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before the Hardy-General Electric spectrophotometer busy on this job looks remarkably,
when judged from a rear wiew only, like our VWalter Gronville, then twelve years
younger. If we remember correctly, our puissant membership-committec chairman was
then with IPI or the Interchemical Corporation with which it was related, leaving
later to join Container Corporation of America.)

It was stated, after citing the several good fastness properties of Egyptian Blue,
that in many ways it is inferior to existing blues; and its production would not be
profitable today, though some samples 3000 years old were still brightly colored in
1937, This date fails by nearly two millenia to reach back to the earliest date,
near "the dawn of civilization," given in the article for the time when the pigment
was prepared and sold, nemely "3000 B,C. =- long before the empires of Greece and
Rome even existed." (The dewn of civilization, &s we know it today, has recently
been pushed peck by archaeologists to something like 5000 B.C. in several areas of
Asia.,) In an article by E. M. Jope and G. Huse in Nature of July 6, 1940 (p. 26),
the earliest date was given as Fourth Dynasty, beginning, according to it, at 2900
B.C.s; but the noted authority, Professor Albright of Johns Hopkins, in 1942 gave the
date of this Egyptian dynasty as ths 26th century, Jope and Huse applied X-ray powder pho-
tography to the identification of this azure pigment which, according to the lMaerz
and Paul " Dictionary of Color," has a iunsell notation ebout 6 B 4/8.5. The two
articles agree that it was used throughout the Roman empire, and one of them states
that it was the same pigment as was populer in the days of Rameses and Tutankhamen

(whoss febulously rich tomb was .opened in 1922). By the X-ray method it was shomn

that crude frits from Tell el-Yehudiyeh in Egypt (knovm for a type of black pottery
Juglet), from Silchester (Berkshire) and from Woodeaton (Oxfordshire) were of the
same crystelline form &s a block alrecady prepared for trading at Tell el-Yehudiyeh,
another in course of preparation at Armant (Egypt), and a pale blue finely powdered
pigment on Pottory from Tell el-Amarna (the capital of the extraordinarily interest-
ing pharaoh Akhnaton), end on wall-plaster frescoes from Woodeaton. A potsherd
(pottery fragment) from the last-named place contained the same finely powdered pig-
ment and was obviously used as a palette. According to the spectrophotometric
method, fragments of a wall from the ruins of Pompeii near Neples wero shown to be
colored with the same pigment from lnown museum specimens and from Romen murals,

By the use of X-rays all of the samples were shown to contain essentially Cu, Ca and
Si, with verying smell amounts of Na. Laurie and others, in 1913-14, had shown that
examples of a similar blue from Egypt, Rome, Knossos (Crete, early artistic center),
Syrie and ‘ironcter (Shropshire) consisted essentially of a definite compound of one
equivalent each of the oxides of cupric copper and calcium and four equivalents of
silica. This assumes the brilliant azure color only if formed between 800° -and 900°C.
(1472° and 1652°F); outside these limits the frit passes to a green glassy mass.
Reconstruction of an Egyptian furnace hes shown that maintenance of this temperature
for several days was required. Probably the Egyptians werz sble to judge the tempera-
ture by the color of the glowing mass. The pigment was made from sand, lime, soda or
natron and copper carbonate ore. The crude frits were found in the form of agglomer-
ates of small balls about half an inch in diameter; and this agrees well with the
description of Vitruvius, about 24 B.C., of the making of the pigment. He notes the
biconical form of the balls from the rolling in the hands as prescribed.

Dr. Mary H. Swindler of Bryn Mewr, in her splendid "Ancient Painting" (1929), a copy
of which we were fortunate encugh to secure some years ago, on page 40, states that blue
is not used in the earliest Epyptian paintings and seems to have been used later as

.an alternative for black. She adds: "It is very common in the Fifth Dynasty but was

sparingly used in the Fourth and in the still ecarlier (well-known) tomb of Hesi-Re;
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the few instances cited of it seem a bit doubtful." The method was tempera, not
fresco., Lower on the page she says that the blues and greens were oxides of copper,
but adds: "Blue was an artificial product, the color of which varied greatly from
light green to purplish tones. In making it, white quartz ( an improvement on send --
Ed, ) was ground to a coarse powder, mixed with alkali, lime and copper ore, then
heated so as to combine without actually melting. The color depended on the amount -~
of copper employed, the degree of heat used, the amount of lime and the presence of
iron. Red sand (containing probebly iron), for exemple, gives a greenish blue."

The X-ray powder method will identify most pigments even in the finely powdered form
in which the Egyptian blue appears in paintings. By this method was identified
copper aluminate (CuO combined with one equivalent of. alumina) as being responsible
for the blue color on one pot from Tell el-Amarna. This, by the way, was the seat
of Akhnaton, father-in-law of Tut, idealist, heretic pharaoh, patron of art, and
first historical monotheist. He wes called by Professor Breasted the "first
individual of history." We mey add that he was also the husband of the beautiful
Queen Nofretete and the father of four daughters, with whom he often appeared in an
entirely new, informal waey. But alas, he wes no better at war than the Egyptians

of today. VWhen his appointed governor at Byblus north of Eeyrouth wrote more than
fifty letters (cuneiform cley tablets since found) complaining of the attacks of the
Habiru, probebly related to the Hebrews, Akhnaton was too busy with his religious
reforms to be bothered to send troops.

