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of information on the incidence and effect of colour-blindness in various br a.nche s of 
Industry. The present methods of testing colour vision in the Se r vices and Indust ry 
have bee n studi ed , Information is a lso beiug collected with re ga r d to the testing of 
colour vis :ion in schools. The question of the most suitable form of test i s unde r 
cons ide ra t ion. 

Your Committee has been in correspondence throughout the yea r with the Inter-Society 
Color Council of America. on specific questions relating to Colour Termi nology , and on 
other matters of g;ener a.l i nte rest. 

"The membe rship of Participating Societie s has been increased by the accession of 
three associations , - The National Society of Art Masters, the British Optical 
Association, and the Science Masters ' Association. " 

We are gl ad i ndeed to have such favorable news from our Briti sh color friends. 

MUN 3ELL COLOR Following pre liminar y organization meetings on September 15 and 
October 28 , 1942 , the t rustees of the Munse 11 Color Foundation, 

FOUNDATION Inc. , he l d a specia l meeting i n Baltimore on April 2 and the 
r egular annual meeting on May 10, 1943, The Directors of Munse ll 

Col or Company met with the Trustees of the Foundation on the l ast-named date. At 
these meetings off i cers e l ected , l egal f ormalities of charter , incorpor ation 
and transfer to and acceptance by the Foundati on of the stock of the Company we re 
completed; and gene ral policies we re discussed and adopted , including a. financial 
policy f or the Company. 

CALCULATI ON Ther e have appeared r ecentl y i n that portion of the fie l d of 
chemica l physics dea l ing with the "color " of dyes and other 

OF " COLOR 11 IN organic substances , a number of papers each of which is dese r ving 
of at least a brief review. But s i nce they require some know-

ORGANIC ledge of the background of experiment and publication i n this 
inte re sting field, the Editors thought it might be profitable to 

COMPOUNDS r eview several of the papers jointly. They have to do with 
theories for the prediction of the "color" of organic substances 

from such f undamental data as the physicnl and chemica l properties of the compounds 
in quest ion or from the "colors'' of related molecul es. We have used quotes about 
"color" because i n the fie l d of chemical it has a special meaning. Here 
"deepening" the "col or" means either moving the absorption bands townrd longer wave ­
lengths (as from the ultraviol et into t he vis ible spectrum) or incr easing the mole­
cular extinction coeffici ent (negative l ogaritPJn of the transmission per mole per 
unit of absorbing l ayer) or both of these . In one paper (Williamson & Rodebush# 
1941) it is shown that -we may expect a general para lle lism of these two effects; but 
this is not the case, for they depend on diffe r ent facto r s. 

As the older chemica l discussions of color cente red around the "chromophore-
a uxochrome" theory and other the or ie s which gr ew out of it, the r ecent ones (since 
1935) center around the concept of "re sonance " and the "conjugation" of doub l e (or 
multip l e ) bonds in the mol ecular structure. The meanings of these terms wil l be 
made c l ear as we proceed . 

The great group of colored organic compounds is made up of a few e l ements (c, H. 0 , 
N, s) , the majority of whose compounds are color l ess. The colored minority alwa.ys 
contain of atoms which enter or l eave the molecul e toge ther. An exampl e is 
the a.zo gr oup (N = one or more of which is found in a. great c l ass of dyes . Such 
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a group is called a "chromophore group. " Other examples are C=C, C::N, C=O, C=S and 
O=N=O. These groups are unsaturated; for example, they will combine with hydrogen. 
This combination or its equivalent is called "reduction"; and it was found (Graebe & 
Liebermann, 1967) 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 t riply 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 quinonoid structure is e ssen­
tial for color. ~llii le the introduction of chromophore groups l eads to the production 
of color , certain other gr oups are required to "deepen" or intensify the color. 
Examples of these "auxochrome" or color-deepening groups are OH and NHz. 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 tiTe color~d f~m accompanied salt formation ~rom the 
dyes; and fur ther salt-formation often r esul ted in quinonoid structure. Other types 
of change a lso produced colored compounds from colorless ones . The i dea grew that it 
v.ras 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 col orless meta l atoms is to be ascribed to an intra-molecular rearrangement." 
This theory was called "chromotropy"; other theories, applicab l e in restricted fields , 
were deve l oped. 

