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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 GEDDEsS MclntosH. Second.
Revised and Enlarged Edition. Demy 8vo. Fully Illustrated.
436 pp. Seventy-six Tables. 1906. Price 10s. 6d. net. (Post
free, 11s. home; 11s. 6d. abroad.}

(See * Evaporating, Condensing, etc., Apparatus,” p. 19.)

(Emery.)
EMERY AND THE EMERY INDUSTRY. Trans-

lated from the German of A. Hagnie. Crown 8vo. 45 Illus.
104 pp. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 6d. abroad.)

(Libraries and Bibliography.)

CLASSIFIED GUIDE TO TECHNICAL AND COM-

MERCIAL BOOKS. Compiled by Epcar GREEN-
woop. Demy 8vo. 224 pp. 1904. Being a Subject-list of the
Principal British and American Books in Print; giving Title,
Author, Size, Date, 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
Technical, 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. 10d. home ; 4s. abroad.)

THE LIBRARIES, MUSEUMS AND ART GAL-
LERIES YEAR BOOK, 1910-11. Being the Third
Edition of Greenwood’s ** British Library Year Book”. Edited:
by ALEX. J. Pririp. Demy 8vo. 286 pp. Price 5s. net. (Post
free, 5s. 4d. home ; 5s. 6d. abroad.) :

THE PLUMBING, HEATING AND LIGHTING

ANNUAL FOR 1911. The Trade Reference Book
for Plumbers, Sanitary, Heating and Lighting Engineers,
Builders’ Merchants, Contractors and Architects. Including
the translation of Hermann Recknagel’s *“ Kalender fiir Gesund-
heits - Techniker,” Handbook for Heating, Ventilating, and
Domestic Engineers, of which Scott, Greenwood & Son have
purchased the sole right for the English Language. Quarto.
Bound in cloth and gilt lettered. Price 3s. net. (Post free,
3s. 4d. home ; 3s. 8d. abroad.)

Scott, Greenwood & Son,
Technical Book and Trade Journal Publishers,
8 BROADWAY, LUDGATE, LONDON, EC:

Telegraphic Address, ** Printeries, Cent.-London*’. September, 1914.
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‘THE MANUFACTURE OF PRESERVED FOODS
- AND SWEETMEATS. By A. Hausner. With
Twenty-eight Illustrations. Translated from the German of the
third enlarged Edition. Second English Edition. Crown 8vo. 225
pp. Price 7s. 6d. net. (Post free, 7s. 9d. home; 7s. 10d. abroad.)
RECIPES FOR THE PRESERVING OF FRUIT,
VEGETABLES AND MEAT. By E. WAacNER.
Translated from the German. Crown 8vo. 125 pp. With 14
Illustrations. Price 5s. net. (Post free, 5s. 3d. home; 5s. 4d.
abroad.)
(Dyeing Fancy Goods.)

‘THE ART OF DYEING AND STAINING MAREBLE,
ARTIFICIAL STONE, BONE, HORN, IVORY
AND WOOD, AND OF IMITATING ALL SORTS
OF WOOD. A Practical Handbook for the Use of
dJoiners, 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.)

(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. B6ckmann, Tech-
nical Chemist. Translated from the Third Revised German
Edition. Crown 8vo. 120 pp. With 49 Illustrations. Price 5s.
net. (Post free, 5s. 3d. home; 5s. 4d. abroad.)

(Lithography, Printing and
Engraving.)

ART OF LITHOGRAPHY. By H. J. Ruopes. Demy
8vo. 344 pages. 120 Illustrations. 2 Folding Plates, Copious
combined Index and Glossary. Price 10s. 6d. net. (Post free,
11s. home ; 11s. 3d. abroad.) [Fust published.

PRINTERS AND STATIONERS READY
RECKONER AND COMPENDIUM. Compiled by

Victor GRAHAM. Crown 8vo. 112 pp. 1904. Price 3s. 6d. net.
(Post free, 8s. 9d. home ; 3s. 10d. abroad.)

ENGRAVING FOR ILLUSTRATION., HISTORI-
CAL 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. 10d. abroad.)
(For Printing Inks, see p. 4.)

(Bookbinding.)
PRACTICAL BOOKBINDING. By Paur Apam.

Translated from the German. Crown 8vo. 180 pp. 127 Illus-
trations. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.
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(Wood Products, Timber and Wood
Waste.)

WOOD PRODUCTS: DISTILLATES AND -EX-
TRACTS. By P. Dumesny, Chemical Engineer,
Expert before the Lyons Commercial Tribunal, Member of the
International Association of Leather Chemists; and J. NOYER.
Translated from the French by DowaLbp Grant. Royal 8vo.
320 pp. 108 Illustrations and Numerous Tables. Price 10s. 6d.
net. (Post free, 11s. home; 11s. 6d. abroad.)

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. Trans-
lated from the French of PAUL CHARPENTIER. Royal 8vo. 437
pp.- 178 Illustrations. Price 12s. 6d. net. (Post free, 13s.
home ; 14s. abroad.)

THE UTILISATION OF WOOD WASTE. Trans-
lated from the German of ERNsT HUBBARD. Crown 8vo. 192 pp.
S0 Illus, Price 5s. net. (Post free, 5s.4d. home; 5s. 6d. abroad.)

(See also Utilisation of Waste Products, p. 9.)

(Building and Architecture.)

ORNAMENTAL CEMENT WORK. By Ouwver
WHEATLEY. Demy 8vo. 83 Illustrations. 128 pp. Price 5s.
net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.)

THE PREVENTION OF DAMPNESS IN BUILD-

INGS; with Remarks on the Causes, Nature and
Effects of Saline, Efflorescences and Dry-rot, for Architects,
Builders, Overseers, Plasterers, Painters and House Owners.
By ApoLr 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
ARCHITECTURE AND BUILDING, AND THEIR
ALLIED TRADES AND SUBJECTS. By Aucus-
TINE C. PASSMORE. Demy 8vo. 380 pp. Price 7s. 6d. net.
(Post free, 8s. home ; 8s. 6d. abroad.)

(Foods, Drugs and Sweetmeats.)

FOOD AND DRUGS. ByE.J. Parry,B.Sc.,,F.I.C,E.C.S.

Volume |. The Analysis of Food and Drugs (Chemical and

Microscopical). Royal 8vo. 724 pp. Price 21s. net. (Post

free, 21s. 6d. home ; 22s, 6d. British Colonies; 23s. 3d. other
Foreign Countries.

Volume Il. The Sale of Food and Drugs Acts, 1875-1907.

Royal 8vo. 184 pp. Price 7s. 6d. net. (Post free, 7s. 10d.
home ; 8s. abroad.)

For contents of these books., see List I11.
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SANITARY PLUMBING AND DRAINAGE. By
JouN W. HART. Demy 8vo. With 208 Illustrations. 250 pp.
1904, Price 7s. 6d. net. (Post free, 7s. 10d. home; 8s. abroad.)

THE PRINCIPLES OF HOT WATER SUPPLY. By
Joun W, Hart, R.P.C. With 129 Illustrations. 177 pp. Demy
8vo. Price 7s. 6d. net. (Post free, 7s. 10d. home; 8s. abroad.)

ELECTRIC WIRING AND FITTING. By Sypney F.
WALKER, R.N., ML.LE.E., M.LLMin.E., A.M.Inst.C.E., etc., etec.
Crown 8vo. 150 pp. With Illustrations and Tables. Price 5s.
net. (Post free, 5s. 3d. home; 5s. 6d. abroad.)

THE DEVELOPMENT OF THE INCANDESCENT
ELECTRIC LAMP. By G. Basic Barnam, A.M.LE.E.
Demy 8vo. 200 pages. 2 Plates, 25 Illustrations and 10 Tables.
Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.)

WIRING CALCULATIONS FOR ELECTRIC
LIGHT AND POWER INSTALLATIONS. A
Practical Handbook containing Wiring Tables, Rules, and
Formulz for the Use of Architects, Engineers, Mining Engineers,
and Electricians, Wiring Contractors and Wiremen, etc. By G.
W. Lummis Parerson. Crown 8vo. 96 pages. 35 Tables.
Price 5s. net. (Postfree, 5s. 3d. home ; 5s. 6d. abroad.)

(Metal Work.)

SHEET METAL WOREKING. By F. Georci and

A, ScHUBERT. Translated from the German. Demy 8vo. 160
pages. 2 Folding Plates and 125 Drawings and Illustrations.
Price 7s. 6d. net. (Post free, 7s. 10d. home; 8s. abroad )
[Fust published.
A HANDBOOK ON JAPANNING. For Ironware,
Tinware, and Wood, etc. By WiLLiam NormAN Broww.
Second Edition. 70 pages. 13 Illustrations. Crown 8vo. Price
3s. 6d. net. (Post free, 3s. 9d. home : 4s, abroad.)

THE PRINCIPLES AND PRACTICE OF DIPPING,
BURNISHING, LACQUERING AND BRONZ-
ING BRASS WARE. By W. Norman Brown. 48 pp.

Crown 8vo. Price 3s. net. (Post free, 3s. 3d. home and 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. 78 Illus. 340pp. Demy 8vo. Price
10s. 6d. net. (Post free, 11s. home ; 11s. 6d. abroad.)
INSECTICIDES, FUNGICIDES AND WEED-
KILLERS. By E. Bourcart, D.Sc. Translated from
the French. Revised and Adapted to British Standards and
Practice. Demy 8vo. 450 pages, 83 Tables, and 12 Illustrations.
Price 12s. 6d. net. (Post free, 13s, home ; 13s. 6d. abroad.)

(For Agricultural Chemisiry, see p. 9.)
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Vorumg XII.—-THE SCIENCE OF WORKS MANAGE-
MENT. By J. Batev. 232 pages. Price 4s. net.
(Post free, 4s. 3d. home ; 4s. 6d. abroad.) [Fust published.

Vorume XIII.—THE CALCULUS FOR ENGINEERS.
By Ewart S. AnprEws, B.Sc. Eng. (Lond.) and H. Bryon
Heywoop, D.Sc. (Paris), B.Sc. (Lond.). 284 pages. With
Worked Examples, Tables and 102 Illustrations. Price 4s. net.
(Post free, 4s. 3d. home ; 4s. 6d. abroad.) [Fust published.

[IN PREPARATION.]

PORTLAND CEMENT. Its Properties and Manu-
facture. By P. C. H. West, F.C.S.

DESIGN: OF MACHINE TOOLS. By G.W. BurLEY.

LATHES. By G. W. Burrey.

REINFORCED CONCRETE IN PRACTICE. By
Arean H. Scorr, M.S.A,, M.C.I.

BRIDGE FOUNDATIONS. By W. Burnsing, M.I.C.E.

CALCULATIONS FOR A STEEL FRAME BUILD-

= ING. By W. C. Cockivg, M.C.L.

GEAR GUTTING. By G.T. Wairg, B.Sc. (Lond.).

STEAM BOILERS AND COMBUSTION, By dJ.
BaTtEy. -

MOVING LOADS BY INFLUENCE LINES AND
OTHER METHODS. By E. H. Spracug, A.M.I.C.E.

THE STABILITY OF ARCHES. By E. H. SpraGuE,
AMICE, '

DRAWING OFFICE PRACTICE. By W. CLEcc.

ESTIMATING STEELWORK FOR BUILDINGS. By
B. P. F. GLEED and S. BYLANDER.

THE THEORY OF THE CENTRIFUGAL AND
TURBO PUMP. By J. WEeLLs.

STRENGTH OF SHIPS. By J. B. THomas.

(Sanitary Plumbing, Electric Wiring, etc.)

EXTERNAL PLUMBING WORK. A Treatise on
Lead Work for Roofs. By Joun W. Hart, R.P.C. 180 Illustra-
tions. 272 pp. Demy 8vo. Second Edition Revised. Price
7s. 6d. net. (Post free, 7s. 10d. home; 8s. abroad.)

HINTS TO PLUMBERS ON JOINT WIPING, PIPE
BENDING AND LEAD BURNING. Third Edition,
Revised and Corrected, By Joun W. Hart, R.P.C. 184 Illus-
trations. 313 pp. Demy 8vo, Price 7s. 6d. net. (Post free,
8s. home ; 8s. 6d. abroad.)

For contents of these books, see List I11.
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(The' ‘“ Broadway >’ Series of Engineering
Handbooks.)

Uniform in Size: Narrow Crown 8vo. (Pocket Size.)

VoLume . ELEMENTARY PRINCIPLES OF RE-
INFORCED CONCRETE CONSTRUCTION. By
EWART S. ANDREWS, B.Sc. Eng. (Lond.). 200 pages. With 57
Hlustrations. Numerous Tables and Worked Examples, Price
3s. net. (Post free, 3s. 3d. home ; 3s. 6d. abroad.)

Vorume II.—GAS AND OIL ENGINES. By A.
KirRscHKE. Translated and Revised from the German, and
adapted to British practice. 160 pages. 55 Illustrations,
Price 3s. net. (Post free, 3s. 3d. home; 3s. 6d. abroad.)

Vorume I[Il. —IRON AND STEEL CONSTRUC-

TIONAL WORK. By K. ScuinpLER. Translated
and Revised from the German, and adapted to British practice.
140 pages, 115 Illustrations. Price 3s. 6d. net. (Post free,
3s. 9d. home ; 4s. abroad.)

Vorume IV.—_TOOTHED GEARING. By G.T. WHITE,
B.Sc. (Lond.). 220 pages. 136 Illustrations. Price 3s. 6d. net.
(Post free, 3s. 9d. home ; 4s. abroad.)

VoLume V.—STEAM TURBINES: Their Theory and
Construction. By H. WiLDA. Translated from the German;
Revised and adapted to British practice. 200 pages. 104 Illus-
trations. Price 3s. 6d. net. (Post free, 3s. 9d. home ; 4s. abroad.)

Vorume VI._.CRANES AND HOISTS. Their Con-
struction and Calculation. By H. WiLpA. Translated from the
German ; revised and adapted to British practice. 168 pages.
399 Illustrations. Price 3s. 6d. net. (Post free, 3s. 9d. home;
4s. abroad.)

Vorume VIL.—FOUNDRY MACHINERY. By E.
TREIBER. Translated from the German ; revised and adapted to
British practice. 148 pages. 51 Illustrations. Price 3s. 6d. net.
(Post free, 3s. 9d. home ; 4s. abroad.)

Vorume VIIL.—_MOTOR CAR MECHANISM. By
W. E. DommETT. 200 pages. 102 Illustrations. Price 3s. 6d.
net. (Post free, 3s. 9d. home; 4s, abroad.)

Vorume [X.— ELEMENTARY PRINCIPLES OF
ILLUMINATION AND ARTIFICIAL LIGHTING.
By A. BLok, B.Sc. 240 pages. 124 Illustrations and Diagrams
and 1 Folding Plate. Price 3s. 6d. net. (Post free, 8s. 9d.
home ; 4s. abroad.)

Vorume X.—HYDRAULICS. By E. H. Spracue. 190
pages. With Worked Examples and 89 Illustrations. Price
3s. 6d. net. (Post free, 3s. 9d. home ; 4s. abroad.)

Vorume XI. — ELEMENTARY PRINCIPLES OF
SURVEYING. By M. T. M. OrmsBy. 244 pages.
With Worked Examples and 135 Illustrations and Diagrams, in-
cluding 4 Folding Plates. Price 4s. net. (Post free, 4s, 3d. home;
4s. 6d. abroad.)
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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. 10d. home; 11s. abroad.)

VENTILATION IN MINES. By Roeerr WABKER,
Mining Engineer. Translated from the German. Royal 8vo.
Thirty Plates and Twenty-two Illustrations. 240 pp. Price
10s. 6d. net. (Post free, 11s. home; 11s. 3d. abroad.)

THE ELECTRICAL EQUIPMENT OF COLLIERIES..
By W. GaLroway 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 Illus. and Dia-
grams. Price 10s. 6d. net. (Post free, 11s. home; 11s. 3d. abroad.)-

(Dental Metallurgy.)
DENTAL METALLURGY: MANUAL FOR STU-
DENTS AND DENTISTS. By A. B. GRIFFITHS,

Ph.D. Demy 8vo. Thirty-six Illustrations. 200 pp. Price.
7s. 6d. net. (Post free, 7s. 10d. home; 8s. abroad.)

(Engineering, Smoke Prevention and

Metallurgy.)
THE PREVENTION OF SMOKE. Combined with

the Economical Combustion of Fuel. By W. C., POPPLEWELL,.
M.Sc., A.M. Inst,, C.E., Consulting Engineer. Forty-six Illus-
trations. 190 pp. Demy 8vo. Price 7s. 6d. net, (Post free,
7s. 10d. home ; 8s. 3d. abroad.)

GAS AND COAL DUST FIRING. A Critical Review
of the Various Appliances Patented in Germany for this purpose-
since 1885. By ALBERT PlitscH. 130 pp. Demy 8vo. Trans-
lated from the German. With 103 Illustrations. Price 5s. net.
(Post free, 5s. 4d. home ; 5s. 6d. abroad.)

THE HARDENING AND TEMPERING OF STEEL
IN THEORY AND PRACTICE. By FripoLN
RE1ser. Translated from the German of the Third Edition.
Crown 8vo. 120 pp. Price 5s. net. (Post free, 5s. 3d. home;.
5s. 4d. abroad.)

SIDEROLOGY: THE SCIENCE OF IRON (The:
Constitution of Iron Alloys and Slags). Translated from:
German of HANNS FREIHERR V. JUPTNER. 350 pp. Demy 8vo.
Eleven Plates and Ten Illustrations. Price 10s. 6d. net. (Post
free, 11s. home; 11s. 6d. abroad.)

EVAPORATING CONDENSING AND COOLING-
APPARATUS. Explanations, Formulz and Tables.
for Use in Practice. By E. HausBranD, Engineer. Translated
by A. C. WriGHT, M.A. (Oxon.), B.Sc., (Lond.). With Twenty-
one Illustrations and Seventy-six Tables. 400 pp. Demy 8vo.
Pr:ce 10s. 6d. net. (Post free, 11s. home; 11s. 6d. abroad.)

For contents of these books, see Lists IT and I11.
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(Silk Manufacture.)

SILK THROWING AND WASTE SILK SPIN-
NING. By Horrivs Rayser. Demy 8vo. 170 pp-
117 Illus, Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.)

(Bleaching and Bleaching Agents.)

A PRACTICAL TREATISE ON THE BLEACHING
OF LINEN AND COTTON YARN AND FABRICS,.
By L. TAILFER, Chemical and Mechanical Engineer. Trans-
lated from the French by JouN GEDDES McINTOSH. Demy 8vo.
303 pp. Twenty Illus. Price 12s. 6d, net. (Post free, 13s.
home; 13s. 6d. abroad.)

‘MODERN BLEACHING AGENTS AND DETER-
GENTS. By Professor Max Borrier. Translated

from the German. Crown 8vo. 16, Illustrations. 160 pages.
Price 5s. net. (Post free, 5s. 3d. home:; 5s. 6d. abroad.)

(Cotton Spinning, Cotton Waste and
Cotton Combing.)

‘COTTON SPINNING (First Year). By Tromas
THORNLEY, Spinning Master, Bolton Technical School. 160 Pp:
84 Illustrations. Crown 8vo. Second Impression, Price 3s.
net. (Post free, 3s. 4d. home; 3s. 6d. abroad.)

‘COTTON SPINNING (Intermediate, or Second Year).
By T.THORNLEY. 2nd.Impression. 180pp. 701llus. Crown Svo.
Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d, abroad.)

‘COTTON SPINNING (Honours, or Third Year). By
T. THORKLEY. 216 pp. 74 Illustrations. Crown Svo. Second
Edition, Price 5s. net. (Post free, 5s. 4d. home: 5s. 6d. abroad.)

‘COTTON COMBING MACHINES. By TrHos. THORN-
LEY, Spinning Master, Technical School, Bolton. Demy 8vo.
117 Hlustrations.. 300 pp. Price 7s. 6d. net, (Post free, 8s,
home ; 8s. 6d. abroad.)

‘COTTON WASTE: Its Production, Characteristics
Regulation, Opening, Carding, Spinning and Weaving. By THOmMAS
THORNLEY. Demy 8vo. 286 pages. 60 Illustrations. Price 7s, 6d.
net. (Post free, 7s. 10d. home; 8s. abroad.)

‘THE RING SPINNING FRAME : GUIDE FOR
OVERLOOKERS AND STUDENTS. By N. Boors.

Crown 8vo. 76 pages. Price 3s.net. (Post free, 3s. 3d. home;;
3s. 6d. abroad.)

(Flax, Hemp and Jute Spinning.)

MODERN FLAX, HEMP AND JUTE SPINNING
AND TWISTING. A Practical Handbook for the use
of Flax, Hemp and Jute Spinners, Thread, Twine and Rope
Makers. By HERBERT R. CARTER, Mill Manager, Textile Expert
and Engineer; Examiner in Flax Spinning to the City and Guilds
of London Institute. Demy 8vo. 1907. With 92 Illustrations.
200 pp. Price 7s. 6d. net. (Post free, 7s. 9d. home; 8s. abroad.)
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(Dyeing, Colour Printing, Matching
and Dye-=stuffs.)
THE COLOUR PRINTING OF CARPET YARNS.

Manual for Colour Chemists and Textile Printers. By Davip
Paterson, F.C.S. Seventeen Illustrations. 136 pp. Demy
8vo. Price 7s, 6d. net. (Post free, 7s. 10d. home ; 8s. abroad.)

TEXTILE COLOUR MIXING. By Davip PaTersox.
Formerly published under title of “ Science of Colour Mixing .
[New Edition in the Press.

DYERS' MATERIALS : An Introduction to the Examina-
tion, Evaluation and Application of the most important Sub-
stances used in Dyeing, Printing, Bleaching and Finishing. By
PaurL HEermaNw, Ph.D. Translated from the German by A. C.
WRIGHT, M.A. (Oxon)., B.Sc. (Lond.). Twenty-four Illustrations.
Crown 8vo. 150 pp. Price 5s. net. (Post free, 5s. 4d. home :
5s. 6d. abroad.)

COLOUR MATCHING ON TEXTILES. A Manual
intended for the use of Students of Colour Chemistry, Dyeing and
Textile Printing. By Davip Paterson, F.C.S. Coloured Frontis-
piece. Twenty-nine Illustrations and Fourteen Specimens of
Dyed Fabrics. Demy 8vo. 132 pp, Price 7s. 6d. net. (Post
free, 7s. 10d. home ; 8s. abroad.)

COLOUR: A HANDBOOK OF THE THEORY OF

COLOUR. By Georce H. Hurst, F.C.S. With Ten
Coloured Plates and Seventy-two Illustrations. 160 pp. Demy
8vo. Price 7s. 6d. net. (Post free, 7s. 10d. home ; 8s, abroad.)

Reissue of

THE ART OF DYEING WOOL, SILK AND

COTTON. Translated from the French of M. HEerror,
M. MacQuer and M. LE PILEUR D’ApLIGNY. First Published in
English in 1789. Six Plates. Demy 8vo. 446 pp. Price 5s. net.
(Post free, 5s. 6d. home; 6s. abroad.)

THE CHEMISTRY OF DYE_-STUFFS. By Dr. Geore
Von GEorGIEVICS. Translated from the Second German Edition.

412 pp. Demy 8vo. Price 10s. 6d, net. (Post free, 11s. home:
11s. 6d. abroad.)

THE DYEING OF COTTON FABRICS : A Practical
Handbook for the Dyer and Student. By FrANKLIN BEEcH,
Practical Colourist and Chemist. 272 pp. Forty-four Illus-
trations of Bleaching and Dyeing Machinery. Demy 8vo., Price
7s. 6d. net. (Post free, 75, 10d. home; 8s. abroad.)

THE DYEING OF WOOLLEN FABRICS. By

FRANKLIN BEEcH, Practical Colourist and Chemist, Thirty-
three Illustrations. Demy 8vo. 228 pp. Price 7s. 6d. net.
(Post free, 7s, 10d. home ; 8s. abroad.)

For contents of these books, see List 11,
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THE CHEMISTRY OF HAT MANUFACTURING.

Lectures delivered before the Hat Manufacturers’ Association.
By Warson Smira, F.C.S.,, F.I.C. Revised and Edited by
ALBERT SHONK. Crown 8vo. 132 pp. 16 Illustrations. Price
7s. 6d. net. (Post free, 7s. 9d. home ; 7s. 10d. abroad.)

THE TECHNICAL TESTING OF YARNS AND
TEXTILE FABRICS. With Reference to Official
Specifications. Translated from the German of Dr. J. HERZFELD.
Second Edition. Sixty-nine Illustrations. 200 pp. Demy 8vo.
Price 10s. 6d net. (Post free, 10s, 10d. home: 11s. abroad.)

DECORATIVE AND FANCY TEXTILE FABRICS.

By R. T. Lorp. For Manufacturers and Designers of Carpets,
Damask, Dress and all Textile Fabrics. 200 pp. Demy 8vo.
132 Designs and Illustrations. Price 7s. 6d. net. (Post free,
7s. 10d. home ; 8s. abroad.)

THEORY AND PRACTICE OF DAMASK WEAV-
ING. By H. Kinzer and K. WaLter. Royal 8vo.
Eighteen Folding Plates. Six Illustrations. Translated from
the German. 110 pp. Price 8s. 6d. net. (Post free, 9s. home ;
9s. 6d. abroad.) 5

FAULTS IN THE MANUFACTURE OF WOOLLEN
GOODS AND THEIR PREVENTION. By
Nicoras 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.)

SPINNING AND WEAVING CALCULATIONS,
especially relating to Woollens. From the German of N.
REISER.  Thirty-four Illustrations. Tables. 160 pp. Dem.
8vo. 1904. Price 10s, 6d. net. (Post free, 10s, 10d. home: 11s,
abroad.)

ANALYSIS OF WOVEN FABRICS. By A. F. BARKER,

M.Sc,, and E. MipGLEY. Demy8vo. 316 pp. Numerous Tables,
Examples and 82 Illustrations. Price 7s. 6d. net. (Post free,
7s. 10d. home ; 8s. abroad.)

WATERPROOFING OF FABRICS. By Dr. S. Mier-
zINsKI.  Second Edition, Revised and Enlarged. Crown Svo.

140 pp. 29 Illus. Price 5s. net. (Post free, 5s. 4d. home :
5s. 6d. abroad.)

HOW TO MAKE A WOOLLEN MILL PAY. By

Joun Mackie. Crown 8vo. 76 pp. Price 3s. 6d. net. (Post
free, 3s. 9d. home; 3s. 10d. abroad.)

YARN AND WARP SIZING IN ALL ITS
BRANCHES. Translated from the German of CARrL

KreETscHmar. Royal 8vo. 123 Illustrations. 150 pp. Price
10s. 6d. net. (Post free, 10s. 10d. home : 11s. abroad.)

(For  Textile Soaps and. Oils” see P 7.)
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FIBRES USED IN TEXTILE AND ALLIED IN-
DUSTRIES. By C. Ainsworrtd MircHeELL, B.A.
(Oxon.), F.I.C., and R. M. PripeEaux, F.I.C. With 66 Illustra-
tions specially drawn direct from the Fibres. Demy 8vo.
200 pp. Price 7s. 6d. net. (Post free, 7s. 10d, home ; 8s. abroad.)

DRESSINGS AND FINISHINGS FOR TEXTILE
FABRICS AND THEIR APPLICATION. De-
scription of all the Materials used in Dressing Textiles: Their
Special Properties, the preparation of Dressings and their em-
ployment in Finishing Linen, Cotton, Woollen and Silk Fabrics.
Fireproof and Waterproof Dressings, together with the principal
machinery employed. Translated from the Third German
Edition of FRIEDRICH POLLEYN, Demy 8vo. 280 pp. Sixty
Illustrations. Price 7s. 6d. net. (Post free, 7s. 10d. home;
8s. abroad.)

THE CHEMICAL TECHNOLOGY OF TEXTILE
FIBRES: Their Origin, Structure, Preparation, Wash-
ing, Bleaching, Dyeing, Printing and Dressing. By Dr. GEORG
vON GEoRGIEVICS. Translated from the German by CHARLES
SanTer. 320 pp. Forty-seven lllustrations. Royal 8vo. Price
10s. 6d. net. (Post free, 11s. home ; 11s. 3d. abroad.)

POWER-LOOM WEAVING AND YARN NUMBER-

ING, According to Various Systems, with Conversion
Tables. Translated from the German of ANTHON GRUNER. With
Twenty-six Diagrams in Golours. 150 pp. Crown 8vo. Price
7s. 6d. net. (Post free, 7s. 9d. home ; 8s. ubroad.)

TEXTILE RAW MATERIALS AND THEIR CON-
VERSION INTO YARNS. (The Study of the Raw
Materials and the Technology of the Spinning Process.) By
Jurius Zipser. Translated from German by CHARLES SALTER.
302 Illustrations. 500 pp. Demy 8vo. Price 10s. 6d. net.
(Post free, 11s. home ; 11s. 6d. abroad.)

GRAMMAR OF TEXTILE DESIGN. By H. NisBer,
Weaving and Designing Master, Bolton Municipal Technical
School. Demy 8vo. 280 pp. 490 Illustrations and Diagrams.
Price 6s. net. (Post free, 6s. 4d. home; 6s, 6d. abroad.)

