 Illustrations of

Fibres, Yarns and Fabrics, also Sectional and other Drawings ot

Finishing Machinery. Demy 8vo, 260 pp. Price 10s. 6d. net. (Host

free, lOsflOd. home; lis. 3d. abroad.) [Just Published.

Contents. „. . o a
I., Woollen, Worsted and Union Fabrics.-Sections (1) Woollen Ctoths: Saxonies and

•Cbeviots-(2) Worsted Fabrics: Botany and Cro«bred-(3) Fancy and Piece-dye Woollens

—(4) Fancy and Piece-dye Worsteds- (5) Union Fabrics : P'?ce-dyes and Fancies-(6) Whip-

cords, Buckskins, Venetians, Cords and Twist warp Fancies-(7) Heavy Woo II.««. Box

Cloths, Meltons, Pilots-(8) Friezes, Shetlands and Naps-(9). Special Types of Overcoatings

-(10) Golf Cloakings-(ll) Vestings. II., Processes of Finishing: and their bttects.

Sections-(12) Qualities of Unfinished Woollens-(13) Worsted Fabrics and Finishing- 14

Preliminary Work-(IS) Finishing Processes- (16) Scouring and ^e Detergents Used-(171

Hydro-extracting-(18) Tentering and Drying-(19) Felt.ng and its Effects- (20) Cond'tion of

the Piece in Miuing-(21) Potash and Soda Soaps-(22) Effects of Raising-^) Influence of

Textural Conditions on Raising-(24) Theory of Raising and the Twine in th e.Yar"-^j^%'C
,

Structure and Raising Surface-(26) Several Kinds of Raismg-(27) L^tri^roBe-eB-W
Pressing. III., The Process of Scouring: : Scouring Machines. -Sections (29) Impur^es.n

Greasy Pieces-(30) Scouring Machines-(31) The Rope Machine :
Scouring Operation-^)

Washing-off-(33) Points in the Use of the Hope Scourer- (34) The Open Scourer: Construc-

tion-(35) Advantages of the Open Scourer-(36) Scouring Machine with ™a"Zed ^^-y^'l
Combined Scouring and Milling Machine. IV., Theory of Felting.- Sec ions (38) Quali ties

of Wool in Relation to Felting-(39) Shrinkage Properties of Merino and Cheviot Woo s-(40)

Felting Contrasts, Merino and Southdown Wools -(41) Utility in Woven Manufactures.of

Wools of Different Shrinking Qualities-(42) Yarn Structure-(43) Felting Affected by Yarn

Composition-(44) Methods of Yarn Construction and Felt>ng-(45) Shrinkage of Furies made

of Re-manufactured Fibres- (46) Degree of Twine in the Yarn- 47 Folded Yarns and Shnnk-

age. V., Theory of Felting: Fabric Structure. -Sections (48) Build of the F?°™-<£9>
Felting Quality of Standard Weaves-(50) Influence of Intersections-^) Variation in Wetting

-(52) Irregular Weaves and Feking-(53) Felting of Two-ply Warp and Weft Fab""";4 )

Relative Shrinkage of Single and Backed Weaves. VI., Theory of Felting :
Compound

Fabrics.-Sections (55)—Structure of Backed Fabrics and the Felt.ng Q^lity

°

f the
.

U°th-
(56) Three-ply Weft Fabrks-(57) Yarn Characteristics in Compound Wett

.

habrics—(»8j

Fabrics Compound in the Warp-(59) Felting of Compound Weaves-(60) Double Cloths.and

Varied Felting-(61) Stitching or Tying of Double and Compound Weaves and the k»ec ' s on
,

Milling. VII. Fulling and Milling Machinery. -Sections (62) "Fulling" and '
Milling

-(63) Routine in the Fulling Stocks and Milling Machine-(64) Construction and Working of

the Fuller Siocks-(65) Milling Machines-(66) Routine of M.ll.ng-(67) Corrugated G uide

Rollers-(68) Machines with Two or More Upper Rollers-(69) Dupl x Mach.nes-(70 Macllines

without Flanged Roller-(71) Mechanical Devices applied to the Spout-(72) Roller Mi lling

Machine with Stampers in the Spout-(73) Principle of Combined Milling Machine and Stocks

—(74) Combined Scouring and Milling-(75) Milling without Artificial Compression. VIII.,

The Theory of Raising. -Sections (76) Treatment of the Cloth-(77) Condition of the Cloth

-(78) Dry Raising-(79) Damp and Wet Raising-(SO) Raising Determined by the Degree of

Felting-(81) Ouality of the Material and the Raised Result-(82) Raising and Weave Structure

-(S3)Quality~of the Fibre and Yarn Structure-(84) Raising of Fabrics in which Special or

Fancy Yarns are used IX., Raising Machinery and the Raising ^^rl^o cvlinder
Hand* Raising-(86) Raising Gig-(87) Operation of the Raising Gig-(88) T«o-cylinder

Raising Gig-(89) Teazle Raising-(90) Teazles and Card-wire Compared-(91) Card -wire

Raising Machines-(92) Modern Card Raising Machines-(93) The Horizontal Machine-

<94) Rotary Machines. X., Cutting, Cropping or Shearing. -Sections-(97) Cropping

-(98) The Effects of Cutting-(99) Cutting Mach.nes-( 00) The Cross-Cut ing Machine-

<101) The Continuous Cutting Machine-(102) Setting of the Cutting Parts-(lfM) Foim

of the Bar or "Bed" under the Cutters-(104) Machines with Two or M°re Cyl,nders-(105)

Grinding. XL, Lustring Processes and Machinery-Sections (106) The Prodluction of

Lustre on Woollen and Worsted Fabrics-(107) Steaming and Cooling Mach.nes-(108)

Pressing-(109) The Vertical Press-(110) The Rotary Press-(1 11) .Intermittent Pressing

Machine. XII., Methods of Finishing. -Sections (112 Routines of Fm,shing-(1 13 V\ ool en

Routines of Finishing-(114) Worsted Routines of Finishing—(llo) Routines of Finishing tor

Union Fabrics—Index.
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THEORY AND PRACTICE OF DAMASK WEAVING.
By H. Kinzer and K. Walter. Royal Svo. Eighteen Folding Plates.

Six Illustrations. Translated from the German. 110 pp. Price 8s. 6d.

net. (Post Iree, 9s. home ; 9s. 6d. abroad.)
Contents.

The Various Sorts of Damask Fabrics—Drill (Ticking, Handloom-made)—Whole

Damask for Tablecloths-Damask with Ground- and Connecting-warp Threads-Furniture

Damask—Lampas or Hangings—Church Damasks—The Manufacture of Whole Damask
—Damask Arrangement with and without Cross-Shedding-The Altered Cone-arrangement—

The Principle of the Corner Lifting Cord-The Roller Principle-The Combination of the

Jacquard with the so-called Damask Machine—The Special Damask Machine—The Combina-

PAULTS
yin

iN THE MANUFACTURE OF WOOLLEN
GOODS AND THEIR PREVENTION. By Nicolas

Reiser. Translated from the Second German Edition. Crown 8vo.