But to return to the pigments, if we have correctly identified Mr. Granville, perhaps
he will fell us how useful is the spectrophotometric method of identifying pigments
other than Egyptian blue.

I.H.G.
GRAF Speaking of Walter Granville, we note that he and his company
PAPER believe in combining utility with esthetic values, for we

recently received {rom him copy of a very neatly printed gray
spectral graf peper across the top of which a bright full-color spectrum was printed.
It was apparently composed in the Design Leboratory of Container Corporation of
America.

FEDEROV 'S In News Letter No. 66 (September, 1946, p. 4) we indicated that
BOOK lir, Alexander E. 0. lunsell was busy translating N. T. Federov's
"General Color Knowledge," published in 1939, from the Russian.
Along with a Christmas card from lr. lunsell we recently received a note saying that
he was making progress translating selected portions of the book. The card, inciden-
tally, reproduced in "black and white" a portrait of his mother, the late Mrs. A. H.
Munsell, peinted by Abel G. Warshawsky in 1940. The portrait shows her in character-
istic busy pose == for her mind was always active -- and through a window shows a bit S
of the nature which she so loved and illustrated in her flower work.

FARNSWORTH We have received another of the series of reports from the pen
REPORT of Lieut. Comdr. Dean Farmsworth, H(S), USNR, issued by the
Medical Research Laboratory of the U. S. Naval Submerine Base,
New London, Conn. It is entitled Standards for Ceneral Purpose Sun Glasses. If is
Color Vision Report lNo. 17 of the series Theoretical and Bibliographical Studies in
Audition and Vision, dated 10 September, 1948. This 27-page report, with 20 biblio-
graphical references, contains the following conclusion: '"Sun glasses can be rated
in acceptability with respect to specific, measurable, designed characteristics,
Ideally, they should transmit 12 % visible light, be uniformly spectrally absorptive,
be opaque to infrared and ultraviolet, exclude peripheral light, be free from optical
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defects -~ and these characteristics should be unaffected by usage. Practical reali-
zation of these qualities depend upon transmissive media, frame design, size of
lenses and base curve. On page 2 is a Summary giving standards recommended under

the following heads: Light, Heat, Ultraviolet, Heutrality, Size of Lenses, Base
Curve, Geometric Optics, Frames and Physical Specifications; and in the following
pages the experimentel and literature bases for these recommendations are detailed.

HERRIS!' EARLY The ISCC Secretary in November received from our occasional
COLOR CIRCLT but always interesting correspondent, Zdwin li. Blake, a letter
giving notes from a recent article by F. Schmid of Zurich,

Switzerland, ontitled "The Color Circles by lioses Harris." The letter was passed on
to us by liss lickerson along with photostat of the four large pages of fine print
and two pages of illustrations constituting the article. The former were pages 227 -
230 of vol., XXX, No. 3 (Sept. 1948) of The Art Bulletin, published by the Collega

Art Association of America.

Moses- Harris, 1731-85, entomologist and engraver, according to the article was best
known for his book on English insects. His work on color was first published about
1770 (1765 or 1776) and has a very long title which begins with "The Hetural System-
of Colours..." Schmid believes that he hes the only extant copy of this book. A
later (1811) edition, edited by Thomas Martin, is owned by the British Huseum (one
copy). Schmid's well documented and illustrated article gives the history of the
arrangement of colors into systems (hue circles end color solids). At one point
(p. 227-8) it says: "The color circle invented by Moses Harris rendered all older
systems obsolete and I treat it here more fully because of its importance." The
earlier ones, better known in part because of mention by Wilhelm Ostwald, include
the work of Newton, Le Blon, Castel, Tobias layer asnd Lambert.

But Harris' work was known to several other asuthors in the color field. Indeed,
according to Liberat Hundertpfund in his. "The Art of Painting," published in London,
1849, the better-known color-table of Chevreul in his Law of Simultaneous Contrast
of Colors was but a reproduction of a diagram by Harris which was quoted by Phillips
in his Lectures on Palntlng. The diagram was also copied in W. B. S. Taylor's (1839)
translation of Mérimds's "The Art of Painting. in 011." Harris' work was also men-
tioned by M. Gartside in an 1805 essay, by George Field in his "Chromatics" (1817)
and his "Chromatography" (1841), and by Charles Hayter in the sixth edition of a
comprchensive work published in 1845, As we have said, he was not mentioned by

Fal

Ostwald in his account of the dovelopment of color theory since Newton.

According to Schmid, Harris identified his "primitives" (red, yellow and blue) by
means of .both pigmonts and flowors; liliewise his three "mediates" (orange, green and
purple). These are then elaborated into 18-hue color circles for Prismatic Colors

and for Compound Colors, the total number of gradations and mixtures being 660,
nearly the same as the nunbe; of colors (672) shown by Ostwald in 1831. Schmid
quotes Harris to some extent on color harmony; but for his ideas there we suggest
that you refer to Schmid's article.

