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a group is called & "chromophore group." Other examples are C=C, C=N, =0, C=S and
0=N=0., These groups are unsaturated; for example, they will combine with hydrogen.
This combination or its equivalent is called "reduction"; and it was found (Grasbe &
Liebermann, 1867) that there is usually a reduction in the color, the reduced dyes
being colorless. One of the chromophore groups, the "quinonoid," which contains a
benzene ring and was classically regarded as triply unsaturated and with conjugated
double bonds, is of such frequent occurrence that a "quinonoid theory" of color was
developed (Graebe & Liebermann, 1860). It stated that guinonoid structure is essen-
tial for color. While the introduction of chromophore groups leads to the production
of color, certain other groups are required to "deepen" or intensify the color,
Exemples of these "auxochrome" or color=deepening groups are OH and NHo. The chromo-
phore-auxochrome theory, a brilliant guiding light in the development of the dye
industry, was introduced by 0. N, Witt (1876).

It was noted that many substances exist in interconvertible colored and colorless
forms. Frequently the change to the colored form accompanisd salt formation from the
dyes; and further salt-formation often resulted in quinonoid structure., Other types
of change also produced colored compounds from colorless ones. The idea grew that it
vwas the change itself, called "tautomerism," which was responsible for the absorption
of light and production of color; at least it usually "deepened" color., Hantzsch

( ) stated that "Every appearance or change of color of a compound in salt forma-
tion with colorless metal atoms is to be aseribed to an intra-molecular rearrangement.”
This theory was called "chromotropy"; other theories, applicable in restricted fields,
were developed.

But it was soon recognized that neither the mere static presence of chromophore,
auxochrome and salt-forming groups nor tautomeric change could alone be responsible
for color. Atomic rearrangements of whole molecules and vibrations of atoms are much
too cumbersome and slow to deal with light waves. In the period 1913=6 it was recog-
nized (N. R. Campbell, 1913; E. Q. Adams & Rosenstein, 1914; E. C. C. Baly, 1915;

G. N. Lewis, 1916) that the efficient vibrating portions of the colored molecules
must be the electrons, which move with speeds approximating to that of light. In
1924, Stieglitz correlated electronic changes with the properties of dye molecules.
Dyes are usually reduced to colorless compounds; but reduction is merely a gain of
electrons., G. N. lewis (1918) showed that when we have an odd number of electrons,
loosely held in the atoms, we have color development., This is the case in many "free
radicals." Electrons, because of their small mess and the rigid constraints by which
they are ordinarily bound, usually have frequencies higher than those of wvisible light
and absorb only in the ultraviolet, TWhen there are changes in the molecule or its
environment causing the constraints acting on the outer ("valence") electrons to
become weaker, the frequency becomes less, and we have absorption in the visible
spectrum, producing color. Iewis and also Steiglitz pointed out that in strongly
colored inorganic compounds and dyes we have & strong reducing component and a strong
oxidizing component whose closeness loosens the constraints of the electrons in these
neighbors. The electrons then vibrate with the lowered frequencies necessary for
absorption of visible light. The oxidizing portion of the dye is the old chromophore,
the reducing portion the auxochrome. Salt formation was said to inecrease the reducing
power, causing further loosening and absorption of longer waves.

Bury (1935) gave a new turn to the chemical physicist's theories of color. He put an
earlier (1905) theory of Baeyer into modern garb by showing that the intense absorp-
tion of light which characterizes dyes is due to an intimate association of a chromo-
phore and "resonance" in the molecules. But "resonance" here does not have its old
meaning. We now quote Lewis and Calvin (1939): "This phenomenon of resonance has
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often been given an interpretation which has never been found at variance with our
chemical knowledge, and which may be stated as follows: A substance to which only
one reasonable formula can be assigned has properties in accordance with that formula.
Yhen to a substance two or more structures might be assigned, such that one may be
derived from another merely by the shifting of electron pairs, these structures are
said to be in resonance with one another, especially if the energies corresponding
to the several structures, as well as the relative positions of the atoms, are not
widely different. Such a resonating substance is to be regarded not as a mixture of
various molecules corresponding to various structures, but rather as having a single
kind of molecule, which, however, partakes of the character of the several contribut-
ing structures." Resonance is usually responsible for the deep color of many organic
compounds, The characteristic absorption of the component groups of the moleculs are
in the ultraviolet; resonance moves the absorption into the visible range. According
to Bury (1935), the function of the auxochrome is to introduce the possibility of
resonance. He discussed the resonance of many common dye classes.