Sixty-three Illustrations. 170 pp. Price 5s. net. (Post free, 5s. 4d.

home ; 5s. 6d. abroad.)
Contents.

Improperly Chosen Raw Material or Improper Mixtures-Wrong Treatment of the

Material in Washing, Carbonisation, Drying, Dyeing and Spinning-Improper Spacing of the

Goods in the Loom-Wrong Placing of Colours-Wrong Weight or Width of the Goods

-Breaking of Warp and Weft Threads-Presence of Doubles, Singles Thick, Loose,

and too Hard Twisted Threads as well as Tangles, Thick Knots and the Like-Errors in

Cross-weaving-Inequalities, i.e., Bands and Stripes-Dirty Borders-Defective Selvedges-

Holes and Buttons-Rubbed Places-Creases-Spots-Loose and Bad Colours-Badly Dyed

Selvedges—Hard Goods— Brittle Goods— Uneven Goods— Removal of Bands, Stripes,

Creases and Spots. —«——i. . m-r- ^%. -»i-

«

n
SPINNING AND WEAVING CALCULATIONS, especially

relating to Woollens. From the German of N. Reiser. Thirty-four

Illustrations. Tables. 160 pp. Demy Svo. 1904. Price 10s. 6d. net.

(Post free, 10s. lOd. home; lis. abroad.)
Contents. . .„ ,

•
,

Calculating the Raw Material-Proportion of Different Grades of Wool to Furnish a

Mixture at a Given Price-Quantity to Produce a Given Length-Yarn Calculations-Yam

Number—Working Calculations-Calculating the Reed Count—Cost of Weaving, etc.

WATERPROOFING OF FABRICS. By Dr. S. Mierzinski.

Crown Svo. 104 pp. 29 Illus. Price 5s. net. (Post free, 5s. 3d. home ;.

5s. 4d. abroad.)
Contents. „ .

, A
.

Introduction -Preliminary Treatment of the Fabric- Waterproofing with Acetate of

Alumina-Impregnation of the Fabric-Drying-Waterproofing with Paraffin-Waterproofing

with Ammonium Cuprate- Waterproofing with Metallic Oxides -Coloured Waterproof

Fabrics—Waterproofing with Gelatine, Tannin, Casemate of Lime and other Bodies—Manu-

facture of Tarpaulin— British Waterproofing Patents—Index.

HOW TO MAKE A WOOLLEN MILL PAY. By John

Mackie. Crown Svo. 76 pp. Price 3s. 6d. net. (Post free, 3s. 9d.

home ; 3s. lOd. abroad.)
Contents.

, , ^ , _ ,

Blends, Piles, or Mixtures of Clean Scoured Wools-Dyed Wool Book-The Order Book

—Pattern Duplicate Books—Management and Oversight-Constant Inspection ot Mill De-

partments—Importance of Delivering Goods to Time, Shade, Strength, etc.—Plums.

(For "Textile Soaps and Oils" see p. J.)

Dyeing, Colour Printing,

Matching and Dye-stuffs.
THE COLOUR PRINTING OF CARPET YARNS. Manual

for Colour Chemists and Textile Printers. By David Paterson,

F.C.S. Seventeen Illustrations. .
136 pp. Demy Svo. Price 7s. 6d.

net. (Post free, 7s. lOd. home ;
Ss. abroad.)

Contents.
. .,„,'..*

Structure and Constitution of Wool Fibre-Yarn Scouring-Scour.ng Materials-Water tor

Scouring-Bleaching Carpet Yarns-Colour Making for Varn Printing-Colour Printing

Pastes-Colour Recipes for Yarn Printing- Science of Colour Mixing-Matching of Colours

-••Hank" Printing-Printing Tapestry Carpet Yarns-Yarn Printing-Steaming Printed

Yarns-Washing of Steamed Yarns-Aniline Colours Suitable for Yarn Printing-Glossary of

Dyes and Dye-wares used in Wood Yarn Printing—Appendix.
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home ; 5s. 6d. abroad.)

Part I., Bleaching- Agents.

Bleaching and Bleaching
Agents.

A PRACTICAL TREATISE ON THE BLEACHING OP
LINEN AND COTTON YARN AND FABRICS. By
L. Tailfer, Chemical and Mechanical Engineer. Translated from the

French by John Geddes McIntosh. Demy 8vo. 303 pp. Twenty

Illus. Price 12s. 6d. net. (Post free, 13s. home; 13s. 6d. abroad.)

MODERN BLEACHING AGENTS AND DETERGENTS.
By Professor Max Bottler. Translated from the German. Crown

8vo. 16 Illustrations. 160 pages. Price 5s. net. (Post free, 5s. 3d.

[jfust published.

Contents.
Old and New Bleaching Methods and Bleaching

Aeents. -Bleaching' AgerTts for Wool-Bleaching with Permanganate-Perborates—Acid

Sodium Percarbonate-Bleaching Agents for Silk-Bleaching Powder and Alkali Hypoch-

lorites—Bleaching Processes-Bleaching Linen—Bleaching with Ozone-Bleaching Straw

and Leather—Discharging Colours-Bleaching Jute and other Vegetable Fibres-Bleaching

Various Substances-Electrical Bleaching Processes. Sodium Peroxide.-Propert.es-

Dissolving Sodium Peroxide—Preparing the Bleaching Liquor- Compressed Sodium Peroxide

-Sodium Peroxide in Bleaching-CIeaning Materials to be Bleached-Testing the B eaching

Liquor-Bleaching Kier-Charging the Kier with Bleaching Liquor-Bleaching Woollen and

Half-Wool Goods—Preparing the Bleaching Liquor—Drying the Goods-Magnesium Sulphate

in Bleaching Liquor-Bleaching Silk—Bleaching Linen, Cotton Jute and Ramie Goods-

Production of Peroxides—Bleaching Feathers—Sodium Peroxide in Washing Powder-

Barium Peroxide-Bleaching Silk with Barium Peroxide. Perborates.—Salts of Perboric

Acid—Properties of Perborates—Ammonium Perborates—Sodium Perborates—Perborax—

Merck's Sodium Perborate-Sapozon-Testing Sodium Perborate. Ozone.--Formation of

Ozone—Ozone Generators-Chemical Production of Ozone—Properties of Ozone—Employ-

ment of Ozone in Bleaching. Sodium Bisulphite and Hydrosulphurous Acid.-Bleaching

with Sulphur Dioxide-Bleaching Wool with Hydrosulphurous Acid-Sodium Hydrosulphite