SEQUENCE OF Admittedly it is stretching a bit to include in color news
FASHIONS notes on fashions devoid of mention of colors; but since colors

are normally so important to fashion end the author has treated
his subject so refreshingly, we include the following table. It is taken from The
Journal of Photography (87 A 223 Oct. 1947) and was from the pen of James Laver;
title: "Sequence of Fashions."
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Fashions seem:

Indecent Ten years ghead of their time
Daring One year shead of their time
Chic In their time

Dowdy After one year

Hideous After twenty years

Ridiculous After 40 years

Amusing - After 60 years

Romentic fter 100 years

Beautiful After 120 years

Cannot now some imaginative color expert give us the list of adjectives used in the
description of the cycle of color usage?

JENA COLORED In a note received about a weck after our November issue
FILTER GLASSES had gone to press, we were informed by Murray Yawitz,

Sales Mensger of Fish-Schurman Corporation, that they
are again in a position to furnish Jena colored optical filter glasses produced in
the American Zone in Germeny. He states thet their factory is now in & position to
duplicate all the filters listed in their catalog. Information about the catalog
and filters may be obtained from the company at its address at 2350 dast 45th Street,
New York 17, M.Y.

COLOR NOTE fthen I am dead,
ON SCARLET I hope it may be said:

"His sins were scarlet,
But his books were rsad."

~= Hilaire Belloc, Sonnets and Verse
pe 147 (Sheed and Ward, New York)

The Editor recalls saying something to the same effect about the News Letter when he
took over the editor's job late in 1936, under the title "A Hueful Talk to You," and
repeating this Apologia in the September, 1947, issue over & decade later. But
judging from the volume of bouquets received by the editors recently, we begin to
think that perheps now we need not be quite so scarlet. What hue or color do you
suggest? (Of course there will still bs problems to settle, after we have your in-
junctions as to color, if the associate and chief editors differ among themselves

as to the magnitude of the color tolerances.)

T.H.G.
GENERAL ANILINE- At the March 10-12 meeting of the Cptical Society of
LIBRASCOPE TRI- America, two papers will be read dealing with the
STIMULUS COMPUTER design end operation of the new rapid, high-precision

tristimulus integrator built by Librascope, Inec. of
Burbank, California, according to the original design of the Physics Section of the
Central Research Laboratory of General Anilinsc and Film Corporation. It is planned
to have the instrument available for demonstration at the meeting, and to offer it
for sale commercially shortly thereafter. The instrument has been designed to fit
snugly into the Hardy-CGeneral oSlectric Recording Spectrophotometer, and few and
slight chenges in the spectrophotometer need to be made to adapt the integrator to
it. The computer integrates continuously in the range.400 to 700 mu while the
spectrophotometer is in operation, end records the final tristimulus values X, ¥
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end Z directly on counters with no additional time required. Because of its con-
tinuous integration it may be expected to be more accurate than methods involving
selected ordinates in the cases where there is any unusual inflection in the
reflectence or transmission curve between two selected ordinates.

Even the preliminary "bread-board" model of the instrument appears to operate with
high precision, ,the accuracy depending primerily upon the accuracy with which the
cams are cut. ‘Then the value of Y is normalized to equal unity for a completely
reflecting sample, the precision of the tristimulus values is expected to be

£ 0,005 or betters The average differences between the chromaticity coordinates

x and y for A, 1I. and P. lI. repcats of measurements and computations on six red
wool dyeings was 0,004. This includes the overell errors due to the spectrophoto-
meter itself, the.smoothing of tho samples under the pressure of the sample holder
and those of the integrator. In other experiments with dyeings, also using the
praliminary model, it was found that the integrator could be used to obtain a
measure of the "unlevelness" (lack of uniformity over six-inch-square picces); and
the improvement of levelness can be followed as "levelling agent" is added to the
dyeing bath. No significant change could be detected when the Recording Spectro-
photometer was used to mcasure the fransmission of a didymium glass at slow (5 min.)
and rapid (2.5 min,) speeds.

A paper on the design of the instrument will be read by Hugh R, Davidson and L. W,
Tmm, who were responsible for the original design. 4 paper giving some of the above-
indicated results on precision and espplications will be read by I, He. Godlove.
Results will be reported which indicate that the Recording Spectrophotometer is ade-
quate for small-difference colorimetry when combined with the new Tristimulus Com=
puter. Since the integrator is coupled clectricelly directly to the cams of the
spectrophotometer, all errors due to inaccuracy of . graph paper are absent, and the
uncertainties of reading overlapping pen curves are eliminated. Some results com=-
paring the performance of the eye ard the instrument will be reported.

The cams were cut to give tristimulus values for daylight (Illuminent C); but a
liquid filter has been developed to give approximate analysis for night lighting too
(Il1luminent A), Further work in this direction, using more permencnt or convenient
filters, and the possible cutting of cams to be used alternatively for this purpose,
is under way. The engineering experience of Librascope, enhanced during the war in
connection with apperatus for calculations involved in fire control, is apparent in
the compactness snd engineering "Know-how" of even the preliminary model.
I.H.G.