Williamson and Rodebush (1941) state that the correlation between absorption and the
possibility of resonance structures is surprisingly high. Molecules involving satu-
rated carbon chains or rings absorb below 2000 A; if, howsver, the constitution is
one in which resonance structures become possible, the absorption is shifted to
longer wavelengths. By comparing spectra of molecules with one or two maxima and
these modified by further substitution, it is possible to study two effects: change
in extinction coefficient and shift of absorption maxima. These are then inter=
preted as a change in the extent or number of resonance structures. A main absorp=-
tion maximum (in the visible range) is not to be identified with any particular group
but is a property of the molecule as a whole or of such parts of it as are capable of
"conjugation" with each other. Conjugation is an arrangement of alternate double and
single bonds which is found to multiply the effect of one double bond.

The "excited state" of the molecule produced by light absorption is ionic; and any
substitution in the structure which increases the number of resonance configurations
in general produces a greater increase in the number of forms for the excited, ionic
state than for the normal, unexcited state. The result is a lowering of the energy
of the excited state relative to that of the normal state, and a consequent shift of
the absorption to longer wavelengths, which correspond to lesser energye. The amount
of this so-called "bathochromic" shift due to various auxochromes can be correlated
with the possibilities of new resonance structures they permit and the mobility of
the electrons as judged by the electropositive or electronegative character of the
auxochrome group. Some atoms ars "eleotron donors", others "electron acceptors";
Pauling has published ( ) an electronegativity scale of the atoms calculated from
the extra ionic resonance energy of various inter-atomic bonds.

The extinction coefficient depends in an indirect way on the "polarizability," which
is the change in polarity when the molecule is excited to the ionic state, and is
measured by the electric or dipole moment that can be produced in an electric field
per unit of fisld strength. But this polarizability too must vary with the number

of resonance states, so that we may expect a general parallelism, but not exact
correlation, between change in extinction coefficient and shift to longer wavelengths.
The polarizabilities of typical bonds, as the C-C bond, are proportional to the bond
refractivities which have been obtained by analyzing the date on molecular refractions.

lewis and Calvin (1939), in order to develop a theory of "color," started with the
idea that light absorption is due to the excitation of electronic oscillations simi-
lar in some respects to classical atomic vibrations. They distinguished "ideal"
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molecules such as those of the inert paraffins, where the energy required for excita-
tion is high and the elsctron-pairs have the definite positions indicated in the
classical formulas, from molecules at the other extreme in which there exists a sort
of diffuse "electron cloud," more uniformly distributed. By substituting groups into
the ideal molecules, they are "strained," A great strain is produced by introducing
various (unsaturated) multiple bonds, which differ in this regard. Intense color
ordinarily appears in systems of conjugated double and single bonds; and here the two
determining factors, for example in producing & bathochromic effect, are: (1) increas-
ing the masses of the oscillating system by increasing the number of participating
electrons, which may be done by increasing the length of the conjugated system, or
(2) increasing the mobility of the electrons. This mobility is small in a molecule
whose properties correspond to a formula in which all the electrons are paired and
there is no "formal" charge on any atoms When such & structure is the major contri-
buting form of a resonating molecule the mobility is still small., When, however, the
actual state of a molecule differs considerably from a classical or ideal structurs
the mobility is greatly increased. In other words, displacement from the ideal struc-
ture makes further displacement easier. Intense color is obtained when two important
resonance forms are such that the change from one to the other involves the movement
of an electric charge. This is & unit charge in many dyes of the ionic type; but
there are many neutral dyes in which that part of the molecule in which an oscilla-
tion can occur acquires some positive or negative charge from the rest of the mole-
cule. In such cases any change in the molecule which increases that charge enhances
the "color" of the molecule.

Special cases of increase of mobility of the electrons include: (a) introduction of
an auxochrome into & resonating molecule such as benzene; (b) adding an acid (or
certain other substances) to one end of a double bond that is part of & conjugating
structure (an example of ™halochromy"); (c) dyes such as the cyanines, used in photo-
graphy, in which the intense color is due to an ion in which the charge may equally
well be placed at either end of a chain, and practically all the resonance may be
regarded as between the two opposite forms (the diffuse electron cloud being exem=-
plified here).

From their theory Lewis end Calvin deduce two remarkable and simple relations dealing
with conjugated systems in nearly linear molecules, The "polyenes" are substances
containing one to several of the groups -CH=CH=-., If we plot the number of these units
against the square of the wavelength of the single electronic absorption bands of
polyenss, we obtain a straight line. This relation was derived by regarding each
whole chain of units as & single harmonic oscillator with mass proportional to the
number of units. In this cass the electrons never get far from their "classical”
positions and do not interact. At the other extreme are the carbocyanine and similar
dyes; here we have a uniform, diffuse electron cloud, with the restoring forces on
electrons depending on neighboring electrons, &s in an elastic string, If the usual
simple mechanics pertinent to this case be applied, we find that the length of the
string plotted against the wavelength of maximum absorption should give a straight
line. This simple relation, using the number of double bonds between the terminal
nitrogens to measure the chain length, is found in the data of Fisher and Hamer
(1936) and Beilenson, Fisher and Hamer (1937), In these two cases the "eolor" of one
molecule may be calculated from that of others.