—Properties of Sodium Bisulphite—Bleaching Processes—Bleaching Man.Ja Hemp—After-

treatment with Bisulphite-Bleaching Straw-Bleaching Leather. Discharging Colour from

Textile Fabrics with Hydrosulphurous Acid.-Preparing the Discharge-Discharging

Colour from Shoddy and Dyed Fabrics-Stable Hydrosulphite-Method of Using Hydrosul-

phite- Eradite—Cassella's Hyraldite— Discharging with Hyraldite— Increasing the Dis-

charging Effect-Stable Hydrosulphites. Permanganate.-BIeaching with Permanganate

-Action of Permanganate-Bleaching Wool or Silk-Addition of Magnesium Sulphate to

the Bleaching Liquor—Strength of Permanganate Solution-New Process for Bleaching Jute

—Bleaching Skins-Bleaching Straw—Bleaching Ivory. Hydrogen Peroxide. -Const. tut.on

and Properties—Preparation-Crystalline Hydrogen Peroxide-Properties of Hydrogen

Peroxide SoU.tions-Stability-Commercial Hydrogen Peroxide Solutions-Decomposition

of Hydrogen Peroxide-Purity of Hydrogen Peroxide-Storage Vessels-Care in Handling

-Instability of Solutions-Reagent for Hydrogen Peroxide-Va uing Hydrogen Perox.de

Solutions-Testing Hydrogen Peroxide-Bleaching Wool with Hydrogen Peroxide-Pre-

liminary Treatmfnt-Bleaching Bath-Alter Treatment-Bleaching S.Ik with Hydrogen

Peroxide-Bluing before Bleaching-Bleaching Cotton with Hydrogen Peroxide-Bleaching

Linens with Hydrogen Peroxide—Bleaching Jute with Hydrogen Perox.de—Bleaching Various

Vegetable Fibres with Hydrogen Peroxide-Bleaching Straw Wood, etc with Hydrogen

Peroxide-Bleaching Leather with Hydrogen Peroxide-Bleaching Ivory, Horn, Bones and

Similar Articles-Bleaching Hair-Bleaching Sponges with Hydrogen Peroxide. B eaching

Fats, Oils, Wax and Paraffin.-New Process for Bleaching Fats and Oils-Bleaching Wax
—Bleaching Soap—Decrolin and Blankite for Bleaching Soap-Bleaching Glue Solid, Stable

Calcium Hypochlorite and Bleaching Soda.-Stable Calcium Hypochlorite-Bleaching

Soda. Electric Bleaching.-Electrolytic Bleach.ng Lye-Judging the Utility of Electric

Bleaching Plant—Bleaching Experiment with Electrolysed Sodium Chloride Solution-

Electrolytic Decomposition of Sodium Chloride-Observations of Forster and Muller-Types

of Electrolyser-Eiectrolytic Bleach-Schuckert Plant-Schoop's Electrolytic Bleach.ng

Apparatus-Kellner Bleaching Apparatus, Construction-Method of Working-Mounting the

Apparatus-Determining the Bleaching Power of Electrolytic Liquors, Volumetric Method-

Bleaching with Electrolytic Bleaching Liquor. ^ , . . , „ , r , 1 Ro
Part II Detergents.—Behaviour of Various Fabrics in the Presence of Chemical Re-

agents-Methods of Removing Stains-Chemical Cleaning and Detergents. Benzine Soaps.

—Removing Stains with Benzine Soap and its Solutions-Antibenz.ne Pynne, or Richterol.

Extract!vl Detergents and Detergent Mixtures. Carbon Tetrachloride. -Properties.

Aceto-Oxalic Acid as a Detergent ; Special Methods of Removing Stains. Bleaching

Processes Used in Chemical Cleaning.-Bleach.ng with Potassium Permanganate-

Reducing Effect of Sulphur Dioxide-Reduction with Hydrogen Peroxide-Reduction with

Hydrosulphurous Acid-Seyda's Reduction Process-Combined Method of Removing Stains-

Hvraldite as a Detergent and Bleaching Agent. Hydrogen Peroxide as a Detergent.—

Behaviour of Hydrogen Peroxide toward Coloured Fabrics. Oxygen as a Detergent.—
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By Thomas Thorn ley,
160 pp. Eighty-four Illus-
Price 3s. net. (Post free,

or Second Year). By
180 pp. Seventy Illustra-
free, 5s. 4d. home ; 5s. 6d.

Contents of "modern Bleaching Agents and Detergents"-
continued.

Behaviour of Oxygenol toward Dyed Fabrics. Sodium Peroxide as a Detero-ent <^HI„™

Uetergent Soap— Wo zendorff's Cyanide and Photographer's Ink— Detergent LimjiH?

Cotton Spinning and Combing.
COTTON SPINNING (First Year).

Spinning Master, Bolton Technical School,
trations. Crown Svo. Second Impression
3s. 4d. home ; 3s. 6d. abroad.)

COTTON SPINNING (Intermediate,
Thomas Thornley. Second Impression,
tions. Crown 8vo. Price 5s. net. (Post
abroad.)

COTTON SPINNING (Honours, or Third Year). By ThomasThornley 216 pp. Seventy-four Illustrations. Crown 8vo. Second
Edition. Price 5s. net. (Post f. ee, 5s. 4d. home

; 5s. 6d. abroad
)COTTON COMBING MACHINES. By Thos. Thornley,&%gn^
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1Sch00l
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-
Demy Svo. 117 Illustra-

tions. 300 pp. Pnce7s.6d.net. (Post free, 8s. home ; Ss. 6d. abroad.)

Flax, Hemp and Jute Spinning.
MODERN FLAX, HEMP AND JUTE SPINNING ANDTWISTING. A Practical Handbook for the use of FlaxHemp and Jute Spinners, Thread, Twine and Rope Makers. BvHerbert R. Carter Mill Manager, Textile Expert and Engineer,Examiner in Flax Spinning to the City and Guilds of London

Institute. Demy Svo. 1907. With 92 Illustrations. 200 pp Price
7s. 6d. net. (Post free, 7s. 9d. home

; 8s. abroad.)
r» r--i_ ^ „ Contents.Raw Fibre.-Ongm of Flax-Hemp and Jute Fibre-Description of the Plants-Mode of
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FIBRES USED IN TEXTILE AND ALLIED INDUS-
TRIES. By C. Ainsworth Mitchell, B.A., and R M
PRIDEAUX, F.I.C. vr

fJ

'.

The Contents will include the Classification and Examination of Fibres- Uses of Wool

^vSS&gSfJ?*** Silks, Linen, Jute, Hemp, Cocoa-nut"nd^her^rut
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Collieries and Mines.
RECOVERY WORK AFTER PIT FIRES. By Robert

Lamprecht, Mining Engineer and Manager. Translated from the

German. Illustrated by Six large Plates, containing Seventy-six

Illustrations. 175 pp., demy 8vo. Price 10s. 6d. net. (Post free,

10s. lOd. home; lis. abroad.)
Contents.