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 cumber some and slow to dea l with light waves . In the period 1913-6 it was recog­
nized (N. R. Campbell , 1913; E. Q. Adams & Rosenste in, 1914; E. C. c. Baly, 1915 ; 
G. N. Lewis , 1916) that the efficient vibrating portions of the colored mol ecules 
must be the electrons, which move with speeds approximating to that of light. In 
1924, Stie glitz correlated electronic changes with the properties of dye molecules. 
Dyes are usually r educed to colorless compounds ; but reduction is merely a g.ain of 
e l ectrons . G. N. Lewis (1916) showed that when we have an odd nmnber of e l ectrons, 
loose ly held in the atoms, we have col or deve lopment. This is the case in many "free 
radicals." Electrons, because of' the ir small mass and the rigid const raints by which 
they are orQinarily bound, usually have frequencies higher than those of visible l~t 
and absorb only in the ultraviolet. "When there are chan~es in the molecule or its 
environment causing the constraints acting on the outer ("valence") electrons to 
become weaker , the frequency becomes l e ss, and we have absorption in the vis i ble 
spectrum, producing color . Lewis and a lso Steiglitz pointed out that in strongly 
colored inor ganic compounds and dyes we have a strong reducing component and a strong 
oxidizing component whose closeness l oosens the constraints of' the electrons in these 
ne i ghbors . The e l ectrons then vibrate with the lo\wred frequencies necessary for 
absorpt i on of visible light. The oxidizing portion of' the dye is the old chromophore, 
the reducing portion the auxochrome. Salt format ion v~s said to increase the reducing 
power, causing further loosening and absor ption 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 ga r b by showing that the intense absorp~ 
tion of light which characte r izes dyes is due to an intimate association of a chromo­
phore and "resonance '' in the mo l ecules. But "resonance" here does not have its old 
meaning. We now quote Lewis and Calvin (1939): "This phenome non 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. 
~fuen to a substance two or more structures might be assigned, such that one may be 
der i ved from another merely by the shifting of e lectron pairs, these structures are 
said to be in resonance with one another, especially if the energies corresponding 
to the several structures, as we ll as the re lative positions of the atoms, are not 
widely different. Such a re sonating substance is to be r egarded not as a mixture of 
various molecules .corresponding to various structures, but rather as having a singl e 
kind of molecule, which, howeve r, partakes of the character of the several contribut­
ing structures. 11 Resonance is usually responsibl e for the deep color of many or ganic 
compounds. The characteristic absorption of the component groups of the molecule 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 
poss ibility of resonance structures is surprisingly high. Molecules involving satu­
rated carbon chains or rings absorb below 2000 A; if, however, 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 ex·Unction coefficient and shift of absorption maxima. These are then inter­
preted as a change i n 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 a s a whole or of such parts of it as are capable of 
"conjugation" with each othe r. Conjugation is an arrangement of a lternate double and 
single bonds which is found to multiply the effect of one double bond. 

The "excited state 11 of the molecule produced by light absorption is ionic; and any 
substitution in the structure which increases the number of resonance configurations 
in genera l produces a greater increase in the number of forms for the excited, ionic 
state than for the normal, unexcited state. The r esult is a lower ing of the ener gy 
of the exc ited sta t e relative to that of the normal state, and a consequent shift of 
the absorption to longer wave l engths, which correspond to l esse r energy. The amount 
of this so-ca lled "bathochromic " shift due to various auxoohrome s 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 are "e lectron donors", others "electron acceptors"; 
Pauling has published ( ) an electronegativity scale of the atoms calculated from 
the extra ionic resonance energy of various i nter-atomic bonds.· 