ART NEEDLEWORK AND DESIGN. POINT

LACE. A Manualof Applied Art for Secondary Schools
and Continuation Classes. By M. E. WiLkinson. Oblong
quarto, With 22 Plates. Bound in Art Linen. Price 3s. 6d.
net. (Post free, 3s. 10d. home ; 4s. abroad.)

HOME LACE-MAKING. A Handbook for Teachers and
Pupils. By M. E. W. MiLroy. Crown 8vo. 64 pp. With 3
Plates and 9 Diagrams. Price 1s. net. (Post free, 1s. 3d. home;
1s. 4d. abroad.)

= For contents of these books, see List I,
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(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, blow-
ing, etc., as well as the most costly crystal and ruby. Second
Edition, Crown Svo. Price 10s. 8d. net. (Post free, 10s. 9d.
home; 10s. 10d. abroad.)

A TREATISE ON THE ART OF GLASS PAINT.

ING. Prefaced with a Review of Ancient Glass. By
ERNEST R. SUFFLING. With One Coloured Plate and Thirty-
seven Illustrations. Demy 8vo. 140 pp. Price 7s. 6d. net.
(Post free, 7s. 10d. home ; 8s. abroad.)

(Paper Making and Testing.)

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. 10d. abroad.)

THE TREATMENT OF PAPER FOR SPECIAL
PURPOSES. By L. E. Anpgs. Translated from the
German. Crown 8vo. 48 Illustrations. 250 pp. Price 6s. net.
(Post free, 6s. 4d. home ; 6s. 8d. abroad.)

(Enamelling on Metal.)
ENAMELS AND ENAMELLING. For Enamel

Makers, Workers in Gold and Silver, and Manufacturers of
Objects of Art. By PauL RaAnDAU. Second and Revised
Edition. Translated from the German. With 16 Illustrations.
Demy 8vo. 200 pp. Price 10s. 6d. net. (Post free, 10s. 10d.
home; 1ls. abroad.)

THE ART OF ENAMELLING ON METAL. By
W. NormMAN BrownN. Second Edition, Revised. Crown S8vo.
60 pp. Price 3s. 6d. net. (Post free, 3s. od. home ; 3s. 10d.
abroad.) 5 [Fust published.

(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 Univer-
sity of Leeds; Author of * Colour in Woven Design”; “ Woollen
and Worsted Cloth Manufacture'’; “Woven Eabrics at the
World’s Fair” ; Vice-President of the Jury of Award at the Paris
Exhibition, 1900; Inspector of Textile Institutes ; Society of
Arts Silver Medallist ; Honorary Medallist of the City and Guilds
of London Institute. With 150 [llustrations of Fibres. Yarns
and Fabrics, also Sectional and other Drawings of Finishing
Machinery Demy 8vo. 260 pp. Price 10s. 6d, net, (Post free,
10s, 10d. home; 11s. 3d. abroad.)
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ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes,

Enamelled Terra-cottas, Ordinary and Incrusted Quarries, Stone-
ware Mosaics, Faiences and Architectural Stoneware. By LEoN
LEFEVRE. Translated from the French by K. H. Birp, 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.)

THE ART OF RIVETING GLASS, CHINA AND
EARTHENWARE. By J. Howorth. Second

Edition. Paper Cover. Price 1s. net. (By post, home or abroad,
1s. 1d.) -

NOTES ON POTTERY CLAYS. The Distribution,
Properties, Uses and Analyses of Ball Clays, China Clays and
China Stone. By Jas. Fairig, F.G.S. 132 pp. Crown 8vo.
Price 3s. 6d. net. (Post free, 3s. 9d. home; 3s. 10d. abroad.)

HOW TO ANALYSE CLAY. By H. M. Asasyv. Demy
8vo. 72 pp. 20 Illustrations. Price 3s. 6d. net. (Post free,
3s. 9d. home ; 3s, 10d. abroad.) :

A Reissue of

THE HISTORY OF THE STAFFORDSHIRE POT-
TERIES; AND THE RISE AND PROGRESS
OF THE MANUFACTURE OF POTTERY AND
PORCELAIN. With References to Genuine Specimens,

and Notices of Eminent Potters. By SiMmEoN SHaw. (Originally
published in 1829.) 265 pp. Demy 8vo. Price 5s. net. (Post
free, 5s. 4d. home; 5s. 9d. abroad.) .

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.
Price 10s. net. (Post free, 10s. 6d. home ; 12s. abroad.)

BRITISH POTTERY MARKS. By G. WoOLLISCROFT
RHEAD. Demy 8vo. 310 pp. With over Twelve-hundred Illus-
trations of Marks. Price 7s, 6d. net. (Post free, 8s. home;
8s, 3d. abroad.)

For contents of these books, see List .IH.
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(X Rays.)

PRACTICAL X RAY WORK. By Frank T. Appvman,
B.Sc. (Lond.), F.L.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. 10d. home ; 11s. 3d. abroad.)

(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 Joun GEpDES McInTosH. Royal 8vo. 100 Illustrations. 400
pages. Price 12s. 6d. net. (Post free, 13s. home; 13s. 6d.
abroad.)

(Leather Trades.)
THE LEATHER WORKER'S MANUAL, Being a

Compendium of Practical Recipes and Working Formule for
Curriers, Bootmakers, Leather Dressers, Blacking Manufac-
turers, Saddlers. Fancy Leather Workers. By H. C. STANDAGE.
Demy 8vo. 165 pp. Price 7s. 6d. net. (Post free, 7s. 10d. home ;
8s. abroad,)

(See also Manufacture of Shos Polishes, Leather Dressings, ete., p. 6.)

(Pottery, Bricks, Tiles, Glass, etc.)

MODERN BRICKMAKING. By ALrrep B. SEearrE,

Royal 8vo. 440 pages. 260 Illustrations. Price 12s. 6d. net.
(Post free, 13s. home; 13s. 6d. abroad.)

THE MANUAL OF PRACTICAL POTTING. Com-
piled by Experts, and Edited by Cuas. F. Binns.  Fourth Edition,
Revised and Enlarged. 200 pp. Demy 8vo. Price 17s. 6d. net.
(Post free, 17s. 10d. home; 18s. 3d. abroad.)

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. 10d. home ;
8s. abroad.)

TREATISE ON CERAMIC INDUSTRIES. A
Complete Manual for Pottery, Tile, and Brick Manufacturers, By
EmiLE Bourry. A Revised Translation from the French, with
some Critical Notes by ALFRED B. SEARLE. Demy 8vo. 308
Illustrations. 460 pp. Price 12s.6d, net. (Post free, 13s. home ;
13s. 6d. abroad.)
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SEALING - WAXES, WAFERS AND OTHER
ADHESIVES FOR THE HOUSEHOLD, OFFICE,
WORKSHOP AND FACTORY. By H.C. STANDAGE.

Crown 8vo. 96 pp. Price 5s. net. (Post free, §s. 3d. home;
5s. 4d. abroad.)

(Lead Ores and Lead Compounds.)

LEAD AND ITS COMPOUNDS. By THos. LAMBERT,
Technical and Consulting Chemist. Demy 8vo. 226 pp. Forty
Illustrations. Price 7s. 6d. net. (Post free, 7s. 10d. home;
8s. 3d. abroad.)

NOTES ON LEAD ORES: Their Distribution and Pro-
perties. By Jas. Farig, F.G.S. Crown 8vo. 64 pages. Price
1s. net. (Post free, 1s. 3d. home ; 1s. 4d. abroad.)

(White Lead and Zinc White Paints, see p. S.)

(Industrial Hygiene.)

THE RISKS AND DANGERS TO HEALTH OF
VARIOUS OCCUPATIONS AND THEIR PRE-
VENTION. By Leoxarp A. Parry, M.D., B.Sc.

(Lond.). 196 pp. Demy 8vo. Price 7s. 6d. net. (Post free,
7s. 10d. home ; 8s. abroad.)

(Industrial Uses of Air, Steam and
Water.)
DRYING BY MEANS OF AIR AND STEAM. Ex-

planations, Formulz, and Tables for Use in Practice. Trans-
lated from the German of E. HausBranND. Second Revised
English Edition. Two folding Diagrams, Thirteen Tables, and
Two Illustrations. Crown 8vo. 76 pp. Price 5s. net. (Post
free, 5s. 3d. home; 5s. 6d. abroad.)

(See also *“ Evaporating, Condensing and Cooling Apparatus,” p. 19.)

PURE AIR, OZONE AND WATER. A Practical
Treatise of their Utilisation and Value in Qil, Grease, Soap, Paint,
Glue and other Industries. By W. B. CoweLL. Twelve Illus-

trations. Crown Svo. 85 pp. Price 5s. net. (Post free, 5s. 3d.
home ; 5s. 6d.abroad.)

THE INDUSTRIAL USES OF WATER. COMPOSI-
TION_EFFECTS_TROUBLES—REMEDIES —
RESIDUARY WATERS — PURIFICATION—AN-
ALYSIS. By H. pe La Coux. Royal 8vo. Trans-
lated from the French and Revised by ARTHUR MORRIS. 364 pp.

185 Illustrations., Price 10s. 6d. net. (Post free, 11s. home;
11s. 6d. abroad.)

(See Books on Smoke Prevention, Engineering and Metallurgy, p. 18, etc.)

For contents of these books, see List I11.
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SHALE OILS AND TARS and their Products. By

Dr. W. ScHEITHAUER. Translated from the German., Demy 8vo.
190 pages. 70 Illustrations and 4 Diagrams. Price 8s. 6d. net.
(Post free, 8s. 10d. home: 9s. abroad).

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. McInTosH, Lecturer on Manufacture
and Applications of Industrial Alcohol at The Polytechnic,
Regent Street, London, Demy 8vo. 1907. 250 pp. With 75
Ilustrations and 25 Tables. Price 7s. 6d. net. (Post free, 7s. 10d.
home ; 8s. 3d. abroad.)

THE UTILISATION OF WASTE PRODUCTS. A
Treatise on the Rational Utilisation, Recovery and Treatment of
Waste Products of all kinds. By Dr. THEODOR KOLLER. Trans-
lated from the Second Revised German Edition.

[New Edition in the Press.

ANALYSIS OF RESINS AND BALSAMS. Trans-
lated from the German of Dr. KARL DIETERICH. Demy 8vo. 340
pp. Price 7s. 6d. net. (Post free, 7s. 10d. home: 8s. 3d. abroad.)

DISTILLATION OF RESINS, RESINATE LAKES
AND PIGMENTS, CARBON PIGMENTS AND
PIGMENTS FOR TYPEWRITING MACHINES,
MANIFOLDERS, ETC. By VIicToR SCHWEIZER.
Demy 8vo. 185 pages. 68 lllustrations. Price 7s, 6d. net. (Post
free, 8s. home; 8s. 3d. abroad )

DISINFECTION AND DISINFECTANTS. By M.
CHRISTIAN. Translated from the German, Crown 8vo. 112
pages. 18 Illustrations. Price 5s. net, (Post free, 5s. 3d. home ;
95, 6d. abroad,)

(Agricultural Chemistry and Manures.)
MANUAL OF AGRICULTURAL CHEMISTRY. By

HERBERT INGLE, F.1.C., Late Lecturer on Agricultural Chemistry,

the Leeds University; Lecturer in the Victoria University.

Third and Revised Edition. 400 pp. 16 Illustrations. Demy

8vo. Price 7s. 6d. net, (Post free, 8s. home ; 8s. 6d. abroad.)
CHEMICAL MANURES. Translated from the Erench

of J. FritscH. Demy 8vo. Illustrated. 340 pp. Price 10s. 6d,

net, (Post free, 11s. home: 11s. 6d. abroad.)

(See also Bone Products and Manuves, £ 8)

(Writing Inks and Sealing Waxes.)

INK MANUFACTURE : Including Writing, Copying,
Lithographic, Marking, Stamping and Laundry Inks. By
SIGMUND LEHNER, Translated from the German of the Fifth
Edition, Second Revised and Enlarged English Edition.
Crown 8vo. 180 pages. Three Illustrations, Price as, net. (Post
free, 5s. 3d. home ; 5s. 6d, abroad.)
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(Glue, Bone Products and Manures.)

GLUE AND GLUE TESTING. By SamueL RipeaL,
D.Sc. (Lond). Second Edition, Revised and Enlarged. Demy
8vo. 196 pp. 14 lllustrations. Price 10s. 6d. net. (Post free,
10s. 10d. home ; 11s. abroad.) [Fust published.

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
LamMBERT, Technical and Consulting Chemist. Second Revised
Edition. Demy 8vo. 172 pages. 17 lllustrations. Price 7s. 6d.
net. (Post free, 7s. 10d. home ; 8s. abroad.)

(See also Chemical Manures, p. 9.)

(Chemicals, Waste Products, etc.)

REISSUE OF CHEMICAL ESSAYS OF C. W.
SCHEELE. First Published in English in 1786.
Translated from the Academy of Sciences at Stockholm, with
Additions. 300 pp. Demy 8vo. Price 5s. net. (Post free, 5s. 6d.
home; 5s. 9d. abroad.)

THE MANUFACTURE OF ALUM AND THE SUL-
PHATES AND OTHER SALTS OF ALUMINA
AND IRON. Their Usesand Applications as Mordants

in Dyeing and Calico Printing, and their other Applications in
the Arts, Manufactures, Sanitary Engineering, Agriculture and
Horticulture. Translated from the French of LuciEx GEscH-
winD. 195 Illustrations. 400 pp. Royal 8vo. Price 12s. 6d.
net. (Post free, 13s. home; 13s. 6d. abroad.)

AMMONIA AND ITS COMPOUNDS: Their Manu-
facture and Uses. By CamILLE VINCENT, Professor at the
Central School of Arts and Manufactures, Paris. Translated
from the French by M. J. SALTER. Royal 8vo. 114 pp. Thirty-
two lllustrations. Price 5s. net. (Post free, 5s. 4d. home;
5s. 6d. abroad.)

CHEMICAL WOREKS: Their Design, Erection, and
Equipment. By S. S. Dyson and S. S. CLARESON. Royal 8vo.

220 pp. With 9 Folding Plates and £0 Illustrations. Price 21s.
net. (Post free, 21s. 6d. home; 22s. abroad.)

MANUAL OF CHEMICAL ANALYRBIS, as applied to
the Assay of Fuels, Ores, Metals, Alloys, Salts and other Mineral
Products. By E. Prost, D.Sc. Translated by J. CRUICKSHANK
SmitH; B.Sc. Royal 8vo. 300 pages. 44 Illustrations. Price
12s. 6d. net. (Post free, 13s. home ; 13s. 6d. abroad.)

TESTING OF CHEMICAL REAGENTS FOR
PURITY. Translated from the German of Dr. C.
KravcH. Royal 8vo. 350 pages. Price 12s. 6d. net. (Post free,
13s. home ; 13s. 6d. abroad.)

For contents of these books, see List I.
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VEGETABLE FATS AND OILS: Their Practical

Preparation, Purification and Employment for Various Purposes,
their Properties, Adulteration and” Examination. Translated
from the German of Louis EDGAR ANDIS. Ninety-four Illus-
trations. 340 pp. Second Edition. Demy 8vo. Price 10s. 6d.
net. (Post free, 11s. home; 11s. 6d. abroad.)

EDIBLE FATS AND OILS : Their Composition, Manu-
facture and Analysis. By W. H. Simmons, B.Sc. (Lond.), and |
C. A, MircHELL, B.A. (Oxon.). Demy 8vo. 150 pp. Price
7s. 6d. net. (Post free, 7s. 10d. home ; 8s. abroad.)

(Essential Oils and Perfumes.)

THE CHEMISTRY OF ESSENTIAL OILS AND '
ARTIFICIAL PERFUMES. By Ernest J. Parry, |
B.Sc. (Lond.), F.I.C., F.C.S. Second Edition, Revised and I
Enlarged. 552 pp. 20 Illustrations. Demy 8vo. Price 12s. 6d.
net. (Post free, 13s. home; 13s.:6d. abroad.)

(Soap Manufacture.)

SOAPS. A Practical Manual of the Manufacture of
Domestie, Toilet and other Soaps. By Georce H. Hursr, F.C.S. £
2nd edition. 890 pp. 66 Illustrations. Demy 8vo. Price 12s. 6d.
uet. (Post free, 13s. home; 13s, 6d. abroad.)

TEXTILE SOAPS AND OILS. Handbook on the
Preparation, Properties and Analysis of the Soaps and Oils used
in Textile Manufacturing, Dyeing and Printing. By GEORGE
H. Hurst, F.C.S. Second Edition, Revised and partly re- i
written by W. H. Simmons, B.Sc. (Lond.). Demy 8vo. 200 pp. ‘

11 Illustrations. Price 7s. 6d. net. (Post free, 7s. 10d. home ;
8s. abroad.) [Fust published.

THE HANDBOOK OF SOAP MANUFACTURE, fe
By Ww. H. Simmons, B.Sc. (Lond.), F.C.S. and H. A. APPLETON. i
Demy 8vo. 160 pp. 27 Illustrations. Price 8s. 6d. net. (Post
free, 8s. 10d. home ; 9s. abroad.)

MANUAL OF TOILET SOAPMAKING, including (i
Medicated Soaps, Stain-removing Soaps, Metal Polishing Soaps, L
Soap Powders and Detergents. Translated from the German |
of Dr. C, Deite. Demy quarto. 150 pages. 79 Illustrations. i
Price 12s. 6d. net. (Post free, 18s. home ; 13s. 6d. abroad.)

(Cosmetical Preparations.) l

COSMETICS: MANUFACTURE, EMPLOYMENT ‘
AND TESTING OF ALL COSMETIC
MATERIALS AND COSMETIC SPECIALITIES. ||
Translated from the German of Dr. THEODOR KoLLER. Crown !

8vo. 262 pp. Price 5s. net. (Post free, 5s. 4d. home; 5s. 6d.
abroad.)
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(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 GEOrRGE H. HUrsT,
F.C.S. Third Revised and Enlarged Edition. Seventy-four
[llustrations. 384 pp. Demy 8vo. Price 10s. 6d. net. (Post
free, 11s. home ; 11s. 3d. abroad.)

TECHNOLOGY OF PETROLEUM : Oil Fields of the
World—Their History, Geography and Geology—Annual Pro-
duction and Development—Oil-well Drilling—Transport. By
HenrY NEUBERGER and HENRY NoALuaT. Translated from the
French by J. G. McIxtosH. 550 pp. 153 Illustrations. 26 Plates.
Super Royal 8vo. Price 21s. net. (Post free, 21s. 9d. home;
28s. 6d. abroad.)

MINERAL WAXES: Their Preparation and Uses. By
RupoLF GREGORIUS. Translated from the German. Crown 8vo.
250 pp. 32 Illustrations. Price 6s. net. (Post free, 6s. 4d.
home ; 6s. 6d. abroad.)

THE PRACTICAL COMPOUNDING OF OILS,
TALLOW AND GREASE FOR LUBRICA-
TION, ETC. By An Exeperr OiL ReriNer. Second

Edition. 100 pp. Demy 8vo. Price 7s. 6d. net. (Post free,
7s. 10d. home ; 8s. 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. 170pp. Price
7s. 6d. net. (Post free, 7s. 10d. home ; 8s. abroad.)

THE OIL MERCHANTS’ MANUAL AND OIL
TRADE READY RECKONER. Compiled by
FraNKE F. SHERrIFF. Second Edition Revised and Enlarged.

Demy 8vo. 214 pp. With Two Sheets of Tables. Price 7s. 6d.
net. (Post free, 7s. 10d. home ; 8s. 3d. abroad.)

ANIMAL FATS AND OILS: Their Practical Pro-
duction, Purification and Uses for a great Variety of Purposes.
Their Properties, 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. 10d. home ; 11s. 3d. abroad.)

For contents of these books, see List I.
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THE MANUFACTURE AND COMPARATIVE
MERITS OF WHITE LEAD AND ZINC WHITE
PAINTS. By G. Pemnr, Civil Engineer, etc. Trans-

lated from the French. Crown 8vo, 100 pp- Price 4s, net,
(Post free, 4s. 3d. home ; 4s. 4d. abroad.)

STUDENTS' HANDBOOK OF PAINTS, COLOURS,
OILS AND VARNISHES. By Joun FursEeLL.

Crown 8vo. 12 Illustrations. 96 pp- Price 2s. 6d. net. (Post
free, 2s. 9d. home and abroad.)

PREPARATION AND USES OF WHITE ZINC
PAINTS. Translated from the French of P, FLEURy.

Crown 8vo. 280 pages. Price 6s. net, (Post free, 6s. 4d. home ;
6s. 6d. abroad.)

(Varnishes and Drying Oils.)'

THE MANUFACTURE OF VARNISHES AND
KINDRED INDUSTRIES. By J. GEppEes MclxTosH,

Second, greatly enlarged, English Edition, in three Volumes,
based on and including the work of Ach. Livache,

Vorume L.—OIL CRUSHING, REFINING AND
BOILING, THE MANUFACTURE OF LINO.
LEUM, PRINTING AND LITHOGRAPHIC
INKS, AND INDIA-RUBBER SUBSTITUTES.

Demy 8vo. 150 pp. 29 Illustrations, Price 7s. 6d. net.
(Post free, 7s. 10d, home; 8s. abroad.)

Vorume II.—VARNISH MATERIALS AND OIL.
VARNISH MAKING. Demy 8vo. 70 Illustrations,

220 pp. Price 10s. 6d. net. (Post free, 10s. 10d, home ;
11s. 3d. abroad.)

Vorume [II.—SPIRIT VARNISHES AND SPIRIT
VARNISH MATERIALS, Demy 8vo. Illustrated.

464 pp. Price 12s, 6d. net. (Post free, 13s. home; 13s. 6d.
abroad.)

DRYING OILS, BOILED OIL AND SOLID AND
LIQUID DRIERS. By L. E. Anpfs. Expressly
Written for this Series of Special Technical Books, and the
Publishers hold the Copyright for English and Foreign Editions.
Forty-two Illustrations. 342 pp- Demy 8vo. Price 12s. 6d.
act,  (Post free, 13s. home; 13s. 3d. abroad.) i

(Analysis of Resins, see page 9.)
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MODERN PRINTING INKS. A Practical Handbook

for Printing Ink Manufacturers and Printers. By ALFRED SEY-
MOUR. Demy 8vo. Six Illustrations. 90 pages. Price 5s. net.
(Post free, 5s. 4d. home ; 5s. 6d. abroad.)

THREE HUNDRED SHADES AND HOW TO MIX
THEM. For Architects, Painters and Decorators. By

A. DEsAINT, Artistic Interior Decorator of Paris. The book con-
tains 100 folio Plates, measuring 12 in. by 7 in., each Plate con-
taining specimens of three artistic shades. These shades are all
aumbered, and their composition and particulars for mixing are
fully given at the beginning of the boolk. Each Plate is inter-
leaved with grease-proof paper, and the volume is very artistic-
ally bound in art and linen with the Shield of the Painters’ Guild
impressed on the cover in gold and silver.Z; Price 21s. net. (Post
free, 21s. 6d. home ; 22s. 6d. abroad.)

HOUSE DECORATING AND PAINTING. By W.
NormAx BrOwN. Eighty-eight Illustrations. 150 pp. Crown
8vo. Price 3s. 6d. net. (Post free, 3s. 9d. home and abroad.)

A HISTORY OF DECORATIVE ART. By W. NoRrmMAN

BrowN. Thirty-nine Illustrations. 96 pp. Crown 8vo. Price
1s. net. (Post free, 1s. 3d. home and abroad.)

WORKSHOP WRINKLES for Decorators, Painters,
Paperhangers, and Others. By W. N. Brown. Crown 8vo.
128 pp. Second Edition. Price 2s. 6d. net. (Post free, 2s. 9d.
home; 2s. 10d. abroad.)

CASEIN. By ROBERT SCHERER. Translated from the
German by CHAs. SALTER. Demy 8vo. Illustrated. Second
Revised English Edition. 160 pp. Price7s. 6d. net, (Post free,
7s. 10d. home ; 8s. abroad.)

SIMPLE METHODS FOR TESTING PAINTERS’
MATERIALS. By A. C. Wricar, M.A. (Oxon.),
B.Sc. (Lond.). Crown 8vo. 160 pp. Price 5s. net. (Post free,
5s. 3d. home; 5s. 6d. abroad.)

IRON-CORROSION, ANTI-FOULING AND ANTI-
CORROSIVE PAINTS. Translated from the German
of Louls EDGAR AnpEs. Sixty-two Illustrations. 275 pp-
Demy 8vo. Price 10s, 6d. net. (Post free, 10s. 10d. home;
11s. 3d. abroad.)

THE TESTING AND VALUATION OF RAW
MATERIALS USED IN PAINT AND COLOUR
MANUFACTURE, By M. W. Jones, B.C.S. A

Book for the Lataratories of Colour Works. 88 pp. Crown 8vo.
Price 5s. net. (Fost free, 5s. 3d. home and abroad.)

For contents of these boakﬁ, see List I.
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(Paints, Colours, Pigments and
Printing Inks.)

THE CHEMISTRY OF PIGMENTS, By ErnEest J.
Parry, B.Sc. (Lond.), F.I.C., F.C.S., and J. H. CosrE, F.I.C.,
F.C.8S. Demy 8vo. Five Illustrations. 285 pp. Price 10s. 6d.
net. (Post free, 10s. 10d, home; 11s. 3d. abroad.)

THE MANUFACTURE OF PAINT. A Practical
Handbook for Paint Manufacturers, Merchants and Painters.
By J. CRUICKSHANK SmiTH, B.Sc. Second Edition, Revised and
Enlarged. Demy 8vo. 300 pp. Price 10s, 6d, net, (Post free,
10s. 10d. home ; 11s, 3d. abroad.) [In the Press.

DICTIONARY OF CHEMICALS AND RAW
PRODUCTS USED IN THE MANUFACTURE
OF PAINTS, COLOURS, VARNISHES AND
ALLIED PREPARATIONS, By Georee H, Hursr,

F.C.S. Demy 8vo. 380 pp. Price 7s. 6d. net. (Post free, 8s.
home ; 8s. 6d. abroad.)

THE MANUFACTURE OF LAKE PIGMENTS
FROM ARTIFICIAL COLOURS. By Francis H.
JenNison, F.I.C., F.C.S. Sixteen Coloured Plates, showing
Specimens of Eighty-nine Colours, specially prepared from
the Recipes given in the Book. 136 pp. Demy 8vo. Price
7s. 6d. net. (Post free, 7s. 10d. home ; 8s. abroad.)

THE MANUFACTURE OF MINERAIL AND LAKE
PIGMENTS. Containing Directions for the Manu-
facture of all Artificial, Artists and Painters’ Colours, Enamel,
Soot and Metallic Pigments. A text-book for Manufacturers,
Merchants, Artists and Painters, By Dr. Joser Bersch,
Translated by A, C. WrIGHT, M.A, (Oxon.), B.Sc, (Lond.). Forty-
three Tllustrations. 476 pp. Demy 8vo. Price 19, 6d. net.
(Post free, 13s. home ; 13s. 6d, abroad.)

RECIPES FOR THE COLOUR, PAINT, VARNISH,

OIL, SOAP AND DRYSALTERY TRADES.
Compiled by AN ANALYTICAL CHEMIST, 330 pp. Second Revised
and Enlarged Edition. Demy 8vo. Price 10s. 6d. net. (Post
free, 11s. home: 11s. 3d. abroad.)

OILMEN’S SUNDRIES AND HOW TO MAKE THEM,
Being a Collection of Practical Recipes for Boot Polishes, Blues,
Metal Polishes, Disinfectants, etc., compiled from * Qils, Col-
ours and Drysalteries ”. Crown 8vo. 130 pages. Price 2s. 6d.
net. (Post free, 2s, 9d. home ; 2s. 10d. abroad.)

OIL COLOURS AND PRINTERS’ INKS. By Louss
EDGAR ANDES, Translated from the German. 215 pp. Crown

8vo. 56 Illustrations. Price 5s. net. (Post free, 5s. 4d. home;
58, 6d. abroad.)
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V. ‘Welsbach incandescent light, 101.
: Wool fibre, 60.
Velvet pile fabrics, 65. Wiinsch, 15,
Vision, dichromic, 79.
Vitreous humour, 12.

Ve

W. Yellow lens of eye, 77.

— spot, 9.

‘Waves, ether, 4. | Young, Dr. Thomas, 15.

— light and colour, 4. |— Helmholtz theory, 16, 17, 48.
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Matching fundamental colours, 38.
— old dyed fabrics, 88,

— “overhand,” 53-58.
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silk trimmings and bindings,
84,
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Mulready, artist, 11, 77.

N.
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5.

Nerve, optie, 13.
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0.
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Oz'a-ngi-.z film, the, 75, 87.
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Primary colour sensations, 14.
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Purity of a colour, 39.

R.

Ramie fibre, 62.
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examination of colours, 50-
53.
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Rood, Prof., 39.
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Selection of a pure light, 33.

Selective absorption, 65.

Sensaftions, light and colour, 2.

— primary colour, 14.

Shades produced by mixing bright;
dyes, 90.

— under artificial lights, 92-110.

Silk fibre, 60.

— matching dyed, 84.

— frimmings and bindings, 84,

Simultaneous contrast, 44.

Skylight, blue, 28.

Spectroscope, direct vision, 118,

Spectrum, 14.

Stewart, Prof. Dougall, 80.

Structure of eye, 6-13.
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Sunlight chart, 22.

— direct, 26.