, , „ .. „
Causes of Pit Fires-Preventive Regulations : (1) The Outbreak and Rapid Extension

of a Shaft Fire can be most reliably prevented by Employ.ng little or no Combustible Materia*

in the Construction of the Shaft : (2) Precautions for Rapidly Localising an Outbreak of Fire in

the Shaft- (3) Precautions to be Adopted in case those under 1 and 2 I- ail or Prove Inefficient

Precautions against Spontaneous Ignition of Coal. Precautions for Preventing Explosions of

Fire-damp and Coal Dust. Employment of Electricity in Mining, particularly m Fiery Pits.

Experiments on the Ignition of Fire-damp Mixtures and Clouds of Coal Dust by Electricity-

Indications of an Existing or Incipient Fire-Appliances tor Working in Irrespirable

Gases--Respiratory Apparatus; Apparatus with Air Supply Pipes; Reservoir Apparatus;

8"|en Apparatus-ExtinguishinrPit Fires: (a) Chemical Means
;

(b) Extinction with

Water Dragging down the Burning Masses and Packing with Clay ;
(c) Insulating the Seat

of the Fire by Dams. Dam Building. Analyses of Fire Gases. Isolating the Seat of a Fire

with Dams: Working in Irrespirable Gases ('« Gas-diving ")
:
Air-Lock Work. Complete

Isolation of the Pit. Flooding a Burning Section isolated by means of Dams. Wooden

Dams : Masonry Dams. Examples of Cylindrical and Dome-shaped Dams Dam Doors

:

Flooding the Whole Pit-Rescue Stations: (a) Stations above Ground; (6) Underground

Rescue Stations—Spontaneous Ignition of Coal in Bulk—Index.

VENTILATION IN MINES. By Robert Wabner, Mining

Engineer. Translated from the German. Royal 8vo. Thirty Plates

and Twenty-two Illustrations. 240 pp. Price 10s. 6d. net. (Post free,

lis. home ; lis. 3d. abroad.)

AND WINDING APPLIANCES USED IN
By Carl Volk. Translated from the German.
With Six Plates and 148 Illustrations. 150 pp. Price

(Post free, 9s. home; 9s. 3d. abroad.)
Contents.

, „ T . J . , ..

Haulage Appliances-Ropes-Haulage Tubs and Tracks-Cages and Winding Appliances-

Winding Engines for Vertical Shafts-Winding without Ropes-Haulage in Levels and

Inclines—The Working of Underground Engines—Machinery for Downhill Haulage.

THE ELECTRICAL EQUIPMENT OF COLLIERIES. By
W Galloway Duncan, Electrical and Mechanical Engineer, Member

of the Institution of Mining Engineers, Head of the Government School

of Engineering, Dacca, India ; and David Penman, Certificated Colliery

Manager, Lecturer in Mining to Fife County Committee. Demy 8vo.

310 pp. 155 Illustrations and Diagrams. Price 10s. 6d. net. (Post

free, lis. home ; lis. 3d. abroad.)
Contents.

General Principles, Magnetism, Units, Cells, etc.-Dynamos and Motors-Trans-

mission and Distribution of Power-Prime Movers-Lighting by Electncity-lnitial

Outlay and Working Cost of Electrical Installations-Electricity Applied to Coal=

cutting- Electric Haulage. Winding, and Locomotives-Electric Pumps and Pump-
ing-Electric=Power Drills and Underground Coal Conveyers-Typical Colliery

Electrical Installations-Miscellaneous Applications of the Electric CurrenJ~~ +
m

:

parison of the Different Modes of Transmitting Power-Dangers Occurring from^the

Use of Electricity in Colleries—Appendix : Questions suitable for students preparing tor

colliery managers' examinations

—

Index.

Dental Metallurgy.
DENTAL METALLURGY : MANUAL FOR STUDENTS

AND DENTISTS. By A. B. Griffiths, Ph.D. Demy
8vo. Thirty-six Illustrations. 200 pp. Price 7s. 6d. net. (Post free,

7s. lOd. home ; 8s. abroad.)
Contents.

. „_ . ,

Introduction—Physical Properties of the Metals—Action of Certain Agents on Metals—

Alloys-Action of Oral Bacteria on Alloys-Theory and Varieties of Blowpipes-Fluxes-

Furnaces and Appliances-Heat and Temperature-Gold-Mercury-Silver-Iron-Copper-
Zinc-Magnesium—Cadmium—Tin-Lead— Aluminium-Antimony - B.smuth —Palladium-

Platinum—Iridium—Nickel—Practical Work—Weights and Measures.

HAULAGE
MINES.
Royal 8vo.

8s. 6d. net.
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Engineering, Smoke Prevention
and Metallurgy.

THE PREVENTION OP SMOKE. Combined with the

AMTnTr p° r
bUSti

, f

n ' Fu
.

el
-

By W -
C

- Popplewell, M.Sc,A.M.Inst., C.E Consulting Engineer. Forty-six Illustrations. 190 ppDemySvo. Pnce7s.6d.net. (Post free, 7s. lOd. home ; 8s. 3d. abroad
c. , . ^ ,

Contents.
huel and Combushon- Hand Firing in Boiler Furnaces- Stoking by Mechanical Mean,

GAS AND COAL DUST FIRING. A Critical Review ofthe Various Appliances Patented in Germany for this purpose since
1885. % Albert Putsch. 130 pp. DemySvo. Translated from theGerman With 103 Illustrations. Price 5s. net. (Post free, 5s. 4dhome; 5s. 6d. abroad.) '

n _ Contents.

THE HARDENING AND TEMPERING OF STEELIN THEORY AND PRACTICE. By Fridolin REISer.
Translated from the German of the Third Edition. Crown 8vo
120 pp. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 4d. abroad )

c* , ~. . . Contents.

Ke
s7oih^^

SIDEROLOGY: THE SCIENCE OF IRON (The Con
h^mTt^ Ir°n Alk?S and Sla^- Translated from German ofHanns Freiherr v. Juptner. 350 pp. Demy 8vo. Eleven Platesand Ten Illustrations. Price 10s. 6d. net. (Post free, lis. home!
lis. bd. abroad.) '

T, rj,, c „ .
Contents.

lhe Iheory of Solution.—Solutions—Molten Alloys—Varieties of Solution, n«mnt;,Pressure-Relat.on between Osmotic Pressure and other Properties of So u o ~nl £Pressure and Molecular Weight of the Dissolved Substance-Solut ons of Gases-Solfd sCi
-TWm»

U
p

!

hty-P' ffu«??-Electrical Conductivity-Constitution rf Etero^Land MeSb
^Jn R.lif

Pl
nS
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0n

- Micrography.-Microstructure-The Micrographic CoLt"tuents of

Iron ll o'ysrl^iFcon
6

GaTes^"™^iT A»03^MaVnese-RemSco„stifurte of

EVAPORATING, CONDENSING AND COOLING AP-PARATUS. Explanations, Formulae and Tables for Use
in Practice. By E. Hausbrand, Engineer. Translated by A CWright M.A. (Oxon.), B.Sc. (Loud.)* With Twenty-one 111ust^tions and Seventy-six Tables. 400 pp. DemySvo. Pricel0s.6d.net.
(Post free, lis. home; lis. 6d. abroad.)