The extinction coefficient depends i n an i ndirect way on the "polarizability, 11 which 
is the change in polarity ~nen the molecule is excited to the ionic state, and is 
measured by the electric or dipo l e moment that can be produced in an e lectric field 
per unit of field strength. But this polarizability too must vary with the number 
of resonance states , so that we may expect a @Bneral parallelism. but not exact 
correlation, between change in extinction coefficient and shift to lon@B r wavelengths . 
The polarizabilities of typical bonds, as the c-c bond. are proportional to the bond 
r efractivities which have been obtained by analyzing the data 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 exc itation of electronic oscillations simi­
l ar i n some r espects to classical atomic vibrations. They distinguished "ideal" 
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molecul es such as those of the inert paraffins~ whe re the energy required for excita­
tion is high and the e l ectron-pairs have the definite positions indicated i n the 
classical formulas, from molecules at the other extreme in which there exists a sort 
of diffuse "electron cloud," more uniformly distr ibuted. By substituting groups into 
the_ideal molecules, they are "strained." A great strain is produced by int roducing 
var~ous (unsaturated) multiple bonds, which differ in this regard. Intense color 
ordinarily appears in systems of conjugated double and single bonds; and here the two 
determi ning factors, for example in producing a bathochromic effect, are : (1) increas ­
ing the masses of the oscillating system by increasing the number of participating 
electrons, which may be done by incr easing 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 whi ch a ll the e lectrons are paired and 
there is no 11formal 11 charge on any atom. When such a structure is the major contri­
buting form of a re sonati ng molecul e the mobility is still small . When~ however, the 
actual state of a mol ecule differs considerably from a classical or i dea l structure 
the mobility is greatly increased. In other words, displacement from the ideal struc ­
ture makes furthe r displacement easier. Intense color is obtained when ~No important 
resonance forms are such that the chan~ from one to the other i nvol ves the movement 
of an electri c char~. This i s a unit char~ in many dyes of the ionic type; but 
there are many neutral dyes in which that part of the mol ecule in which an oscilla­
tion can occur acquires some positive or negative char~ from the rest of the mole­
cule. In such cases any change in the mol ecule which increases that charge enhances 
the "col or " of the mol ecul e. 

Special cases of i ncrease of mobility of the e lectrons incl ude : (a) introduct ion of 
an auxochrome into a resonating molecule such as benzene; (b) adding an acid (or 
certain other substances) to one end of a double bond that is part of a conjugating 
structure (an exampl e of "halochromy"); (c) dyes such as the cyanines, used in photo­
gtaphy, i n which the intense color is due to an ion in vmich the charge may equally 
well be placed at either end of a chain, and practically all the resonance may be 
re garded as between the two opposite forms (the diffuse electr on cloud being exem­
plified here). 

From their theory Lewis and Cal vin deduce two remarkable and simple relations dealing 
with conjugated systems in nearly linear molecules. The "polyenes'' are substances 
containing one to several of the gr oups -CH=CH-. If we plot the number of these units 
a gainst the square of the wavelength of the single e l ectr onic absorption bands of 
polyenes , we obtain a straight l ine. This reJAtion_was der i ved by re gar ding eaQh 
whole chain of units as a singl e harmonic oscillator with mass proportional to the 
number of units. In this case the electrons never ~t 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 e l ectron cloud, with the r estoring forces on 
electrons depending on neighboring electrons, as in an elastic string. If the usual 
simple mechanics pertinent to thi s case be applied , we find that the l ength of the 
string plotted against the wavelength of maximum absor ption should gi ve a straight 
line. This simple relation, using the number of doubl e bonds between the terminal 
nitrogens to measure the chain length, is found in the data of Fisher and Hamer 
(1936) and Be ilenson, Fisher and Hamer (1937) . In these two cases the "color" of one 

mo lecule may be calculated f rom that of others. 

In many strongl y colored compounds the "fundamental" l ong-wave band is due to e l ec­
tronic oscillation of the mol ecule as a whole (Lewi s & Calvin). These oscillations 
may be of the first or second order according as they arise from excitation to the 
first or second ene r gy state above the normal, by absorption of light. The fundamental 
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band may be broad and without detailed structure at room temper ature, but show 
several sub-bands or peaks of absorption at ve~J low temperatures. These are due to 
atomic vibrations associated with the e l ectronic oscillations. At shorter wave­
lengths a re a lso bands of artial 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 e l ectron 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 molecul es (Mulliken); in another, to abbreviated or 
incomplete stages of the potential electron transfer, involving intermediate 
structures. 