BIBLIO- P. W, Harris; Miniature Camera liag. 11, 154-61 (Feb. 1947); processing
GRAPHY technique and the formules for Ansco Color Printon

W, Harrison & P, lleaker; Genl. ZIlec, Rev. 50, Ko, 8, $1-7 (1947); lighting installa-
tions: significance of glare factors

G. W, Houpt & F. L, Douglas; (add to previous reference in llews Letter No. 731)
J. Opt. Soc. Amer. 37, 698-706 (1947); chromaticities of Lovibond glasses

S, Hecht, S. Ross & C. G. Mueller; J. Opt. Soc. Amer. 37, 500-7 (1947); visibility
of lines and squares -at high brightnesses

P, M, Heertjes, E. ven den Heuvel & J. Lobichius; Chem. Weekblad 43, 619-28 (1947);
through Chem. Abstr. 42, 1430 (1947); color measurements on colored fabrics



1-8.C.C. NEWS LETTER NO. 80 12, Jenuary 1949

P, M. Heertjes, B. van den Heuvel & J. Lotichius; Rec. trav., chim. 66, no. 12, 749~
57 (Dec. 1947); an apparatus for the color measurement of dyed textiles (in English)

H, Helson & J. Grove; J. Opt. Soc. Amer. 37, 387-95 (1947); changes in hue, light-
ness and saturation of surface colors in passing from deylight to incandescent-lamp

light
R. Hermen & S. Silverman; J. Opt. Soce Amer. 37, 871-2 (Pfund issue, 1947);
decoloration of natural fluorite crystals

M. Herzberger; J. Opte Soc. Amer. 37, 485-93 (1947); light distribution in the
optical image

S. AL, B, Hird & H, F. Stephenson; Proc. Phys. Soc. 61, 198-9 (Aug. 1948); distribu-
tion coefficients for the calculation of colours in the C. I. E. trichromatic system
for a total radiator at 2450°K, :

H, H., Hodgson; J. Socs Dyers Col. 64, 184-6 (May 1948); colour and constitution; IX

R:; G. Horner & 3. T. Purslow; Nature 161, 484-5 (March 27, 15948); dependence of
anomaloscope matching on viewing-distance or field-size

R, S, Hunter; J. Opts: Soc. Amer. 37, 986 (Dec., 1947); apparatus for measuring
factors connected with appearance

R, 8., Hunter; Bull. Amer. Cerem, Soc. 27, 43-6 (1948); color terms in the ceramic
industry

R. S. Hunter; Paper Trade J. i&g’ TAPPI Sect. 13-16 (1948); gloss: relation to color

S. C. Hurley, Jr.; U, S. Pat. 2,423,321 (1947); photoelectrically controlled light-
polarizing element .

International Polaroid Corp.; French Pat. 929,303 (1947); Brit. Pat. 600,821 (1948);
light-polarizing materials

A, Ivanoff; Compt. rend. 222, 769-60 (1946); influence of the frequency of flicker
on the sensibility to brightness differences for point sources presented alternately
to the eye

A, E. Jacobsen; J. Opt. Soc. Amere 37, 987 (Dec. 1947); non-adaptability of the
I.C.I. system to some near-whites which show absorption in the far blue region
of the spectrum

R. W. Jacoby (to Ciba Products Corp.); U. 8. Pat. 2,431,562 (1947); process for
improving the fastness of dyed textile moterial

H, G, Jenkins & A. H., licKeag; G. E. C, Journal 14, 232-9 (1947); fluorescent
lamps: luminous performance i3

L. A, Jones & H. R, Condit; J. Opt. Soc, amér. 38, 123-78 (Feb. 1948); ‘sunlight
and skylight as determinants of photographic exposure; I, luminous density as
determined by solar altitude and atmospheric conditions



I-5.C.C. NEWS LETTER NO. 80 13, January 1949

R. N, Jones; Chem. Rev, él! 353-71 (1947); ultraviolet absorption spectra of
anthracene derivatives

D. B. Judd; J. Research Natl. Bur. Stand. _35, 245-56 (1945); color standard for
ruby mice (RP 1671)

R. H, Kienle & E. I. Stearns; Instruments 20, 1057-63 (1947); automatic spectro-
photometer: adaption for special measurements

I, M, Klotz; Chem. Rev. 41, 373-99 (1947); effects of salts and proteins on the

spectra of some dyes and indicators

G, Kortum; Angew. Chem. A 59, 160-1 (1947); accuragy of visual extinction measure-
ments near the limits of the visual spectrum

H, T. Lacey & R, Z, Brouillard (to American Cyanamid Cos): T. S. Paks 2, 436,362
(1948); fluorescent phthalimide dye

. S, Lemar, S. Hecht, S. Shlaer & €, D. Hendley; J. Opt. Soc. Amer. 37, 531-45
(1947); size, shape and contrast in detection of targets by daylight vision;
I, data and analytical description

J, Leneres; Teintex 12, 149-54 (1947); through J. Text. Inst. 39, A 75 (1948);
naphthazol dyes; colorimetric determination

R, W. Lawson; Nature 161, 154-7 (Jan. 31, 1948); blinkings: its role in physical
measurements

R. R. Legault, W. F, Talburt, A. M. Mylne & L. A, Bryan; Indus. Engin., Chem.
39, 1294-9 (Oct. 1947); browning of dehydrated vegetables during storage

W, F. Leggett; Text. J. Australia 22, 220-1 (May 1947); ceremonial use of color



Color coordination
in variety merchandise’

By HELEN D. TAYLOR
W, T. Grant and Company

*Excerpts from paper presented at 17th
annual meeting of the Inter-Society Color
Council in New York City at a symposium
on Color Coordination in Industry

COLOR PLANNING is one of the fine things that an
American company is doing for its customers. It is
quality and beauty and correctness for people with
small incomes. . . . This great group of people have
a steadily developing knowledge of quality, a new-
found sense of beauty and discernment that grows
with our steadily increasing standard of living. It is
very worthwhile to give them merchandise as good
in quality, color and design as can be achieved
within the price limits. . . .