— shades changing on exposure
to, 90.
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Tennyson, 33.

| Test colours, 109.

Testing matching qualities of a
light, 109.
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Transmitted light, 32.

— — examination of shades, 53-
H8.

Transparency of fibres, 60, 63.

Turner, artist, 10, 77.

Tyndall, Prof., 4.

Tyre, dyers of ancient, 1.

Tyrian purple, 1.
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Unreliable dyestuffs, 121,
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Daltonism, 79.

Daylight, 19-36.

— diffused, 22.

— pure, 20.

Defects of the eye, 76.
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aid of coloured films, 75.
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of, 43, 73.
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Laboratory, windows colour, 25,
31983,
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Leibreich, 10, 77.
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| Lubbock, Sir John, 6.
| Luminiferous ether, 3.
| Luminosity, 38. |
Luminous colours, 41.
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Abnormal changes of hue in gas-
light, 120.

Absorption, selective, 65, 68.

Absorption  speetra of China
green, 45. )

— — fawn drabs, 120.

— — plum drabs, 117,

— — sages, 112,

— — slate blues, 115.

— influence of, in
haviour, 111-119.

Acetylene gaslight, 102.

Actinic rays, b.

After-images, 16.
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Albino, the, 8, 12, 13.

Aqueous homour, 11,

Are light, electrie, 96.

Artificial colour-blindness, 81.

— lights, 92-110.

— — aspeef of colours in, 92-110.

— — in colour-matching, value
of, 105.

Aurora, light of the, 24, 34,

colour be-
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Blind spot in eye, 10.
Blindness, colour-, 79-82,
— green, 80.

— red, 79.

Blue, composite, 94.

— Prussian, 94.

— skylight, 28, 33.

Blues, spectra of slate, 115.
Bright colours, 41, 43, 90.
Burch, Dr., 82.
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Candle light, 105.

Changeable shades, 67.

— — in gaslight, 107-109.

— — on exposure to sunlightf, 90.

Chemical rays, 5.

Chevreul, Michael E., 45, 46.

China grass fibre, 62, T1.

China green spectrum, 43.
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Church, Prof., 82.

Clerk, Maxwell, 17.
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92-110.

acetylene light, 102.

arc light, 96.

- candle light, 105.

coal gaslight, 105,
Dufton-Gardner light, 100.

glow lamplight, 105-109.

magnesium light, 99.

oil lamplight, 105,

Welsbach light, 101.
Jolour-blindness, 79, 81.

— complementary, 16, 42.

— constants, 37.

perception, 2, 13

sensations, 2, 14.

Colours, test, 109.

Complementary colours, 16, 42,

Composite blue, 94,

Contrast of colours, 42, 44, 47, 49.

Cornea of eye, 7.

Cotton fibre, 62, 71.

Curves, colour sensation, 17.

D.
Dalton, Dr. John, 79, 80.




DYED SPECIMENS ILLUSTRATING
TEXT, PLATE 1V.

(WEIGHTS ARE FOR 100 L. WOOL.)

Dyed with
No. 200 grs. Patent Blue,
13, 300 grs. Orange G.,
* 80 grs. Chromotrop R.
Dyed with
Mo, ¢ 3 kilos. Orchil Carmine,
14, ® 1 kilo. Indigo Carmine,

& 13 kilos. Naphthol Yellow,

For these beautiful dyed patterns illustrating our text we ave indebted
to two eminent colour firms : Messrs, Trg Bapiscun, Ludwigshafen, a/m
Rhine, for Patterns No. 2, 3, 5 and 6 (silk); and to Meister Luctus &
BriiniNg, Hoechst, a/m Maine, for Patterns No. 1, 4, 6 (wool) and 7
to 14,




DYED "SPECIMENS ILLUSTRATING
TEXT, PLATE III.

(WEIGHTS ARE FOR 100 ne. WOOL.)

| Dyed with
No. 480 grs. Patent Blue,
9, 300 grs. Orange G.,
355 grs. Chromotrop 2R.
Dyed with
No. 6 kilos. Orchil Carmine,
10, 2% kilos. Indigo Carmine,
| 50 grs, Naphthol Yellow.
Dyed with
No. ' 220 grs. Patent Blue,
11 220 grs, Orange G.,
560 grs, Chromotrop 2R.
Dyed with
No. i 12 kilos. Orchil Carmine,
12, 1 kilo. Indigo Carmine,
50 grs. Naphthol Yellow,
[




DYED SPECIMENS ILLUSTRATING
TEXT, PLATE IL

(WEIGHTS ARE FOR 100 r.e. WOOL.)

Dyed with
5 per cent. Night Blue.

Silk Fabric dyed with
: percent. Nap, Yellow,
v Aeid Violet,
Acid Violet
6 BN.

Woollen Fabric dyed
with
05 per cent. Orange 4,
0-35 iy, Indigo Sub-
stitute.

Dyed with
1 kilo, Patent Blue,
80 grs, Orange G.,
20 grs. Chromotrop R.

Dyed with
4 kilo, Orehil Carmine,

24 kilo. Indigo Carmine, |

2 grs. Naphthol Yellow.




DYED SPECIMENS ILLUSTRATING
TEXT, PLATE I

(WEIGHTS ARE FOR 100 ns. WOOL.)

Dyed with
per cent. Orange 2, !
m Axo Aeid

Magenta. |

% Dyed with
2 per cent. Rhodamine.

I}

Dyed with
il » 24 per cent. Palatine
Scarlet.

¥ Dyed with
| “2} per cent. Orange
e W No. 2. "

e




UNRELIABLE DYESTUFFS, 123

Some slight difference in hue between the two greys, not
observable at first, becomes apparent on ‘its admixture with
other colours.

Here, then, arises a great source of difficulty to the colour-
matcher ; and it requires the colour manufacturers and their
agents to thoroughly appreciate the importance of this subject,
and to exercise the utmost care that all deliveries of dyestuffs
are unvarying in strength and tone of colour.

At the present day, when business runs at high speed and
everything is bustle and hurry; the colourist has no time to
waste on altering shades and adjusting his recipes to suit a
vacillating and uncertain dyestuff, no matter how anxious he
might be to use it.

This subject is a most important one to dye manufacturers,

and well worthy of their closest attention.




122 COLOUR-MATCHING ON TEXTILES.

After colour recipes have been altered and adjusted to suit
the new dyestuff, it may be found, on examining the next
delivery of the stuff, to be slightly different in quality. This
upsets completely the colour recipes, and gives the dyer no end
of trouble in matching his shades to the required standards.

This is one of the most annoying experiences of the
colourist. Month by month the dyestuff may creep almost
imperceptibly off the correct tone unless the utmost vigilance
be exercised.

It is very important that every colourist should keep @
small sample of the dyestuffs as bargained for while making
the contracts for the year, so that they may be kept for
comparing with the future deliveries of the dyestuff.

But in the best regulated colour laboratories, and although
the utmost care be exercised, it may be found that the dyed
shades are not coming out just as they are desired. They
may require to be altered and adjusted with one dyestuff or
another to bring them to the correct shade, and 1t is here
that the colour-matcher experiences most difficulty.

It is hard for any person not skilled in the practical mix-

ing and matching of colours to believe that a dyestuff giving

tones of colour almost identical to its required standard may,
when mixed with other dyes to form compound shades,
produce results very different from what were expected.

Yet, as every colourist knows, this may be so. For
example, two shades of brown may appear identical, yet
when each is mixed with a certain proportion of green or
blue the two shades of terra-cotta thus produced may not
be at all similar.

In the same manner two aniline greys or indulines may
appear, when dyed by themselves, of exactly the same colour,
yet if there be added a certain proportion of pink to form a
soft purple, or a yellow to give a citrine, or an orange to give
a russet, the resulting pairs of shades may differ considerably.
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cotta has not been made with the same dyestuff as the
ground and the second shade. Though harmonising well
enough in step in daylight with the general tone of the two
other shades, in gaslight it goes quite off the cast (see Fig. 4),
and becomes so green as to appear a distinctly different colour.

The ground and second shades were dyed with orange,
azo acid magenta and indigo substitute BS, but the light tint
had, in place of the indigo, the dyestuff wool green .
The harmony of colour gradation or “step” of the com-
position was faultless in daylight, as shown in Fig. 3, and
all the shades appeared of the same nature and composition ;
but under artificial light the lightest tint at once stood out
from the other colours as being of a different greener castb
(see Fig. 4).

Of course it must be remembered that the examples we
have chosen are somewhat exaggerated, and could scarcely
be produced in actual practice unless through some gross
carelessness of the dyer, or with the studied view of obtaining
such curious results. Nevertheless it requires the utmost
care in the proper selection of the dyestuffs to obtain a
colour which behaves in all respects similar to the shade
1t 1s desired to match.

§ 68. Unreliable Dyestuffs.— While speaking of the diffi-
culties of colour-matching, we cannot but refer to a very
important question, i.e., the varying and unreliable quality of
some of the dyestuffs used.

As a rule, dyers and colour-mixers prefer to keep closely
to their standard dyes, which they have found after long

experience to be regular in strength and quality. They are

naturally very slow—and rightly so—to adopt- a new brand
of dyestuff, even though it promises well in their trial experi-
ments, because they have, no doubt, learned from bitter
experience that many dyestuffs after being adopted prove
to be uncertain in strength and quality of tone.




120 COLOUR-MATCHING ON TEXTILES.

seen in daylight disappears greatly in gaslight, with the
result that the shade instead of its being a soft fawn or khaki
colour becomes a dull sage green under gaslight. The decrease
of the orange, combined with the increase of the patent blue,
produces this result. Pattern No. 14, which closely resembles
No. 13 in daylight, becomes a reddish drab in gaslight.
It was dyed with—

3 kilos. orehil carmine,

1 ,, indigo carmine,

13 ,, naphthol-yellow S.

From what has already been stated, one can at once pre-
dict how a colour of this composition will behave in gaslight.
The indigo blue tends to redden in gaslight, in direct contrast
to the patent blue, which becomes much greener ; the orchil
reddens greatly, while the yellow inclines to-disappear. The
results are that No. 13 becomes much greener, and No. 14
becomes much redder in gaslight than in daylight.

§ 67. The coloured plate (see frontispiece) represents some
abnormal changes in hue of dyed fabrics. Fig. 1 shows a
pattern done in two shades of olive, the dark ground shade
dyed with naphthol-yellow, wool blue and methyl-violet, while
the light shade of yellowish olive is dyed with yellow, orange
and wool green, or patent blue N. In daylight the two
olives appear of the same class and quite in harmony, but
under gaslight their change of hue is very great, representing
something like Fig. 2. The dark olive containing methyl-
violet as a constituent reddens into a russet shade, while the
light olive turns very much greener owing to the wool green
or the patent blue constituent. The daylight appearance of
the fabric, therefore, is widely different from that of gas-
light, and may be represented somewhat like Figs. 1 and 2
of frontispiece.

Figs. 3 and 4 (frontispiece) represent the same pheno-
menon in a more curious aspect. The lightest shade of terra-
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The dyed specimens of subdued plum colour, Nos. 11 and
12, resemble each other fairly well in daylight and yet present
a wide difference under gaslight—No. 11 appearing much
flatter and more of a brown, while No. 12 becomes much
redder, approaching a claret. The reason for this may now
readily be understood from what has been said previously.

Shade No. 11 was dyed with—

220 grammes patent blue,
220 5 orange (. pat.,
560 ¥ chromotrop 2 R. pat.

Under yellow artificial lights the orange disappears to a
great extent and the patent blue becomes much intensified.
The result 1s that the gaslight aspect of the colour is very
much flatter or bluer, making it of a dull brown or russet
colour. _

With dyed specimen No. 12 the opposite effect is pro-
duced.

It was dyed with—

12 kilos. orchil carmine,
1 ., indigo carmine,
50 grammes naphthol-yellow S.

As we have already observed, yellow disappears in a
yellowish illuminant, while the natural dyestuffs, orchil and
indigo, allow a ready transmission of all red rays. It follows
that such a colour as shade No. 12 will naturally become very
much redder 1n gaslight than its corresponding shade No. 11. -
A very striking difference in behaviour between two appar-
ently similar dyed materials is found also in the two last
dyed specimens, Nos. 13 and 14.

Pattern No. 13 was dyed with—

200 grammes patent blue,

300 iy orange (3. pat.,
80 o chromotrop 2 R. pat.

The large excess of orange present in the dyed material as
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dark sage grey, while No. 10 is a deep shade of plum, ap-

proaching & maroon. On analysing their construction, we

find them to show the same properties as the two shades

just described in Nos. 7 and 8, and this might be expected,

seeing that they are dyed with similar groups of dyestuffs.
No. 9 was dyed with—

480 grammes patent blue,
300 % orange,
365 - chromotrop,

while No. 10 matching it was dyed with—

6 Ikilos. orchil,
2% ,, indigo carmine,
50 grammes naphthol-yellow.

L il &

F1a. 29.—Direct Vision Spectroscope.

The patent blue constituent of No. 9 gives it the property
of greening much under an artificial light, owing to the free
transmission of the green and the absorption of the red rays
possessed by this dyestuff.

On the other hand, the natural dyestuff, orchil, in No. 10,
possesses properties of an exactly opposite nature, being strong
in absorption of the green and free in transmission of all the
red rays. The indigo or blue constituent of No. 10 also shows
transmission of the red. We can readily understand, there-
fore, how two shades apparently similar in daylight to the
unaided eye, but compounded of dyestuffs of different optical
natures, are bound to behave differently under the yellow
artificial illuminants.
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and it will be observed that it differs in construction from that
of A’. The red is transmitted, while the green at E lines
15 strongly absorbed, due to the orchil constituent, and the
blue-green and blue are transmitted.

These two diagrams, A A" and B B’, Fig. 28, may be taken
to represent the absorption spectra of the two dyed patterns
Nos. 7 and 8, and from their study we can now understand
the different behaviour of the two dyed materials under arti-
ficial illumination. |

Shade A, dyed with patent blue, orange and chromotrop,
shows greater readiness to transmit the green than any other
part of the spectrum, and shows likewise absorption in all
the red part of the spectrum. Such a shade, under an
artificial light, becomes very much greener. For example, if
we examine under gaslight the dyed pattern shade No. 7,
we will see how the green predominates.

Shade B, Fig. 28, dyed with orchil, indigo carmine and
naphthol-yellow, shows a free transmission of most of the
red rays and strong absorption of the green at the E lines,
owing to the orchil constituent. We can see from this that
indigo, though a blue dyestuff, freely transmits the red rays
as well. The absorption of the violet, blue-violet and blue
is due to the naphthol-yellow constituent.

This shade when viewed under gaslicht must become
very much redder, as we can see from ifs spectrum B and
B’ that the red rays are readily transmitted. It is owing
to this fact, therefore, that the dyed slatey blue shade, No. 8
in Appendix, becomes much redder in hue in gaslight. In
the spectroscopic examination of dyestuffs the small direct
vision instrument shown in Fig. 29 will be found most
useful. It can be carried in the waistcoat pocket.

§ 66. In dyed patterns Nos. 9 and 10 we have a very similar
example. Both shades match each other and are of a dark
plum drab in daylight, but in gaslight No. 9 appears a very
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This shade was dyed with—

1 kilo. patent blue,
80 grammes orange G,
20 59 chromotrop 2 R.

The strong absorption in the red is due to the patent blue
constituent, while that in the yellow, green, blue and violet
is owing respectively to the chromotrop and orange dyes.

Tt will be observed from this absorption diagram that the
green at the E lines is more freely transmitted than the red.

Spectrum B, Fig. 28, represents the absorption curve of
the dyed shade, No. 8, and B’ the shaded spectrum, corres-

A B D H B G H

Fig. 28.—Showing absorption spectra of two similar shades of deep slate
blue. A, A’, dyed with patent blue, orange and chromotrop. B, B
dyed with orchil, indigo and naphthol-yellow. Both shades similar
in daylight, but widely different in gaslight.

ponding in absorption to the curve below it. The two spectra
A’ and B’ are brought close together in the diagram for the
sake of easier comparison.
This shade was dyed with—
4 kilos. orehil,

24 ,, indigo carmine,
2 grammes naphthol-yellow 5.,
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tion of grey. Then if this be so, we should be able to match
such a sage colour by simply dulling yellow with a certain
proportion of grey.

And this is so. A colour matching the two sages already
described may be dyed simply with a yellow and an aniline
grey, thus producing a shade of greenish sage.

It is needless to say that a shade thus produced does
not show any abnormal changes of hue in gaslight where
a more complex shade would, It has no peculiarity in its
absorption spectrum, being merely a saddened or ¢ broken
yellow,

A similar example to these sage colours will be seen at
dyed specimens Nos. 13 and 14, which will be described as
we proceed.

§ 65. The dyed patterns Nos. 7 and 8 (see Appendix) are
two shades of deep slatey blue which appear fairly like each
other in daylight, but in gaslight they present a wide differ-
ence in hue.

Dyed pattern No. 7 appears much greener in shade, while
No. 8 is a very deep purply slate grey in gaslight.

If we study the absorption spectra of these two dyed
colours, we find that No. 7 shows a strong absorption in the
red part of the spectrum (lines B to C), while in shade No.
8 the red portion is largely transmitted. The absorption
spectra of these tertiary shades, containing three or more
different dye constituents, are often of a very complicated
nature and difficult to analyse with the spectroscope. The
little Iuminosity they possess, being merely greys with a
predominating hue, greatly increases the difficulty. I have
endeavoured, however, to represent the absorption spectra
of these two shades in the annexed Fig. 28.

Spectrum A represents the absorption curve of dyed
shade No. 7, while A’ represents the shaded spectrum
corresponding in absorption to the curve above it.
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By viewing the dyed pattern No. 6 in the Appendix, we
may see & very good example of an exactly similar case. The
silk pattern has been dyed with—

5:0 per cent. naphthol-yellow,

05 per cent. acid violet,
0°1 per cent. acid violet 6 BN.

The absorption spectrum is exactly similar in nature to
that of No. 2 in Fig. 27 we have just described. The small
piece of dyed woollen material attached to the silk matches
fairly well with the silk, and was dyed with—

0'5 per cent. orange 4,
035 per cent. indigo substitute.

Its absorption spectrum closely resembles that of No. 3.
Tf the two dyed fabrics be examined in gaslight, the widest
difference in hue is observed. corresponding to that just de-
seribed and explained.

The silk material having a spectrum like No. 2, Fig. 27,
changes to a dull reddish-brown shade ; while the dyed
woollen material, having a spectrum resembling No. 3,
becomes a strong olive green.

In the case of the dyed silk the modifying constituents are
the acid violets, especially acid violet 6 BN, which reddens

much in gaslight, and in the other instance it is the indigo

substitute which becomes greener, and the orange disappears
under similar conditions.

On examining the spectra of these sage colours shown in
Fig. 27, it will be observed that they consist principally of
red and green rays, greatly toned down or “gaddened” by
absorption of all the other rays of the spectrum. When we
remember that a mixture of red and green-coloured lights
produce the sensation of yellow, we at once see that this
sage colour consists practically of a much degraded or
saddened yellow, .e., & yellow mixed with a large propor-
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of the ordinary illuminants, it will be readily seen that the
shade presents a very much redder appearance, owing to
1ts free transmission of the predominating red rays and its
tendency to absorption of the deficient green rays.

Diagram 8, Fig. 27, represents the absorption spectrum of
the other sage colour, exactly matching in daylight No. 2,
but dyed with naphthol-yellow, wool green S. and a small
quantity of red. Tt will be at once observed that it differs
from No. 2 above it. In No. 8 there is strong absorption in
the cherry-red between the C and D lines, caused by the wool
green, and there is more or less a tendency to absorb a certain
portion of the red rays. This is shown by the faint shading
of the red, B to C in the diagram. The yellow-green and
& considerable portion of the green rays are freely transmitted.
This, it will be observed, differs greafly from the spectrum of
No. 2. |

Then follows the gradual absorption of the blue and violet,
similar to that of No. 2 spectrum.

By comparing in this manner these two spectra of
shades, apparently identical to the unassisted eye, the spec-
troscope has thus revealed the cause of the differences in
their behaviour under gaslight! Shade No. 3 shows a
tendency to absorb the red rays at the B line, and a strong
absorption of the cherry-red where the shade No. 2 shows
free transmission of those rays.

Then spectrum No. 3 shows free transmission of the
yellow-green where No. 2 shows strong absorption.

Thus, No. 3 shade, dyed with wool green, yellow and a
little red, when viewed under an artificial light, will show a
freer transmission of the yellow-green and green than No. 2 :
hence its gaslight aspect must be greener.

11t is unnecessary here to enter upon the principles underlying colour-

absorption and of the theory of the spectroscope; readers are referred to
Chapters ITT. and IV. of companion volume, The Science of Colowr-Mizing,
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In order to explain the strange difference in the behaviour
of two apparently similarly dyed materials, let us examine
the colours with the spectroscope.

No. 2 of Fig. 27 represents the appearance of the absorp-
tion spectrum of the sage dyed with naphthol-yellow and
methyl-violet. No. 1 is the solar spectrum with all the hues
in their normal intensity.

Tt will be observed that the shading in the diagram
represents the absence or absorption of the coloured rays of
the spectrum at that certain part. This absorption spectrum
of No. 2 shows the sage colour to consist of the red and a
portion of the green part of the spectrum, while the orange

A B C D B F

B LIU

i

[

5. 27.—Showing the optical difference in structure of fwo shades of sage
identical to the eye. No. 1 is solar spectrum; No. 2, absorption
spectrum of sage produced with methyl-violet and yellow; No. 3,
absorption spectrum of sage produced with yellow, wool green and
small quantity of red.

and yellow at the D line, and the blue an d violet from F to
H lines, are all quenched or absorbed.

The strong absorption band at the yellow is caused by
the methyl-violet constituent, while the absorption of the
violet and blue rays is caused by the naphthol-yellow.

By looking at this absorption spectrum, it will be at once
observed that the red from A to C lines is freely transmitted ;
while there is a decided tendency to absorption in the yellow-
green and blue-green parts of the spectrum.

If now we view such a shade as this in a light which is
deficient in the green and abundant in the red rays, like any




CHAPTER IX.

. INFLUENCE OF THE ABSORPTION SPECTRUM IN THE CHANGES
OF HUE UNDER ARTIFICIAL ILLUMINATION —ABSORPTION
SPECTRA OF TWO SAGES—TWO SLATE BLUES—TWO GREY
DRABS—STUDY OF THEIR DIFFERENT BEHAVIOUR AND
OPTICAL PROPERTIES—ABNORMATL MODIFICATIONS UNDER
GASLIGHT.

§ 64. In the preceding chapters we have repeatedly
referred to the abnormal changes in the appearance of many
dyed shades when examined under artificial illumination ;
and we have also observed that this phenomenon is due to a
peculiarity in the nature of the absorption spectra of the
dyestuffs themselves.! As this interesting subject is be-
coming every year of greater importance to all textile
colourists, we intend now to devote to it a little special
atitention.

Two shades of a dull green sage can be obtained by
dyeing in the first instance with methyl-violet and naphthol-
yellow, and in the second instance, with naphthol-yellow,
wool green 8., and a trace of red or scarlet. The two shades
so made may match each other accurately in daylight,
but under gaslight, or any ordinary artificial illumination,
they present a wide difference in appearance. The first shade
dyed with violet and yellow becomes a reddish-brown in
gaslight, while the other shade becomes an olive.

"The writer has shown that dichroism and fluorescence possessed by the
dyes, and also the optical properties of the fibre itself, affect, in a slight

degree, the “ gaslight aspect ”’ of dyed colours.—(See Jowrnal Society Dyers and
Colourists, November, 1896.)
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however, that in order to judge correctly the modifications
which the dyed shades undergo in gaslight, we must have for
comparison other shades, similar in daylight. which show
little or no change of hue under such conditions. The
differences in behaviour are then more accurately noted than
it we depended solely upon the memory of their daylight
aspect. It is well to remember, as we have already ob-

served in the cases of the acetylene and Welsbach lights
(§§ 60, 61), that the brilliancy and apparent whiteness of the
illuminant to the eye cannot be taken as a ‘guide to its
colour-matching qualities.
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purchase a silk neck-tie, and selected, under the light of the
electric glow lamp in the shop, one which seemed to him
of a remarkably chaste and refined pattern. It was of a
beautiful soft dove-grey with a white stripe. Imagine his
surprise and humiliation next morning when it turned out
to be a garish peacock bluwe with a yellow stripe.

Under the strongly orange-tinted illuminant, yellow could
not be distinguished from white, and such a light being so
greatly deficient in the blue and violet rays, caused this
certain blue to be so saddened as to appear a soft grey.

§ 63. Testing the Matching Qualities of an Illuminant.—In
order to test an illuminant for its colour-matching qualities,
1t is necessary to examine under its light a selection of
coloured materials which show abnormal colour changes under
gaslight. The delicate tints of blue and violet to be found in
many varieties of common flowers, such as the hare-bell,
hyacinth, forget-me-not, sweet violet, the delphiniums, ete.,
are very sensitive to any artificial illumination, and form
useful test-colowrs. The delicate violet-coloured fluorescence of
anthracene crystals has already been referred to (see § 60) as a
simple and delicate test for showing if an illuminant is of good
colour-matching quality.

But perhaps the most practical fest-colours are those
delicate compound dyed shades produced with many of the
aniline dyes. Tt is possible, by selecting certain classes of
dyestuffs and combining them, to produce very sensitive
shades, which change their aspect with even the faintest
difference in the quality of daylight. Some of these shades
alter in appearance with the time of the day; and what was
considered a match in the morning is off the desired match in
the afternoon. We have already mentioned compound shades
of this nature (see §§ 51, 52), and the dyed specimens to be
found in the Appendix, especially No. 6, and the pairs from 7
to 14, show interesting changes. It must be remembered,
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‘We have already observed that the compound shades are
very liable to show abnormal changes of hue in gaslight.
Their “ gaslight aspect '’ depends upon the most changeable
colowr constituent in their composition.

Hor example a slate blue dyed with azo-yellow, fast acid
blue and cyanine blue, reddens considerably in gaslight, even
though it contains cyanine blue, which turns much greener
in gaslight. But the greening power of the cyanine blue—
if we might so express it—is over-ruled or masked by the
more sensitive fast acid blue, which reddens in gaslight, so
‘that the resultant aspect is produced by the latter more
changeable dyestuff. In a similar manner olives made with
orange, yellow and wool green turn much greener in artificial
light ; but if a proportion of the wool-green constituent be
replaced by methyl-violet 3 B, a similar daylight shade of
olive is produced, which, however, becomes redder instead of
greener in gaslight. This is owing to the greater change-
ability of methyl-violet than the cyanine blue in gaslight.

One of the worst illuminants by which to judge colours
is the electric glow lamp, as 1t contains such an excessive
predominance of the red and orange rays.. Hven the most
experienced colourist may be completely deceived as to the
true aspect of the shades examined under it. It is a wise
plan, which many ladies adopt, to select by gaslight or the
electric glow lamps of the shops those dress materials and
colours which are intended only for evening wear.

Many a person might thus be saved the disappointment
of finding that some beautiful soft shades selected in the

daylight become crude and disappointing in the gaslight,
and likewise the converse,

A somewhat amusing instance occurred to the writer
himself, and even at the very time he was specially engaged
in the study of colour appearances under artificial Lights.
Going to stay with a friend, he wished before doing so to
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It will always be found the case when the coloured rays
reflected by any colour are confined to one certain portion

of the spectrum, either red, yellow-green or blue, that such

colours do not show a great modification of hue under any
of the ordinary artificial lights. If the blues contain a
quantity of red in their composition, then they are certain to
change in hue in gaslight.

A splendid bright green, which keeps its colour beautifully
in any ordinary illuminant, may be dyed with three parts
quinoline yellow and two parts acid green. Such a green
dyed on silk 1s as bright and lustrous in gaslight as it is
in daylight. By studying its absorption spectrum we find
that it transmits, as nearly as possible, only the pure green
rays about the lines E of the spectrum. Such a colour will
keep 1ts hue even in gas or candle light. In dyed pattern
No. 6, mn the Appendix, we find two colours very similar in
daylight and differing widely in gaslight. The silk pattern
shows a free transmission of the red rays, while the woollen
material attached shows strong absorption in the red and free
transmission of the green and blue rays. In daylight the
optical properties of the two are about equally balanced,
making what we term a “match”. But, whenever these
colours are examined under a light possessing a predomi-
nance of red and orange rays, then the equilibrium of hue is
disturbed, the dyed silk is ready to transmit any amount of
red rays; while the woollen material absorbs the red, and
transmits more readily the green rays; consequently they
appear in gaslight widely different in hue. The silk becomes
a dull reddish brown, while the woolien material becomes a
strong olive green. This is seen at once by viewing them in
gas or lamplight.

Other examples, but less pronounced, may be found in
the dyed pattern plates, Nos. 7 to 14, which are fully
described in Chapter IX., pages 111-119.
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a violet hue; under gaslight their difference becomes at once
visible. The latter shade is turned much redder.

Many similar examples might be given with greens, blue-

greens and violets.

Hvery colourist knows the usual changes in appearance
which ordinary colours undergo in gas or lamplight.