^Coefficient of Transmission of Hea?"/^" the Mean Temperature Difference, 0/m-
^tur^LTt°PP°

s ' te Currents-Apparatus for Heating with Direct Fire-The Injection of
fJltZTr

Steam-Superheated Steam-Evaporation by Means of Hot Liquidt-The Tr"ns
Tl" T f

6at '" Ge
c
ne^a1

'
a
?d Transference by means of Saturated Steam in Particular-The Transference of Heat from Saturated Steam in Pipes (Coils) and Double Be torn-Evaporat.on ,n a Vacuum-The Multiple-effect Evaporatori-Multipte-effect Evadors
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Contents of " Evaporating, Condensing- and Cooling
Apparatus"—continued.

_

from which Extra Steam is Taken—The Weight of Water which must be Evaporated from
100 Kilos, of Liquor in order its Original Percentage of Dry Materials from 1-25 per cent,

up to 20-70 per cent.—The Relative Proportion of the Heating Surfaces in the Elements
of the Multiple Evaporator and their Actual Dimensions—The Pressure Exerted by Currents
of Steam and Gas upon Floating Drops of Water—The Motion of Floating Drops of Water
upon which Press Currents of Steam—The Splashing of Evaporating Liquids—The Diameter
of Pipes for Steam, Alcohol, Vapour and Air—The Diameter of Water Pipes—The Loss
of Heat from Apparatus and Pipes to the Surrounding Air, and Means for Preventing
the Loss—Condensers—Heating Liquids by Means of Steam—The Cooling of Liquids

—

The Volumes to be Exhausted from Condensers by the Air-pumps—A Few Remarks on Air-

pumps and the Vacua they Produce—The Volumetric Efficiency of Air-pumps—The Volumes
of Air which must be Exhausted from a Vessel in order to Reduce its Original Pressure to a
Certain Lower Pressure—Index.

Sanitary Plumbing, Electric
Wiring, Metal Work, etc.

EXTERNAL PLUMBING WORK. A Treatise on Lead
Work for Roofs. By John W. Hart, R.P.C. 180 Illustrations. 272

pp. Demy 8vo. Second Edition Revised. Price 7s. 6d. net. (Post

free, 7s. lOd. home ; 8s. abroad.)

HINTS TO PLUMBERS ON JOINT WIPING, PIPE
BENDING AND LEAD BURNING. Third Edition,
Revised and Corrected. By John W. Hart, R.P.C. 184 Illustrations.

313 pp. Demy 8vo. Price 7s. 6d. net. (Post free, 8s. home ; 8s. 6d.

abroad.)
Contents.

Pipe Bending — Pipe Bending (continued) — Pipe Bending (continued) — Square Pipe
Bendings—Half-circular Elbows—Curved Bends on Square Pipe—Bossed Bends—Curved
Plinth Bends—Rain-water Shoes on Square Pipe—Curved and Angle Bends—Square Pipe
Fixings—Joint-wiping—Substitutes for Wiped Joints—Preparing Wiped Joints—Joint Fixings
—Plumbing Irons—Joint Fixings—Use of "Touch" in Soldering—Underhand Joints—Blown
and Copper Bit Joints—Branch Joints— Branch Joints (continued)—Block Joints—Block
Joints (continued)—Block Fixings—Astragal Joints—Pipe Fixings—Large Branch Joints

—

Large Underhand Joints—Solders—Autogenous Soldering or Lead Burning—Index.

SANITARY PLUMBING AND DRAINAGE. By John
W. Hart. Demy 8vo. With 208 Illustrations. 250 pp. 1904. Price
7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.)

ELECTRIC WIRING AND FITTING FOR PLUMBERS
AND GASFITTERS. By Sydney F. Walker, R.N ., M. I . E. E.,

M.I.Min.E., A.M.Inst.C.E., etc., etc. Crown 8vo. 150 pp. With Illus-

trations and Tables. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 6d.

abroad.)
Contents.

Chapter I., Electrical Terms Used.—Pressure and Current—The Volt—Ampere

—

Electrical Resistance—Earth—Continuous and Alternating Currents—The Electric Circuit

—

Leakage—Heating of Conductors—Size and Forms of Conductors—The Kilowatt—Loss of

Pressure—Arrangement of Conductors—Looping In—The Three Wire System—Switches

—

Fuses—Circuit—Breakers. II., The Insulation of Wires, Their Protection, Fixing, etc.

—Conductors Insulated with Paper and Similar Materials—Sparking between Conductors
—Diahte Insulation—Flexible Cords—Concentric Conductors—Twin Conductors—Three-Core
Cables—Fireproof Insulation for Conductors—Jointing—T Joints—Covering T Joints in Vul-
canized Rubber Cables. III., Fixing- the Wiring and Cables.—Laying Out the Route—The
Protection of the Wires and Cables—Wood Casing—Metallic Conduits—Non-Metallic Con-
ductors—Fixing the Conduits and Running Wires in Them—drawing Wires into Tubes—To
Avoid Shock. IV., Lamps.—The Incandescent Lamp—Lamp Holders—Lamp Fittings—The
Nernst Lamp. V., Switches, Fuses, Distribution Boards, etc.—The Electricity Meter-
Prepayment Meters.

THE PRINCIPLES AND PRACTICE OF DIPPING,
BURNISHING, LACQUERING AND BRONZING
BRASS WARE. By W. Norman Brown. 35 pp. Crown
8vo. Price 2s. net. (Post free, 2s. 3d. home and abroad.)

THE HISTORY OF INCANDESCENT LAMPS. By G.
Basil Barham, A.M. I.E.E. Illustrated. [In preparation.
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A HANDBOOK ON JAPANNING AND ENAMELLING

FOR CYCLES, BEDSTEADS, TINWARE, ETC. By
William Norman Brown. 52 pp. and Illustrations. Crown 8vo
Price 2s. net. (Post free, 2s. 3d. home and abroad.)

THE PRINCIPLES OF HOT WATER SUPPLY. By
John W. Hart, R.P.C. With 129 Illustrations. 177 pp., demy 8vo.

(Post free, 7s. lOd. home; 8s. abroad.)Price 7s. 6d. net.