The Grant Company operates 486 stores in 39
states and had in 1947 a yearly volume of $228,000,-
000. The stores range in size from the first little one
in Lynn, Massachusetts, to the magnificent new
store in Syracuse, New York, which is a variety
department store carrying merchandise in the higher
price brackets as well as the lower ones. In the
stores of the Grant type the merchandise is displayed
in full view on open counters and racks and shelves
—all where it is easily seen and handled by the
customers. This is enticing to the customer but hard
on the merchandise. A successful department must
move its goods fast, before it becomes soiled, or
worn or unseasonable. This is the point of sale. The
customer must like the goods when she gets it home
and it becomes part of her life. This is the point of
use. Both must be right, and the color planning is
concerned with these two points. .

The Grant (color) standards are in the process
of being developed. The color program was started
a little over a year ago, and the color survey was
made first in the home furnishings field. A wealth of
material was collected and analyzed. Past selling,
present demand and new developments in color and
design have been carefully classified and evaluated.
The Grant sources and buying staffs cooperated in
this survey in every possible way, giving generously
of their time and experience. . . .

The color story was presented to a meeting of
regional managers in March of 1947 at which the
buying staffs were present, and the color books were
distributed. The plan was to make a trial use of the
colors for a year and then in March of 1948 to survey
them a second time and make further adjustments
before Mr. Foss made the final set of standards.
We are now preparing this last set-up and will be
able to eliminate some of the colors and substitute

others that are more needed. Some of the groups
will be lengthened and others will be shortened.

During the year of trial some of the departments
have moved into their permanent color standards
before waiting for this March checkup. The paint
departments have finished their color work and have
their new color lines in the stores. The kitchen colors
were not well represented in the general home fur-
nishings group so a special set was made and is now
in its permanent form. These colors are being used
for utensils, oilcloth, curtains, aprons, plastic dishes,
cutlery, towels and so on.

Outdoor furniture was another special set of
colors.

The home furnishings colors fall into two natural
groups. Number one is the Traditional and volume
group of colors—soft-toned, gently harmonious with
each other—familiar and well-loved because they are
part of our inheritance. These are the colors of the
early Americans’ used in their homes and public
buildings—colors easy to obtain with the then avail-
able materials—colors that were past memories of
the lands for which they had sprung. . . . They are
safe colors: cream, écru, buff, tan and brown home-
spuns, Colonial blues and greens, roses, warm yel-
lows, Federal golds, berry red, earth reds, and wine
reds. They wear well, age well, and are American.

The second group is Modern, strongly influenced
by California and our Latin-American neighbors.
These are strong, clear colors, holding their own in
bright sunlight and brilliantly-lighted interiors. They
are good with shining metals and the new light wood
finishes. They are sun, and sea, and sky—colors of a
new way of life—game rooms, theatres, night clubs,
glass and chromium homes, streamlined trains and
planes—they are clear colors with bright harmonies:
lemon, lime, chartreuse, coral, cherry, turquoise,
and two neutrals, gray and mushroom.

App!ication and methods of procedure

Buyers work directly with their sources. The
colorist enters only on request of buyer or source.
The final responsibility of the sale rests with the
buyer and it is most important that he handle every
color operation, asking for assistance only when de-
sired. This procedure has worked well in the W. T.
Grant Company and the color program has moved
with great speed due to excellent cooperation, and
to the leadership of the key men in the various di-
visions. . . .

Conclusion

We have ahead of us the working out of our color
standardization and control—not a static but a
living thing that changes with time and taste—that
from time to time requires adjustment so as to be
up-to-the-minute on the Grant counters. .

This is not a new story to American business as a
whole because there always has been a color factor
in the successful sale of goods. But it is news when
W. T. Grant, operating in the variety field, plans to
gives its customers fabrics and furniture, china and
glassware, kitchen equipment, clothing and acces-
sories in the best colors and designs that styling,
science, and art can produce at a given price.

Reprinted from CHAIN STORE AGE, September 1948
Copyright 1948 by Lebhar-Friedman Publications, Inc.
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Color @agan '

i

THE OSTWALD SYSTEM

by

WALTER C. GRANVILLE

Color Standards Department, Container Corporation of America

HERE are two
reasons for the existence of
They

aid in the selection and the descrip-

principal
color order! systems.

tinn of colors in the ways shown.

to think about relation-
ships between colors, to
choose for various pur-
poses, to find one's way
easily in the color world.

selection

[to keep a record of color
|choices, to tell someone
|else what the color looks
|like, to provide basis for
reproducing color and to
set up color tolerances.

descriplion

A necessary feature of such a
system is a set of color chips that
visually illustrate its principles. Color
chips are needed for seeing and for
understanding the relationships that
useful

are important and among

*This article is a revision and enl
of one which appeared under the
in the July, 1947 American Printer,

argement
ime  title

I The word *“order™ in the
term *“‘color order
order or oganizatior ) system
and to make a distinction between the one
here discussed, and others (such as the 1931
International Commission on  Ilumination
Standard Observer and Coordinate System for
Colorimetry) concerned primarily with color
specification.