We have already described most of these modifications im
§ 56. Red and orange appear brightened, yellow seems to
fade, and light tints of yellow appear white, so that pale
yellow and white are indistinguishable in a yellow or orange
illuminant. The primrose and the white lily both appear
the same tint, and pale yellow gloves cannot be distinguished
from white ones. The beautiful class of pinks, such as the
eosines and rhodamines, which owe that characteristic beauty
to their bluish bloom, lose much of their blueness in gaslight
and tend to appear more orange.

Greens, blues and violets, with all their intermediate hues,
become more modified the nearer they approach to the violet
end of the spectrum. This is owing to the great deficiency
of the blue and violet rays in all the common illuminants.

Coal gaslight in comparison with daylight contains only
about 20 per cent. of the green rays, 10 per cent. of blue,
and 5 per cent. of the violet rays. All colours, therefore,
belonging te the blue and violet class must accordingly
become altered in appearance under such a light.

There are some beautiful aniline blues, however, such as
Victoria blue and Night blue (a dyed specimen of which will
be seen as No. 5 in the Appendix), methylene and Nile blues,
which will keep their clear blue colour remarkably well even
in gaslight. This is owing to their absorption of the red
rays, and the free transmission of all the green, blue and violet
ones. Consequently, such blues, even when illuminated
with an artificial light, preserve to a great extent their
beauty of hue.
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changed into an olive green, quite a novel colour for such
an animal.

The original skin of the animal showed little change in
1ts appearance in artificial lights.

If the tawny brown colour had been dyed with perhaps
some of the vegetable dyestuffs like fustic and archil, or
fustine and some of the aniline brown dyes, a shade could
have been obtained to keep its right colour like the original
even in the artificial light.

Examples such as this prove rather perplexing to the
anxious dyer and colour-matcher, but we hope in the fol-
lowing pages to explain the causes which give rise to such
differences in behaviour, and thus endeavour to assist him in
his difficulties.

If the reader wishes a more exhaustive account of the
behaviour of different colours under the acetylene light, he
may consult the two articles already mentioned in the
footnote of previous page.

§ 62. The ordinary illuminants like coal gas, oil lamp,
electric glow lamp and candle light are all too rich in red
and orange rays to be of any service as a substitute for day-
light in colour-matching.

They are nevertheless of value to the colourist, as by
viewing shades in such a light he can often discern peculi-
arities of hue and optical behaviour that would otherwise
totally escape his detection in daylight.

Thus, gas or lamplight may be employed with advantage
wm examviming the blue, violet and green class of colours,
and, also many compound shades, as slight differences in
hwe or in optical structwre, which maght be overlooked while
matching an white daylight, become so accentuated wnder
an orange Wllwminant as to be at once apparent.

For example, two blues may match each other closely,
but one may have the very slightest tendency to be more of
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it may appear to the eye, cannot be safely employed by dyers
and textile colour-matchers.!

The delicate violet-coloured fluorescence of anthracene
crystals, already alluded to in the previous paragraph as a
good test for a suitable matching light, is invisible in acetylene
light. Many of the beautiful tints of blue and violet to be
found in flowers like the forget-me-not (myosotis palustris),
the common hair-bell (campanula rotundi folia), the hya-
cinth, the sweet violet, and many others, change greatly in
hue in acetylene gaslight. The blues become lavender greys,
the lilacs are changed to pinks, and the bluish purples become
red violets. Under acetylene light the greenish aniline blues
like methylene, turquoise and patent blues turn very much
greener in hue, and indeed can scarcely be distinguished from
greens. All the many sensitive compound shades, such as
olives, drabs, greys, russets, citrines, slates, etc., also change
greatly in appearance.

A somewhat amusing instance of the change of appear-
ance under acetylene light may be given from the writer’s
own experience.

An exact representation of the beautiful skin of the
leopard, with its tawny brown colour and its deep maroon
spots, was wished to be reproduced upon a carpet. An
accurate and careful match of all the colours was made by
the dyer, the dull tawny colour being produced with orange,
naphthol-yellow and wool green. In daylight the dyed shades
were a perfect match to the leopard’s skin, and the carpet by
daylight was considered quite a success.

But there was considerable astonishment when the carpet
was viewed in acetylene light, or in fact in any of the yellower
illuminants. The beautiful tawny brown of the leopard was

1See ¢ The Aspect of Colours under Acetylene Light,” by David Paterson,
Dyer and Calico Printer, March, 1896, also Jowrnal Society Dyers and
Colourists, 1896, No. 11, vol. xii.
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such as we have often had occasion to refer to in the previous
pages.

All such illuminants show too great a predominance of the
red and orange rays, with a corresponding deficiency in the
blue and violet. A simple method of determining the colour-
matching qualities of any illuminant is to examine under
its light a few crystals of pure sublimed anthracene (C,H,,).
The crystals in daylight possess a beautiful violet or amethyst-
coloured fluorescence which is invisible in yellowish or orange-
tinted illuminants. From my own experiments there seem
only to be three artificial lights capable of showing as in
daylight this delicate violet fluorescent colour, and these are
the magnesium light, electric arc, and the Dufton-Gardner

Lights. Under all other illuminants this beautiful violet

tinge is lost.

The tabulated results on the next page show the different
effects that the three lights, i.e., electric arc, “ Welsbach,” and
acetylene gas, have upon the aspect of dyed shades. It must
be noted, however, that most of these shades, i.e., from 1v. to
vi11., are of the super-sensitive class.

§ 61. Acetylene Gaslight.—The extreme brilliancy of
the flame of this interesting illuminant has naturally suggested
the idea that its light might be employed by dyers and colour-
mixers for matching their shades when daylight is not obtain-
able. Indeed, it has often been recommended for colour
industries—where the finest variations of shade have to be

- distinguished—as a * perfect substitute for daylight,” and as
“ showing colours in their true aspect .

This, however, is a prevalent misconception. The
acetylene gaslight possesses many interesting and valuable
qualities as an illuminant, but unfortunately this important
feature of showing the true daylight aspect of colours
cannot be assigned to it. Strange as it may appear, all
shades when examined under the acetylene light show the
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Having determined the exact shade of blue required for a
certain lamp, they next turned their attention to the produc-
tion of a blue cupric glass of the same tint. This they found
was equally effective, and an electric arc light, surrounded by
a globe of the proper tint of blue-copper glass, gives a light
of exactly the same character as daylight for colour-match-
ing. The new light has been subjected to the most severe
tests, 7.¢., by examining a series of coloured fabrics dyed
with the dyestuffs most liable to change in artificial light,
and also by direct comparison with daylight, and in every
case the modified electric arc light agreed exactly with day-
Light.

No other artificial light that we know of can undergo
such crucial tests. In every branch of dyeing and colour
industry, where shades have to be carefully examined, this
Dufton-Gardner light, which may now be obtained in the
form of a special lamp,! will undoubtedly -prove of great
assistance. .

§ 60. Welsbach and Acetylene Gaslights.—The other
artificial illuminants which come next to the magnesium and
electric arc lights in regard to their usefulness for colour-
matching are the various forms of the ‘“Welsbach” or
mncandescent gaslights and the acetylene gaslight. The
mcandescent lights on the Welsbach principle are a great
improvement over the ordinary gas, but though their light
presents to the eye a greenish or sickly look, they neverthe-
less contain a considerable excess of red and yellow rays
compared with the electric arc and magnesium lights.

By viewing the shades in the “overhand ”” way, a much
better idea of their daylight aspect may be gained, but this
class of illuminants cannot be employed with any degree of
safety while matching-the-sensitive-and changeable shades

! From Jandus Are Lamp Electrical Lamp Co., Ltd.
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Several theories have been propounded to try and explain
this, but the true reason still remains doubtful.

To many dyers the magnesium light is of much help in
making, what we might term, ““snap-shot” examinations of
dyed shades during the dark months, or after good daylight
has gone.

It has already been mentioned (§ 57) that, with colours
very sensitive to change in artificial light, the truest daylight
aspect is obtained by viewing them ““ overhand ” method (§ 35).

Investigations made on this subject by the writer show,

from the colour-matching point of view, that the magnesium
light is slightly superior to the electric arc, but both llumi-
nants prove valuable aids to the colourist.

§ 59. The Dufton-Gardner Patent Light for Colour-Match-
ing.—This valuable improvement on the arc light, briefly

alluded to in a previous paragraph (§ 57), is the result of a
long series of experiments by two well-known colourists,
Messrs. Arthur Dufton, M.A., B.Sc., and Walter M. Gardner,
F.CS., of Bradford Technical College. It consists in sur-
rounding the electric arc light with a specially tinted blue-
copper glass globe, which absorbs the exact amount of the
preponderating red rays from the arc light, and thus renders
it similar to good daylight.

Their first attempts to modify the electric light so as to
bring it into exact harmony with daylight were like to end
in failure. In an interesting article in one of our dyeing
journals,! the authors tell us that, after fruitless experiments
with a great variety of blue and green colours, they found
that the desired effect could be produced by the use of a
dilute solution of copper sulphate, which has sharp absorp-
tion in the deep red, extending with diminishing intensity
into the yellow-green, and great transparency for the blue and
violet.

1 Jowrnal Society of Dyers and Colourists, November, 1900, No. 11, vol. xvi.
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physics, and the steadier and more reliable electric arc light
1s taken as the standard.

§ 58. The Magnesium Light.—The brilliant white light
produced by burning magnesium wire or ribbon is most use-
ful to colour-matchers who have not the electric light at their
disposal. During dull, foggy weather in the winter months,
. or during night work, the colourist, by burning magnesium,
may get a very good idea of the true daylight appearance of
shades.

For the purposes of colour examination, in dye houses,
paper mills, colour laboratories, etc., various types of mag-
nesium lamps are sold, which, by means of clockwork, can
be made to emit its brilliant light for half an hour or more.
But to dyers and colour-matchers who are skilled in observing
at a glance any differences in shades, such lamps may almost
be dispensed with, as a foot of magnesium ribbon held with
pincers by an assistant, or even by the colourist himself,
answers the purpose equally well.

The aspect of shades under the magnesium light are in
the great majority of cases identical to that of daylight. Tt
18 only when the shades are of the abnormally sensitive class,
such as we have described in §§ 56, 57, 4., compound drabs,
greys, olives, etc., that a slight difference is noticed from their
daylight appearance.

To the eye of an observer the magnesium light, like that
of the electric arc, appears of a decidedly bluish tinge, but
when tested with several of these extra sensitive dyed colours
1ts effect is that of a light having the slightest excess of
orange rays in comparison to the daylight.

It 1s rather an interesting fact that all very brilliant. illu-
minants, such as magnesium light, electric arc, Welsbach
incandescent, acetylene gas and oxyhydrogen lime lights, all
appear to the eye of a bluish or greenish tinge, and yet they
all show in colour-matching an orange or yellowish effect.
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distinguished under the arc light. This fact applies also to
the magnesium light (§ 58).

Although most colourists are aware that the electric arc
differs slightly from daylight, yet the general opinion is that
the arc light is too rich in blue and violet rays. Several
writers on the subject have also held the same opinion, and
even gone the length of recommending colour-matchers to
use yellowish-tinted glasses to absorb the slight excess of
blue and violet.

But had these writers only tested for themselves the
effect of the arc light on the aspect of colours, they would
have found that the facts of the case were exactly the
opposite.

The present writer pointed out several years ago that
glasses of a slightly bluish tint were required to give to the
electric arc light a truer daylight effect by absorbing the
slight excess of the less refrangible red and yellow rays.!
But if the shades be examined by the ‘“overhand” method
as already mentioned, a very good idea of their true daylight
aspect 1s gained.

In order to overcome the disadvantages of the arc light to
the textile colour-matcher, two investigators, Messrs. Dufton
and Gardner, have, after much careful experimenting, intro-
duced a specially tinted copper-blue glass globe for surrounding
the electric arc, and thus making its light in exact harmony
with good daylight (see further the Dufton-Gardner light for
matching, § 59).

We have already observed, in Chapter IL., §§ 12-23, that
daylight is most variable in its nature, scarcely one hour of
the same quality. Such a light has, unfortunately, to be
discarded by the scientist in his accurate researches in colour

1 Journal Society of Dyers and Colourists, November, 1896, No. 11, vol. xii,,
«The Examination of Colours, and their Appearances under the Artificial

Illuminants .
2 Tbid., November, 1900.
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But every colour-matcher must have experienced that the
electric arc, though undoubtedly very good, does not present
many of the dyed colours in their true daylight aspect. Tt
has often been found that colour matches made under its
light require to be considerably altered when daylight comes.
This involves serious expense and loss of time.

This 1s found to oceur not only in the dye house but often
in paper mills, where a sample of tinted paper requires to be
matched while the machine is running at night. What
seemed a perfect match in the electric arc light might be
found the next morning to be faulty and requiring to be
tinted over again.

The ordinary fundamental colours, such as red, orange,
yellow, green, blue and violet, may be matched with all
safety in the electric arc light ; but it is when we come to
examine compound shades, such as light drabs, citrines, olives,
greys, slates, etc., or the innumerable broken tints, that we
find its deficiency.

If we examine under the electric arc the compound dyed
shades to be found at Nos. 6 to 14 in Appendix, we will
observe a considerable difference in their appearance from
that of their daylight aspect.

The light obtained from burning magnesium ribbon (see
§ 58) is even better for matching than the arc light, but even
with it some few shades do not appear exactly as in daylight.

A dull greenish olive shade dyed with indigo blue, archil
and fustic, presents in daylight a wide difference in appear-

‘ance from a dull russet shade, dyed with aniline orange G.,
naphthol-yellow and wool green. Yet under the electric
arc light they appear fairly similar, but with this difference,
that the olive shade appears redder than the russet—a result
exactly the opposite from daylight. It is only when the
shades are examined ‘‘overhand” way, i.c., by transmitted
light (see § 85), that their true daylight aspect can be
7 ;
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ground colour which changes little in gaslight. Interesting
examples of this are described in § 67 and represented in the

coloured frontispiece.
It has been suggested to utilise this different appearance
in gaslight of colours apparently similar in daylight by pro-

ducing woven fabrics having the warp threads dyed by one
class of dyes and the woof matching exactly the former, but
dyed with colouring matters of different behaviour in gaslight.!

In daylight the fabric appears to the eye all of one
uniform colour ; but when viewed in gaslight a design of
a different colour appears on it, produced by the dyed threads
changing differently in hue under the artificial illuminant.
For example, before me as I write lies a piece of ladies’
cloth material showing—under gaslight—a coloured design,
i.e., figures of old gold upon a ground of a dull pink or
reddish plum colour. When viewed in daylight, however,
this material is all of one colour, namely, a brownish drab
or khaki shade.

Many examples of differences in behaviour in apparently
identical colours are constantly met with in the every-day
duties of the dyer, and, as we have already seen in §§ 51, 52,
give rise to much trouble in colour-matching.

Before proceeding further it may be well to describe
briefly the different effects that the various artificial illumi-
nants have on colour appearances.

§ 57. Electric Arc Light.—No doubt every textile colourist
and colour-matcher must have felt the great need of a good
artificial light that can show all colours in their true dayhight
aspect.

Most of our large dye houses and colour laboratories are
fitted up with the electric arc light, which gives a beautifully
clear and brilliant light, and forms in most cases an excellent
substitute for daylight at night or in the dark winter months.

I See Manual of Dyeing, by Dr. Knecht, Rawson and Loewenthal, p. 883.
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This is a simple and characteristic case. By examining
the two blue solutions with the pocket spectroscope, such as
shown in Fig. 29, page 118, it will be observed that the Prussian
blue absorbs the red end of the spectrum and freely transmits
the green, blue-green and blue, while the composite aniline
blue shows an almost free transmission of the extreme red and
orange-red rays. If, therefore, these two colours be viewed in
a light containing a large preponderance of red and orange rays
—such as gas and lamplight—the colour, which readily trans-
mits or reflects the red and orange, will necessarily appear
much redder ; while the other, absorbing the red rays, will, to
a great extent, preserve an appearance almost similar to its
daylight aspect.

The great majority of dyes transmit the red rays, while
others tramsmit the green and blue rays more readily than
any of the others; and from this fact arises much of the
difficulty experienced in colowr-matching, and of the ab-
normal modifications in hwe wnder artificial llumination .

Suppose, for example, we have a simple carpet pattern
done in a series of four fine rich browns, ranging from a
deep seal brown, which constitutes the ground colour, to
a light old gold shade of its lightest tint. If all the series be
made in the same manner, with the same colour constituents,
then no want of harmony or balance of the colour scale
would be observed when the carpet was viewed in gaslight,
orin fact any kind of illuminant. But let us suppose that the
colourist dyed his ground shade with orange, fast red and
aniline grey or induline, and in the lighter shades of the
series he employed wool green, cyanine or patent blues for the
saddening agent. The harmony of gradation of the scale may
be faultless in daylight, but when the carpet is viewed in
artificial light a total want of balance and harmony is at
once observed. The lighter figures on the ground become
very much greener, and no longer step in harmony with the
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Appendix, 1s a beautiful blue (Night blue), and looks about
as well in gas or lamplight as in daylight. This is owing to
its absorption of the red end of the spectrum, and its free
transmission of the green and blue rays.

The dyed patterns of scarlet, rhodamine pink and orange,

to be seen in Nos. 1 to 4, are likewise little altered in appear-

ance in gaslight; but if we examine the other shades, from
Nos. 6 to 14, under an artificial light, we will at once observe
great changes in their appearance.

‘With dyed specimen No. 6, for example, in gaslight
the silk changes to a browwish drab or khaki shade, while
the piece of dyed woollen cloth attached to it—though match-
ing the silk in daylight—Dbecomes a strong olive green shade,
showing the widest difference in hue from the silk.

The reason for such strange modifications in hue is found
after making a careful spectroscopic examination of the colour
itself. Though the two shades are fairly like each other in
good daylight, their absorption spectra, as we shall see further
on, are very different (see p. 112).

For another example we may take two beautiful azure
blues in solution. ILet one be made by adding a little
China or malachite green to a dilute solution of methyl-
violet. This gives a fine azure blue in daylight, and it can be
readily matched in colour with a solution of Prussian blue,
obtained by adding a few drops ferrocyanide of potassium to
a very dilute iron nitrate solution. The two blues, when
examined side by side in a test-tube in daylight, are identically
the same blue colour; but examine them in gas or lamplight,
and a wide difference in appearance will be observed. The
Prussian blue keeps its beautiful pure blue tone in artificial
light, while the composite blue, made with green and violet,
changes to a reddish lilac or an amethyst hue. If the solu-
tion be strong and deep enough it becomes almost a purple
or magenta in lamplight.
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The above modifications are those generally observed when
comparing the daylight with the gaslight aspect of ordinary
colours.

If, however, the dyestuff employed in dyeing the fabric
should possess any peculiarities either in the structure of its
absorption spectrum, or in optical behaviour, then a marked
difference from this normal gaslight appearance will be
observed.

Two dyed fabrics, for example, may be a very close match
in colour during daylight, and yet present a very wide differ-
ence 1n appearance in gas or lamplight, and vice versd. Two
shades can match each other perfectly in gas or .lamplight
and yet appear totally off the match when viewed in good
daylight.

This 1s a difficulty with dyers and colour-matchers at the
present day, which was not experienced before the introduc-
tion of the artificial or aniline dyestuffs.

All the natural dyes, such as indigo, archil, logwood,
tustic, bark extract, cochineal, ete., change in the one
direction, under an artificial light, d.e., they all tend to
become redder ; but with the aniline dyes, their multiplicity
and peculiarity of optical structure give rise to no end of

difficulty in colour-matching.

This is specially noticeable in compound tertiary shades,
or ‘“‘broken hues,” where the several colour constituents
have each their own little peculiarities of optical structure
and behaviour. With bright red, orange, yellow and green
colours, there is little difficulty experienced in matching in an
artificial light, but such shades as drabs, olives, greys, blues,
violets, slates, etc., are always liable to change greatly in hue.

There are some blues, such as Night blue, patent blue,
cyanine, all of them tending to be greenish in tone, which
keep their brilliancy remarkably well in gas or lamplight.

The dyed specimen No. 5, for example, to be found in




CHAPTER VIII.

ASPEQCT OF COLOURS UNDER ARTIFICIAL LIGHT—ELECTRIC ARC
AND MAGNESIUM LIGHTS—DUFTON-GARDNER LIGHT— -
WELSBACH — ACETYLENE — ORDINARY YELLOW ILLU-
MINANTS—TESTING MATCHING QUALITIES OF AN ILLU-
MINANT. ,

§ 56. Aspect of Colours in Artificial Light.—The change
in appearance which dyed fabrics undergo when viewed
in artificial light is now becoming a question of considerable
importance.

When any colour composition is viewed under a yellow
illuminant like ordinary coal gas or lamplight, the colours
undergo a certain change in hue, varying in degree according
to the quality of the light and the nature of the absorption
spectrum of the dyestuff. If the absorption spectrum be of
a normal nature, the colour, when viewed under a yellow
illumination like gaslight, will present the normal modification

aspect ; but should the dyestuff possess a peculiar compound

spectrum, or any special optical property, then it will present
an “abnormal ”’ appearance in gaslight. The following may
be described as the normal colour changes observed under a
yellow illuminant.

Aspect of Colours of Normal Spectra in Gaslight.
Reds appear brighter and like scarlets.
Scarlets brighter and like oranges.
Oranges lighter and like yellows,
Yellows lighter and fade towards white.
Bright Greens intensified and somewhat yellower.
Blue Greens like greens.
Blues duller and trifle redder.
Reddish Blues redder and like violefs,
Navy Blues like blue blacks.
Violets redder, like claret reds, deepening to black.
Purples crimsons,
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violet, become very much greener, quite blue greens, on
exposure to the sunlight. This is owing to the same cause,
t.¢., the disappearance of the violet constituent. A window
curtain dyed olive with tartrazine, orange and an aniline
green was found, after long exposure to the sunlight, to have
changed into a yellowish old gold colour, owing to the
fading of the green constituent, thus leaving the yellow and
orange to predominate.
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§ 54. Matching Shades Produced by the Absorption of
Bright Dyes.—Mention has alveady been made (see § 52)
regarding the difficulty experienced in the matching of the
dull soft shades which are composed of several bright and de-
cided colours mixed together. Thus, for example, in producing
browns, old golds and olive shades with a mixture of naphthol-
yellow, or tartrazine, wool green or patent blues and orange,
it will be found that the slightest excess of any one of the
constituents at once knocks the colour off its desired shade,
and often much difficulty is experienced in dyeing or printing
each batch to match exactly the former lots. It is always
difficult to match shades accurately when bright and lum-
inous colours are combined to produce the effect. But, if
softer and duller colours be employed for mixing purposes,
such as azo-carmine, aniline grey or the indulines, indigo blues,
patent fustine, ete., the shades produced by admixture are more

‘readily brought up to the desired standard, as a slight excess

either of the one or other of the constituents does not produce
such a violent effect in altering the hue as with the more
luminous dyestutts.

§ 55. Changing of Mixed Shades on Exposure to Sunlight.
—1If a shade be produced by the combination of two dye-
stuffs, one a fugitive colour and the other fairly fast, it
will, on exposure to sunlight, alter in hue owing to the dis-
appearance of the more fugitive constituent. Thus, for
example, a soft shade of mouse brown dyed with naphthol-
yellow, methyl-violet and indigo carmine, will change after
several months’ exposure to the sunlight to a decidedly greener
hue. This is owing to the disappearance of the methyl-
violet, it being more fugitive than the others. There is thus
left in predominance the yellow and the blue, which causes
the exposed dyed material to acquire a much greener cast.
It must often have been observed that the composite ““ indigo
blues,” composed of malachite or China green and methyl-
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are well-nigh impossible to represent in & new material fresh
from the loom. :

“But many manufacturers who do not fully understand
the difficulties—we might almost say the exasperating diffi-
culties—of the textile colourist in making a perfect match,
fail to see wherein the difficulty lies.

“But it is quite as reasonable, or shall we say unreasonable,
t0 expect to find in a painting fresh from the artist’s
brush all the subdued harmony and the rich mellowness
of effect seen in a Rembrandt or a Titan, a Raphael or a
Domenichino.

“ Coloured fabrics, like pictures and other luxuries, require
to be ‘seasoned’ in order to develop that soft mellowness of
harmony and effect which the colour-mixer finds it so diffi-
-cult to 1mitate.

““ No exact rules can be given to assist in the matching of
shades subdued by age.”

In restoring ancient tapestries in museums, where a new
part requires to be pieced to the old, the new piece, after it is
<coloured, is gently dusted over with French chalk powder or
soapstone. This gives a subdued greyness or faded appearance
to the new part of the fabric, to make it match well with the
old original material.

This device, however, is more the nature of a trick, and
would not gain favour with textile colour-matchers.

The matching of the colours in old fabrics simply requires
more than ordinary care, and a good eye for distinguishing
the nicest variations of shade.

Colour-matching, like everything else, requires a con-
siderable amount of patience, experience and skill. The
experienced dyer and colour-mixer can tell almost exactly
how a certain shade may be obtained: and can even give
the relative proportions of the dyestuffs required to produce
1t.
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the shades that are placed before him, and can learn
whether they show any decided or abnormal modifications
in hue.

For the employment of the orange-tinted film as an aid

to dyers and colour-matchers, see § 44, page 75.

Tt is well to remember that in dyeing soft tertiary shades
or “mode hues” by the combination of several dyestuffs, it is
advisable always to employ somewhat dull colours for shading
purposes. If clear bright dyes are employed and mixed with
others to form dull shades, the shades so produced are almost
certain to prove liable to change greatly in hue under artificial
illumination (see § 53). It has already been observed in
Chapter V., §§ 37-42, that the optical natures of the dyed
fibre and the dyestuff employed exert a powerful influence in
modifying the aspect of colours under gaslight.

From my own experience it has been found that shades
which owe their dulness or greyness to the absorption of
Light, produced by the combination of two or more bright
dyestuffs having sharply defined absorption bands in thevr
spectra, always prove more liable to show abnormal chamges
of hwe im gaslight.

As this subject has now become of considerable import-
ance to every dyer and textile colourist, we have treated it
specially in Chapters VIII. and IX.

§ 53. The Colour-Matching of Old Fabrics,—It sometimes
falls to the lot of the colour-chemist to make a perfect match
of some fine old piece of carpet, tapestry or print, and he will
experience much difficulty in dyeing his shades to match
those of the original which have become mellowed and sub-
dued by age and exposure.

As I have said elsewhere,! “old coloured fabrics have
a quiet beauty of colouring and a harmony of effect which

L Dyer and Calico Printer, June, 1899,




MATCHING DYED SILKS. 87

turns to a purplish brown colour, while the woollen fabric
changes into a strong green olive.

And now let us suppose, for example, that a lady has
a dress made of the woollen material similar to the small
pattern attached at No. 6, in Appendix, and the dress is faced
or trimmed with the silk material. In good daylight the
dress will appear quite harmonious, and no difference will
be observed between the dress and the silk facing. When
worn in gaslight, however, the body of the dress would be
olive green and the silk facings of a reddish drab colour,
which would make a very unpleasant combination. In-
deed, a person seeing the dyed specimens at No. 6 for the
first time in gaslight could not imagine they would match
each other in daylight.

It can be readily understood, therefore, that the subject
of colour appearances under artificial illumination is a most
mmportant one to the dyers of ladies’ cloth materials.

The writer has observed a lady’s blue blouse, which was
of a beautiful delicate blue in daylight, change into a dull-
looking bluish drab in gaslight ; while the collar and wrist-
bands—dyed with a different dyestuff—retained their blue
in gaslight. For other examples see Chapter VIIL., page 92.

Pattern No. 5 in the Appendix, dyed with 5 per cent.
Night blue, will be found to be a lovely blue even in gas or
candle light.

An excellent practice adopted by many ladies is that of
selecting wnder an artificial light the dyed materials which
they wish to wear in such lights. By doing so, they will
often escape the disappointment of finding that they cannot
wear certain dress materials in gaslight.

In such cases as we have cited, where the gaslight aspect
of dyed materials is of importance, the writer would strongly
recommend the use of an orange-tinted gelatine film., By

its use the dyer can see at once the “gaslight * aspect of
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and linings must, under all conditions, make his shades to
behave in every way similar to the dress stuff.

This, as many of our readers will understand, is no easy
task. If the dyer of the dress material were also the dyer of
the trimmings, etc., then of course little difficulty would be
experienced, as the same colour stuffs employed for the one
would do for the other ; but as the dyer of the dress fabric 1s
generally a different person from the dyer of the silk trimmings,
the latter has to prepare his shades so as to match in every
way the dress article.

This involves many difficulties which only the experienced
dyer and colourist can appreciate, and though the shades may
be matched to the best of the dyer’s ability, they may be found
faulty when examined in gaslight, and are then complained
of as a ““horrid” or a “beastly match ™ by the fair wearers.!

~ § 52. The reader will find, in the dyed pattern No. 6
(see Appendix) a very good example of this difference in be-
haviour in apparently similar dyed materials. The piece of
silk of the pattern No. 6 was dyed with—

50 per cent. naphthol-yellow,
0-5 per cent. acid violet,
0°1 per cent. acid violet 6 BN.

The small piece of woollen dress material attached, which
matches the silk closely in daylight, was dyed with—

7% oz. orange 4,
5} oz. indigo substitute.

In ordinary daylight these two pieces of dyed material
appear very similar, but if the reader examines them in an
artificial light like gas or oil lamp, it will be observed that
they present a very wide difference in appearance. The silk

1 From a letter received by the author from a skilled dyer of silk trimmings
and linings.
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But what about our less fortunate fellow colourists, like the
dyer of silk trimmings, facings, linings, etc., whose shades
mast be made to appear exactly similar in artificial light to
those he is required to match? Here, then, arises a special
difficulty in colour-matching, of which the colourist for ordi-
nary textiles happily knows little.