In meny strongly colored compounds the "fundamental® long-wave band is due to elec-
tronic oscillation of the molscule as a whole (Lewis & Calvin). These oscillations
may be of the first or second order according as they arise from excitation to the
first or second emergy state above the normal, by absorption of light. The fundemental
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band may be broad and without detailed structure at room temperature, but show
several sub-bands or peaks of absorption at very low temperatures. These are due to
atomic vibrations associated with the electronic oscillations. At shorter wave-
lengths are also bands of partial or localized oscillation; frequently these can be
attributed to specific chromophores, In one theory (Mulliken, 1939) the long-wave
fundamental band is ascribed to the electron transition "proper to the most extended
form of the molecule"; in another (Pauling, 1939) to the greatest range in the mole-
cule. In one analysis the auxiliary shorter=wavelength bands correspond to the more
crumpled or bent form of the molecules (Mulliken)s in another, to abbreviated or
incomplete stages of the potential electron transfer, involving intermediate
structures.

The development of the quantum=mechanical theory of structure made clear the relation
between resonance, as defined by that theory, and chains of conjugated double bonds,
the most potent of chromophores. In general, the results of that theory are in
agreement with the chemical facts and the considerations we have reviewed here,

Sklar (1937) and Férster (1939), by the methods of the theory were the first able to
calculate the energy levels in the absorption spectra of aromatic substances. One

of the striking achievements was the calculation by them of the absorption bands of
anthracene from those of benzene, Many suggestive ideas were contributed by Mulliken
as bases for his quantum-mechanical calculations. Lack of space prevents our inclu-
sion here of splendid developments in the general theory contributed by Sheppard and
by Brooker and their collaborators at Eastman Kodak. They elaborated on the separate
effects attributed by Konig (1926), Ingold (1934) and Kendall (1935) to the terminal
nuclei (perichromes) and the intermediate conjugate chain (mesochrome), stressing

the electron-donating or accepting capacities of the former to "deepen" the color.

We may state that the present theories postulate the planar form of dye molecules &s
leading to the fullest development of resonance and significant in photographic
sensitizetion; but must pass over the excellent Kodak work dons in this connection,

One further step is necessary to complete our review. This is the passage from
"color," as embraced in the absorption wavelength position (and shift) and the
extinetion coefficient, to color as most of our readers understand the term (a
psychophysical concept). A paper published within the year (by Cromwell & Johnson)
which distinguished the effects connected with wavelength shift and with extinetion
coefficient, cited as a reference a (1940) paper by several collaborators, *n which
mey be found the following statement which set the Editor to thinking about this
phase of the subject: "Since in some cases salt formation ceuses deepening of the
color and in others lightening of color, it is clear that it is theoreticelly possi-
ble for salt formation to bring about no color change at all." Aetually, deepening
(halochromy) is most frequent. The context indicated that the authors had color
perception in mind, not the two physical eriteria of "color" described above.
Chemists long ago defined the following series of hues as ones of increasing "depth™:
green-yellow, yellow, orange, red, violet, purple, blue, and green. Presumably,
depth would be connected by chemists with the idea of deeper and deeper layers of
colored liquids. The colors of such layers would get steadily darker and more satu-
rated. In & paper before the recent meeting of the Optical Society of America,
Godlove reported the colors (specified for the usual standard observer and coordinate
system) calculated for a V=-shaped absorption band moving from the ultraviolet through
the visible spectrum. The colors first get steadily darker and more saturated (i.e.,
deeper), but at a point near the middle of the visible spectrum, reverse, then be=-
coming steadily lighter and less saturated. The hues pass from green-yellow to blue
and blue-green; but true greens are never obtained at all., Commercial green dyes
exhibit a second and minor absorption band entering at shorter wavelengths from the
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ultraviclet. This second band may be one of those accompanying the fundamental band.
The theories we have outlined may be invoked to predict methods of securing the sscond
bénd, hence the greens, for example. It should also be clear that a riven modifica-
tion of a colored molscule may first cause the color to get deeper (darker and more
§aturate§) then if continued cause it to zet paler (lighter and less saturated); and
it conceivably may even cuase the substance to become colorless by passing the bands
clear through the visible spectrum into the infrared. It mirht also produce a color
very similar (at least in hue) to that of the ummodified original substance. The
caleulations referred to were connected only with wavelength shift., Those connected
with chenge in extinction (broader and differently shaped bands) remain to be made.

The theories developed since 1935, especially if combined with calculations of the
standard specifications of the colors produced by the corresponding absorption bands,
will go & long way toward predicting the colors of dyes and other colored compounds
formed by various modifications of known molecular structures.