colors. Also, chips are required to
provide visual experiences when ex-
perimenting  with  color harmonies,
and for the communication or dis-
cussion of color choices with other
color

people.  The principles of

organization determine whether or
not L‘U](J[‘.\' can bl' 1‘(]ll|'|l! -'l”d C]")Sl'”
with ease, and if the system will help
with these kinds of color problems.
If the color chips representing the
system are prepared with sufhicient
accuracy and precision, then and only
then should they be called “color
standards.” T'his care in preparation
insures that chips bearing the same
If the
chips labeled alike are not alike in

notation are alike in color.

color, it is obvious that confusion and
misunderstandings will occur.

Thus, there are two factors which
are most important:

a) the which all

colors are organized into orderly

principles by

arrangements, and

b) a set of color chips representing
these principles.

A system of color order which

meets the qualification of simplicity

in organization, both in theory and in
use, was developed by Wilhelm Ost-
wald (1).

This system has been represented
by several productions of color chips,
the most recent of which is contained
in the Color Harmony Manual (2).
The chips in the Manual do qualify
as color standards because of the care
used in their preparation and their
subsequent colorimetric standardiza-
tion (3).

The purpose of this article is to
describe the elementary facts concern-
ing this color system * in simple, non-
technical terms, and to show how it
can be applied to some of the prob-
lems encountered in the Graphic Arts.

How the Colors Are Organized

The organization of the colors in
the Ostwald system is so simple as
to be almost seli-evident. The basis
of the order is an equilateral triangle
in which white, black and a fullcolor
are located at the points, as shown in

2 Certain modifications of the original Ost-
wald concepts were used in developing the
color c¢hips in the Color Harmony Manual,
The basis for some of these modifications is
deseribed elsewhere (4) by Foss, Nickerson
and Granville.



Fig. 1. Corresponding color notations
for each position in the triangle are
shown in Fig. 2.

A series of neutral grays with white
at the top and black at the bottom is
shown in the longest vertical series.
The fullcolor always is located at the
other end point in the triangle and
notated pa. Combinations of the full-
color with white and black show the
variations obtainable in a single hue.

Series of colors become important
either because most people inherently
like and use the colors shown, or be-
cause the relationships between the
colors in the series are easily under-
stood. One of the best features of the
Ostwald triangle is the elegant sim-
plicity with which three such series
are shown,

The light clear series shown in Fig.
3 contains the colors shown in the
positions between and including the
tull color and white. These colors
are commonly called tints, since they
are modifications of a fullcolor with
white.

A second series also shown in Fig.
3, consists of the colors shown in the
positions between and including the
fullcolor and black. Ostwald named
this series the dark clear series. More
commonly, these colors are called
shades.

The colors in each vertical series
what  Ostwald
shadotwo series. They are useful be-
cause they illustrate a color effect
which is continually occurring in our
field of vision. A shadow series illus-

. comprise called a

trates the color change a surface
undergoes when thrown into shadow.
For instance, as the top member of
into
deeper and deeper shadow, its color

will progressively be the same as the

any shadow series 1s placed

chips underneath it.

White, Fullcolor and Black

Let us see exactly what is meant
by the terms white, fullcolor, and
black, because definitions for these
terms used here differ somewhat from
those given by Ostwald in his original
writings. In the Ostwald system, as
discussed in this article, white is
represented by a color chip having the
highest obtainable, and
black by a color having the lowest
reflectance obtainable in the medium
with which the color chips are made.
The term fullcolor refers to a color
chip exhibiting the maximum purity

reflectance

obtainable in the medium.

The colors shown for the positions
between fullcolor and (the
light clear series) and between full-
color and black (the dark clear series)
represent  the
that could be obtained for each hue.

In the Color Harmony Manual,
the color chip medium was a pig-

white

maximum in  purity

mented lacquer, and the colors ob-
tained were the most saturated that
could be achieved with pigments of
maximum permanence,

Hue
In cach Ostwald triangle, all of
the colors are meant to have constant
hue. Since the word hue is subject to

several meanings, a further explana-
tion seems desirable. In technical
terminology, the term “dominant
wavelength” is a synonym for hue as
used in the Ostwald system. The
colors in each constant hue triangle
have the same dominant wavelength.

Another method of describing or
obtaining colors having the same
dominant wavelength is through the
Maxwell If discs of
white, fullcolor, and black are placed
on a disc spinning motor, the domi-
nant wavelength of their mixture.
while spinning, remains constant re-
gardless of the fractional areas of the
three discs used. Therefore, once the
hue of the fullcolor is known (either
in terms of the Ostwald hue or the
dominant wavelength), the hue of all
variations with white and black also
is known.

use of discs.

The Ostwald triangle in Fig. 1
only in one
However, the triangular ar-

has  been shown
hue.
rangement can be applied to any num-
ber of hues. In the development of
hue circles, two principles have been
found useful. These are:

a) assignment of complementary ¥
hues to opposite positions on the
circle, and

b) assignment of
distant
positions on the circle.