The developme nt of the quantum-mechani cal theory of structure made clear the relation 
between r esonance, 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 
a greement with the chemical facts and the considerations we have reviewed here. 
Skl ar (1937) and Forster (1939), by the methods of the the ory were the first able to 
calculate the energy l evels 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 i n the general t heory 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 (perichrame s) and the intermediate conjugate chain (mesochrome), stressing 
the e l ectron-donating or accept i ng capacitie s of the former to "deepen" the color. 
We may state that the present theories postulate the pl anar form of dye mol ecules as 
l eading to the fullest development of r esonance and signif i cant in photographic 
sensitization; but must pass over the excellent Kodak work done in this connection. 

One further step is necessary to compl ete our review. This is t he passage f r om 
"color," as embr aced in the absorption wavelength position (and shift) and t he 
extinction coeffi cient, to col or as most of our r eaders understand the term (a 
psychophysical concept). A paper published within the year (by Cromwell & Johnson) 
which distinguished the effects counected with wavelength shift and with extinction 
coefficient, cited as a reference a (1940) paper by several collaborators, ~n which 
may be found the following statement which set the Editor to thi~king about this 
phase of the subject: "Since in some cases sal t formation cause s deepening of the 
color and i n others lightening of color, it is clear that it is theoretica lly possi­
ble for salt formation to bring about no color change at a ll. " Actually , deepening 
(halochromy) is most f requent . The context indicated that the authors had color 
perception in mind, not the two physical criteria of "color" described above. 
Chemists l ong ago defi ned the following series of hues as ones of i ncreasing "depth": 
green-yellow, yellow, orange, red, viol et , purple , blue, and green. Presumably 6 

depth would be connected by chemists with the idea of deeper and deepe r l ayers of 
colored liquids. The colors of such l ayers woul d get steadil y darke r and more satu­
rated. In a paper befor e the recent meeting of the Optica l Society of America , 
Godlove re ported the colors (specified for the usual standard observer and coordinate 
system) cal cul ated for a V-shaped absorption band moving from the ultraviolet through 
the visible spectrum. The col or s first get steadily darker and more saturated (i. e ., 
deeper), but at a point near the middle of the visible spectr um, r everse 6 then be­
coming steadily lighter and l e ss saturated. The hue s pa ss 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 ente ring at shorter wave lengths f r om the 
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ultraviolet. This se cond band may be one of those accompanying the fundamenta l band. 
The theories we have outlined may be in~oked to predict methods of securin E the recond 
b~nd, hence the greens, for example. It should a lso be clear that a given modifica ­
tlon of a colored molecul e may first cause the co lor to get deeper (da rker and mor e 
~aturate~ ) then if continued cause it to get paler (lighter and less saturated); and 
1t conce 1vably may even cuase the substance to become colorless by passing the bands 
clear th r ough the visible spectrum into the i nfr a red. It mirht also produce a col or 
very similar (at l east in hue) to that of the unmodified original substance . The 
calculations re fe r r ed to we r e connected only with wave l ength shift. Those connected 
with change in extinction (broader and diffe rently shaped bands ) remain to be made . 

The theories deve l oped sl.nce 1935, especially if combined with calculations of the 
standard specifications of the colors produced by the corresponding absorption bands , 
will go a l ong way toward predicting the colors of dyes and other colored compounds 
formed by various modifications of kno'vn molecular structures . 

1943 FALL Twe l ve color s for millinery have been adopted for the 1943 Fall and 
Winter Seasons by the Texti le Col or Card Association's Millinery Color 

COLORS Committee. The As sociation ' s Dyestuff Advisory Committee cooperated 
in the se l ection 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 fo r the ir fashion signi­
ficance , but also with the objective of conse r v ing dyestuffs . Further , in the case 
of the fa ll millinery se lection, the numbe r was reduced to 12 from t he 23 in the 
spring. Mr s . Rorke a lso announced recentl y the issue of the regular editions of the 
1943 Fall Woolen and Rayon Cards , each port raying 34 colors. All but 8 are proto­
types of the wool en colors and have t he same name s , thus reducin~ appreciably the 
total number of f a ll colors. 