1943 FALL Twelve colors for millinery have bsen adopted for the 1943 Fall and

Winter Seasons by the Textile Color Card Association's Millinery Color
COLORS Comnittee. The Association's Dyestuff Advisory Committee cooperated

in the selection of sixteen colors for women's gloves, In line with
the Association's adopted wartime policy, Margaret Hayden Rorke, managing director,
explained that all of the colors have been selected not only for their fashion signi-
ficance, but also with the objective of conserving dyestuffs. Further, in the case
of the fall millinery selection, the number was reduced to 12 from the 23 in the
spring. Mrs. Rorke also announced recently the issue of the regular editions of the
1943 Fall Woolen and Rayon Cards, each portraying 34 colors. All but 8 are proto-
types of the woolen colors and have the same names, thus reducing appreciably the
total number of fall colprs.

The millinery colors chosen from the 1943 Fall Rayon collection include: Canal Blue,
Caramel Tan, Flying Blue, Mandarin Purple, Colonial Green, Russet Earth and Festival
Red. Those from the 1943 Fall Woolen group are: Eagle Grey, American Claret, Fertile
Green, and Rio Coffee. Concord Wine is repeated from the 1942 Fall VWoolen card.
Closely tied up with these are the 16 glove colors, which are adapted to fabric as
well as leather gloves. They include the following from the Association's 1943 Fall
Woolen and Rayon Cards: Skyblush, Florida Sky, Golden Grain, California Olive, Wild
Grape, Mandarin Purple, Canal Blue, Colonial Green, Flying Blue, Algerian Sand, and
the four mentioned above; also Golden Tobacco and Concord Wine from other cards. As
compared to prewar versions, thers is a noticeable lipghtening of colors in both the
woolen and rayon groups. Included in the basic color ranges in these fall cards are
vanilla, caramel and coffee variations of beige and brown, dusty olive and lime, as
well as bluer greens, a new blue of the soldier type, greenish sea colors and violet
blues, reds in light claret and rosy copper versions, plum and purple nuances and
neutral gray. A special promotional feature of both cards is the group of rich
autumn colors, captioned Good Harvest colars.

MOST USED In volume 4, no, 1 (April 1943) of Paint Progress, published by The
New Jersey Zinc Co., 160 Front Street, New York City, is given in-

PAINT teresting information from the second annual survey made by The Eagle
Printing Ink Company. The survey deals with the color preferences of
COLORS the buying public in such commodities as paints, roofing, floor

coverings, wallpaper, oil cloth, mattresses, home furnishings, women's
apparel, automobiles, and so on; and is obtained from actual sales records., The
present article deals only with interior, exterior, waterproof cement and stucco
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paints and quick=drying enamels. In the following lists, white as & self=color is
not as high as the figures indicate, because white paint is used for tinting pur-
poses also. "Light cream" is an off=color white; "ivory" is slightly deeper. The
data for interior paints refer to the sales of 7 companies, those for waterproof
cement and stucco paints to one firm, and the others to two each. Some of the data
are:

Colors Interior Exterior W'trp. cement Enamels
and stucco

White 48.7 % 40.6 % 10.9 % 34s5 %
Cream B340 4.4 14,8 14,3
Ivory 2343 9,8 18.6 8ed
Green 9.6 11.8 3.9 10,4
Buff 10.0 2.0 13.8 S
Gray 3.8 Te8 155 242
Black v p 2e8 S Be2
Blue 5,4 1.4 2.9 2.4
Tan 2ed 1.8 3.9 244

The "cream" for interior paints and for the enamels of one company is "lipght cream";
the "white" in the penultimate column (10.9) refers to "soft white"; the enamel
greens are "light," "medium" and "deep," which we have lumped together; the "puff"
of interiors is "deep buff," and so on. Other interior colors are: peach (4.7 %),
pink and rose (2.0), neutral beige, pale yellow and bous-green. Other exterior
colors are: brown (5.3), and red (l.4). Other enamel ecolors are marocon, yellow,
orange, orchid, old rose, red, apple green, brown and blue-green,

COLOR~- A paper of considerable interest to workers in color is entitled

"Attributive Limens in Selected Regions of the Munsell Color Solid,
DIFFERENCE by Mrs. Blanche R. Bellamy and Prof. S. M. Newhall (J. Opte. Soc.

Amer, 32, 465-73; 1942). In this paper are reported data on the
THRESHOLLS smallest differences in Munsell hue, chroma and value reguired to

permit correct perception of difference from each of 41 colors in
50 % of numerous independent trials under favorable conditions. There were 3
experisnced observers, who determined some 500 color-differsnce limens. The common
points of origin (41 colors) were distributed over the color solid at representative
points. The procedure was a varlation of the method of constant stimulus differ-
ences known as the method of group presentations The observer looked into the opsn
end of a box where was seen & bipartite field whose dividing line was a vertical
arc formed by a pair of partially overlapping Maxwell disks. By adjusting the
amount of overlap, the halves of the ficld were made to differ in each attribute
under test, by small amounts known to the experimenter but not to the observer. The
observer reported "weak," "strong," "match," "dark," "green" and so on. Various
external conditions were held constant throughout the work.