Both

trated simultaneously in a hue circle.

visually equi-

hues to neighboring

principles cannot be illus-

4 Complementarism  is  strictly maintained
only for the kind of light under which the
color chips were made, which was average
daylight (L.C.I. illuminant C.)

&

Osiwald triangle which
shows modification of a full-
color red with white and black
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nolaled by using all letiers in the alphabet from
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i The Oswald method of
notaling the various positions
in the triangle. In this abridged




tained in two-color printing, where
the inks match the fullcolor and black
discs, and the paper stock matches the
white disc.”

The Ostwald triangle can be used
to obtain a good approximation of the
range in color for this kind of two-
color printing. If the chromatic ink
matches the fulleolor chip, and the
black ink matches the black chip and
the paper is a good neutral white
stock, then the colors obtainable with
various halftone or Benday screen
combinations are shown in the Ost-
wald triangle having the same hue as
the fullcolor ink. This is illustrated
in Fig. 1 in which the printed colors
correspond quite closely to the color
chips in the Color Harmony Manual
for hue 7.

The light clear series in TFig. 3
was produced by varying the frac-
tional areas of the fullcolor ink. The
dark clear series was obtained by vary-

ing the fractional areas of the black -

ink over a solid of the fullcolor ink.
The colors of a single hue triangle
may not always look as though they

5 This ecorrelation fails to be completely
rigorous only because the printed ink film
varies in thickness with the size of the dot,
and also in different areas of the dot. Ink
film-thickness is a factor here because the eolor
of an ink varies with film-thickness. Some
pigments exhibit this to a greater extent than
others. Ior instance, while two red inks may
mateh when printed in solid areas, their high-
!i\:lib sereens  (tints) may differ considerably
in hue.

belong in the same hue
Nevertheless, the obtain-
able with a fullcolor and a black ink
on  white

family.
variations
paper, by letterpress or
lithographic processes of printing, are
limited to those shown in a single
Ostwald triangle, in which the full-
color ink corresponds to the pa chip.
Colors shown by the light clear and
dark clear series represent the maxi-
mum obtainable at each
level of lightness. This shows the
artist and the printer the limitations

purity

encountered in two-color printing, as
well as the maximum color gamut to
be expected.

Summary

Ostwald, in his study of color,
developed theories he believed were
interrelated and which provided an-
swers 1o most color problems. Recent
studies, using modern procedures for
color analysis and measurement, have
brought forth clarification of some of
these ideas. His method of color
organization based on an equilateral
triangle, is particularly well-suited
for many kinds of color work, and is
ever-increasing

being used to an

extent.
Acknowledgement

The author wishes to thank Mor.
Egbert Jacobson for the use of the

Distributed by Color Standards Department,

Container Corporation of America

38 South Dearborn Street, Chlicago 3, Hlinois

\

illustrations in Figs. 1 and 3, which
appear in his forthcoming book “‘Basic
Color” to be Paul
Theobald. Helpful criticism of the
manuscript by Miss Katherine Chand-
ler and Mr. Jacobson is appreciated.

published by

Bibliography

(1) Wilhelm Ostwald, Science,
Part I, Colour Theory and Standards
of Colour (1931); Part II, Colour
Measurement and Colour IHarmony
(1933), authorized translation with an
introduction and notes by J. Scott Tay-
lor (Winsor & Newton, London).

Colour

(2) Egbert Jacobson, The Color Harmony
Manual, Container Corp. of America,
Chicago, 1942 & 1946, 1948 Ed. in prep.

(3) Walter C. Granville and Egbert
Jacobson, Colorimetric Specification of
the Color Harmonv Manual from
Spectrophotometric Measurements, Jl.
Opt. Soc. Am., Vol. 34, No. 7, July,
1944,

=

Carl E. Foss, Dorothy Nickerson, and
Walter C. Granville, Analysis of the
Ostwald Color Svstem, JI, Opt. Soc.
Am,, Vol. 34, No. 7, July, 1944,

Wilhelm Von Bezold, The Theory ot
Color in Its Relation to Art and Art-
Industry, pg. 122; authorized trans-
lation by S. R. Koehler, L. Prang and
Company, 1876,

(6) E. C. Andrews, Color Secrets, Philip
Ruxton, Incorporated, A Division of
The International Printing Ink Corp-
oration, 1930. ‘

Letter Circular LC-809-Color Charts,
a descriptive list, November 8, 1943,
National Bureau of Standards, Wash-
ington.

5

|

Reprinted from AMERICAN INK MAKER, issue of June and August, 1048



for any other hue and then depart
from that chip in the vertical and the
diagonal directions, as was done be-
fore. An obvious choice for maximum
hue contrast would be the comple-
ment, but other hues may be used
without restriction. In  this way,
neighboring hues, triads, split comple-
ments and other geometrical divisions
of the hue circle can be developed.

The basis of these rules for har-
mony is to maintain an orderly rela-
tionship between the various colors.
These can assume many types of
order. However, the preceding rules
should not be thought of as restrict-
ing or limiting selections. They are
merely starting points which provide
color ideas that may De critically
studied.

14 it is desired ta ignore all of the
suggested rules for color harmony, the
Ostwald system still provides a very
useful tool for developing harmonics.
This is because the triangular arrange-
ment of the chips makes it easy to move
around within the color solid, and
to select independently of rules, the
colors which are believed suitable.
This system serves as a set of color
standards for general use, and in the
form presented by the Color Har-
mony Manual is exceptionally well-
suited for this purpose (7).