The millinery colors chosen from the 1943 Fall Rayon collection include : Canal Blue, 
Carame l Tan , Flying Blue, Mandarin Purple , Colonial Green , Russet Earth and Festival 
Red. Those from the 1943 Fall Vfoolen group are: Eagl e Grey , American Cl aret , Fertile 
Green, and Rio Coffee. Concord Wine is repeated f rom the 1942 Fall Woolen ca rd . 
Closely tied up with t hese are the 16 gl ove colors , ~hich a r e adapted to fabr ic a s 
we ll as l eathe r glove s . They include the fo llowing f rom the Assoc i at ion's 1943 Fall 
Woolen and Rayon Cards: Skyblush , Florida Sky, Gol den Grain, Califor nia Ol ive , ~ild 
Grape , tfundarin Purple, Canal Blue , Colonia l Green , Flying Blue , Al gerian Sand, and 
the four mentioned above ; also Golden Tobacco and Concord Wine from othe r cards. As 
compared to prewar ve rsions, there i s a noticeable lightening: of colors in both the 
woolen and rayon groups. Included i n the bas i c color ranges in these fa ll ca r ds a r e 
vanilla , car amel and coffee variations of beige and bro\vn , dusty olive and lime , as 
well as bluer greens, a new blue of the sol dier type , greeni sh sea colors and violet 
blues , r eds in light c laret and r osy copper ve rsions, plum and purple nuances and 
neutral gray . A special promotional feature of both cards is the group of rich 
autumn color s , captioned Good Harvest colors . 

MOST USED In vol ume 4 , no . 1 (April 1943 ) of Pa int Progre ss, published by The 
New Jersey Zi nc Co ., 160 Front Street, New York City , i s gi ven in-

PAINT tere sting i nformat ion f rom the second annua l survey made by The Eagl e 
Printing Ink Company. The survey deals with the color preferences of 

COLORS the buying public i p such commodities as paints , roof ing , floor 
cove rings, wa llpaper , oil c loth, mattresses , home f urnishings , women' s 

appare l , automobi l es , and so on; and is obta i ned from actual sa l es records. The 
pre sent art i cle dea ls only with inte rior, exterior, wat e rproof cement and stucco 
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paints and quick-drying enamels. I n the following li'sts, white a s a se lf-color is 
not as hi gh as the figures indicate, because white pa i nt is used for t inting pur­
poses also. "Light cre am" is an of f-color white ; "ivory" is slightly deepe r. The 
data f or inte rior pa ints refe r to the sa l e s of 7 c ompa nie s, those for wat e r proof 
cement and stucco paints to one firm, a nd t he othe rs to t wo each. Some of t he dat a 
a r e : 

Colors Interior Exterior W'trp . cement Ename l s 
and stucc o 

Whit e 48.7 % 40.6 % 10 . 9 % 34. 5 % 
Cream 33 .5 4.4 14 .8 14 . 3 
I vory 23 .3 9. 8 18 .6 a. 3 
Gree n 9.6 ll. 8 3 . 9 10 . 4 
Buff 10.0 2 . 0 13 .8 
Gray 3,8 7. 8 15 .5 2,2 
Black 2. 8 6. 2 
Blue 5.4 1.4 2 . 9 2, 4 
Tan 2.4 1. 8 3 . 9 2, 4 

The "cream" for i nterior pa i nts and for t he e name l s of' one company is "light c ream"; 
t he "wh i te" in t he pe nultimate column (10, 9 ) r efe rs to "s of t white"; the ename l 
greens a r e "light," "medium" and "deep, 11 which we have lumped t ogether; t he "buff" 
of inte riors is "deep buff," and s o on, Other i nte rior colors a r e : pea ch (4.7 %), 
pi~~ and rose (2.0), neutra l be i ge , pal e ye llow and boue - gr ee n . Ot her exte rior 
colors are : brown (5.3), and r ed (1.4 ). Ot he r e name l colors a r e maroon, yellow, 
orange , orchid , old rose , red, a pple gr een, brown a nd b lue - gr een. 