The results are given in tables and figures, For example, starting with Munsell

R 5/10, the average hue limen was 0.56 hue step; the average chroma limen was 0,34
chroma step, and the average value limen was 0,04 value step. Corresponding limens
are given for the other starting colors. Other data, starting from various neutrals,
show how much chroma was required to yield a hueful perception. Ranges for the
three observers are listed, while in another table percent departures of repeat
limens from original limens are given. The general mean of all hue limens was 0,50
Munsell hue step; the mean of the chroma limens was 0.17 chroma step, and the mean
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of the value limens was 0,021 value step. According to these results, the Munsell
hue step should average about 2 just perceptible differences in breadth, the chroma
step about 6 j.p.d's, and the value step about 50 Jsped's,

These have been compared with the equational relation for superliminal differences
obtained by Dorothy Nickerson (1936), namely 1V = 2 ¢ ="3 H (at 5C), where the
initial letters have been used to represent the three attributes of color, as used by
Munsell. Making certain adjustments for best comparative purposes, the present data
yield the equation 1 V =8 C = 22 H (at 6 C). In a footnote, ons possible reason for
the difference between the liminal and superliminal equations, is given. It was
observed that lightness comparisons suffer more by separation of the compared fields
than do hue and saturation comparisons; also that chromatic adaptation accompanying
fixation reduced the size of a perceived saturation difference, while on the contrary
some little time was required to bring out the maximum lightness difference. The
value limens were in close agreement with the value scale by the method of Munsell,
Sloan and Godlove (1933). There was some evidence that the difference limen may not
be an appropriate constant for use as a universal color-attribute scaling unit.

INFRARED Though strictly applications of infrared analysis are not embraced
Lo under the heading of color, we wish to refer to a paper in this field
SPECTRO- because of the general value of the techniques involved for color

workers, After rejecting two preliminary methods for extending the
PHOTOMETRY range of the General Electric Recording Spectrophotometer into the

infrared (to 1000-1200 mu), the final method (E. I. Stearns; J. Opt.
Soc. Amer. 33, 27-30; 1943) employed a new wavelength cam, linear in logarithm of
wavelength, along with two interchangeable photocells. Type RCA 929 photocell was
used over the range 300 to 800 mu and Type RCA 925 from 450 to 1200 mu., Five refer-
ences (1920-42) are given to show that the usefulness of the near infrared has been
appreciated, A figure giving infra-red transmittances for water, alcohol and their
mixture shows that the amount of one in the other can be determined with & precision
of 0.2 %. Another figure shows curves adapted to the analysis of the important vat
dyes, the Indanthrene Blues RS, GCD and GCS, which differ only in containing 0, 2,
and 3 chlorine atoms per molecule., Whether the curves are suspensions or solutions
in some solvent is not stated. Reflectance curves for phthalecyanine blue and chrome
oxide illustrate the formulation of paints having desired infrared ref'lecting proper=-
ties. Figure 4 illustrates with curves for the dye Naphthalin Green V an error due
to fluorescence which may be overlooked because the re-emitted light is not visible.
All of the figures use as one set of abscissa the logarithm-of-wavelength ("octaval
or "c,r.u."-unit) scale introduced by Shurcliff (J. Opt. Soc. Amer. 32, 229; 1942),

T
ADAFPTA- This is the title of a paper by Dr. Domina E. Spencer (J. Opt. Soc.
Amer. 33, 10-17; Jan. 1943) which introduces an extension of the
TION IN tristimulus method of color specification to include the effect of
adaptation of the eye. By the introduction of a new concept, the
COLOR "composite stimulus," the investigator is enabled to represent a
color exemplar and its background by means of a single tensor. A
SPACE variety of representative color problems are amenable to treatment

with this tensor; and worked examples are given. The Editor was
induced to get out his dusty note books on wector analysis to renew his acquaintance
with such concepts as the idemfactor, affine transformations, and tensors of wvalence
ons., But the actual application of the method to the calculations required in the
problems is very simple. The author points out that the composite stimulus is rigor-
ously exasot, referring to stimuli, not sensations, and is correct by definition. Com-
parison between the composite stimulus and the resulting perception, in an exact



I-5.C.C. NEWS LETTER NO. 47 10. May. 1943

sense, is meaningless. However, a good correlation with the experimental data of
Helson (1938) was obtainad,