House Decorating and Painting.
THREE HUNDRED SHADES AND HOW TO MIX

THEM. For Architects, Painters and Decorators. By A.
Desaint, Artistic Interior Decorator of Paris. The book contains 100
folio Plates, measuring 12 in. by 7 in., each Plate containing specimens
of three artistic shades. These shades are all numbered, and their
composition and particulars for mixing are fully given at the beginning
of the book. Each Plate is interleaved with grease proof paper, and
the volume is very artistically bound in art and linen with the Shield
of the Painters' Guild impressed on the cover in gold and silver Price
21s. net. (Post free, 21s. 6d. home ; 22s. 6d. abroad.)

HOUSE DECORATING AND PAINTING. By W.
Norman Brown. Eighty-eight Illustrations. 150 pp. Crown Svo
Price 3s. 6d. net. (Post free, 3s. 9d. home and abroad.)

A HISTORY OF DECORATIVE ART. By W. Norman
Brown. Thirty-nine Illustrations. 96 pp. Crown Svo. Price Is. net.
(Post free, Is. 3d. home and abroad.)

WORKSHOP WRINKLES for Decorators, Painters, Paper-
hangers and Others. By W. N. Brown. Crown Svo. 128 pp. Second
Edition. Price 2s. 6d. net. (Post free, 2s. 9d. home ; 2s. lOd. abroad.)

Brewing and Botanical.
HOPS IN THEIR BOTANICAL, AGRICULTURAL
AND TECHNICAL ASPECT, AND AS AN ARTICLE
OF COMMERCE. By Emmanuel Gross, Professor at
the Higher Agricultural College, Tetschen-Liebwerd. Translated
from the German. Seventy-eight Illustrations. 340 pp. Demy Svo.
Price 10s. 6d. net. (Post free, lis. home; lis. 6d. abroad.)

HISTORY OF THE HOP-THE HO^PLANT-Introductory-The Roots-The Stem-and Leaves—Inflorescence and Flower: Inflorescence and Flower of the Male Hop- In-
florescence and Flower of the Female Hop—The Fruit and its Glandular Structure :

'

The
hruit and Seed—Propagation and Selection of the Hop—Varieties of the Hop: (a) Red Hops-
(b) Green Hops; (c) Pale Green Hops—Classification according to the Period of Ripening-
Early August Hops; Medium Early Hops; Late Hops—Injuries to Growth—Leaves Turning
Yellow, Summer or Sunbrand, Cones Dropping Off, Honey Dew, Damage from Wind, Hailand Rain; Vegetable Enemies of the Hop: Animal Enemies of the Hop-Beneficial Insects onHops-CULTIVATION-The Requirements of the Hop in Respect of Climate, Soil and
Situation

:
Climate; Soil : Situation—Selection of Variety and Cuttings—Planting a HopGarden: Drainage; Preparing the Ground; Marking-out for Planting ; Planting; Cultivationand Cropping of the Hop Garden in the First Year—Work to be Performed Annually in theHop Garden: Working the Ground; Cutting; The Non-cutting System; The Proper Per-formance of the Operation of Cutting: Method of Cutting: Close Cutting, Ordinary Cutting,The Long Cut, The Topping Cut; Proper Season for Cutting: Autumn Cutting, Spring

Cutting; Manuring; Training the Hop Plant: Poled Gardens, Frame Training; Principal
types of Frames Pruning, Cropping, Topping, and Leaf Stripping the Hop Plant; Picking,Drying and Bagging-Principal and Subsidiary Utilisation of Hops and Hop Gardens—Life
ot a Hop Garden

; Subsequent Cropping—Cost of Production, Yield and Selling Prices

*u ,r
e

,

Serv
,
a
?!
0n and Storage—Physical and Chemical Structure of the Hop Cone-Judging

the Value of Hops. 6 *
Statistics of Production—The Hop Trade—Index.
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Wood Products, Timber and
Wood Waste.

WOOD PRODUCTS : DISTILLATES AND EXTRACTS.
By P. Dumesny, Chemical Engineer, Expert before the Lyons Com-
mercial Tribunal, Member of the International Association of Leather
Chemists; and J. Noyer. Translated from the French by Donald
Grant. Royal 8vo. 320 pp. 103 Illustrations and Numerous Tables.
Price 10s. 6d. net. (Post free, lis. home ; lis. 6d. abroad.)

Contents.
Part I., Wood Distillation— Principal Products from the Carbonisation of Wood

—

Acetates—Secondary Products of the Distillation of Wood—Acetone—Analysis of
Raw Materials and Finished Products—Appendix—The Destructive Distillation of Olive
Oil Residuals. Part II., Manufacture and Testing of Tan Wood Extracts and their
UtiPsation in Modern Tanneries—Plant and Equipment for Treating: Chestnut Wood
—Analysis of Tanning Substances—The Official Method of the International Association
of Leather Chemists, with Supplementary Notes.

TIMBER : A Comprehensive Study of Wood in all its Aspects
(Commercial and Botanical), showing the Different Applications and
Uses of Timber in Various Trades, etc. Translated from the French
of Paul Charpentier. Royal 8vo. 437 pp. 178 Illustrations. Price
12s. 6d. net. (Post free, 13s. home ; 14s. abroad.)

Contents.
Physical and Chemical Properties of Timber—Composition of the Vegetable Bodies

—Chief Elements—M. Fremy's Researches—Elementary Organs of Plants and especially of
Forests—Different Parts of Wood Anatomically and Chemically Considered—General Pro-
perties of Wood

—

Description of the Different Kinds of Wood— Principal Essences with
Caducous Leaves—Coniferous Resinous Trees

—

Division ot the Useful Varieties of Timber
in the Different Countries of the Globe—European Timber—African Timber—Asiatic
Timber—American Timber—Timber of Oceania

—

Forests—General Notes as to Forests ; their
Influence—Opinions as to Sylviculture—Improvement of Forests—Unwooding and Rewooding
—Preservation of Forests—Exploitation of Forests—Damage caused to Forests—Different
Alterations

—

The Preservation of Timber—Generalities—Causes and Progress of De-
terioration—History of Different Proposed Processes—Dessication—Superficial Carbonisation
of Timber—Processes by Immersion—Generalities as to Antiseptics Employed—Injection
Processes in Closed Vessels—The Boucherie System, Based upon the Displacement of the
Sap—Processes for Making Timber Uninflammable

—

Applications of Timber—Generalities
—Working Timber—Paving—Timber for Mines—Railway Traverses—Accessory Products

—

Gums—Works of M. Fremy—Resins—Barks—Tan—Application of Cork—The Application of
Wood to Art and Dyeing—Different Applications of Wood—Hard Wood—Distillation of
Wood—Pyroligneous Acid—Oil of Wood—Distillation of Resins—Index.

THE UTILISATION OF WOOD WASTE. Translated from
the German of Ernst Hubbard. Crown 8vo. 192 pp. Fifty Illustra-

tions. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.)