C8 LOR- A paper of considerable i nte rest t o worke rs i n color i s entitled 
"Attributive Limens i n Sele cted Regions of t he Munsell Color Solid, 

DIFFERENCE by Mrs. Bla nche R. Be lla..rny and Prof . S. M. Newha ll (J. Opt. Soc . 
Amer. 32, 465-73; 1942). I n t h is paper are r e ported data. on t he 

THRESHOLt'S smallest diffe re!l!Ce s i n Munse ll hue , chroma. a nd value r equired to 
permit corre ct perception of diffe rence f rom each of 41 colors in 

50 % of nume r ous inde pendent t ria ls unde r f avorable conditions. The r e we r e 3 
expe r ienced obse rvers, \vh o det e rmined some 500 color-diff e r ence lime ns. The common 
points of origi n (41 colors) we re distributed over the color solid at r e present ative 
points . The procedure •vas a. variation of the me t hod of constant stimulus d i f f e r­
e nces known as the method of group presenta t i on. The obse r ve r looked i nto t he ope n 
e nd of a. box whe re was seen a. bipartite f i e ld whose dividin g line was a ve rtical 
a rc f ormed by a pair of pa rtially ove rlapping Maxwe ll d isks. By adjustin g t he 
amount of overlap , t he halves of the f i e l d ~~re made t o d iffe r in ea ch attribute 
unde r test, by sma ll amounts known to t he expe rimenter but not to the obse r ve r . The 
obse r ver r eported "weak," "st rong ," "match ," 11da.r k ," "gr ee n" and so on . Various 
exte r na. l conditions we r e he l d const ant t hroughout the work. 

The r esults are give n in t ab l e s and f i gures. For exampl e , starting with Munse ll 
R 5/10 , t he a ve rage hue limen \vas 0. 56 hue step ; t he ave rage chroma lime n \'Ja. s 0,34 
chroma. step, and t he avera ge va l ue l imen was 0. 04 value step. Corresponding limens 
are gi ve n for the other starting colors. Othe r data , st arting f rom various ne ut r a l s , 
show how much chroma wa s r e quired t o yie l d a. hue f ul pe rce ption . Range s f or t he 
t h ree obse rve r s a r e liste d, while i n a nothe r table pe rcent de partures of r epeat 
lime ns from origi na l l imen s are gi ve n. The gene r al mean of a ll hue lime ns was 0 . 50 
Munsell hue step; the mean of the chroma lime ns was 0.17 chroma step, and t he mean 
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of the value limens ¥~s 0.021 value step. Accor ding to these results 1 the Munsel l 
hue step should avera@9 about 2 just perceptible differences in breadth, the chroma 
step about 6 j.p. d ' s , and the value step about 50 j . p. d's . 

These have been compared with the equational relation for superliminal differences 
obtained by Dorothy Nickerson (1936L namely 1 V = 2 C = 3 H (at 5C) 1 ~~.here the 
initia l 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, one possible reason for 
the difference between the liminal and superliminal equations, is given. I t •~s 
obser~~d that lightness comparisons suffer mor e by separation of the compared fie lds 
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 Munse ll, 
Sloan and Godlove (1933). There was some evidence that the difference l imen may not 
be an appropriate constant fo r use as a universal color-attribute scal ing unit. 

INFRARED Though strictly applications of infrared analysis are not embraced 
under the heading of color, we wish to refe r to a paper in this field 

SPECTRO- because of the gene ral value of the techniques involved for col or 
worke r s. After r ejecting two preliminary methods for extending the 

PHOTOMETRY ran@9 of the General Ele0tric Record i ng Spectrophotometer into the 
infrared (to 1000-12 00 mu ), the fina l method (E. I. Stearns; J . Opt. 