The dyer of silk trimmings and similar goods for ladies’
wear generally gets a dyed piece of material, cloth or ribbon,
as a specimen shade to which he must match the trimmings
and linings to be dyed.

Before a perfect match can be made—perfect as regards
the behaviour of the dyed materials under artificial light—
the dyer must have some idea of the optical nature and
properties of the dyestuffs which were employed in the dye-
ing of his specimen shade.

Suppose, for example, he gets a piece of dress material of
a brownish drab colour dyed with fustin or fustic, an aniline
grey like induline with perha,ps a touch of methyl-violet, and
he wishes to match it on silk trimmings or ribbon by dyeing
with an aniline yellow and orange, with the addition of a
little wool green or cyanine blue to flatten to the required
shade.

By employing these dyestuffs he may be successful in
getting a fairly good match in daylight to his specimen shade ;
but it will be impossible for him to get the two shades to look
& match in gas or lamplight. They will present a wide dif-
ference in hue, the original piece of cloth appearing somewhat
redder, while his shade, dyed to match, will appear of a
decidedly green cast.

The case might also be the wice versd, as the original
shade to match might turn green and the dyer’s shade become
redder ; but, so fastidious is the taste of fashion, that what-
ever sha,de the dress article may look like in gaslight—it may
change much or change little—the dyer of the silk trimmings




CHAPTER VIL

MATCHING OF SILK TRIMMINGS AND LININGS—BEHAVIOUR OF
SHADES IN ARTIFICIAL LIGHT—MATCHING OLD FABRICS
SOFT SHADES BY MIXING BRIGHT DYES—CHANGING OF
MIXED SHADES ON EXPOSURE.

§ 51. The Colour-Matching of Silk Trimmings, Linings,
Facings, Bindings, etc.—In the majority of coloured textiles,
such as carpets, table-covers, curtains, calico prints, etc., we
pay little. heed to their colour appearances under artificial
illamination like gas or lamplight.

If, under such conditions, any of the dyed colours show
abnormal modifications in hue, we take it for granted that
they could not be made to look otherwise. But every dyer
and colour-chemist must, some time or other, have experienced

the astonishment on viewing certain shades in gaslight,

which in good daylight he compared and matched carefully.
‘Many dyed colours are found to match perfectly in good day-
light, and yet when viewed in gaslight they are found to be
like each other no longer. This is a common occurrence,
and, as a rule, the majority of dyers do not give much attention
to the aspect of their shades under the artificial lights.

If we make our shades to match what is required in
ordinary daylight, then we consider we have accomplished
all that can possibly be required of us; and our shades, though
altering very greatly in appearance in gaslight, may pass
into customers’ hands without any complaints being made
about them.
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appearing identical in hue to the normal colour vision. One
solution consisted of neutral nickel chloride and the other
acidulated copper chloride. A colour-blind person at once
distinguished them as being different stuffs.

It would be rather an Interesting fact to know if a person
ot dichromic vision could detect the small restored fragment
restored in the ancient Egyptian sky-blue spherical cup in the
Paris Museum, which we have already referred to in § 45,
page 76. The author has no doubt whatever but the colour-
blind person would at once point out the inserted fragment
as showing a different colour, though to the normal colour
vision it is of identically the same blue as the cup 1tself.
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colour-matchers whose eyesight and powers of colour-per-
ception are too precious to be tampered with.

Dr. Burch, however, has experimented upon himself in this
direction, and gives us some interesting details of his seem-
ingly rather rash investigations. He exposed the eye to
the glare of bright sunlight, behind a sheet of ruby glass,
in conjunction with a gelatine film dyed with magenta, and
thus rendered himself “ red blind ”.

Scarlet geraniums, he tells us, looked black, and red roses
blue. Exposure to green extinguished all green and yellow,
but left the length of the spectrum unchanged. The exposure
to yellow or “ yellow blindness ” is particularly interesting, as
it can be confined to certain portions of the retina, and the
red, green and yellow were extinguished. This result would
seem to prove the Young-Helsholtz theory that yellow con-
sists of red and green rays combined. This artificial “red
blindness "’ lasted for some ten minutes, while the violet
blindness ” continued for a day or more.

After thus experimenting, Dr. Burch found that it was
with difficulty that he could match colours, and if a person
made himself partially colour-blind, all colour matches would
appear upset.

§ 50. It is rather a curious fact that © colour-blind,” or, to
be more correct, dichromic vision persons can often distinguish
optical differences in colours which appear perfect matches to
the normal or trichromic vision. For example, two shades of
olive, one dyed with natural dyestuffs and the other dyed with
the anilines, may match each other closely, and yet have a

different optical structure, and present absorption spectra

differing widely from each other. Though such shades appear
similar to the normal eye, they will at once be observed by
colour-blind people to possess different compositions.

An interesting example is given by Professor Church,
F.R.S., where two green solutions were prepared, each
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Only two colours are visible in the spectrum to such persons,
and these they term red and blue, in varying tones (see No.
3, Fig. 26). What they call red extends from extreme red
through the orange and yellow as far as the yvellow-green.
Then where the normal eye sees blue-green and blue, the
““ green-blind " person seesonly grey, and their blue extends
from the blue down to the violet (as shown in No. 3, Fig. 26).

To a “green-blind” person red and green both appear
similar, .e., red, while to the ‘“red-blind” person red and
green appear tones of yellow, as shown in No. 2, Fig. 26.
To both of them a red cherry or a scarlet poppy cannot be
distinguished from the green leaves, except by their different

forms. It is well to know, however, that colour-blind persons
can be greatly assisted by viewing through suitably coloured
glasses or gelatine films. For example, “red-blind” persons,

by viewing through a green glass, can distinguish the differ-
ence between red and green, which they could not do other-
wise. With the green glass the red object becomes much
darker, almost black in tone, while the green is unaffected,
and thus the two are readily distinguished.

For “green-blind” persons a plece of red glass or
coloured film is required, which has the effect of making the
green much darker, and thus separating it in appearance
from the red.” To a person who is totally colour-blind, i.e.,
can distinguish no colour whatever, everything is a dull,
neutral grey. The “spectrum ” of the vision of such a case
is represented in No. 4, Fig. 26. Fortunately, cases of
absolute colour-blindness are Very rare.

It is rather remarkable that there are very few cases of
“violet blindness .

§ 49. It is possible, by means of wearing red or green-
coloured spectacles for a considerable time, to render oneself
temporarily colour-blind to the red or the green ; but it is an

experiment the writer would not recommend to dyers and
6
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afflicted with it, and he was the first to carefully describe it
in his first paper read to the Manchester Society in 1794."

To the eye of a “red-blind” person the spectrum is
shortened, and consists of only two colours, which they term
yellow and blue. The extreme red of the spectrum is in-
visible, while orange, yellow and yellow-green are to them
varying tones of yellow. The greenish-blue of the spectrum
appears a pale neutral grey (see No. 2, Fig. 26). Beyond this all
the rest of the spectrum from blue to violet appears varying
tones of blue. No. 1, Fig. 26, represents the full spectrum as
seen by the normal trichromic .vision ; No. 2 represents the
spectrum as seen by a red-blind person. To persons afflicted
with this, the commonest form of colour-blindness, there
appears no difference in hue between scarlet poppies and
green grass. A dark red appears to them a black.

An instance is known to the writer where a gentleman,
who, though well up in years, had never suspected any
deficiency in his colour vision, was one day going to attend a
funeral wearing a dark red necktie. His friends remonstrated
with him, but he maintained it was a pure black. It is said
likewise of Dalton, who was a strict Quaker, that he at one
time wore in combination with his sombre grey dress a pair

of deep red stockings, under the impression that they were of

a quiet black. _
Green Blindness.—Another and less common form of
colour-blindness is where the green perception is wanting.

1< Dalton saw no difference between red and green, so thaf he thought the
face of a green laurel-leaf a good match to a stick of red sealing-wax, and the
back of the leaf answered to the lighter red of wafers. When Professor
Whewell asked him what he would compare his scarlet doctor’s gown to, he
pointed to the leaves of the trees around him. Dalton found twenty persons :
possessed of the same peculiarity of vision as himself. The celebrated
metaphysician, Professor Dougall Stewart, was one of them, and could noft
distinguish a crimson fruit from the leaves of the tree on which it grew,
otherwise than by the difference in its form.”—(Dr. George Wilson in his Life
and Discoveries of Dalton.)
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nature likewise become considerably altered in aspect to
those whose eye lenses are yellowed.

§ 48. Colour-Blindness; or Dichromic Vision.—The normal
human eye is capable of distinguishing three primary colours,
which, when mingled in varying proportions upon the retina
(see § 5), produce all the infinite variety and beauty of colours
to be found in nature. The spectrum as seen by normal
colour vision is represented in Fig. 26, No. 1. Red, yellow and
blue were formerly considered as the three primary colours,
but, as we have observed in Chapter I, § 9, the true funda-
mental colour sensations are red, green and violet—according
to the most approved theory of Young and Helmholtz. It
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Fig. 26.—(1) Spectrum as it appears to the normal trichromic vision. (2)
 Red-blind " vision, (3) “ Green-blind " vision. (4) Totally colour-
blind.

must be remembered, however, that this red, green and
violet theory has reference only to the mingling of coloured
lights upon the retina and not to the mixing of dyes and
pigments, for which the red, yellow and blue are the only
practical primaries.

Red Blindness.—The commonest form of colour-blindness
is where the sensation of seeing red is deficient. This *‘ red
blindness ” is frequently termed ‘ Daltonism,” from the fact
that the well-known chemist, Dr. John Dalton, was himself
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he has informed me that he cannot make a satisfactory match
with dyed fabrics; the yellowing of the lenses of the eye has
become too pronounced.

As a similar case in point, I remember having some dis-
cussion with an old and experienced colourist, who was also
an excellent colour-matcher, regarding the exact appearance
of two differently composed shades of red buff, resembling a
tint of a terra-cotta.

Number one shade was dyed with azo-carmine, fustine and
aniline grey ; while the second shade was dyed with orange,
rhodamine and 10 B violet.

To the eye of the older colourist these two shades ap-
peared nearly identical, but, if anything, the nwmber one
shade, he said, was slightly redder in hue than the other.
To my younger eye the appearances of the colours were
exactly the reverse. The second shade, i.c., that dyed with
orange, thodamine and violet 10 B, was decidedly redder than
number one, which appeared considerably yellower.

For some time each held his own opinion as being
the right and true one; until, guessing it might be a case
of the yellowing of the lenses in the eyes of the older
colourist, I viewed the two shades through a piece of yellow-
tinted gelatine film, when they presented at once an ap-
pearance exactly as the old gentleman had described, i.e.,
the first shade, dyed with azo-carmine, fustine and grey, was
much redder than number two shade. The reason for this
difference was due to the fact that the second shade, com-
posed of orange, rhodamine and violet, was what may be
termed a super-sensitive shade, changing i aspect even
with a slight variation in the quality of the daylight or the
time of the day. Such shades are well known, and well
disliked among dyers and colour-matchers. They alter greatly
in appearances in artificial illumination, which always con-
tains an excess of the yellow and orange rays. Shades of this
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person.. If the one eye is normal and the other abnormal, it
is rather difficult to discover the discrepancy, as the two visual
images become blended upon the retina. But, with a suitable
apparatus, the images from both eyes may be kept separate,
and thus any difference between the two colour-perceptions
may be readily detected.! _

§ 47. Yellowing of the Lens.—As the crystalline lens of
the eye (see Chapter L, § 6) grows denser with age, it often
acquires a yellowish tinge, which alters considerably the
appreciation of the hlwe constituent in colours. In ordi-
nary circumstances this yellowing of the lens through age
would cause no inconvenience, but with colour-matchers
and artists the case 'is very different. Tieibreich has
pointed out that the cold blueness to be observed in the
later pictures of Turner and Mulready—the latter artist
painted till he was over seventy years of age— was due
to this yellow degeneration of the lenses of their eyes. In
order to see the later works of these artists as they them-
selves would see them, with all their glow and warmth,
1t 18 necessary to view them through a yellowish-tinted
glass, when they acquire the same rich scheme of colour
as their earlier works.

It has been noted also that persons who have under-
gone an operation for cataract, after the yellowish lens has.
been removed, complain that everything in nature appears
to them very blue. After a while, when the eye gets ac-
customed to the white light, this effect passes off.

It may be observed that many dyers and colour-matchers
who are well up in years are not so perfect matchers as they
used to be. A gentleman known to the writer was a splendid
colour-matcher some twenty years ago, and, from his published
work at that time, he must have possessed abnormally good
colour-perception. Now, however, and he is over seventy,

! Bee Measurement of Light and Colour, by J. W. Lovibond, F.R.M.S,




76 COLOUR-MATCHING ON TEXTILES.

gems, though to the naked eye identical in appearance to
genuine ones, can readily be detected.

For example, the genuine emerald when seen through
properly tinted glasses assumes a purplish rose colour, while
the imitation gem exhibits a green hue, due to the presence
of its copper base. The genuine sapphire preserves its deep
blue, while the false gem turns a rosy red, indicating the
presence of a cobalt base.

The investigator gives a most interesting case where a
small spherical cup of a sky-blue colour from ancient Egypt
was examined through the coloured medium. The whole
cup exhibited a blue colour, similar to that observed with the
naked eye, with the exception of a small piece near the edge
which assumed a reddish colour. This was owing to the

small piece used in its restoration not being made with the
same colour base as the original cup. ‘While the blueness of
the cup was due to copper, the small fragment inserted, though

identical in colour, owed its blueness to a cobalt base. Hence
the different behaviour and appearance when viewed through
a properly coloured medium.

Similar examples of the different behaviour of colours,
apparently identical to the unaided eye, are of every-day oc-
currence with the observant colour-matcher and dyer. This
same method of research, #.e., the employment of suitably
coloured media, the present writer has applied for many years
to dyed textiles.

§ 46. Defects of the Eye.—In the careful matching of
colours, it 1s well to remember that every eye has not the same
power of colour-perception, and many people who are very far
from being what is termed  colour-blind ” cannot distinguish
the finer differences in hues which can be readily detected by
the good colour-matcher. It has been proved, indeed, by Mr.
Lovibond that there may be a considerable variation in the
colour-perceptive power between the two eyes of the one
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§ 44. Orange Film.—One of the most useful tinted mediums
for such examinations is the orange film, i.c., a piece gelatine
film dyed to a suitable depth with an aniline orange. This is
found most useful when the dyer wishes to determine the
“ gaslight aspect” of shades.

It 1s now becoming a question of considerable importance,
when making an accurate match of any dyed material, to
examine the colours in gas, or any artificial light, in order to
see if they show any great changes in hue. Many dyes show
such a difference in appearance under artificial illuminants
as almost to exclude their use where careful matching is
required.

In order to see, during the daytime, how any dyed material
looks under gaslight, it is not necessary to take it into a
room illuminated solely with gaslight. All that requires to
be done is to examine the material through the orange-tinted
film, when a very good idea of its gaslight aspect will be
obtained.

Unless this care be taken, it may often be found that a
fine series of ““stepping ” or gradating shades do not present
such a satisfactory gradation when viewed under artificial
light. This is specially noticeable when various members of
the series are composed of different dyestuffs. (See Figs.
3 and 4 in frontispiece.) This interesting subject of colour
appearances under the artificial illuminants is fully treated
in subsequent chapters (see VII., VIII. and IX.).

§ 45. It may be interesting to mention that this method
of investigation has lately been shown by a French scientist
to yield valuable results at the museum in Paris in deter-
mining the composition of precious stones.!

The results, which have been communlcated to the

Academy of Sciences, are interesting, and show how spurious

' M. Henry Cros, in Journal des Debats, Pa,ris, 1899.
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identical to the eye, but if they be viewed through a blue
green glass, or film, similar to that mentioned in § 30, the
two appear somewhat different.

We find differences in their appearance and optical be-
haviour that could not be detected with the unaided eye.

The rhodamine pink becomes a soft tone of violet, while:
the strongly fluorescent eosine pink appears much redder,
and sometimes much lighter in tone than the other.

An example such as this has repeatedly come under my
observation, and, so marked is the difference of behaviour in
the apparently similar hues, that they need to be seen to be
believed. With cobalt blue, orange and violet-tinted glasses
most interesting and instructive results can be obtained on
viewing many of the dyed materials. Olives, sages, drabs,
old gold shades, and especially the soft mode shades, often
present interesting examples for the investigation of the
colourist,

Two shades of old gold, for example, one dyed with
naphthol-yellow, orange and wool green, the other dyed
with fustic, orange and methyl-violet, may present the ap-
pearance of an excellent match in daylight; and yet when
they are examined through either the orange or the green
films, they present a wide difference in appearance from each
other. Under the orange film, the shade containing the wool
green becomes very much greener, while the other, having
the fustic and violet, becomes very much redder. Thus the

one shade growing greener, and the other becoming redder,
makes a very striking dissimilarity of hue between the two
shades, which were evidently similar in the daylight when

viewed without the intervention of the films.

This peculiar behaviour of the dyestuffs depends upon their
absorption spectra; and the explanation of such modifications
can be found only after a careful spectroscopic examination
of the dyestuff itself (see Chapter IX.).




CHAPTER VL

USE OF TINTED FILMS IN COLOUR-MATCHING—COLOUR VISION
—DEFECTS OF THE EYE — YELLOWING OF THE LENS—
COLOUR-BLINDNESS.

§ 43. Use of Tinted Films in Colour Examination.—It
has already been observed, in § 30, Chapter ITL., that green-
tinted glasses or coloured gelatine films can be employed with
great advantage in matching and examining bright colours.
As the most luminous part of the spectrum is the scarlet,
orange, yellow and bright yellow-green, the bluish-green-
tinted glass used for examination merely acts as an absorptive
medium, and thereby reduces the dazzling luminosity of these
hues into a more sombre class of shades, which can be viewed
for any length of time without fatiguing the eye.

But properly selected glasses of different colours may be
employed with the greatest advantage in the examination of not
only luminous colours, but of all kinds of shades, even the
most sombre. By the aid of tinted films, the colourist can
obtain an insight into the optical properties and peculiarities
of shades that he could not otherwise gain, unless after an

exhaustive spectroscopic examination. The writer employs

glasses, or gelatine films, coloured orange, yellow, green, red,
cobalt blue and violet, in the study of colour phenomena, and
finds their assistance invaluable for revealing, at a glance, any
peculiarities of construction in the spectra of the shades under
inspection. For example, we might have two bright hues of
pink dyed upon wool or silk, one dyed with rhodamine and
the other dyed with some of the strongly fluorescent dyestuffs
like eosine and erythrosine. The two pinks may appear
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the hue becomes decidedly bluer, approaching more to the
appearance of the ordinary bluish methyl-violets. ~ This
difference in hue between the reflected and transmitted light
aspects of the dyed colour is due to the presence of the
orange fluorescent light visible in the former and reflected
from the surfaces of the fibres. In viewing by transmitted
light, the orange fluorescence is lost ; hence the colour ap-
pears much bluer or less orange to the eye.

This effect may be still further accentuated by cutting the
swatch so as to form a velvet pile surface, or a tuft, similar
to plush. By doing so, the fluorescent light is seen to greater
advantage, with the result that the cut or velvet surface end
appears more orangy than the plain surface or uncut swatch.

Many similar examples might be given, and it is only by
studying a few simple cases at first that all such phenomena
can be satisfactorily explained. The truth of this explanation
may be tested in a very simple manner by dyeing a tone of
violet with a mon-fluorescent dyestuff, to match exactly by

tramsmitted light the violet made by combining eosine pink
and an acid green. If, when a good match has been ob-
tained, the two shades be then viewed by reflected light,
4.e., by looking down upon them, it will be observed that they
are no longer matches. The non-fluorescent shade appears
much bluer than the compound one, owing to its absence of
orange fluorescent light.
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alkaline solution of fluorescein possesses an intense bright
green fluorescence, which is still visible after being im-
mensely diluted (1 part in 2,000,000 of water).

The yellow dyestuff, Uranium (a sodium salt of fluorescein),
also exhibits this phenomenon in a remarkable degree.
Strongly fluorescent colours, when dyed upon highly lustred
fibres such as silk and Ramie or China grass, exhibit their
fluorescence ; but if the fibre be a lustreless one, like cotton or
linen, where the rough surface of the fibre scatters the incident
light, then this property is destroyed. This may readily be
observed by comparing the hues of rhodamine dyed upon silk
and upon cotton. The light reflected from the dyed silk is of
a more orange cast than that of the dyed cotton, which appears
bluish beside the silk. This is owing to the fluorescent orange-
coloured light of rhodamine being reflected from the smooth
and shining outer surface of the silk : while the dyed cotton,
having no such power of surface reflection, is devoid of the

orange-coloured rays. (See their microscopic appearance in
Figs. 21-24, p. 62.)
In matching strongly fluorescent shades, some little

peculiarities are observed which are worthy of notice. For
example, a decided difference in hue is observed between
their reflected light and transmitted light aspect. A peculiar
tone of violet, or heliotrope, may be produced by dyeing with
rhodamine, or any of the fluorescent eosine pinks, combined
with any of the acid greens, like wool green.

On viewing the shades by reflected light, i.e., looking
down upon them, they are of a peculiarly reddish hue, and
change in their aspect when held in various different direc-
tions. - This reddish light is owing to the fluorescent property
of the eosine pink.

If the shades be held up to the light and viewed “over-
hand,” or if the threads of the swatch be held up and the
light allowed to filter through them, it will be observed that
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and harmonious chromatic scale, and may require the slight
addition of another dyestuff to keep the series in a proper
step of gradation. -

Dichroic colours dyed mpon fabrics are most difficult to
match accurately, as they ave not only sensitive to the slightest
change in the quality of the daylight, but, as already said, the
difference in hue between their aspect on a velvet surface
and on a plain surface is very marked.

Many examples might be given, but we will confine our-
selves to one instance. A class of flat olives and moss greens
can be made by dyeing with fustic, or naphthol-yellow, and
methyl-violet (3 B). Such colours, in their lighter tints,
have a green sage aspect in plain surfaced material, while
on a rich velvet pile fabric they assume a reddish-bronze
hue, greatly different from their former colour. Such shades,
also, do not reduce well into a scale, as their deeper tones
become far too purply-red to step well with their much greener
tints.

The repeated reflections which the light undergoes during
its passage within the interstices of the velvet pile fabric give
rise to the process of selective absorption, in the same manner
as the deepening of the dye solution already considered.

§ 42. Fluorescence.—The optical property known as
fluorescence is observed in great beauty in many of the
aniline dyestuffs, notably those of the derivatives of Fluores-
cein, an anhydride of resorcin phthalein. These dyestuffs
comprise the heautiful Eosines, Rose Bengal, Rhodamine,
Phloxine, etc.

Fluorescence is commonly observed in a solution of sul-

phate of quinine, or a piece of yellow “canary”™ glass
coloured with the oxide of uranimm. The former, though
pure as water by transmitted light, shows a beautiful bluish-
violet light when viewed by reflected light, and the latter
appears a fine green when viewed in certain directions. An
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We have already observed, in §§ 38, 39, that dichroism
becomes apparent in dyed fabrics only when the fibre
possesses a sufficient degree of transparency and lustre.

It is this same property of dichroism that gives rise to the
slight changes of hue in a colour when it is reduced, either
with water, printing paste, or with white, to form a gradating
scale, or series of tints. Reds, for example, when reduced to
form tints of red or pinks, may go off into an orange or buffy
hue. Blues, likewise, may go greenish or reddish when
diluted into tints. All ordinary colours and dyestuffs, as a
rule, show some slight modification in hue on reduction into
light tints, but there are others which show it to such an
extent as to be highly objectionable to the textile colourist.
The behaviour of a colour on dilution is a question of much
mmportance, as it often determines whether a colour is service- -
able or not for mixing with others to get a desired result.

Two yellows, for example, in their strong tones either dyed
upon wool, or in concentrated solutions, may appear identical
to the eye; but when mixed with a certain proportion of blue
to produce a green, the results obtained may be totally dif-
ferent. :
One yellow may give a fairly pure green, while the other
may give a ‘‘ broken ” green, or olive, on admixture with blue.
Such results are rather disappointing to the colourist, but the
explanation may be found by reducing the two yellows into a
series of tints, and it will be found that the yellow which
gave the dull, broken green on admixture with blue, will

reduce out into a buffy or orange tint instead of a pure lemon
yellow like the other.
The careful colourist, when testing the capabilities and

mixing properties of his dyes, always reduces them into
a gradating scale of tints to see how they behave on dilu-
tion. On doing so it is often found that the colour does
not reduce well. It does not give an equally balanced
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dyestuff in its thinnest layer can be noted ; while the colour
trangmltted through the increasing thicknesses of dye liqud
can also be observed, and any exceptional change of hue, or
dichroic property, is at once made apparent.

With such a piece of apparatus it is found that magenta -
changes from a blue-pink in dilute solution, or thin layer, to
a cherry-red in strong or deep solution, and—

Picric Acid changes from a Greenish-yellow to a pure Yellow.
China Green Blue-green ,» Violet-blue.
Malachite Green Blue-green Red-purple.
Methyl-Violet Blue-violet Clares-red.
Bichromate of Potash Yy Yellow deep Orange.
Chromic Chloride 3 Green ruddy Brown.
Prussian Blue 2 Seagreen-blue deep Blue.
Quinoline Blue 2 clear Blue fine Red.
China Green and drop H.ClL. Yellow-green Claret-red.
Titmus 53 Blue Red-purple.
Acid Indigo Extract 5 Grreenish-blue , Purple-blue.

In all such examples as we have given certain coloured
rays become absorbed, or quenched, during their passage
through the deeper layers of the dye solution. As the rays
become absorbed, the other coloured rays predominate, and
hence the resulting hue of a deep dye solution is produced only
by those coloured rays which traverse the most freely through
the solution, or, as it were, have survived in passing through
the solution. This is what is generally termed “selective
absorption,” as the dyestuff selects certain coloured rays from
among the others, and quenches or absorbs them during their
passage through the colour liquid or dyed fibre.

The same dichroic effects present in dye solutions are
observable when the colours are dyed upon transparent fibres
of good lustre and woven into velvet or cut pile fabrics. This
is the reason why certain dyed colours alter considerably in
hue when dyed on fabrics having a rich velvet pile, as compared
with the same dyestuff on fabrics having a “terry " or uncut

pile, and also on plain surfaced goods such as calico, tapestry
or woollen cloth material.
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fibre, and is experienced more in bright sunny weather, when
the quality of the daylight is apt to be variable. Tt is often
found, for example, that two shades, which have been care-
fully matched in the open air, present a slight difference, and
are 1o longer good matches, when examined indoors.

Indeed, several-tertiary or compound shades have been
observed by the writer to change in their aspect several times
during the course of the day, and when such is the case, it
may be easily understood how difficult it is to match perfectly
with dyes which change so readily in their appearance.

We have already fully considered some of these modifying
causes, ¢.¢., the quality of the daylight, and the optical pecu-
Liarities of the dyed fibres or fabrics, and have now to give our
attention to two optical properties sometimes possessed by
the dyestuffs themselves, namely, dichroism and fluorescence,
which are of considerable Importance in the matching of shades.

§ 41. Dichroism.—This nteresting property is possessed
by most colouring matters, and is of special interest and im-
portance to the dyer, the colour-mixer and matcher. Most
dye solutions undergo a slight change in hue when reduced,
or diluted, from their deep tones into their lighter tints, and
many coloured ““stuffs” exhibit this phenomenon in a very
marked degree. A beautitul, but now obsolete dyestuff,
quinoline blue, changes from a pure blue in a thin or dilute
solution to a red in a deep or strong solution.

Most dyers will have observed how methyl-violet and mala-
chite, or China green, and many aniline blues, become very
much redder in tone the deeper or stronger the dye solution
1s made. They gradually lose, as the depth increases, the green
and blue rays which are observable in their thinner layers.

In examining the dichroic properties of dyestuffs, a hollow
glass prism or wedge is used, into which the dye solution is
ntroduced. By viewing through the thin end of the wedge,
or through one of the angles of the prism, the colour of the
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than when on a plain surfaced fabric like calico. Many dye-
stuffs show this property in a very marked degree. For ex-
ample, a class of shades can be dyed with naphthol-yellow
and methyl-violet, which are of a moss green shade on plain
surfaced goods, and appear of a bronzy brown shade when cut
into a velvet pile. During the repeated reflections, which
the light undergoes within the interstices of the velvet, the
green light becomes gradually absorbed, and this produces a
corresponding predominance of the red and orange rays,
giving to the velvet fabric a much browner aspect. It will
be found, also, that dichroic colouring matters, having a
tendency to transmit the red and orange rays more freely
than the blue and violet, become abnormally red in gaslight.
This may be observed in methyl-violet, and also in the moss
green compound shades which we have just cited. The violet
changes to a magenta hue, and the moss greens become red
browns and plum shades. As another example, we may
mention two buffs, one dyed with fustic and a cochineal
red : while the other, matching 1t exactly, is dyed with an
aniline yellow, with a touch of rhodamine pink. On plain
surfaced materials, these buffs are of a yellowish hue, but
when cut into a velvet pile they both become much redder,
owing to dichroism of their constituent colouring matters.
They also become exceptionally red in gaslight.