At the end of the article the author states that extensions of the method "will
probably lead to .... & better basis for future work on color harmony." To illus-
trate one possible way in which Dr. Spencert's method may be utilized in this fisld,
we may note the following suggestions, The Editor has just completed, by a method
using one new factor of technique of great importance, extensive experiments on
harmonious combinations of colors, using 25 observers. He was led to think of the
"causes" (in a proximate sense) underlying affective values (position on a pleasant-
ness-unpleasantness scale), While attempting to find simple laws for relating group
affective values to the color attributes, one is troubled always by the fact that
the former are greatly influenced by psychological associations which may vary con=-
siderably from individual to individual, When there is little individual variation
in the affective values, one plausible assumption is that some potent traditional
association is at work, In a series of articles on Color in Painting in these pages,
we have shown how great and how immensely old is the association of the hue red
(which always ranks high) with exciting things, We have also cited again and again
the "warm" colors found in man's early enviromment, his useful pigments and his home
life, For perhaps 98 % of the time man has had any family and home life, all of it
was illuminated by light from grease or fat burned in a stons dish, a very reddish
light. This association, on which we could elaborate at lenpgth, is responsible,
your Editor believes, for man's preference for "warm" colors. This association,

and man's living also under skylight illumination, explains another empirical fact: .
that the harmony of badly-combining color=pairs can be improved by changing the
illumination to black-body type. An Associate Editor, Dr. Judd, stated that he
believes this fact can be better explained in terms of the discrimination abilities
under the changed conditions of illumination, Whichever the explanation, the nsw
tensor method of the composite stimulus might be used oonveniently to examine the
changes of color attributes (and their discrimination) with changes in illumination
or state of adaptation which lead to changes in affective value. That is, if we
have understood the method correctly - and we hope Dr. Spencer will set us right

if we have not. Thus associations might become & positive item in a theory instead
of a serious difficulty. Inquiry might easily be made as to whether particular
changes in adaptation lead to more pleasing combinations, while other changes do
not. Apart from any theories as to underlying "causes," it seems clear that the
method cen be used to see whether the composite stimuli of two different sets of
combined colors found pleasing are the same even though the usual specifications for
the two sets are different under different states of adaptation of the observer.

ILLUMINATION A paper by Professor Parry Moons "New Methods of Calculating
Illunination (J. Opte Soce Amer. 33, 115-22; Feb, 1943) outlines
CALCULATION the present status of such celculations lays particular stress

on the advances that have been made during the past five years,
48 references are included. - In reviewing this paper we shall not attemnt to nut-
line the author's mathematical procedure in detail., We may say, howsver, that he
points out that traditional methods are "fragmentary," referring largely to isolated
special problems, and lacking in peneralitye The author proceeds to outline the
basic methods of photometrics as a branch of gecmetrical optics. The fundamental
concepts, luminous flux, luminous flux density, and helios (a generalization of
brightness) are defined; and it is pointed out that the equations of photometrics
are exactly the same, irrespective of what is taken as the basic quantity. From the
definition of helios, a S-variable scalar function, is obtained directly the basic
method for calculating illumination and the fluxedensity equations of the "unit-
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sp?ere“ and "unitecylinder" methods. Later sections deal with the illumination from
uniform and from non-uniform sources, from arrays of sources, and with the light field
and interreflections.

TEXTILE SPECTRO- A paper by Constantin Monego and Werner von Bergen of
Forstmann Woolen Company . (Amer. Dyestuff Rptr, 32, 1-23;
PHOTOMETRY 1943), deals with the use of the spectrophotomster in the

textile industry. They point out that dyeing is an art
rather than a science. They discuss briefly the work of the Textile Card Association
of the U. S., the Munsell and the Ostwald color systems, and the Masrz and Paul
Dictionary of Color; light and the electromagnetic series; the spectroscope, the
photometer and their combination, A number of spectrophotometers are mentioned, and
the Snow Duplex Spectrophotometer is described (U.S. Pat, 2,240,722 to Harold Snow,
1941). It is stated to combine well=known optical and television principles, and to
throw on & cathode-ray tube a dotted standard reference curve and a solid curve rep-
resenting the spectral transmission of the sample. The full curves are exhibited
instantaneously., Figures on the best precision of the instrument are given; they are
obtained only after a preliminary warming up for an hour. The author then discusses
"polar coordinate" specification of color and the Desbleds system. This is followsd
by discussion of application problems; measurements on dyestuff shipments, concen-
trations of dyes, exhaustion rates, analysis of new dyes, solubility of dyes,
crocking, light-fastness evaluation and carbonizing-fastness evaluation,

CHROMATICITY A paper by Dr. D,L. MacAdam, "Specification of Small Chroma-
ticity Differences," J. Opt. Soc. Amer. 33, 1B=26 (Jan. 1943),
DIFFERENCES deals with direct methods of interpolating between the ob-

served data published recently by the author and of express-
ing the magnitudes of chromaticity differences. In the earlier paper (J. Opt. Soc.
Amer. 32, 247-T4; 1942), data were given for specifying sets of equiluminous colors
observed to be equally noticeably different from each of 25 representative colors.,
These results were represented by ellipses corresponding to the standard deviations
of color matching, the centers being the points on the I.C.I. chromaticity diagram
representing each of the 25 colors. The equations for the ellipses contain 3 con-
stants, which differ from ons ellipse to another in systematic manners, and can be
computed conveniently from the lengths of the horizontal and vertical axes and the
two 45° radii. Three large graphs give the values of the 3 constants plotted as
contours on the I,0.I. diagram. The orientation and lengths of the principal semi=-
axes of the ellipss, representing the standard deviations of chromaticity matching
for all directions of departure from any fixed chromaticity, may be derived from the
values of the constants., Instead of constructing such ellipses, other methods are
more convenient. An equation is set up for computing the ratio of any chromaticity
differsnce to the corresponding stendard deviation of color matching; and two examples
of application of the equations are given., Application to the choice of a chroma-
ticity least different from a fixed chromaticity is also discussed., Other convenient
methods and an appendix concerning the metries of plane projective transformations
of the I.C.I. diagram are also included in the papsr.