Soc . Amer. 33 , 27-30; 1943) empl oyed a new wave l ength cam , l inear in logarithm of 
wavelength ,along with two interchangeable photoce lls. Type RCA 929 photocell -was 
used over the r ange 300 to 800 mu and Type RCA 925 f r om 450 to 1200 mu. Five refe r­
ences (1920-42 ) are gi ven to show that the usefulness of the near infrared has been 
appreciated. A figure giving infra-red transmittances for wate r, alcohol and their 
mixture shows t hat the amount of one in the other can be determined with a precision 
of 0.2 %. Another figure shows curves adapted to the ana l ysis of the important \~t 
dyes, the Indanthrene Blues RS , GCD and GCS , which di ffer only in containing 0, 2 ~ 

and 3 chl orine atoms pe r molecule. Whether the curves are suspensions or solutions 
in some sol vent is not stated . Ref l ectance curves for phthalocyanine b l ue and chrome 
oxide ill ustrate the formulation of paints having desi red i nfrar ed reflecting proper­
ties . Figure 4 illustrates with curves for the dye Naphthalin Green V an e r ror due 
to fluorescence which may be overlooked because the r e-emitted light is not visibl e . 
All of the figures use as one set of abscissa the logarithm-of-wave l ength ( "octe.val'' 
or "c.r.u."-unit) sca l e introduced by Shurcliff (J . Opt. Soc. Ame r. ~· 229; 1942 ). 

T 
ADAPTA- This is the title of a paper by Dr . Domina E. Spencer (J. Opt . Soc. 

Ame r. 33 , 10-17; Jan. 1943) which i ntroduces an extension of the 
T I ON IN t ristimulus method of color specification to inc lude the effect of 

adaptat ion of the eye . By the introduction of a new concept 1 the 
COLOR "composite stimulus , 11 the investigator is enabled to represent a 

color exempl a r and its background by means of a singl e tensor. A 
SPACE variety of representative col or 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 vector ana lysis to r enew his acquaintance 
with such concepts as the idemfactor , affine transformations , and tensors of valence 
one . But the actual application of the w~thod to the calculations required i n the 
problems is very s impl e . The author points out that t he composite stimulus is rigor­
ously exact , r efe rring to stimuli, not sensati ons , and is correct by definition. Com­
parison between the composite stimulus and the resul t i ng perception, in an exact 
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sense, is meaningl e ss. However, a good corre l ation with the experimenta l data of 
Helson (1938) was obtain~d . 

At the end of the artic l e the author states that extensions of the method 11will 
probabl y l ead to ••• • a be tte r basis for future work on color ha rmony. 11 To illus­
trate one possible way in which Dr. Spencer's method may be utilized i n t his f i e ld, 
we may not e the following suggestions. The Editor has just compl eted , by a method 
using one new facto r of t echnique of gr eat importance, extensive experiments on 
harmonious combinations of colors, using 25 observers . He wns l e d to think of the 
"causes'' (in a proximate sense) underlying affective values (position on a pleasant­
ness- unpleasantness scale). While attempting to find simpl e laws for r e lating gr oup 
affective values to the col or attributes, one is trol,lb led a l ways by the fact that 
the f0rmer are greatl y i nfluenced by psychological associations which may vary con­
siderably from individual to individua l. When there is little individual variation 
in the affective values , one pl aus ible assumption is that some potent traditiona l 
association i s at work. In a series of article s on Col or in Pa inting in these pages , 
v.re have shown how gr eat and how immensely old is the associo.tion of the hue r ed 
(which a l ways ranks h igh) with exciting th i ngs . We have a1so cited again and again 
the 11v;arm" col ors f ound i n man' s early environment , his useful pigments and his home 
life . For perhaps 98 % of the t i me man has had any f ami l y and home life , a ll of it 
was illuminated by light from grease or f at burned in a stone dish , a very reddish 
light. This ass oc i ati on, on which we could e l aborate at length , i s responsible , 
your Editor believes, for man ' s pr efer ence fo r 11warm11 colors. This association , 
and man ' s living a l so under slcylight illumination, explains another empirical fact : 
that the harmony of badl y- combining col or- pair s can be improved by changi ng the 
illumination to black-body type . An Associate Editor, Dr . Judd , stated that he 
be lieves th i s f act can be better expl ained i n terms of the discrL~inati0n abiliti e s 
under the changed cond itions of illumination. Whichever the expl a nation , the new 
tensor method of the composite stimulus might be used convenient l y to examine the 
changes of col or attributes (and their discrimination) with changes in illumination 
or state of adaptation wh i ch l ead to changes in affe ctive value . That i s , if we 
have understood the method correctly - and we hope Dr. Spencer will set us right 
if we have not . Thus associations mi ght become a positive item in a the ory i nstead 
of a serious difficulty. Inquiry mi ght easily be made as t o whethe r particular 
changes in adaptation lead t o more pleas i ng combinatbns , while other change s do 
not. Apar t from any theories as to u.'l1.der lying "ca uses , " it seems clear t hat the 
method can be used to see whether the composite stimuli of t·wo diffe rent set s of 
combined col or s f ound pleasing are the sa~e even though the usua l speci fications for 
the t wo sets a r e different unde r different states of adaptation of the obse r ve r. 