When dyers are matching colours on a velvet pile surface,
it is necessary to cut the trial swatches so as to form a pile
similar to the velvet. By doing so a more correct judgment
is obtained, because many dyed yarns appear to match well
while in the hank state, and yet show & considerable dis-
similarity when viewed in the velvet surface.

§40. Optical Properties of the Dyestuffs.—Textile colourists,

and especially silk dyers, often experience great difficulty in the
matching of their shades. This generally arises from the
optical nature of the dyes in combination with a high lustred
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1s considerably increased in an orange light, such as gaslight,
where the red and yellow rays are in excess of the blue and
violet. This property of selective absorption or dichroism is
considered specially in § 41.

§ 89. In making a careful match of dyed fabrics, the
colourist will experience much difficulty with certain colours
dyed upon a velvet surfaced or cut pile fabric. Here the
phenomenon of selective absorption shows itself, produced
by the repeated reflections of the coloured light within the
interstices of the cut pile. A velvet pile fabric is generally
the most difficult of materials to match satisfactorily, as the
optical properties of the dyestuffs, especially dichroism (see
§ 41), become more apparent. The light, instead of being
reflected from the inside of the fibre, as in the ordinary cases
of plain surfaced materials, enters to a considerable depth
within the interstices of the velvet or cut pile, and in so
doing becomes more and more enriched and saturated with
coloured light, as if it were passing through a solution of the
dyestuff. While doing so, the coloured light undergoes the
process of selective absorption, 4.e., certain coloured Tays
become more and more absorbed, until the light is reflected
out of the depths of the fibres, generally of a hue different
from its surface colour. The nearer any dyed fibre or fabric
approaches, in its optical nature, to that of a dye solution,
the greater will be its liability to change in hue when woven
mnto a velvet fabric, and the more liable will the shades be to
alter under artificial lights.

The deepening and enriching of the colour by the repeated
reflections among the fibres tends more and more to modify
the original hue of the dyestuff, as the resulting hue is pro-
duced by the sum of those rays which traverse the most

freely through the colouring matter.
Methyl-violet, for instance, looks somewhat redder and

more of a plum colour, when dyed upon a velvet surface,
5
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respect a perfect match with some colouring matters dyed on
different fibres like wool and cotton, or cotton and silk.
Though they may appear identical to the unaided eye, they
may present a dissimilarity when examined in gaslight, or
when viewed through tinted glasses. For example, methyl-
violet (3B) when dyed on cotton is exactly the same hue as
when dyed upon wool. In daylight, if the two be compared

Fia, 25— A diffieult point.” View in colour-matching laboratory.

side by side, they seem identical, yet, when both are viewed 1n
gaslight, the wool looks considerably redder than the cotton.

This is owing, as we have already stated in § 34, to the more
transparent nature of the wool fibre, which permits of the
phenomenon of selective absorption taking place within the
fibres. The light becomes more saturated with red rays
during its brief passage within the dyed fibre, and this effect
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It 1s well to remember that the more nearly cylindrical
the structure of the fibre is, the more lustrous it becomes.
The fibres of jute and linen have a little more lustre than
cotton because they are smoother, and more equal in forma-
tion, and thereby are better adapted to reflect the light.

Liustre and transparency of fibre accentuate the optical
properties of the dyes. Thus, the beautiful pink dyestuffs,
rhodamine and eosine, when dyed on silk, have a more orange
‘hue than when dyed on cotton, owing to the orange fluores-
cence exhibited by these dyes being apparent on the lustrous
silk, and absent on the lustreless cotton. The hue of the
pink on the cotton, therefore, is somewhat bluer, or less
orangy, from the absence of this fluorescent light.

Many similar examples, more or less striking, must have
come under the notice of every observant practical dyer.

The subject of matching accurately dyed fibres having
different lustres and degrees of transparency, and fibres of
different texture, forms the most difficult task that the dyer
and textile colour-chemist have to contend with.

Indeed, the same dyestuff when dyed on one fabric may
appear a somewhat different colour when dyed on another
fabric of different texture. To make a perfect colour match
on fabrics of similar nature, the colourist must endeavour, as

much as possible, to employ dyestuffs haying similar optical
properties to those employed in dyeing the original shade
required to be matched. Sometimes, where an absolutely

perfect match is required, the colour-chemist is often at a loss
to obtain some particular aspect present in the original fabric,
and he is then the better of the opinion and advice of others,

In Fig. 25 we have a snapshot of a colour-matching
laboratory, where an experienced colourist is giving some
hints on a difficult point to his assistant (see also §§ 83 and 47).
They are comparing the swatch with the fabric to be matched.

It is, we might say, almost impossible to produce in every
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scopical examination, it is found to show a very smooth, glass-
rod-like structure, represented in Fig. 24,

The serrated edges of the scales present in the wool fibre,

as shown in Fig. 22, lessen its lustre, by breaking the con-
tinuity of its reflecting surface. Hence, a wool having its
epithelial scales prominently developed, such as merino, is
termed a non-lustred wool; while those having the scales
lying closer and firmer to the stem, and thus presenting a
smoother and more highly reflecting surface, such as the
alpaca and mohair fibres, are termed lustre wools.

Fia. 23.—Cotton fibre under Fig. 24.—China grass, or Ramie
microscope. (A) Mercerised. fibre, under microscope.

Cotton, as will be observed in Fig. 23, consists of a
flattened and twisted tube-like fibre, which reflects the in-
cident light, not in any definite direction, but scattered in all
directions, thereby reducing the property of lustre. But if
the cotton fibre be mercerised, 7.e., treated with a solution of
caustic soda, it shrinks up, and assumes a more cylindrical
form resembling silk, shown as (A) in Fig. 23. Hence we
find that mercerised cotton possesses more lustre than or-
dinary cotton, as 1t approaches more to silk, or Ramie fibre,
in its physical structure,

IDrawn from photo-micro prepared by J. M. Arnot, F.C.S.
P prep: A
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silk has a smooth, shining surface like a rod of glass.
The wool 18 not so smooth as the silk. It possesses a more
uneven surface, and is therefore less lustrous; while the
cotton 1s still more uneven, and shows a rough, twisted
fibre, which scatters the light in all directions, and is there-
fore devoid of any lustre.

These characteristics of the different fibres, as seen under
the microscope, are illustrated in Figs. 21, 22, 23 and 24.

F1a. 22.—Wool fibre under microscope.

Tt will be observed that the smooth surface of the silk
fibre, Fig. 21, enables it to form threads all closely parallel
to each other, thus producing a surface having a high reflecting
power or lustre.

The high lustre of the China grass, or the Rhea or Ramie
fibre, is also explained in the same manner, as, from a micro-
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which cannot be equalled in fibres of a less lustrous nature.
The greater the lustre and transparency of the dyed fibre,
the more difficult it is to match perfectly. Thus, dyed cotton,
linen and jute are more easily matched than wool, and dyed
wool, again, is easier matched than dyed silk. Indeed, silk
and China grass, or the Ramie fibre, which has a splendid silk-
like lustre, are most difficult fibres to match perfectly, as their
great transparency and lustre give full play to the optical
peculiarities of the colouring mafters with which they are
dyed.

Such coloured fibres are also more liable to undergo changes

Fia. 21.—Microscopical appearance of silk fibre.

in hue under the artificial lights. Dyed cotton or linen, on the
other hand, being more opaque fibres, resemble the pigment
colours, and do not show any abnormal changes in hue
under gaslight.

The property of lustre, or of reflecting light, possessed
by the various textile fibres bears an important relationship to
their physical structure. The smoother and more cylindrical
the outward aspect of the fibre is, the greater will be its lustre.

Thus, for example, if we take three fibres differing in

degrees of lustre, like silk, wool and cotton, and examine
them under the microscope, it will be observed that the




CHAPTER V.

COLOUR-MODIFYING INFLUENCES IN DYED TEXTILES—TLUSTRE
AND TRANSPARENCY OF FIBRES—VELVET PILE SURFACE
—OPTICAT; PROPERTIES OF DYES—DICHROISM—FLUORES-
CENCE.

§ 37. The matching of shades, either on the painter’s
palette or on dyed fabrics, is always a painstaking and delicate
task ; but the difficulty of matching on textiles 18, to a
large extent, increased by certain modifying causes which
come into play in the dyed fabric. These are unknown to the

painter and paperstainer. All textile colour-printers and dyers
must have observed the slight changes in the aspect of the
shades when dyed on fibres or fabrics of different natures,

These modifications of hue are produced principally by the
optical structure of the fibre itself, or the woven fabric, and
by the optical properties of the dyestuffs employed.
The modifying influences at work in the matching of
textiles may be divided into three classes, i.e. :—
1. The optical properties of the dyed fibre = viz., lustre and
transparency.
2. Structure of the woven textile fabric=w7z., plain or
velvet pile surface.
3. Optical properties of the dyestuffs=uviz., .dichroism
and fluorescence.
§ 88. Colours dyed on a fibre of good lustre and trans-
parency, such as silk, Ramie, or China grass fibre, and the
finer qualities of wool, give a richness and depth of shade
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having an aniline yellow like naphthol yellow as a con-
stituent. _

In this way—and many other examples might be given—
the transmitted light method of examining colours may prove
of great help to the dyer, by revealing to a certain extent the
optical nature of the dyes employed.

Overhand matching is certainly the best way to examine

dyed shades, as the slightest differences which would otherwise

escape detection can be readily observed.

In some classes of textile work it is often desired to have
the dyed shades as dull and ‘““thin” as possible, producing
what we might almost term a washed-out-like aspect. This
is sometimes done to give an antique appearance to certain
tabrics—imitation of old tapestries, for example.

Other classes of work require as full and rich tones of
colour as the dyer can produce, and, in order to reach results
so diverse in their nature, the colourist must select, with
great care, the dyestuffs to be employed.

After long experience the observant dyer can tell the be-
haviour and properties of most of his colouring matters, and
knows which are the best to employ under the circumstances.
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its fluorescent colour: hence the observer sees, in this way,
the bluish hue of the eosine.

In a similar manner, dyers must have observed that in
matching a dichroic colour like methyl-violet (3B), its hghter
tints appear somewhat bluer by overhand than by viewing
down upon them. The light, which is reflected from the
dyed material, has entered to a considerable depth within the
fibres, and, in doing so, has become robbed of more of its blue
and violet rays, which produces an increased redness of hue in
the coloured light so reflected. If the dyed material be of a
velvet or cut pile surface, this selective absorption of the
blue and violet rays is increased by the repeated reflections
within the interstices of the fibres, and a much redder
hue is produced. In viewing the dyed material by over-
hand or transmitted light, this phenomenon of selective
absorption does not come into play, and hence its overhand
aspect is slightly bluer than when looking straight down
upon it.

Such phenomena are better observed when comparing a
colour dyed on a plain surface with that of a cut pile or velvet
surfaced fabric (see § 89), as the repeated reflections within a
velvet pile give rise to dichroism.

In a similar manner, a tint of yellow buff, dyed with fustic
extract and a cochineal pink, looks much redder by reflected
light, on a velvet pile, than by overhand, owing to the action
of selective absorption occurring within the depths of the
dyed fibres.

It is impossible to get a colour, either a yellow, citrine,
russet or olive, having fustic as the yellow constituent, to
match by ““overhand ” similar colours dyed with: the aid of
aniline yellows.

Shades produced with fustic have always a peculiarly
greenish flat hue |by transmitted Light, which contrasts
strangely with the rich clear yellow tone of similar shades
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fustic, quercitron bark and others all appear duller and a
trifle redder, on viewing overhand, when compared with similar
hues dyed with the aniline derivatives, which have a clearer
and brighter hue when so examined. This is especially
noticeable in shades of olive made with bark-yellow and
indigo-blue when compared with shades matching them
closely and dyed with aniline orange and perhaps wool green,
cyanine-blue or aniline grey.

An interesting example of this was observed in two shades
of reddish terra-cotta matching each other closely on looking
down upon them. One was dyed with fustic, azo carmine
pink and a little aniline grey; and the other was produced
with patent fustine (a brownish-yellow dyestuff) in place of
the fustic. Though the two shades were quite similar by re-
flected light, or “underhand,” they were found to show a
considerable difference in hue by the “overhand” examination.
The shade dyed with fustic showed a very decidedly yellower
aspect by transmitted light than the one dyed with patent
fustine, which preserved an appearance similar to its under-
hand colour. Numerous examples might be given to show
how the transmitted light method of examination may reveal

certain little optical peculiarities possessed by the dyestuffs

employed.

As a rule, the benzidine or diamine dyestuffs give shades
which look normal by transmitted light, but dyes which
possess any striking optical properties, such as fluorescence
or dichroism (see §§ 41, 42), appear slightly altered in hue by
looking through their surface fibres by transmitted light.
For instance, a bright eosine, which is strongly fluorescent,
shows a more orange or yellower aspect when viewed by
reflected light than by overhand.

This is owing to the orange hue of its fluorescence show-
ing itself, and mingling with the reflected light colour; while,
by viewing overhand, the transmitted light contains none of
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In the same manner, rough surfaced fibres, which scatter
the icident light in all directions, never dye so rich and
saturated colours as those transparent and lustred fibres
which transmit a certain amount of light.

Fia. 20.—Colourist matching by “overhand *’ method.

§ 86. An important feature in regard to matching by -the

transmitted light method is the fact that the experienced
textile colourist can often tell whether a shade is dyed with
natural colour stuffs or the aniline dyes.

For example, the natural colouring matters such as archil,
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there 1s reflected to the eye, along with the coloured light, a
large proportion of unchanged white light from the surface
of the fibres of the material, and this white light, combining
with the coloured light,
look to the colours.

A simple example of this may be observed in the beauti-
fully rich green light which is transmitted through the green

lves an impoverished and poorer

o
(=}

leaves of a tree when the sun is shining through them. But
when the same leaves are viewed by reflected light, i.e., viewed

NN
N

Fic. 19—Diagram illustrating ** overhand” or transmitted light method of
examining dyed materials. (A) Eye of observer. (B) Direction of light.

on the surface, the green looks dull and dead in comparison
to 1ts transmitted light colour.

The surface of the leal reflects much white light, which
impairs the richness of its green colour, and gives to it a more
or less chalky appearance. If the surface of the leaf be covered
with a growth of minute transparent hairs it will reflect more
white light, and present a silken agpect with only a faint tinge
of the green.
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more of a red hue, having had its bluer rays absorbed in its
further passage through the dyed fibre.! In this manner it
resembles a greater depth of the dye solution.

As the lustre and transparency of a fibre affect, to a great
degree, the aspect of the dyed colour, and increases the diffi-
culties in colour-matching, they will be considered specially
(see §§ 37, 38).

§ 85. Transmitted Light Examination.— This method,
which 1s sometimes termed ‘overhand ™ matching, 18 very
serviceable for showing to the colourist distinctions in hue
which are imperceptible in the ordinary reflected light, or
“underhand,” method. In examining the darker shades of
maroons, puce, claret, browns, navy blues, deep sage-greens,
blacks, etc., this method is indeed indispensable. The two
dyed specimens under examination are held up to the light, and
the eye, in viewing along the surface of the material, sees only
the coloured light, which is transmitted through the fibres on
the surface, as shown in Figs. 19 and 20. In this manner the
slightest variations in the hue of the very deepest shades can
readily be observed, which it would be impossible to detect
by simply looking down and viewing the materials from above,

In Fig. 19 the dyed swatches are put over the finger, and
the eye of the colourist at (A) catches the beam of light (B)
which is transmitted across the dyed fibres. In Fig. 20 we
see the practical colourist holding up to the light his finger,
over which are the shades he is matching : as in Fig. 19.

The dyed colours also assume a richness, more resembling
stained-glass, which cannot be obtained by the reflected light.
This richness and -saturation of hue is owing to the absence
of the usual white light, which is always present in reflected
light colours, and is, therefore, identical in nature to the unsur-
passed richness of colour observed in viewing stained-glass,
transparent paintings, or coloured films, In all dyed fabrics

! This effect is also increased by the fluorescence of such dyes as the
Fosines. (See page 63.)
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the wool, and is there deprived, by the peculiar and char-
acteristic action of the dyestuff, of its yellow, green, blue and
violet constituents.

After undergoing this process of absorption, the light is
reflected out of the fibre, no longer white light, but white,

minus its yellow, green, blue and violet rays; which leaves
only the red and orange or scarlet to be reflected to the eye:
hence the origin of the scarlet colour.

Tn this manner the light reflected to the eye, after pene-
trating to a certain depth of the coloured fibres, is similar to
that obtained by passing the same light through a glass con-
taining a solution of the dyestuff.

Tt must often be observed, however, in viewing the
solution of a dyestuff, say, for example, Eosine pink or
Rhodamine, that, if a very shallow or dilute solution be
viewed, the pink becomes decidedly bluer; while if the depth
or strength of the solution be increased, the hue of the colour
becomes much redder, approaching more to & scarlet.

§ 34. This same phenomenon (which we shall consider
under dichroism, § 41) is observed when such dyestuffs are
dyed upon a transparent fibre with a good lustre, like wool
or silk, and compared with the same colour dyed upon a
less transparent and lustreless fibre like cotton or linen.

An eosine pink is always redder on wool or gilk than on
cotton, because the light can penetrate to a greater depth in
a transparent fibre like silk or wool than in the more or less
opaque fibre like cotton. In viewing by the ordinary reflected
light method an eosine pink dyed on wool and on cotton, it
will be observed that the cotton dye is bluer in hue than
the one on wool, because the light in the former fibre
cannot enter to any great depth, and becomes reflected with a
bluish hue similar to a shallow solution of the dye; while the
wool, being more transparent, allows the light to penetrate to
a greater depth, and, therefore, when it is reflected 1t assumes
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the remainder enters into the fibre, and there becomes decom-
posed by the dyestuff into coloured light. The light, after
penetrating to a certain depth within the dyed fibre, is
reflected back, and is received by the eye as coloured light.

Fic. 18.—Colourist matching by reflected light,

Indeed, in the examination of dyed textiles, the coloured
fibres act in a manner analogous to dye solutions.

The fibres are all more or less transparent, and hold the
dyes within them as it were in a state of solid solution.

The light, which strikes upon a piece of woollen cloth
dyed scarlet, penetrates to a certain depth within the fibre of




CHAPTER IV.

EXAMINATION OF 0OLOURS BY REFLECTED AND TRANSMITTED
LIGHTS—EFFECT OF LUSTRE AND TRANSPARENCY OF
FIBRES—OPTICAL NATURE OF DYESTUFFS—COLOUR-MODI-
FYING INFLUENCES IN DYED TEXTILES.

§ 33. The colours of dyed yarns and fabrics are generally
examined by two methods, namely, by reflected and by trams-
matted light. Ordinarily we see all coloured objects by
reflected light. The coloured rays, reflected from the sur-
face of the material, are receivedl by the eye in looking
upon it.

By the transmitted light method, the dyed material 1s
held up towards the light on a level with the eye, and in such
a manner that the observer sees the coloured light trans-
mitted through the surface fibres of the material.

This latter method is specially useful when the shades are
dark and strong in tone, such as deep navy blues, blacks,
maroons, deep olives, clarets, browns, etc.

As these two methods are being continually employed and
referred to by every colourist, it may be well to give them
more than a passing notice.

REFLECTED LIGHT EXAMINATION.

In Fig. 18 we have an illustration of an experienced
colour-chemist in the laboratory matching his shades by the
ordinary “reflected light ” method. The rays of light strike

straight down upon the dyed material; a certain portion is

reflected unchanged from the outer surface of the fibres, while
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Bearmg such facts in mind, we can understand the danger
of having in a standard pattern, or swatch book, a miscellaneous
collection of shades in juxtaposition with each other: drabs
side by side with greens, pinks beside blues, or olives beside
reds. It would be well-nigh impossible to get a good match of
any soft shade which was in close contact with a bright,
luminous colour.

Swatch books, therefore, should be so arranged as to have all
the colours classed together—drabs, olives, reds, yellows, greens,
ete., all by themselves—and in this way the deceptive effects
of colour contrast are avoided. In matching certain shades
m colour compositions where the colours cannot be separated,
the neutral tinted mask, as already described, will prove useful.
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precautions are unnecessary, as the shades, being all dull, do
not give rise to any contrast effects.

Several colourists have investigated the effects of simul-
taneous contrast, or this mutual influence which contiguous

colours exert upon one another, and the results, obtained with

the more important fundamental hues, are given in the
following table.

It is worthy of note that all these results agree perfectly
with the Young-Helmholtz, or red, green and violet, theory of
colour. (See § 9.)

Colowrs in juxtaposition. Change due to contrast.

1.

]'Red ; : ; : 5 ; inclines to be purplish.

| Orange
[ Red .

"\ Yellow

(Red .

“ | Blue-green

jRed :

" | Blue

]’Red c

"\ Violet

{ Orange

" Yellow

f Orange

* L Green

Orange

" LGyan-blue

{Orange

"\ Violet

| Yellow

" LGreen
[ Yellow

| Cyan-blue

5 [Yellow

\ Ultramarine blue
[ Green

" L Blue

[ Green

" WWiolet

[ Greenish-yellow

“ L Violet

{ Blue

L Violet

yellowish.
purplish.
greenish.
brilliant.
brilliant.
orange-red.
greenish.
orange-rad.
bluish.
orange-red.
greenish-yellow.
red-orange.
bluish-green.
brilliant.
brilliant.
yellowish.
bluish.
orange-yellow.
bluish-green.
orange-yellow.
blue.

brilliant.
brilliant.
yellowish-green.
purplish.
yellowish-green.
purplish.
brilliant.
brilliant.
greenish.
purplish.
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green to counteract this effect that the green assumed its
usual beauty.

In matching textiles in which there are a number of bright
and decided colours in Juxtaposition, it is advisable to draw
out a few of the coloured threads of the fabrics, so that
they may be isolated from the influence of simultaneous con-
trast. A more successful match can thereby be obtained. If
threads cannot be removed from the fabric, then the colour-
matcher will find much help by employing small grey-tinted
masks such as represented in Fig. 17, or pieces of neutral grey

Fia. 17.—Grey mask for isolating colours when matching on brightly
dyed fabrics.
paper having a small hole in the centre. One of these can be
placed on the textile fabric over the colour which is to be
matched, and the observer sees only the necessary colour sur-
rounded by the neutral grey of the mask.

By this simple device the colour under examination is
freed from any swrounding influences of contrast. The
masks may be tinted light grey, mid, or deep grey as desired.
In matching dull or sombre-coloured fabrics, where all the
shades in juxtaposition are of a subdued tertiary nature, such
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the want of vigour in the blacks employed in making shades
in blue and violet draperies, which had no foundation :
for, after procuring black-dyed wools from the most cele-
brated French and other workshops—and perceiving that they
had no superiority over those dyed at the Gobelins—he saw
that the want of vigour complained of in the blacks was
owing to the colour mext to them, and was due to the
phenomena of contrast of colowrs ™!

Chevreul then saw that, to fulfil the duties of director of
the dyeing department of the Gobelins, two quite distinct
departments claimed his aftention—one the chemistry of
dyeing, and the other the study of the modifications of colour
due—as he has since taught us—to the law of contrast.

§ 82. A colour may appear rich and saturated in one pattern,
and yet appear dull and wanting in vigour when put into
another pattern with a different scheme of colouring. Dyers
and colour-matchers have often learned from experience that
their colour recipes require to be slightly modified to suit
different coloured patterns. Some of the colour ingredients
have to be increased, or diminished, in order to adjust the shade
to its required aspect, if it is to be placed in juxtaposition to
some bright or decided colour in the pattern. _

Chevreul gives us an instance of this, which is, no doubt, a
common experience with every practical colour-matcher. A
printing firm had a very good recipe for making a bright
green, which was always found to be successful until, in one
pattern, it appeared considerably yellower and wanting in
green. It was found, however, that the poverty was due, not
to the green colour itself, but to the influence of a blue ground
on which it was printed. The blue, by effect of contrast,
tended to make the green yellowish in appearance, and it
was only after an increased portion of blue was added to the

*See preface to Chevreul’s Principles of the Harmony and Contrast of
Colours.
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assume a bluish-black appearance. Such differences or pecu-
liarities are greatly intensified if the coloured materials be
strongly illuminated.

It may readily be observed, therefore, that the colourist:
who matches his shades in close proximity to bright colours,
will often experience some difficulty in getting the exact
shade desired. They must be slightly altered, more or less
according to the influence of colour contrast exerted by the
bright colour in juxtaposition.

It was phenomena like these that gave rise to complaints
and difficulties in the selection of the right shades for some

A B G D 7 F G H

RE ORG. |YELLOW GREEN| BLUE |VIOLET
(4)

(B)

BLUE |VIOLET|

(A) Solar spectrum.

(B) Spectrum of a gelatine film dyed with China green, showing absorption of
the luminous colours of the spectrum, i.c., from scarlet and orange
to yellow-green. Hence its use as a medium for examining bright
colours, (See § 30.)

of the famous Gobelins tapestries in the royal manufactories of

France. Complaints in regard to certain colours had been

made, and the matter was brought under the notice of the

eminent French colour-chemist, M. E. Chevreul, who was
then director of the dyeing department. In his valuable
work on the Principles of the Harmony and Contrast of

Colowrs, he tells us that “while he was endeavouring to

discover the cause of the complaints of certain pigments

prepared in the dyeing laboratory of the Gobelins, he soon
satisfied himself that if the complaints of the want of
permanence in the hght blues, violets, greys and browns
were well founded, there were others, particularly those of
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The writer finds that gelatine films, coloured with a solu-
tion of the blue-green dyestuff, technically known as China or
Malachite green (tetra methyl diamido-triphenyl carbinol
oxalate), admirably suits these requirements.

By examining the absorption spectrum of this dyestuft,
as shown in (B), Fig. 16, it will be observed that it absorbs
the most luminous parts of the spectrum, ranging from cherry-
- red, orange, yellow and yellow-green. It transmits a little
extreme red, and all the green, blue and violet rays.

Such a tinted medium will be found of much service to
the colour-matcher when making a careful examination of
his bright pinks, reds, yellows and oranges.

§ 31. Sumultaneows Contrast of colour is another in-
teresting phenomenon requiring the attention of the colour-
matcher. Shades may appear considerably altered in hue if
they are placed in close juxtaposition to another colour, especi-
ally if that colour be a bright and decided one. It has already
been observed, in § 10, that, after viewing for some time a
Iuminous colour like bright red, the retinal nerve fibrils sensi-
tive to red become exhausted and ‘inactive, while the other
two colour nerve fibres, i.e., the green and the violet, act
together and produce the.sensation of seeing a complementary-
coloured, or blue after-image. In the same manner, if a small
piece of white paper be placed in the middle of a bright red or
scarlet coloured ground, the white paper assumes a bluish
aspect. If the ground be of a bright rhodamine-pink, the paper
will assume a green tinge. If a green coloured thread be
placed upon the same pink ground, the green will appear of a
much purer and brighter hue, while if the same green thread
be placed upon an orange ground, it will assume more of a
bluish-green hue.

Again, 1f a carpet or calico print pattern consists of a
series of black spots upon a bright green ground, the black
will appear to the eye of a reddish or rusty hue, and not a
pure black; but if the ground be a red one, the black will
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through this blue-green coloured medium the eye is relieved
of any fatigue, and, at the same time, the colourist can make
much better examination of the colours. In this way a
more cotrect judgment is obtained, as the bright hues are
s0 “saddened” down that they can be viewed leisurely, and
many little differences in hue and unevenness, or imperfections
n the dyeing or printing, can be detected, which would other-
wise escape the naked eye.

As an example of how much changed in appearance the
brightest colours become, when viewed through a green film,
we may cite the following :—

Normal Colowr, Aspect under Bluish-green Film.)

Bright Scarlets . : . Bofti shades of Brown.

Oranges 9 5 A 5 o 0ld Gold,

KEosines (\cllom'ah) : . iy Pinkish-brown.

Hosines (bluish) . : : Magenta or Red Vlolets

Rhodamine Pink . ]

Rose Bengal -

Phloxine . : . J

Purplish Reds ., . . " rich Blue Violets,

Reddish Violets.

The brightest and most dazzling of colours, such as the
rhodamine and eosine pinks, which readily fatigue the eye,
are transformed, under the green-tinted medium, into beautiful
shades of blue-violet, that can be examined leisur ely for any
length of time. On dyed pattern plate 1, in Appendix, are
four bright colours, which, if the dyer examines them through
a suitable film, will illustrate the effect.

No. 1 is changed- to a brown, 2 into a soft violet, 3 into a
dull maroon, and 4 into a soft old gold or cinnamon shade.

As we have already stated, in § 26, the most luminous
part of the spectrum is that extending from scarlet and orange,
through the yellow to the yellow- -green. If, therefore, we
have a coloured film, or glass, which absorbs this bright por-
tion of the spectrum, we will have a suitable medium for
examining all highly luminous colours.

! For the absorption spectrum of this green film see Fig. 16 (B).
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‘When the colourist has a number of such bright hues
before him to examine, it 18 necessary to provide for this eye-
fatigue by having a piece of material beside him of a colour
complementary to those he has to examine. When the eye
becomes fatigued, a short look at the complementary coloured
material quickly restores the eye to its normally sensitive
condition.