EVALUATION A paper by Edward S. Chapin, in Amer. Dyestuff Rptr. 31,
P 600-2 (1942), is entitled ‘The Evaluation of Lisht Fastness
OF FASTNESS by Means of the Spectrophotometer., Here it is stated that
the colors of the standard and faded samples may be evaluated
TO LIGHT in terms of Munsell hue, chroma and valus, or by means of

dominant wavelength, purity and lightness computed from
spectrophotometric measurements. The A.AsTeCaC. blus lipht-fastness standards L 1,
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L3, L5 and L 8 exposed 20 hours in the F. D, A, Fadeometer were examined by about
a dozen members of the Prize Paper Committee, "all of whom have been interpreting
such results during the greater part of their professional career, and no two of
them could agree on terminology to describe the fadlngs. Standard L 8 showed no
change. but the others changed from 0.2 to 243 mu in dominant wave—length, from 2.5
to 21 % in purity and from 0.1 to le7 % in lightness., Surprise is expressed at the
small change (0.2 mu) in dominant wave-length exhibited by L 1, "which from visual
examination would seem to have changed greatly in hue." The main change was in
chrome or purity, and here one can "note certain inadequacies toward meeting a
demand for evaluating light-fastness varying from ten hours in a Fedeometer with
graduated hour intervals of ten, twenty, forty, ete." It was believed that stendards
could be found in which the changes at 10, 20, 40 and 80 hours could be reduced to
nil or "regularized." In this connection, fadings of various strengths of a 5=
component gray mix on wool were made just to the "bresking point." However, the
spectrophotometer in use was taken over by military authorities; and so report of
spectrophotometric evaluation is reserved for the future.

NEW BOOK Another sound book has been added to the several published during
the past year or two dealing with various aspects of the eys and
ON VISION its functions. This ons is by Dr. Samuel R. Detwiler of Columbia.
Universitys it is an experimental biology monograph on Vertebrate
Photoreceptors, published by The Macmillan Company, New York, 1943, 184 p; $4.00.
A review of this excellent monograph appeared in the New York Times Book Review
Section on April 18, 1943, p. 36.

COLOR In the April number of the Journal of Applied Physics there is a
brief and well presented article by Gordon L. Walls on The Evolution
VISION of Color Vision. Dr, Walls writes (and speaks) in a manner that is

always interesting, and this brief article is no exception. .In four
and a half pages he sums up a number of ideas in which all of our readers will be
interested. He concludes that color perception has bsen evolved only by groups of
animals which already had laid a basis for excellent visual acuity., "A cone=~rich
retina predisposes to diurnal activity and fine brightness diserimination, possesses
high intrinsic resolving power through its low summetion - and can make room for
more through the creation of a fovea; and it deserves, and gets, a good image which
is kept sharp by extensive and rapid accomodation. When a vertebrate has produced
these things, and only then, he can gst fuzther benefit from a hue-discriminatory
mechanism - provided he can evolve one.," It is to this article of Walls® that a
Mey number of Time referred on its Science page.

A TRI- Volume 55 of the Procecdings of the Physical Society (London), p. 81

(1943) contains a descrlptwon of & photoslectrie tricolorimeter,
COLORIMETER communication H 861 from Kodalt Research Laboratories, read to the

Color Group last September by GsF.G. Knipe and J.B. Reid. The Colori=-
meter is designed to measure the color of nearwhite papers.- The correct amount of
light of esch wave-length is selected for obtaining I.C.I. X, Y and Z factors by
using a metal diaphragm placed in the plane of the spectrum, this method being used
instead of optical filters. Results reported regerding accuracy are remarkably good.
The authors report that there is no likslihood of the apparatus being put on the
market.