Building and Architecture.
THE PREVENTION OF DAMPNESS IN BUILDINGS;

with Remarks on the Causes, Nature and Effects of Saline, Efflores-

cences and Dry-rot, for Architects, Builders, Overseers, Plasterers,
Painters and House Owners. By Adolf Wilhelm Keim. Translated
from the German of the second revised Edition by M. J. Salter, F.I.C.,

F.C.S. Eight Coloured Plates and Thirteen Illustrations. Crown 8vo.
115 pp. Price 5s. net. (Post free, 5s. 3d. home; 5s. 4d. abroad.)

HANDBOOK OF TECHNICAL TERMS USED IN ARCHI-
TECTURE AND BUILDING, AND THEIR ALLIED
TRADES AND SUBJECTS. By Augustine C. Passmore.
Demy 8vo. 380 pp. Price 7s. 6d. net. (Post free, 8s. home ; 8s. 6d.

abroad.)
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The Preserving of Foods and
Sweetmeats.

THE MANUFACTURE OF PRESERVED FOODS AND
SWEETMEATS. By A. Hausner. With Twenty-eight
Illustrations. Translated from the German of the third enlarged
Edition. Crown 8vo. 225 pp. Price 7s. 6d. net. (Post free, 7s. 9d.
home; 7s. lOd. abroad.)

Contents.
The Manufacture of Conserves—Introduction—The Causes of the Putrefaction of Food—The Chemical Composition of Foods—The Products of Decomposition—The Causes of Fer-

mentation and Putrefaction—Preservative Bodies—The Various Methods of Preserving Food—The Preservation of Animal Food—Preserving Meat by Means of Ice—The Preservation
of Meat by Charcoal—Preservation of Meat by Drying—The Preservation of Meat by the
Exclusion of Air—The Appert Method—Preserving Flesh by Smoking—Quick Smoking—Pre-
serving Meat with Salt—Quick Salting by Air Pressure—Quick Salting by Liquid Pressure

—

Gamgee's Method of Preserving Meat—The Preservation of Eggs—Preservation of White
and Yolk of Egg—Milk Preservation—Condensed Milk—The Preservation of Fat—Manu-
facture of Soup Tablets—Meat Biscuits—Extract of Beef—The Preservation of Vegetable
Foods in General—Compressing Vegetables—Preservation of Vegetables by Appert's Method
—The Preservation of Fruit—Preservation of Fruit by Storage—The Preservation of Fruit
by Drying—Drying Fruit by Artificial Heat—Roasting Fruit—The Preservation of Fruit with
Sugar—Boiled Preserved Fruit—The Preservation of Fruit in Spirit, Acetic Acid or Glycerine—Preservation of Fruit without Boiling—Jam Manufacture—The Manufacture of Fruit
Jellies—The Making of Gelatine Jellies—The Manufacture of "Sulzen"—The Preservation of
Fermented Beverages

—

The Manufacture of Candies—Introduction—The Manufacture of
Candied Fruit—The Manufacture of Boiled Sugar and Caramel—The Candying of Fruit
Caramelised Fruit—The Manufacture of Sugar Sticks, or Barley Sugar—Bonbon Making
Fruit Drops—The Manufacture of Dragees—The Machinery and Appliances used in Candy
Manufacture—Dyeing Candies and Bonbons—Essential Oils used in Candy Making—Fruit
Essences—The Manufacture of Filled Bonbons, Liqueur Bonbons and Stamped Lozenges
Recipes for Jams and Jellies—Recipes for Bonbon Making—Dragees—Appendix—Index.

RECIPES FOR THE PRESERVING OF FRUIT, VEGE-
TABLES AND MEAT. By E. Wagner. Translated
from the German. Crown 8vo. 125 pp. With 14 Illustrations. Price
5s. net. (Post free, 5s. 3d. home; 5s. 4d. abroad.)

Contents.
Part I. Preserved Fruits.—Green Almonds—Gooseberries—Strawberries—Currants

—

Cherries—Black Nuts—White Nuts— Apricots—Greengages—Pears—Peaches—Plums—Figs
Melons—Apples—Chestnuts—Angelica—Pineapple. Canned Fruit.—Gooseberries—Cherries—Apricots—Plums—Rhubarb. Glazed and Candied Fruits.—Glazing Fruit— Candied
Fruit—Blue Plums—Glazed Chestnuts—Glazed Pineapple Slices—Crystallised Strawberries.
Marmalades, Jams and Fruit Juices.—Strawberry Marmalade—Cherry Marmalade-
Jams—Fruit Jellies— Raspberry Juice—Cherry Juice—Lemon Syrup—Pineapple Juice. Fruit
Pulp for Ices. Citron Peel and Orange Peel. Part II. Preserved Vegetables.—
Asparagus—Peas—Beans—Carrots—Spinach—Artichokes—Tomatoes—Mixed Vegetables-
Tinned Julienne—Celery—Mushrooms—Truffles—Pickled Gherkins—Gherkins in Mustard
Mixed Pickles. Part III. Preserved Meats.—Veal Cutlets—Fricondeau of Veal—Calves
Head—Bouillon Meat—Ox Tongue—Beef a la Mode—Roast Hare—Roast Venison—Mutton
and Cabbage—Savoury Paste—Beef Paste—Foie Gras Paste.

FOODS AND DRUGS. Volume I., Chemistry and Analysis
of Foods and Drugs. Volume II., Law Relating to Foods and Drugs.
By E. J. Parry, B.Sc. (Lond.). {In preparation.

Dyeing Fancy Goods.
THE ART OF DYEING AND STAINING MARBLE,

ARTIFICIAL STONE, BONE, HORN, IVORY AND
WOOD, AND OF IMITATING ALL SORTS OF
WOOD. A Practical Handbook for the Use of Joiners,
Turners, Manufacturers of Fancy Goods, Stick and Umbrella Makers,
Comb Makers, etc. Translated from the German of D. H. Soxhlet,
Technical Chemist. Crown 8vo. 168 pp. Price 5s net. (Post free,
5s. 3d. home ; 5s. 4d. abroad.)
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Celluloid.
CELLULOID : Its Raw Material, Manufacture, Properties and

Uses. A Handbook for Manufacturers of Celluloid and Celluloid
Articles, and all Industries using Celluloid ; also for Dentists and
Teeth Specialists. By Dr. Fr. Bockhann, Technical Chemist. Trans-
lated from the Third Revised German Edition. Crown 8vo. 120 pp.
With 49 Illustrations. Price 5s. net. (Post free, 5s. 3d. home

; 5s. 4d.
abroad.)