This phenomenon is well known in dyeing and textile
departments, where bright colours have to be carefully ex-
amined for a lengthened period. In the Turkey-red ware-
houses, for example, those overlookers whose duty it is to
inspect the dyed pieces are supplied with a piece of green
coloured material, at which they must gaze occasionally in
order to restore the retina to its normal colour-sensitive con-
dition.

The following complementaries may be found useful for
restoring the eye when colour fatigned :—

Bright Colowrs and their Complementaries.
Green-blue is complementary to Reds and Scarlets.
Turquoise-blue Orange and Orange-yellow.
Blue s Yellow,
Violet-blue ,, Greenish-yellow.
Reddish-purple , Emerald-green.
Blue-green iy 4 Crimson.
Green b ,» Rhodamine pink.

If we gaze for some time on the bright colours to be found
on plate 1 of dyed patterns, i.e., (1) Scarlet, (2) Rhodamine
pink, (3) Red, (4) Orange, the eye will readily experience
colour-fatigue ; and, by viewing a sheet of white paper im-
mediately afterwards, the complementary hues, or the
“ successive contrast”’ phenomena, will be observed.

§ 30. Aidof Tinted Films in Matching.—But a much better

method of examining such bright hues, whereby the discomfort

of eye-fatigue can be avoided, is by viewing them through
glass, or a gelatine film, tinted blwish-green. By looking




BRIGHT COLOURS. 41

the various gradations of scarlet, orange-yellow, etc., on to
violet. Such an artificial spectrum of dyed hues can be con-
veniently kept for reference and comparison, as occasion
requires. It need scarcely be mentioned, also, that standard
colours of all varieties must be carefully preserved from strong
sunshine and dust.

§ 29. Examination of Bright Colours. —If highly luminous
colours, such as magenta, orange, scarlet, bright pink, etc.,
be viewed in a good light, it is found that the eye becomes
dazzled and fatigued from the continued action of the bright-
coloured light upon the sensitive colour nerves of the retina.
‘When the eye is in this fatigued éondition 1t is unable to
distinguish the nicer differences in hue among the colours
examined, and requires to be restored to its normal condition
again, either by rest, or by viewing the colour complementary
to that which has produced the fatigue.

For example, when a number of highly luminous colours,
such as scarlets, thodamine pinks, orange, etc., such as found
on dyed pattern plate 1 (see Appendix),are viewed for some little
time, it will be observed that they become gradually duller in
aspect, and many little differences in depth of tone and hue,
which were perceptible at first, become no longer visible.

The colour nerves, or “cones,” of the retina sensitive to
the red rays have become exhausted from their over-excite-
ment, and are no longer able to respond to the influence of
the red light; and the eye spontaneously calls up the com-
plementary colour, namely, greenish-blue. (See Chapter 1.,
§ 10.) On turning the red-fatigued eye to a sheet of white
paper, a greenish or bluish-coloured after-image, or- impres-
sion, 18 visible. -

This ““successive contrast” of colours, as it is termed, is
observed after viewing any bright hue, and arises from that
sympathetic action of the colour nerve fibrils, or “cones,”
present in the retina, as already described in § 10, page 16.
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unchanged white light, which is reflected from the surface of
the fibres, or of the material on which the colours are dyed.

The white light, mixing with the coloured light of the dye,
causes it to become diluted and impoverished in purity.

But a pure colour is not necessarily a bright or luminous
one, for, as we have just observed, many of the spectrum
colours, such as blue, dark red and violet, though perfectly
pure, are not very luminous.

On the other hand, many dyed colours appear very bright
and luminous to the eye, and are yet not pure colours.
Naphthol yellow and picric acid, for example, seem to the eye
to be perfectly pure yellows; yet, on examination with the
spectroscope, thelight they reflect is found to consist of a large
amount of red, orange and green rays as well as the yellow.

The beautiful aniline blues, which seem, to the unaided

eye, almost as pure as the spectrum colours, reflect a consider-

able amount of red, green and violet light. Indeed, it is
very seldom we can find among dyes a colour quite mono-
chromatic, unless it be in a strong saturated solution, or a full
vich colour dyed upon a lustred fibre like silk.

There is no colour stuff, however, either dye or pigment,
which has been found in all circumstances to be perfectly
pure or monochromatic ; such perfection is found only in the
spectrum colours.

§ 28. In examining the various dyed colours for their
purity of hue, it is necessary to have, for comparison, a series
of typical examples of as pure hues as it is possible to obtain.
As already stated, the solar spectrum gives the perfection of
hues in their ideal purity ; but, as dyed colours cannot be made
to match those of the spectrum, and as the spectrum itself
cannot be kept in the laboratory all ready-made for immediate
reference, it is more practicable for the dyer to have a set of
dyed swatches of the purest hues that can be selected, and dyed
on a fine lustred fibre like wool or silk. These fundamental
colours can be made to range from the extreme red, through
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the red, blue-green and blue are all equally luminous ; after
which come the blue-violet and violet, the lowest in the scale
of luminosity. The following table shows, according to
Professor Rood, the relative degrees of brightness of the
spectrum colours ;:—

1. Orange-yellow (most luminous),
2. Orange.
3. Greenish-yellow and green.
4. Orange-red,
[Blue-greeu'
5

- 1 Cyan-blue - (equal in luminosity).
1Cher1'y-redj
Pure red . R
1 Blua } (equal in luminosity),

7. Ultramarine blue.

8. Dark red.

9. Blue-violet,

10.  Violet (least luminous).

We have already observed that when highly luminous
colours such as scarlet, orange, yellow, magenta, rhodamine
and eosine pinks, etc., are viewed for some little time, the eye
becomes fatigued from the excess of bright-coloured light, and
is then unable to distinguish the nice differences in hue be-
tween such colours. They all appear duller to the eye. For
the examination of such luminous colours see § 29.

§ 27. Purity..—The purity of a colour, which is the third
constant, is its freedom from admixture with white light, or
with any other colour.

The purest colours which can be obtained are those of the
solar spectrum, produced by the decomposition of white light.
If ordinary dyed colours and paints, which appear pure to the
eye, be examined alongside their corresponding spectrum
colowrs, it will be observed how thin and impoverished they
look beside those of the spectrum.  No ordinary dyes can
match, for purity or brightness, the homogeneous colours
of the spectrum. The reason for this want of saturation, or
richness, in dyed colours is greatly owing to the amount of
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in hue, which are too fine to accurately describe in language.
It is here that the skilled colour-matcher and dyer can per-
ceive differences in the hues of two shades, where an ordinary
person would pronounce them to be exactly similar.

§ 25. Matching the Fundamental Colours.—In matching
the fundamental colours, like red, orange, yellow, green, blue
and violet, the colourist experiences little difficulty, as the
many dyes of coal-tar origin, with their wonderful brilliancy,
can supply all his requirements. Before the introduction of
the aniline colours, however, 1t was impossible for the dyer to
make anything like a match to many of the colours, such as
the brilliant greens, blues and violets; and pure colours like
magenta, eosine pink, rhodamine and methyl violet were then
quite unknown. But the difficulty of the present-day colourist
and dyer is not in matching bright and luminous colours, but
rather the dull tertiary shades, or mode hues, so much
employed in the textile arts. They are often most difficult
to match accurately, and we shall have much to say concern-

ing them in the following pages. For the examination of

bright colours see § 29.

§ 26. Luminosity.—This second colour characteristic, or
constant, is generally termed the brightness, or the clearness,
of the colour, and is distinguished by the amount of light
reflected to the eye. The most luminous surface 18 of course
white, which reflects all the incident light to the eye, and the
several fundamental colours have varying degrees of brightness,
or luminosity. Colours of a totally different hue, such as a
bright red and a green, may appear equally iuminous to the
eye, and this is found to be quite in accordance with the
results obtained by measuring, with a suitable apparatus, the
relative luminosities of colours. The brightest part of the
spectrum is the orange-yellow and orange; then come the
greenish-yellow and the green.

Following the green in luminosity is the orange-red, then




CHAPTER IIL

COLOUR CONSTANTS — HUE — LUMINOSITY — PURITY — EXAMIL-
NATION OF BRIGHT COLOURS—AID OF TINTED FILMS_
SIMULTANEOUS CONTRAST — MATCHING DIFFICULTIES
ARISING FROM CONTRAST.

§ 24. In making an examination of any colour, there are
three outstanding characteristics, or what aretermed Constants,
which claim attention. These are: (1) hue, (2) luwminosity,
(3) purity.

Hue—The hue of a colour is-that excessive predominance
of one or two of the simple fundamental colours over the
rest, and which gives it the distinguishing colour sensation.
In common language it is simply understood by the term
“colour,” such as a red, orange, violet, green or blue. The
purest standard of fundamental colours is that of the solar
spectrum, where we find them all—red, orange, yellow, green,
blue and violet—in their ideal beauty and perfection. The
greater the predominance of any one of these in a colour, the
stronger is the hue of that colour; but the original hue must
always predominate.

For example, orange is a fundamental colour, but if it gets
an addition of red to make it too red for pure orange, then it is
an orange of a red hue; and likewise, it yellow be added in

excess, 1t goes off from orange into a hue of yellow. Zhe pre-
dominating colowr always gives the characteristic hue ; and,
with a little careful examination, all the many soft tertiary or
mode shades can be simplified into dulled or * broken hues "

A well-trained eye can distinguish the minutest differences
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§ 23. From what has been stated in the previous pages,
it will be observed that the quality of daylight forms a very

important study to every dyer and colourist who endeavours

to see his shades in their truest aspect.

Direct sunlight or blue skylight, a rosy morning Or &
sunset, a warm hazy day or a dense fog, certain coloured
surroundings without and within the laboratory, all tend,
more or less, to affect a change on the true aspect of dyed
colours, by altering the proportions of the coloured rays which
they reflect.
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beautiful to look at, gives most misleading results to the
colour-matcher. Iven an ordinary coal gas flame looks white
and pale in the rosy light of a November morning. This
might be guessed from the ruddy appearance of everything in
such a light : face and hands assume quite a rosy hue. The
writer had g striking illustration of the deceptive effects of
this rosy morning light when examining a series of differently
composed shades. Some were dyed with the natural dyestuffs,
while other shades, matching the former very closely, were
dyed with some of the anilines. In good daylight the several
pairs of shades very closely resembled each other; but to his
astonishment, when examined in the morning light, they
presented a totally different appearance, and not the least like
each other,

For the cause of such differences in the behaviour of appar-
ently similar colours we must examine with the spectroscope
the optical structure of the dyes themselves. (See Chapter IX.)

A pair, which matched closely in good daylight, were
reddish drabs, dyed in the one cage with archil, acid indigo
extract and fustic; and the other with orange, patent blue,
and an aniline red. In the ruddy light of the morning the
first shade presented a russef appearance, while the other,
dyed with the anilines, appeared a greenish drab. Such a
quality of light, therefore, is quite unsuitable for the ex-
amination of dyed shades. In two or three hours afterwards,
when good daylight had fully come, the shades referred to
closely matched each other.

Two dyed shades closely resembling in properties and
behaviour those just described will be found in dyed patterns
Nos. 18 and 14. (See Appendix.) :

As such perplexing phenomena are often observed by
the practical dyer, we have studied them more fully under
Chapters VIL-IX., when dealing with the aspect of colours
under the artificial lights.
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of nature, alludes beautifully to the greenish light reflected

from grass and foliage ; where, on the white chalk roof of the
hermit'’s cell—

The green light from the meadows underneath

Struck up, and lived along the milky roofs.!

§ 21. It has been observed, also, that any strongly coloured
surface in front of the matching windows, such as a red-brick
wall, or the terra-cotta painted side of a house, when illumined
with sunshine, reflects a considerable amount of reddish light.
Not only the outside surroundings, but also the inside of the
laboratory may require a little attention. No strong, decided
colours should be used in painting the walls, but a soft
neutral grey will be found to have the best effect in the
colour-matching room.

In the dark months of the year it is advisable to keep all
the matching required until the middle of the day, when the
daylight is at its best. In the months of January and
February the light in the afternoons, after the sun has set,
is of a very blue quality, as the only source of light is that
reflected from the bluish grey sky. When the colourist is in
difficulty with the bad quality of the light, and wishes to
examine some shades, he will find the magnesium light of
great assistance to him, if the electric arc or the Dufton-
Gardner light is not at his disposal. For the use of these
illuminants in colour-matching see Chapter VIIL, §§ 57-59.

§ 22. Rosy Morning Light.—Though every colour-matcher
and dyer knows that from forenoon to midday is the best
time to examine shades, yet this rule cannot always be ob-
served., In the hurry and bustle of business, nowadays, we
cannot wait patiently till the best part of the day to do our
matching. During the morning of the dark months, from
November on till March, the sky is often suffused with an
orange or a rosy pink light—the Aurora—which, though

1 Launcelot and Elaine.




DAYLIGHT. Hia)

an increasing thickness of atmosphere. At such times the
sun assumes a fiery red appearance like a ball of vermilion.

The beautiful blueness of the sky is attributed to the
opalescence of the atmosphere viewed against the dark
background of infinite space through which the world moves.

We have already observed that if the orange transmitted
light and the bluish reflected light be re-combined, they
produce again white light. Hence the fair degree of white-
ness of the ordinary diffused light of day (see § 15).

§ 19. Selection of a Pure Light.—From the preceding
pages 1t must be observed that the selection of a pure white:
light is a question of the utmost mmportance to every colour-
matcher. When the light cannot be obtained directly from
the north sky, by means of roof or side windows, particular
attention must be paid to the outward surroundings of the
colour-matching laboratory.

§ 20. If, for example, there should be a considerable.
surface of green foliage in the shape of trees, shrubs or fresh
green grass immediately in front of the windows, the light,
which enters the laboratory during sunshine, will be tinged:
with a greenish hue reflected from the surrounding foliage.
Light of this quality flattens, or dulls, all those colours be-
longing to the red end of the spectrum, i.e., reds, scarlets,
orange and yellows. Some time ago the present writer had
an experience with a light of this sort. While examining
a selection of scarlets {dyed on wool, they appeared to him
much duller than usual, and wanting in vigour. Yellows also
assumed a flatter or saddened appearance. After some little
difficulty, it was found that a large tree in front of the match-
ing window was the cause of the trouble. The tree stood in
the full sunshine, and reflected into the room a hight strongly
tinged with green. Such a light is unsuitable for careful
colour-matching. In speaking of this, it may be interesting
to mention that Tennyson, who was always a keen observer

3
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not pass through the water, but a portion of them is reflected
from the surface, and can be seen at the point (C). The other
portion passes through the water, being at the same time
refracted or bent, as shown at (D), and can be seen as trans-
mitted light at point (). The light reflected from the surface
at (C), and that transmitted through the water at (H), are both
white lights.

Tf, however, we now add to the pure water a few drops of
some liquid that creates a shght turbidity, a drop or two of
milk, for example, or of soap solution, or resin dissolved in
spirit, a “ milkiness,” or opalescence, is produced. On placing
the glass against something dark or black, so that the liquid is
seen only by reflected light, it will be observed that the liquid
is of a decidedly bluish hue; while the transmitted light, seen
by viewing through the liquid as at (E), is of a dingy orange
hue. The turbid medinm has ““interfered " with, or decom-
posed, the white light during its passage. The infinitesimal
particles, or globules, in suspension in the liquid have the
power of reflecting the blue and violet rays of the spectrum,
and these are separated out and reflected back to the eye,

giving the liquid the bluish appearance. The remaining

light is transmitted through the turbid medium, and, being
deficient in the blue and violet-coloured rays, assumes & dull
orangy-red hue from the predominance of these rays. In
other words, the transmitted light is white light, minus a
proportion of blue and violet light, lost in reflection. In this
simple experiment, then, we have reproduced, in a crude way,
the orangy hue of the transmitted sunlight, and the blueness
of the reflected skylight, due to the dust particles in the air.
In nature, where we view these colours in their sublimest
aspect, the atmosphere plays the part of the turbid medium,
and the denser or more turbid the air becomes, the deeper
orange or red is the transmitted light. This is observed in &
thick fog, or when the sun is setting and struggling through
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shading. The absence of the red and orange-coloured rays
gives to reflected skylight its bluish hue. From this simple
diagram it can readily be understood how blues and violets
in direct sunlight (B) lose their blueness and appear redder,
while reds and scarlets appear dull and flat when viewed in
a blue skylight like that of (C).

If, during the summer months, it is found that the skylight
windows of the matching laboratory admit the bluish light
reflected from the deep blue sky, the slightest coating of a
pure whitewash painted over the windows will greatly help

F16. 15.—Diagram showing (c) reflected and (2) transmitted lights,

to make the light purer and of a better quality for matching
shades.

§ 18. Interference of Light.— Before proceeding further,
1t may be well to consider briefly the cause of this difference
m hue between the transmitted sunlight and the reflected
blue skylight. .

In order to illustrate this, let us take a glass beaker or
tumbler (A) containing pure water, as in Fig. 15. If a beam
of white light (B) strikes the surface of the water at an angle,
as shown in the illustration, the whole of the light rays do
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“landmarks” to the szientist and colourist. (B) represents the
spectrum of direct, or transmitted, sunlight, and shows all the
colours from red to green-blue in their normal intensity, the
same as in the spectrum of white light; but from the blue to
the violet end of the spectrum there is a deficiency or absorp-
tion of rays, which is here represented by shading. Tt is this

(A  (B) (€

WHITE DIREETI@_UESHT
A

A
B RED | RED
c
ORG. | ORG. | ORG.
) 2

YELLOW|YELLOW |YELLOW

GREEN [GREEN | GREEN

VIOLET [VIOLET:

H :

L L _-!

Fia. 14.—(4) Showing spectrum of pure white light. (B) Direct or trans-
mitted light, showing slight absorption of the blue end. (c) Blue sky-
light, showing slight absorption at the red end of spectrum.

absence of the due proportion of the blue and violet rays
that gives to direct sunlight its ruddy orange hue.
Spectrum (C) represents that of blue skylight, and shows
the contrast to that of transmitted light (B). In blue sky-
light the rays from violet to yellow, at the line (D), are present
in their full strength, but, from the orange on towards the

red end of the spectrum, there is absorption shown by the
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light they reflect. There are certain greenish yellows, for
example, such as chinoline or quinoline yellow, uranin, nit-
razine, auramine and napthol yellows, which show a beautiful
and delicate lemon hue in blue skylight, which is quite lost
in a clearer or yellowish light. Many of the beautiful hues
of bluish red, such as magenta, crimson, and the pinks derived
from the phthaleins, Eosine pink, Rose Bengal, Phloxine,
Rhodamine, etc., appear to advantage in a blue skylight, as it
shows up their delicate bluish bloom which constitutes their
characteristic beauty.

It will be observed, from the foregoing, that direct sunlight
and blue skylight are exactly opposite in their predominating
hue and in their influence on colour appearances.

This explains why coloured materials like dyed fabrics-—
wool and silks especially—change so much in their aspect
when viewed first in the one light and then mmmediately in
the other. The colour contrast of the two lights becomes.
very apparent when objects in nature happen to be illumi-
nated by both of them at once. Thus, an object standing in
the strong sunshine is itself ruddy, or what artists term
“warm " in hue, while the shadows, which are illumined only
by the blue skylight, are of a bluish violet hue.

This colour contrast is also intensified by their being in
Jjuxtaposition, The different hues of ordinary daylight are
shown often in snow scenes, and artists know how difficult it
is to represent faithfully the surface of snow, with its many
delicate variations in hue in its lights and shadows, arising
from the “warm ™ direct light and the bluish reflected light
from the sky.

At Fig. 14 we have a simple representation of the nature
of these two qualities of light. (A) represents the spectrum
of ordinary white light, showing all the colours from red to
violet in their normal intensity. The letters A, B, C, D, etc.,
represent the well-known Fraunhofer lines,which are invaluable
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become redder in hue, while the greenish blues keep a clear
green-blue appearance. Similar changes in the aspect of
colours, but in a much greater degree, are produced with any
of the artificial illuminants, such as gas or lamp light, which
possess a great excess of red and orange rays. These, how-
ever, are specially considered in Chapter VIII. on the artificial
lights.

As every practical dyer and colourist knows, there are
many compound shades, especially those dyed with aniline
colours, which are very sensitive to the slightest tinge of
colour in the daylight. A few such shades will be found in
the dyed pattern plates at the end (see especially Nos. 6, 7, 8,
13 and 14), and if the reader views them first in good white
light, then in direct sunlight, he will be astonished at the
differences in their appearance. Dyed colours on silk and
wool are far more liable to alter in hue, under such conditions,
than the insoluble pigment colours painted or printed on
paper.

As we shall see, in Chapter IV., the lustre of the fibre and
the optical properties of the dye stuff both play a part in the
abnormal differences in hue often observed in dyed fabrics
under an orange-tinged light like direct sunlight.

§ 17. Blue Skylight.—The light reflected from the open
blue sky shows a predominance of the blue and violet rays,
and is, therefore, a complete contrast to direct sunlight. They
are, in fact, complementary to each other. Blue skylight has
the opposite effect on colour appearances to that of trans-
mitted sunlight. It deepens and enriches those colours
belonging to the more refrangible end of the spectrum, the
blues, cyan-blues and violets ; while the red, orange and yellow
at the other end of the spectrum become dulled and flattened
in their appearance. The blue quality of this Light shows

many of the colours to the best advantage, especially those
which owe their characteristic beauty to the green and blue
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Thus, if a small portion of the red and orange rays be
separated or detached from white sunlight, the remaining
rays combine to form a bluish light. If some of the blue
and violet rays be separated from white light, the resultant
light will have a red or orange tinge, due to the predominance
of these rays. It is owing to this separation, or what is
termed ““interference” of the blue and violet rays in the
light passing through the atmosphere, that there exists an
excess of red and orange rays in the transmitted sunlight.
The denser the atmosphere is, the greater will be the amount
of blue and violet light ‘separated, and consequently the redder
will be the transmitted light. This may be observed in the
redness of the sun during a dense fog, or when it is low on the
horizon, as at sunrise and sunset. Under direct sunlight
blues of a somewhat reddish hue become redder, approaching
more a blue violet, while violets lose their proportion of blue
and appear like the purplish or red violets.

Various beautiful compound or tertiary shades, such as

soft greys, buffs, drabs, olives, sages, etc., show a considerable
difference in appearance in direct sunlight, as they lose their
blue and violét constituents. But one advantage of the red-
ness of direct or transmitted sunlight 1s the fact that it brings
out certain little peculiarities of hue in many colours, which
might otherwise escape detection. The orange-tinged light
brings them out more distinctly. Thus, violets having a
bluish cast, when compared with those having a reddish cast,
in a white light show perhaps very little distinction, but in
the direct sunlight they show a much greater divergence in
hue; the blue violets become deeper and duller, while the
reddish violets appear clearer and redder.

The slight differences between blue-greens and yellow-
greens, or between reddish blues and greenish blues are much
accentuated ; the blue-greens becoming duller, while the
yellow-greens become brighter and yellower; reddish blues
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Best Diffused Lights for Colour-Matching.
Fig. 11. Forenoon = North and West.
., 12. Noon = North and Hast.
., 13. Afternoon = North, Hast and South-East,

From the above we learn that a north light is the best for
colour-matching throughout the whole day.

§ 16. Direct Sunlight—The excess of red and orange light,
or what artists term the warmth, in direct sunlight, has long
been observed by colourists, and its effects on the aspect of

colours, especially those dyed on wool and silk, are very

deceiving. Colours belonging to the less refrangible end of
the spectrum, i.c., the reds, orange and yellows, are all
brightened and yellowed when illuminated with it; while
those belonging to the other end of the spectrum, the blues
and violets, lose their clear blueness of hue and appear duller
and redder. A fine series of hues termed mauves, which
are violets of a bluish cast, when viewed in direct sunshine
appeared more like a class of magentas. The blue rays
reflected by all such colours as violets, purples and mauves
are lost in direet sunlight, and the predominance of orange
rays in the light gives them the appearance of bluigh reds
or magentas. For this reason some of the finest colours,.
cuch as crimsons, blues, bluish pinks, violets and others of
this class, cannot be properly examined in the direct rays of
the sun. The effect produced is similar in kind, though
much less in degree, to that of an ordinary artificial illumi-
nant, and is caused by the deficiency in the light of the blue
and violet rays, which are necessary to show the true aspect
of all colours. ,

Ordinary white sunlight, as the reader is aware, consists.
of & marvellously balanced mixture of differently coloured
lights—red, orange, yellow, green, blue and violet; but if
the proportions of any of these coloured rays be altered or
interfered with in the slightest, the resultant light is not,
white, but coloured by the predominating rays.
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whiteness. It will be observed, therefore, that one window in

a colour-matching laboratory is not nearly so serviceable as
. three or four windows facing the different directions. At
| certain times of the day the colourist must choose the
( windows best suited for his purpose.

W,
——-\qu@
3
=
=

Fia. 13.—Afternoon.

Simple diagrams showing best diffused light during the day.

Thus, in the forenoon, as will be seen from the simple
-diagrams, Fig. 11, the best diffused light comes from north
and west ; at noon, Fig. 12, when the sun is south, the best
light comes from the north and east; in the afternoon, Fig.
13, the best diffused light is the north, east and south-east.
‘They may be tabulated as follows :—
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in it. From this direction, also, comes the rosy-coloured
light of the dawn, the beautiful Aurora, which, however
pleasing it may be to admire in an wsthetic sense, is never-
theless a most deceptive light to the anxious colour-matcher.
We shall have more to say regarding this light as we proceed.

At midday the sun is due south, and shades cannot be
matched accurately under its influence; but the light from
the east, as well as the north, may then be used for colour
examination. It will be observed from Figs. 10 and 12
that they are now both well-diffused lights.

DIFFUSED LIGHT

Fig. 10.—Diagram showing north light the
steadiest and best diffused.

After midday the sun continues on its course to the west,
and the direct or transmitted light during this part of the day
is the most deceptive to the colourist, as it possesses a pre-

dominance of the orange and yellow rays, which alters con-
siderably the aspect of dyed shades, especially those on silk
and wool.

During this part of the day, however, from noon to even-
ing, the light from the north, east and south-east are, under
ordinary conditions, all well diffused, and of a fair quality of
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months of the year; but the dyer and colour chellnist.ca;n re-
ceive invaluable aid during such times from the electric a,ré,
the Dufton-Gardner improved matching light; and also the
magnesium light. These, however, will be considered in their
proper places among the artificial illuminants (see §§ 57-59).
Tt will be observed, therefore, from what has just been stated,
that the ideal daylight for the colour-matcher is a north light,
during the clear months of May and June, May especially.
But, unfortunately, all practical colourists, such as dyers,
calico printers and colonr-mixers, eannot wait for ideal weather

to match their various shades, but must make as perfect a

match as possible all the year round, and in all sorts of day-
light and weather. It is here that much of the difficulty of
colour-matching is experienced, as many of the delicate fashion
shades are found to alter considerably in the different qualities
of daylight. The writer, for example, hag often observed that
two shades which appear a perfect match one day will appear
“off the match™ the next day; and this difficulty, which
sometimes proves exagperating, is experienced very often by
silk dyers. Shades dyed on silk, as we shall observe later on,
are more sensitive to the changes in the quality of light than
those dyed on any other fibre (see §§ 38-51).

The following few hints, with the assistance of the dia-
grams, may prove of interest in the selection of the best light
for colour-matching. :

The cirele (Fig. 10) may be taken to represent the sky with
its four cardinal points, North, South, East and West. It may
readily be observed why the north light 1s steadier and more
reliable in purity than that from any other direction. The light,
in being reflected, is thoroughly mixed or diffused, and at no
time of the day can there be found the yellowish or orange-
tinged light of direct sunshine. From the east comes the morn-
ing sunlight, which is very often of a ruddy or ‘“warm > hue,
and this changes considerably the aspect of colours examined
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is a decided minimum in winter, from November to January,
then a steady increase through the spring jmonths to the
maximum in May, 7.e., 14 per cent. Then therelcomes a
secondary minimum in June and July, to another{ maximum
in August, when there follows a great fall from 13 per cent. to

gl e Rl m s e R s g
Febces d L B e iR et oS e SO0

14 14
13 13
12 12
11 1
10 10
9 9
5 H
7 7
6 6
5 5
4 4
3 3
2 2
1 1
0 0

F16. 9.—Sunshine chart, showing percentage of sunshine throughout
the year for Great Britain.

8 per cent. in September. A slight increase in October 1s fol-
lowed by the fall to the winter minimum in November, the
darkest month in all the year.

§ 15. Diffused Daylight.—The matching of colours, especi-
ally dyed on wool and silk, is a most difficult task in the dark
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reaches its maximum amount for the year. June, July and
August are the next best months for quantity, but generally
towards August the atmosphere and the light become hazy
and duller in quality. As might be expected, the darkest
month of the year is November, when the sunlight reaches
its winter miimum. The sunshine chart represented in Fig.
9 has been prepared by the writer from the average results
of some thirty observing stations throughout Great Britain
and Ireland. The sunshine throughout one year,! counting
the total as 100, was found to be as follows :—
January. February. Maxch, April. May. June,
3 7 15 26 40 53

July. August.  September. October. November. December.
65 8 86 95 97 100_

From these figures it will be observed that, of the total
sunshine for the whole year, the month of

January gives 3 per cent. | July gives 12 per cent.
Febroary ,, 4 August = 13 5
March i 8 September 8 5

April 0 11 October " 9 A"

May = C14 November ,, 2 &

June i 13 December 3 i

Total 100

From the above can be drawn the chart, Fig. 9, which
shows at a glance the varying percentages of sunlight for
the months of the year. It might almost be taken to repre-
sent not only the quantity of sunlight, but the quality, or
purity of the light for colour-matching purposes; as the best
months for colour examination are from April on to August,
and the poorest are those where the daylight 1s scarce and of
inferior quality, namely, from October on to December, January
and February. From the chart it will be observed that there

1 According to Mr. H. N. Dickson, F.R.8.K., in Trans. Scot, Ceographical
Assoc,, 1893,
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practical colourists as the dyer, colour-mixer and calico printer.
It behoves us, therefore, to study carefully its varying moods
and do our best under the circumstances.