BIBLIO- P. 0. Blackmore; Indus. Finishing 18, no. 11, 28-32, 37-3, 40, 42,
46, 48, 50, 55-6, 58, 60, 62, 64 (‘12), infra-red reflectance of
GRAPHY (camouflage) paints
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no. 7 (July 1942) e

British Celanese Ltd.; Brit. Pat. 547,162 (1942); pattern effects on textile materials
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color produced with azo dyes

British Thomson=-Houston Co.; Brit, Pat, 546,756 (1942); light colored, light stable
aminoplasts

B. Carroll & J.J. Chechak (to Kodak Ltd.); Brit, Pat. 549,176 (1942); photographic
process :

W. E. Chamberlain; Radiology 38, 383-413 (1942); fluoroscopy, present and future (and
importance of dark adaptation)

W. Crossley & J. Dean (to Yorkshire Dyeing & Proofing Co.); Brit. Pat, 549,828 (1942);
treatment of textile fabrics to make them water-proof and gas-proof and render them
translucent or semi-transparent

M. Davidson; N. Y. State J. Med. 42, 1441=4 (1942); stereoscopic vision in industry
(a review)

F. B, Downing & C. J. Pedersen (to E,I. du Pont de Nemours & Co.); Brit. Pat, 543,292
(1942); process for inhibiting deterioration in color of viscous petroleum oils

S. Dutt; Allshabad Univ, Studies, Chems Sect, 1940, 1-18; a theory of color on the
basis of molecular strain; VIII, color in relation to chemical constitution of
organic nitroso and isonitroso compounds

A, J. Eickhoff & R. S. Hunter; J. Research Nat. Bur. Stand. 28, 773-93 (1942);
measurement of the fading rate of paints

- Ps Ellinger; Biochem. J. 36. 283-6 (1942); spectrocomparator (combining qualities of
a Duboscq absorptiometer and a spectroscope )

E. Elvegird & G, Sjostedt; Photog. Indus. 38, 679-82 (1940); correction of filters
for color photography

V. Faber & M. Radnot; Zentr. allgem. Path. u. path. Anat. 76, 82-3 (1940); Chem,
Zentr., 1941, i, 896; the fluorescence of glycogen

C. Fader; Amer. Paint J. 27, no. 29, 10, nos 31, 9 (April 19 and May 3, 1943); "this
colorful world" (notes and cartoons on interesting color uses - continued)

L. F. Fieser & R, N. Jonss; J. Amer, Pharm, Assoc. 31, 315-7 (1942); celastrol,
spectrographic characterization and color tests

W. Franz; Naeturwiss. 29, 766-7 (1941); theory of color vision

J. S. Friedman; Amer, Photog. 37, nos 4, 44-6, 57-8 (April 1943); a study of the
kodachrome image
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application to road and building surfaces

General Electric Company; Amer, Photogs 37, nos 4, 20-1 (April 1943); light units
and terminology (reprinted from G. E. Co's "Exposure Meter Manual")

R. Granit; Nature 151, 1ll-4 (Jan. 2, 1943); a physiological theory of colour percep-

tion ("domlnator-modulator theory; see review in News Letter no. 46, ppe 6=9) 'f-\

J. Grieve; Canad, Paint & Var. Mag. 16, nos 2, 5-6 (1942); blackout paints for

defense of Canada

W, de Groot; Physica 7, 432-46 (1940); Chem. Zentr, 1940, ii, 2999; increase and
decrease of the luminsscence of various phosphorescent substances

H, Hahn; Rev. Neuro=-Psiquiat., Lima 5, 312 (1942) (ebstr, and discus,); identifica-
tion of colors as influenced by the factor of altitude

V. G. W, Harrison; Proc. Phys. Soc. 54, ii, 86 (March 1, 1942); measurement of
near-whites in the paper industry

~__— P. Hatschek; Photog. Indus. 39, 319-20 (1941); reflection-diminishing layers (review)

Heberlein & Co. Ae=Ge; Brit. Pat. 545,142 (1942); process for the multicolor printing
of textile materials

. L. Heilmeyer; "Spectrophotometry in Medicine"; xiv +280 pp; 30 s

_— C. G, Heys-Hallett; Proc. Phys. Soc. 54, ii, 98 (March 1, 1942); the whiteness of
cinema screens

CeGeA, Hill; Paint Menuf. 13, no. 2, 22«6, 32 (Feb, 1943); paint and illumination

Y. Hirshberg & L. Haskelberg; Trans. Faraday Soc. 39, 45-8 (Feb,-March 1943);
fluorescence of phenylated anthracenes

T. G. Holdsworth, J. W. Howell & Js He Jackson; Trans. Illum. Engin. Soc. 7, 81=95
(1942); lipghting in the woolen and worsted industry

J. G. Holmes; Proce Phys. Soc. 54, ii, (March 1, 1942); the nature and measurement

=" of whitenoss (ziven before the Brit., Colour Group)

International Polaroid Corps; Brit. Pat, 549,668 (1942); preparing a dichroic light-
polarizing sheet containing a dye

M. L. Kats; Compt. rend. accad. scil., URSS 30, 788-90 (1941) (in German); activating
effect of visible light on ultraviolet luminescence of alkali halide crystals

L. D. Keenan; Ceamera (Phila.,) 62, no. 6, 49=51 (1941); natural-color prints by dye-
coupling (the Iso=-color process)