Contents.
Chapters I., Raw Materials for the Manufacture of Celluloid : Cellulose and Pyroxylin

—Gun-cotton—Properties of Gun-cotton—Special Gun-cottons for Celluloid Manufacture-
Nitrating Centrifugalisers- Collodion Wool—Methods of Preparing Collodion Wool—Cam-
phor — Japanese (Formosa) Camphor, O dinary Camphor — Borneo Camphor (Borneol),
Sumatra Camphor, Camphol, Baros Camphor)—Properties of Camphor—Artificial Camphor
—Camphor Substitutes. 1 1„ The Manufacture of Celluloid; Manufacturing Camphor by
the Aid of Heat and Pressure—Manufacture of Celluloid by Dissolving Gun-cotton in an
Alcoholic Solution of Camphor—Preparing Celluloid by the Cold Process—Preparation with
an Ethereal Solution of Camphor—Preparation with a Solution of Camphor and Wood
Spirit. III., The Employment of Pyroxylin for Artificial Silk : Denitrating
and Colouring Pyroxylin — Uninflammable Celluloid — Celluloid and Cork Composition-
Incombustible Celluloid Substitute — Xylonite or Fibrolithoid. IV. Properties of
Celluloid. V., Testing Celluloid. VI., Application and Treatment of Celluloid-
Caoutchouc Industry — Making Celluloid Ornaments — Working by the Cold Process —
Working by the Warm Process—Celluloid Combs—Celluloid as a Basis for Artificial
Teeth — Stained Celluloid Sheets as a Substitute for Glass — Celluloid Printing Blocks
and Stamps— Collapsible Seamless Vessels of Celluloid—Making Celluloid Balls—Celluloid
Posters—Pressing Hollow Celluloid Articles—Casting Celluloid Articles—Method for Pro-
ducing Designs on Plates or Sheets of Celluloid, Xylonite, etc.— Imitation Tortoiseshell—
Metallic Incrustations—Imitation Florentine Mosaic—Celluloid Collars and Cuffs—Phono-
graph Cylinder Composition—Making Umbrella and Stick Handles of Celluloid — Celluloid
Dolls—Celluloid for Ships' Bottoms—Celluloid Pens—Colouring Finished Celluloid Articles-
Printing on Celluloid—Employment of Celluloid (and Pyroxylin) in Lacquer Varnishes—Index

Lithography, Printing and
Engraving.

Alfred
120 pp.

Seymour.
Price 5s.

PRACTICAL LITHOGRAPHY. By
Demy 8vo. With Frontispiece and 33 Illus.
net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.)

Contents.
Stones—Transfer Inks—Transfer Papers—Transfer Printing—Litho Press—Press Work-

Machine Printing—Colour Printing—Substitutes for Lithographic Stones—Tin Plate Printing
and Decoration—Photo-Lithography.

PRINTERS' AND STATIONERS' READY RECKONER
AND COMPENDIUM. Compiled by Victor Graham.
Crown 8vo. 112 pp. 1904. Price 3s. 6d. net. (Post free, 3s. 9d. home

;

3s. lOd. abroad.)

Contents.
Price of Paper per Sheet, Quire, Ream and Lb.—Cost of 100 to 1000 Sheets at various

Sizes and Prices per Ream—Cost of Cards—Quantity Table—Sizes and Weights of Paper
Cards, etc.—Notes on Account Books—Discount Tables—Sizes of spaces — Leads to a lb —
Dictionary—Measure for Bookwork—Correcting Proofs, etc.

ENGRAVING FOR ILLUSTRATION. HISTORICAL
AND PRACTICAL NOTES. By J. Kirkbride. 72 pp.Two Plates and 6 Illustrations. Crown 8vo. Price 2s. 6d. net. (Post
free, 2s. 9d. home; 2s. lOd. abroad.)

TINPLATE PRINTING. By Alfred Seymour. Crown 8vo.
[In preparation.

Bookbinding.
PRACTICAL BOOKBINDING. By Paul Adam. Translated

from the German Crown 8vo. 180 pp. 127 Illustrations. Price 5s.
net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.)
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Sugar Refining.
THE TECHNOLOGY OF SUGAR: Practical Treatise on

the Modern Methods of Manufacture of Sugar from the Sugar Cane and

Sugar Beet. By John Geddes McIntosh. Second Revised and

Enlarged Edition. Demy 8vo. Fully Illustrated. 436 pp. Seventy-six

Tables. 1906. Price 10s. 6d. net. (Post free, lis. home; lis. 6d.

abroad.)

{See " Evaporating, Condensing, etc., Apparatus," p. 26.)

Libraries and Bibliography.
CLASSIFIED GUIDE TO TECHNICAL AND COM-

MERCIAL BOOKS. Compiled by Edgar Greenwood.
Demy 8vo. 224 pp. 1904. Being a Subject-list of the Principal

British and American Books in print
;
giving Title, Author, Size, Dat2,

Publisher and Price. Price 5s. net. (Post free, 5s. 4d. home
;
5s. 6d.

abroad.) ^^_^_^^^___^^_^—^—^—

=

HANDBOOK TO THE TECHNICAL AND ART
SCHOOLS AND COLLEGES OF THE UNITED
KINGDOM. Containing particulars of nearly 1,000 Techni-

cal, Commercial and Art Schools throughout the United Kingdom.

With full particulars of the courses of instruction, names of principals,

secretaries, etc. Demy 8vo. 150 pp. Price 3s. 6d. net. (Post free,

3s. lOd. home ; 4s. abroad.)

THE LIBRARIES, MUSEUMS AND ART GALLERIES
YEAR BOOK, 1910-11. Being the Third Edition of Green-
wood's "British Library Year Book". Edited by Alex. J. Philip.

Demy 8vo. 286 pp. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d.

abroad). [Just published.

Contents.
Preface—Introduction—Chronological List of Adoptions of the Libraries Acts—Public

Libraries Assessed for the Payment of Rates—Special Collections of Books in Libraries,

Museums and Art Galleries—Alphabetical Index to Librarians, Curators and Assistants-

Architects who have Designed Public Libraries—Libraries, Museums and Art Galleries in the

United Kingdom—Women Librarians Occupying Chief Positions—Women Assistants-

Methods of Charging or of Issuing Books—Classifications in Use—Public Libraries Opening

on Sundays—Public Libraries Opening on Bank Holidays—Public Libraries in which Betting

News is Obliterated—Public Libraries Publishing Magazines, Bulletins, etc.

THE PLUMBING, HEATING AND LIGHTING
ANNUAL FOR 1911. The Trade Reference Book for

Plumbers, Sanitary, Heating and Lighting Engineers, Builders' Mer-

chants, Contractors and Architects. Quarto. Bound in cloth and gilt

lettered. (Published in November, 1910.) Price 3s. net. (Post free,

3s. 4d. home ; 3s. 8d. abroad.)

SCOTT, GREENWOOD & SON,
Gecbnical asoofc ano ftraoe Journal flMiblisbers,

8 Broadway, Ludgate Hill,
London, E.C.

Telegraphic address, " Printeries, London". Telephone, Bank 5403.

September, 1910.
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