In the Ostwald system, the colors
are not organized according to con-
stancy in lightness.! They are organ-
ized according to orderly progressions
made up in part by differences in
lightness. The size of the lightness
step between neighboring chips varies
throughout the triangle. The largest

steps are obtained befween colors in
the vertical (shadow) series where
the colors differ only in lightness.

In the scales running in either of
the two diagonal directions, the color
difference between neighboring chips
consists of a lightness and a purity
component in varying proportions.
The size of the lightness component
depends on the lightness difference
between the end colors of each series.
Tor example, the lightness difference

4 Lightness is a synonym for ‘“reflection
factor” or “value’” and is used to deseribe
lightness or darkness varviations between colors,
Thus, if two colors have the same hue and
purity (such as any twe eolors in a shadow
series), but ome is either lighter or darker
than the other, the colors are said to differ in
lizhtness.

between the chips in the light clear
series for yellow hues (hues I & 2)
is very small, while for the corre-
sponding series in all other hues, it is
much greater.

The fact that the triangular ar-
rangement provides a difference in
lightness between all of the colors in
cach triangle is more often than not
a useful feature because color com-
binations using colors of equal light-
ness are seldom seen. Nearly always,
some lightness contrast is not only
desirable but also necessary. This is
particularly true in the graphic arts
where goad visibility of a design such
as type, requires an adequate amount
of lightness contrast between the fore-
ground and background colors.

FIG. 5
An Ostwald color solid made with the chips from the Color Harmony
Manual: A different-hue is-shown on—each side—of the 12 _leaves.

Application to Printing

When an illustration 1s to be
printed, it is helpful to have a color
chart which shows the color gamut
obtainable with the printing process
to be used. With such information,
the maximum use of color in design
can be made, and a number of printed
color charts have been produced to
show the color range for three-and
four-color printing by the halftone
process.

In the case of one-and two-color
printing, the experiment with Max-
well discs described previously has
special application. The range in

-color obtained by disc spinning of a

white, fullcolor, and black in various
disc fractions is similar to that ob-

ca

ec ga

pr

The positions through which the
o red lines pass show the colors
P suggested for use with ne.

pa

FIG. 6
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If one principle is followed, the other
must be sacrificed to some extent.
This was pointed out by Von Bezold
(3) in 1876.

Ostwald chose to follow the prin-
ciple of locating complementary hues
at opposite positions in the circle be-
cause he believed this feature to be
more important. ' While this required
some sacrifice in the equality of the
visual intervals between adjoining
steps, there is ample justification for
the decision. To mention one reason,
most of the important literature on
color harmony uses the principle to
describe and select hues that are op-
posite one another, and hues that offer
maximum contrast.

Ostwald  originally started
100 hues, but later limited the num-
ber to 24 to provide twelve pairs of
complements, as shown in Fig. 4.

with

The color order provided by a
combination of the hue circle and the
triangle can be shown in a three-
dimensional form, called a color solid.
It is made by placing the 24 different
hue triangles about a vertical gray
scale as in Fig. 5. Since there are 28
colors in each hue, a total of 672
(24 x 28) colors are shown in this
solid. Experience has shown that this
is about the minimum number needed
for most color work-

.. tullcolor
|

FIG. 3

Ostweald triangle show-

ing the “light clear” series
(fullcolor 1o white), the
“dark clear” series (fullcolor
lo black) and the gray scale.

Developing Color Harmonies

Achieving color harmony is a com-
plex problem and is not dependent
just on selecting colors that look well
together by themselves. Color har-
monies are developed for a particular
purpose, perhaps to make the indi-
vidual feel happy and content, to im-
prove appearances, or to sell a product.
The principal factors which should
be considered for the last purpose
have been nicely stated by Harry V.
Marshall (6) as follows:

“In merchandising, the selection of

24 2
23 3
21 5
| 8
- FIG. 4 4
The Ostwald hue circle in '
19 which complementary hues ¥
are assigned 1o opposite posi-
18 tions 8 D
17 ?
16 10
15 11
14 13 12

suitable colors should be regulated by
three considerations—the article we
are selling—safety pins or steamships,
tomato soup or cosmetics ; to whom we
appeal—men or women, children or
corporations; and the manner of
presentation—posters or periodicals,
catalogs or containers.”

From the above it is evident that
rules for color harmony can only
suggest colors that are related to one
another in an orderly way which is
applicable to our needs. Suggested
harmonies will be found by selecting
colors from positions in the triangle,
or in the color solid, which are related
to each other in simple geometrical
patterns,

Suppose it is desired to obtain sug-
gestions for colors that will go with
the color represented by the ne
position in the triangle. Colors that
are related to ne will be found in the
vertical and the two diagonal scales
as illustrated in Fig 6. All of the
positions intersected by the three red
lines passing through the ne position
may be used with ne. The same pro-
cedure of departing from the starting
position in the vertical and the two
diagonal directions may be applied ta
any other position in the triangle.

The suggested colors so far ob-
tained are of the same hue; that is,
they were taken from the same tri-
angle. If colors of a different hue are
desired, it is only necessary to go to
the same position (#e) in the triangle