§ 13. Pure Daylight.—The white diffused daylight in
early summer (about the month of May), and coming from a
northerly direction, has been chosen, among colourists, as the
standard of a good, pure daylight, as it possesses the necessary
whiteness and purity for showing all colours in their truest
aspect. The reason why the north light should be preferred
is because the light coming from that direction is always the
steadiest, and, being thoronghly mixed or ¢ diffused,” is of a
purer and whiter quality than from the other directions.

Mzr. J. W. Lovibond has shown in his valuable work on
the Measwrement of Light and Colouwr Sensations that there
is no light so pure and white as that from a white mist (sea
fog), and he adopts 1t as his standard normal white light.

The light directly transmitted from the sun 1s of a ** warm,”

or orange tinge ; while that reflected from an open blue sky
has a predominance of the rays found at the other end of the
spectrum, namely, the blue and violet. These two coloured
lights, the orange and the bluish-violet, are complementary to
each other, and when they are combined or * diffused ” to-
gether the result is a pure white light.

Complementary coloured lights, it will be remembered,
produce whiteness, while with complementary coloured dyes,
or pigments, greyness or black is produced. It will be ob-
served, therefore, that the ordinary diffused daylight is gener-
ally of a very fair quality of whiteness, and well suited for the
examination of colours.

The light reflected from a white or pure grey sky, from
a bank of white cloud, or that transmitted through certain
degrees of mist often prevalent in Scotland, are all of a good
white quality, well adapted for the purposes of colour-matching.

§ 14. The best month for good sunshine is May, when it




CHAPTER II
DAYLIGHT FOR COLOUR-MATCHING,

DAYLIGHT STANDARD—DIFFUSED DAYLIGHT—DIRECT SUN-
LIGHT—REFLECTED BLUE SKYLIGHT—INTERFERENGE
OF LIGHT—SELECTION OF A PURE LIGHT—ROSY MORNING
LIGHT—VARIABILITY OF DAYLIGHT,

§ 12. Next in importance to the question of colour-per-
ception is that of the daylight itself, which illuminates the
colours. It is always necessary to pay careful attention to
the nature of the light employed in colour—matching, as the
slightest tinge of colour present in it gives to the shades
examined a decidedly different hue, After a little experience
In the careful examination of colours, it will soon be observed
that ordinary daylight is very far from being an ideal illuminant
as regards whiteness and uniformity of quality. Some days it
1s found to be slightly reddish or of an orange hue, and at
other times it Possesses a predominance of the blue and violet
rays. Indeed, where the utmost scientific accuracy is essential,
as in many experiments in relation to colour physics, the day-
light, as a standard, has to be discarded as untrustworthy, and
the steadier and more uniform light of the electric are sub-
stituted. Tt will be observed, however (see § 57), that the
standard of quality of the arc light is slightly different from
that of good daylight, Although the ordinary sunlight cannot
be regarded as an altogether ideal illuminant for the scientist,
owing to its changeable nature, it is, nevertheless, the uni-
versal, and, indeed, the only applicable standard for such
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Unfortunately in a single chapter we cannot enter further
into the absorbing study of colour vision, and must refer the
student to the several excellent manuals dealing with colour
physics. The foregoing pages, however, may act as a useful
introduction to our subject of colour-matching, and may also

A B C D E F G H

|
RED | YELLOW TREEN BLUE [VIOLET

7

LOW GREEN

Fia. 8.

help the colourist to understand a little —a very little—of that
mystery surrounding the simple faculty of perceiving colours.

For certain abnormal conditions of the eye, of much interest
to colourists, such as yellowing of the lens, colour-blindness,
etec., consult Chapter VL., §§ 46-50.
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fact that in viewing the blue only the green and violet nerves
are affected and fatigued ; consequently the green and violet
lights reflected from the white paper are no longer perceptible,
but the remainder of the white light, 4., the red rays,
stimulate the active red sensitive nerve, and produce the com-
plementary red image as observed.

The following pairs are complementaries :—

Red and Blue-green.
Orange ,» Greenish-blue.
Pink Yellow-green.
Orange Green-blue,
Yellow Blue.
Green-yellow Violet.

Green Purple.
Yellow-green Crimson.

§ 11. The proportion of stimulation of the three sets of
colour sensitive nerves may be represented diagrammatically
by means of curves drawn on the chart of the solar spectrum.
No. 1, Fig. 8, for example, represents the three sensations
as drawn by Helmholtz. The lines A, B, G, D, ete., represent
the well-known fixed lines of the solar spectrum. In this
diagram it will be observed that Helmholtz gives the three
colours, red, green and blue, all equal luminosities. The
sensation of yellow is produced by the combined action of the
red and the green colour sensations. Diagram 2 represents
the colour sensations as represented by Dr. Keenig, and are
known as Kcenig’s curves. They were made after a great
many experiments, not only with normal colour vision, but
with those who were colour-blind, No. 3, Fig. 8, gives the
curves of colour sensations as formulated by Clerk-Maxwell.

It -will be observed by carefully comparing these three
charts representing the three colour sensations, as formulated
by these expert physicists, that they all slightly differ, more
or less, from each other; so that the question of the exact
locality on the spectrum of the true fundamental colour sen-

sations is still uncertain. ;
2
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§ 10. Complementary Colours.—If we look steadfastly at
a bright red colour for some time, such as found in dyed
pattern Nos. 1 and 3, in Appendix, and then immediately view
a white sheet of paper, we observe a bluish-green image of
the red-coloured object. This is owing to the set of red
sensitive cones or fibrils being fatigued or paralysed with the
too long action of the red light; and on viewing white, only
the two remaining colour nerves act, namely, the green and
violet, which combine and form the bluish-green of the after-
image. As the red nerve fibre gradually recovers its powers of
perceiving the red element in the white reflected light, the blue-
green image fades away, and the paper again appears white.

Another example may be found in the beautiful, bright
pink dye Rhodamine (see dyed pattern No. 2), which, after
viewing for a few seconds, gives a bright yellow-green atter-
image. This pink colour of Rhodamine consists principally
of red and violet rays, which stimulate and fatigue the red
and violet sensitive nerves. On viewing a white sheet of
paper, therefore, the eye perceives a green image, as the green
nerve is the only one left unexhausted. Green is, therefore,
the * complementary ” colour to pink.

By gazing steadfastly on the bright orange in dyed
specimen No. 4, and then turning the eyes immediately to a
white sheet of paper, we observe a greenish-blue after-image.
In viewing orange not only are the red sensitive nerves acted
on, but also the green nerves to a much less extent. The
nerve fibrils that are left active after gazing at orange are,
therefore, the violet and also to a considerable degree, the
green ones. Consequently, the after-image, or complementary,
to orange is violet, plus a portion of green, which goes to
produce a greenish-blue, as we have already observed.

Yet another instance may be found by viewing a bright
blue such as the beautiful blue seen in dyed specimen No.
5 (Night blue). This gives a red-tinged after-image, due to the
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A German physicist named Wiinsch, in 1792, was the first
to select this triad, and the famous Dr. Thomas Young, some
ten years afterwards, independently adopted the same three
primaries, and enunciated his theory of colour; which, after
lying neglected for many years, was revived, and further
developed, within recent years by Helmholtz, Clerk-Maxwell
and others, and forms what is now termed the Young-
Helmholtz theory.

It is conjectured that the retina, which, as we have seen,
1s an exceedingly complex structure, consists of a vast assem-
blage of minute nerve fibrils of three different kinds—one set
very sensitive to the red light, but not so sensitive to green
and violet; a second set very sensitive to the green waves,
but stimulated only in a small degree by those of red and
violet; and a third set of nerve fibres readily sensitive to the
violet waves and less to the red and green. When all the
three nerve fibres are equally stimulated, the sensation of
white light is produced ; but if the red or the green set of
nerves be more affected than the violet, then the impression of
ared or a green, mixed with a proportion of white, is the result.

As we have already stated in § 5, it seems to be proved
beyond a doubt that the peculiar set of pointed nerves in the
retina termed ““cones ” have the special function of perceiving
the colour sensations, while the “rods" determine only the
light and shade (see Fig. 4).

This theory of colour vision is considered by physiologists
to be quite in harmony with the structure of the retina as
revealed by the microscope; and it also gives a reasonable
explanation for the phenomena of “after-images,” or com-
‘plementary colours, dichromic vision, and other curiosities of
colour-perception.

As dichromic vision, or what is generally termed colowr-
blindness, is of great interest to the colour-matcher, it will

receive special attention in a subsequent chapter (see Chaptel
VL, §§ 48-50).
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refracted. Between these two extremes are the various different
colours, all varying in degrees of refrangibility or wave length.

Hvery ray of different colour, or what is termed refrangi-
bility, seen in the spectrum is a simple, homogeneous colour,
and cannot be further decomposed. If, for example, we
throw the spectrum upon a screen and then cut a hole in the
screen, in the green portion as shown in Fig. 7, we obtain a
ray of green light; but on passing this green' light through
a second prism (D) we find it cannot be further decomposed
into yellow and blue as we might expect. Kvery spectrum

e

Fic. 7.—Showing homogeneous nature of spectrum colours: green
not further decomposed.

colour is simple; but physiologists, after long and laborious
research on the structure and properties of the eye, have been
led to the conclusion that all the colours of the spectrum can
be reduced into three elementary or primary sensations.

§ 9. Primary Colour Sensations.—What these three prim-
ary colour sensations are has been a moot point for long, but
scientists are now almost unanimous in selecting Red, Green
and Violet as the fundamental colour sensations, and on these
the most reasonable theory of colour has been established.
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coating, then the eyes appear pink from the light reflected
through them from the blood-vessels in the choroid mem-
brane. Such an abnormal condition of eye is seen in the
ordinary white rabbit, and also in people who are Albinos.

The eyesight of an Albino is always defective, and they
are painfully sensitive to any little excess of light, because their
eyes are devoid of the natural dark pigment, which forms so
wonderful a protection in the normal eye.

(M) Optic Nerve.—The optic nerve (O.N.; Fig. 3) consists
of all the delicate nerve filaments, or fibres, from the retina
bundled together into what has been graphically likened to
“a many-stranded cable,” which conveys its sensation from
the retina to the brain, where it is immediately translated in
some mysterious manner into what we term light and colour.

The foregoing brief and imperfect sketch of the more im-
portant features of the eye may help us in our further study
of the perception of colour. The eye, notwithstanding all its
ascribed faults as a purely optical instrument, fulfils its proper
functions in a truly marvellous manner. Indeed, the deeper
we study its wonderful construction and properties, which
finally baffle investigation, the more we become convinced
that there must be wise reasons—as yet unknown to us—to
account for what the scientist lightly terms its ““blemishes .

PERCEPTION OF COLOUR.

§ 8. Perception of Colour.—We have already observed
that a beam of white light (1, Fig. 1), when decomposed by
means of the prism (C), is found to consist of six fundamental
colours—red orange, yellow, green, blue and violet—all merg-
ing beautifully into one another to form the spectrum (D).
It will be observed, also, that the longest colour waves, or those
of slowest beat, 4.e., the red, are the least refracted, or bent,
during their passage through the prism; while the coloured
light of shortest wave length, .e., the violet, is the most
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lens by age. This interesting question is, however, treated
more fully in Chapter VI., when dealing with the colour-
vision defects of the eye (see §§ 46, 47).

(7) Vitreous.—The third or Vitreous Hwmowr occupies
about four-fifths of the interior of the eyeball, and derives its
name from its resemblance to liquid glass.

It is a colourless transparent jelly, beautifully adapted to
support the delicate membrane of the retina (R.R. in Fig. 3)
and to prevent it from receiving any sudden jar or shock.

§ 7. (®) Pupil.—The round opening in front of the eye
(see P.) through which the light passes into the interior of the
eye is termed the pupil, and by the action of the muscles of the
iris (I.1.) the pupil has the property of regulating the amount
of light by contracting or dilating. If, for example, we look
towards the sun, the electric arc, or any source of strong light,
the pupil of the eye contracts until it 1s only a very small
opening, and thereby shields the eye from the excessive light.
Tf we pass into adark or dimly-lighted room, the pupil dilates
in order to let in as much of the weak light as possible.

The pupil of the human eye always appears black, except
in cases of peculiar eyes, such as observed in the Albino; but
the eyes of certain animals, like the cat, dog, wolf, the lion and
tiger, may be seen to glare with a strange “ uncanny " light,
even in the dark. This was for a long time considered to be
a real light, emanating from the eyeball itself, and produced
by the anger or excitement of the animal; but investigation
has now shown it to be merely a reflection from a peculiar
patch of a metallic-like surface on the choroid coating inside
the eye.

(r) Iris.—The iris (see L.1.) is like a curtain stretched
across the interior of the eye, and gives to the eye its own
characteristic colour. When we speak of brown, blue or
grey eyes, we refer to the colour of the 1ris.

Tf, however, the colouring matters normally present in the
iris be absent, and also the black pigment in the choroid
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(H) Aqueouss—The Aqueouws Humour (Aq. in Fig. 3)
consists of nearly pure water, and occupies the space between
the cornea (C.) and the crystalline lens (Cry.).

(1) Crystalline.—The Crystalline Huwmowr or lens (Cry.)
s a firm, elastic, gelatine-like substance, shaped biconvex, like
an ordinary ‘“magnifying glass ”. The convexity of this lens
can be varied by the action of the ciliary muscles (see G M),
and in this way near and distant objects can readily be focussed.
With the advancement of age, however, the lens loses its
elasticity and becomes denser. It is then not possible to
Increase its convexity in order to focus near objects, and resort
must then be made o convex glass spectacles. The mus-
cular effort necessary to focus the eye is technically termed
“accommodation ',

Sometimes, as the crystalline lens grows dense with age,
it also acquires a yellowish tinge. This alters considerably
the appearances of colours, especially those belonging to the
blue and violet class. The yellow tinge absorbs a certain

amount of its complementary blue, and an observer having
eyes so affected will see colours slightly altered by their having
a slight deficiency in their blue rays. The effect is similar to
that of viewing through a faintly tinted yellow glass or film.

Artists or colour-matchers, whose eyes are affected in this
manner, will, in matching colours or in painting, make their
shades somewhat bluer and colder than they really appear to
the normal eye, the crystalline lens of which is colourless.
The cold bluish effect of the later paintings of Mulready and
Turner is attributed by Leibreich to this yellowing of the
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acute portion of the retina, the *“cones,” or eolour-perceiving
nerve fibrils, are very numerous and closely set, while the
rods are very few, and situated round the margin of this.
yellow spot.

(G) Blind Spot.—1It is rather curious, also, that not very
far from this, the most sensitive portion of the retina, 18 &
spot entirely insensible, or blind, to light. This blind spot,”
as it is termed, is situated at that portion where the optic nerve
enters the eye at the X’ mark in illustration, Fig. 3. Here
the nerve fibres are devoid of rods and cones. One would
naturally think that this portion, where all the nerves are
gathered together, should be the spot of most acute vision..
The existence of this blind spot, as no doubt most of our readers
already know, can easily be demonstrated by closing the left.

. S ®

Fia. 5.

eye, and looking with the right at the cross in Fig. 5, at a.
distance of about twelve inches. The cross and the round
spot will be both visible. Then bring the page gradually
nearer to the eye, still keeping the gaze fixed steadily on the
cross mark, till the page approaches to about seven inches
from the eye, when the retinal image of the round spot falls.
upon the entrance of the optic nerve, and the black disc will
become invisible. On bringing the page still nearer to the eye
the disc reappears, after its image has passed over this ““ blind
spot” of the retina. This may be readily understood by
studying the simple diagram, Fig. 6.

§ 6. The three Liquids, or Humours, present in the eye
are termed the aqueous, crystalline, and the vitreous.
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layers, of marvellous intricacy and delicacy. Without going
into details, it may be said to consist principally of two
delicate structures, one portion of connective tissue being in
contact with the vitreous humour. This is termed the inner,
or anterior, membrane. A second, or outer, membrane consists
of layers of peculiar, cylindrical nerves, some blunt and others
pointed at the ends, which from their shape are termed ““rods
and “cones””. This layer is in immediate contact with the
pigment layer of the choroid coat (Ch.). Fig. 4 gives a section
of this part of the retina, showing the rods (A) and cones (B).
These “rods” and ““cones,” as they are termed, play a most
important part in the perception of light and colour, and recent
investigation has proved that the sharp-pointed nerves, or the
“ cones,” determine the nature of the colowr of the object seen,
while the ““rods " are sensitive only to the light and shade.

The remarkable fact has been discovered, also, that animals,
which, from their habits, do not require colour-perception, such
as the burrowing and nocturnal animals like the mole and
hedgehog or the bat and the owl, have no cones in their
retina, only the rods, as shown in A, Fig. 4, being present.

(®) Yellow Spot—In the human eye the most sensitive
part in the retina for perceiving colours is at the arrow
point shown in the diagram, Fig. 8, where there is a peculiar
depression in the retina. This spot is termed the macula lutea,
or the ““yellow spot ™ from its colour. It is directly opposite
to the middle of the pupil. The depression itself is known
as the fovea centralis, and is the only part of the retina
which admits of clear and distinct vision.

For example, in reading or looking at a picture or land-
scape, we find that we can see distinctly only one small portion
at a time. It is necessary to move the eyes to and fro to see
every part clearly; we must place the eye in such a position
that the image falls upon this sensitive spot ; otherwise we
obtain a general, but more or less hazy, indistinct view.

It is a remarkable fact that at this certain point the most
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of the selerotic, and the iris, or coloured diaphragm of the
eye, is behind the watchglass-like cornea (see L.I. in Fig. 3).
This choroid coat not only contains the wonderful network
of blood-vessels of the eye, but it is also lined with dark-
coloured or black-pigment cells. This makes the interior of
the eye dark like a camera. These black-pigment walls absorb
all excess of light that would arise from reflection and diffusion
inside the chamber of the eye, and would thus cause dim and
inaccurate vision. Persons whose eyes are devoid of this black
protective lining are termed Albinos (see the Tris, § 7 (1)).

A B A
N1

A Il

100 N0

F1g, 4,—Portion of retina showing rods (a) and cones (B).

§ 5. (8) Retina.—The third coating, or inner membrane,
is the Retima (see in Fig. 3). This is the most important
part of the whole eye. It is this wonderful nervous mem-
brane that receives the impressions of the waves of radiant
energy (see § 2) and transmits them to the brain, where
they are translated into Light and Colour. Although the
retina is only about the t§5th part of an inch in thickness,
just about the thickness of ordinary writing-paper, it is found
to consist of no fewer than nine different membranes, or nerve
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Fig. 3 will assist us in studying the more important parts
of its structure.

(B) Sclerotic—The first coat or outer membrane is the
sclerotic (Sc. in Fig. 3), which constitutes a.}jq;t_-t four-fifths of
the posterior external coating. Tt is opaque, and forms what
we term in ordinary language *“ the white of the eye ”

(0) Cornew.—Joined to this white opaque membrane, and
immediately in front of the eye, is a transparent medium
shaped like a very convex watch-glass (C.), and is termed the
corneq from its horny-like nature.

On account of its transparency, the cornea cannot be well
observed when looking straight into the eye, but may be best
seen by looking at it from the side, when its watchglass-like
shape 1s readily observed.

(D) Choroid.—Under the sclerotic (Se.) is auother meni-
brane contmmng the blood-vessels of the evel)eull and 1S
therefore termed the vascular coat, or the choroid (Ch ) ‘which
comprises theiris. The choroud lies close to the inner side
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differ in their range of sensibility to colours. The extreme
limits of the spectrum to one observer are, in all probability,
not exactly the same as to the eyes of another. It is reasonable
to expect that the limits of vision of small animals and 1nsects
are not the same as those perceived by man, and that their
eyes, being much more minutely and delicately constructed,
will be sensitive to rays of shorter wave length than can be
appreciated by human eyes. That this is actually the case
has been abundantly proved by the researches of Sir John
Lubbock (Liord Avebury), who has shown that ants and
insects can perceive rays beyond the extreme violet, which
are invisible to our largér and less sensitive eyes. For all
that we know, some of the colours we see, such as red,
orange‘and green, may be invisible to the eyes of some of
the smaller animals, while their eyes can perceive colour
beyond the extreme violet, invisible to man.

STRUCTURE OF THE EYE.

§ 4. Eye Structure.—Before proceeding further to the per-
ception of colour and its various phenomena, it may be well
for us to refer briefly:to the structure of the eye itsell. We
do mnot intend to ‘enter into a minute deseription of the
human eye, as the reader may obtain such in any text-book on
optics, but we wish merely to point out a few of its principal
features in relation to our subject of ¢olour vision.

(A) Eyeball.—The human e._yt—_:bal.l is nearly spherical in
form, and about one inch inidiameter. The orbits, in which
the eyes move, are hollow cones of bone, wisely arranged in
such a position as to admit of the widest range of side vision
consistent with the power of binocular vision, ie., that of
directing both eyes at once on a near object.

"The eyeball in its orbit is surrounded with a bed of faf,
30 that it can move readily in all directions. Roughly speak-

ing, the eye consists of three outer membranes or coats, and

is filled inside with three humours, or liquids.
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No sensation of light is produced upon the retina of the
eye unless the vibratory speed of these so-called waves lies
within certain definite limits. The wave length of the ex-
treme red rays is said to be about TM,W of an inch, while
that of the extreme violet is about 44445 of an inch.

Light bears in this respect a close analogy to Sound, as no
sensation of sound is produced unless the air-waves beat upon
the drum of the ear at a certain definite rate.

The differently coloured lights we see in the spectrum
have all different “wave lengths,” and the length of the
wave, or, in other words, the rapidity of its vibration, de-
termines the colour of the light. The slowest visible waves
are found at the extreme red of the spectrum, and, as their

Invisible, Visible. Invisible.
Light Spectrum.

speed or ‘“‘wave frequency

i

il

Frig. 2.

13

increases, we get the orange,
yellow, green, blue, until we come to those of shortest wave -
length, 4.e., the violet. The wave length of the extreme
violet rays is only about half that of the red rays, and they
beat upon the delicate retina of the eye with double the
rapidity of the red. Between these two extremes lie the
various intermediate hues, orange, yellow, green and blue,
with their various wave lengths, or  vibration frequencies,”
all merging beautifully into one another. ‘

It will be observed, therefore, that Seeing and Hearing
are closely analogous, and that colour bears the same relation
to light as piteh does to sound.

§ 8. As people’s ears differ in regard to their sensibility
for hearing sound, some hearing sounds of a very low or a
very high pitch, inaudible to other ears, so also people’s eyes
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can be translated by the retina and brain into the sensation
of light and colour is a mystery which may never be solved.

Science cannot explain it, and, as Professor Tyndall says,
« when we endeavour to pass from the phenomena of physics
to those of thought, we meet a problem which transcends
any conceivable expression of the powers we now possess.
We may think of the subject again and again—it eludes all
intellectual presentation; we stand, at length, face to face
with the incomprehensible.”

§ 2. All that we do know is that the sensation of light
arises from the action of these mysterious ‘ether waves™
upon the sensitive organism of the eye; but what the true
nature of that aetion is, has not yet been determined. Some
scientists consider it to be a purely electrical action; others
‘deem it a chemical one—and probably it may be both. That
these waves of radiant energy, or light, have a chemical action
is, of course, well known, as from this property arises the art
of photography. If sunlight falls upon the green leaf of a
plant, chemical action is again manifested ; and scientists, with
suitable apparatus, can show that light is capable of producing
an electrical effect.

But of the great number of “ ether” or ““energy waves”
which traverse space, only a comparatively small portion of
them are appreciated by the organ of the eye, and are thus
made visible. ’

For example, Fig. 2 illustrates the visible spectrum, con-
sisting of all the colours from red to violet; but extending
far beyond the extreme red, though invisible to the eye, is
another series of rays, termed the heat spectrum. Beyond
the extreme violet, also, are rays invisible to the eye, and,
from their power of producing chemical action, are termed
the chemical or “actinic” rays. It will be seen, therefore,
that what we term the visible spectrum, extending from red
to violet, is really but a small portion of the multitude of
different ether waves.
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theory of light as now universally accepted. TLight has been
described as “mot a thing, but rather a condition of things ”.

It 1s an established law that energy is convertible into
heat, and the heat may be so mtense as to make the sub-
stance glow with a dazzling light. This luminosity is but
the visible exhibition of the mtensely violent agitation or
energy existing among the particles or molecules of the body
emitting the light. The sun is such a luminous body. Tt is
very evident that whenever there is intense molecular dig-
turbance, or vibratory motion, the vibrations will radiate in all
directions, like the undulations on a pond of water into which
a stone has been thrown. The water itself does not move
forward, but acts simply as the medium through which is pro-
pagated the agitation set up by the energy of the falling stone.

A similar condition of things, but on an infinitely stu-
pendous scale, is set up by the sun. That glowing orb is
radiating its energy into infinite space; and as water was
required, in the case of the pond, to transmit in undulations
the agitation produced by the stone, so philosophers have
assumed that the whole universe is pervaded by an extremely
subtle tenuous medium—the ether—which transmits the
energy of the sun in vibratory movements or waves. These
travel at the stupendous speed of some 186,000 miles per
second of time. The waves of this hypothetical or light-
bearing medium—known also as the luminiferous ether—
during their swift journey through space cannot be termed
light in the true sense of the word., It is only when this
rapid wave energy reaches the eye amd excites the dei?}_c'ate
membrane of the reting that it becomes transformed into
the visible in the shape of light and colour (see § 5).

In the same manner, we cannot describe a cricket ball
coming flying through the air as pain coming towards us,
its force is transformed into pain only after it strikes us and
we feel it. But the manner in which this * wave energy




3 ik COLOUR-MATCHING ON TEXTILES.

matching are two questions of pre-eminent importance, 1.¢.,
Colour-Perception and Daylight; and to these we will first
confine our attention.

COLOUR-PERCEPTION.

§ 1. Light and Colour a Sensation.—1In the present
scientific age every schoolboy is acquainted with the famous
experiment of Newton’s, whereby a beam of white light is

E

Fre. 1.—Showing refraction of light and production of spectrum
3 by means of the prism.

decomposed, by means of a glass prism, as shown in Fig. 1,
into its various constituent colours—red, orange, yellow,
green, blue and violet.

But it is difficult to believe that no such thing as light
and colour exist in the external world, and that they are
merely delusions or sensations produced within the eye and
the brain. As a clear understanding of this initial fact is
yery essential, it may be desirable to state here briefly the
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CHAPTER 1.

INTRODUCTION—LIGHT AND COLOUR A SENSATION—STRUC-
TURE OF THE EYE—THE RETINA—COLOUR-PERCEPTION —
PRIMARY COLOUR SENSATIONS.

THE delicate art of colour-matching has ever proved a source
of difficulty to the dyer and textile colourist. Even in the
earliest annals of industrial history we learn that the skill
of the famous dyers of ancient Tyre was often put to the
severest test in the matching of their renowned Tyrian
purple to that particular amethyst hue which was then so
much esteemed.!

If the matching of dyed colours was found to be a
ditficulty then, when the daylight was clear and unpolluted
by the smoke-cloud of industry, when colours were simple
and textile fabrics few, the difficulty is very much increased
now, when we consider the impure atmosphere of our large
industrial cities, the many different kinds of fabrics, and the
complexity of the innumerable shades which are demanded
by the tastes and fashions of the present day.

Before a good match of any coloured material can be
made, either on the palette or on dyed fabric, we must, in
the first place, be endowed with eyes capable of distinguishing
the finer gradations of hue; and, at the same time, in order to
see the colours in their truest aspect, the colours themselves
must be illumined with a good white quality of daylight.

At the very threshold, therefore, of our study of colour-

! Pliny, lib. ix., chaps. 36-41,
1
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PREFACE.

ALTHOUGH a valuable and extensive literature is
already devoted to the textile arts, no hook has
yet appeared on the important subject of the
colour-matching of dyed textiles. The subject is
a comprehensive one, comprising as it does the
study of colour-perception, the qualities of day-
light, the optical properties of the fibres and
dyestuffs employed, and also the influences of
artificial illumination on colour appearances.

This little manual attempts, as far as possible,
to systematise and elucidate the many perplexing
phenomena that come hefore the dyer and colour
chemist in the course of their everyday work.
How far this attempt succeeds lies with the reader
himself to judge; but I hope it may prove a
genuine help to the practical man as well as to
the student.

I have pleasure in expressing my special thanks
to my brother, James Paterson, colour chemist,
Eskbank, for the assistance he has given me in
carefully revising all the proof-sheets, and for many
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Daylight Appearance. Gaslight Appearance.

FIG. 4,

Daylight Appearance. Gaslight Appearance.

_ This Plate illustrates the abnormal modification
in some dyed shades under arfificial light.
| See Chapter IX.
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