ILLUMINATION A paper by Profe ss·)r Parry Moon , "New Methods of Ca lculatine; 
Illumination (J . Opt. Soc. Amer. 33 , 115- 22; Feb . 1943) outline s 

CALCULATI ON the pre sent status of such ca lculations l ays particula r stre ss 
on t he advances that have been made during the past five years. 

48 r eference s a r e included. I n r eviewing this pape r we shall not a ttempt t o out­
line the author's ma thematical procedure i n detail. We 1llli¥ say , howeve r , that he 
points out that t r ad i tional methods are "f r a gmentary ," referring: large.l y t o i sol ated 
special probl ems , and lacking in gener a lity. The author proceeds to outline the 
basic methods of photometr ies as a br anch of geometrica l opt ics . The fundamental 
concepts . l uminous flux, l uminous flux density~ and he lios (a ge ne ralizat ion of 
bri~htness) are defined; and it is pointed out that the equat ions of photometr i e s 
are exactl y the same, irre spective of what is t aken as t he bas ic quantity. Fr om the 
definition of he lios , a 5- variable sca l ar function , is obtained direct l y t he basic 
method for calculating illumination a nd the flux- density equations of the 11unit-

,.. 
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sphere 11 and 11unit-cylinde r 11 methods . Late r sections dea l with the illuminat ion from 
uniform and from non-uniform sources , from arrays of sources, and with the l ight field 
and i nte rref l ections. 

TBXTILE SPECTRO- A paper by Constantin Monego and We rne r von Ber gen of 
Forstmann Woolen Company (Amer. Dyestuff Rptr. 32 , 1-23; 

PHOTOMETRY 1943 ), deals with t he use of the spectrophotometer i n the 
textile industry. They point out that dye i ng is an art 

rather than a science . They di scuss briefly the wo r k of the Texti l e Card Association 
of the U. S., the Munse ll and the Ostwald color systems , and the Mae rz and Paul 
Dictionary of Color; light and the e l ectromagnetic se ries ; the spectroscope, the 
photomete r and t heir combination. A number of spectrophotomete rs are ment ioned , and 
the Snow Duplex Spectr ophotometer is described (U.S. Pat. 2 , 240,722 to Harold Snow, 
1941) . It is stated to combine we ll-knovm optical and television principles , and to 
throl'l on a cathode-ray tube a dotted standard refe rence curve and a sol id curve rep­
resenting the spect ral transmission of the sampl e . The full curves a re exhi bited 
instantaneousl y . Fi gure s on the best precision of the instrument a re given; they are 
obtained only after a preliminary vro.rming up for an hour. The author then discusses 
11pola r coordinate 11 specification of color and the Desb l eds system. This i s followed 
by discussion of applicat ion problems ; mea surements on dyestuff shipments , concen­
trations of dyes , exhaust ion rates , analysis of new dyes , solubility of dyes , 
crocking, light-fastness evaluati on and carbonizing- fastness eval uation. 

CHROMAT I CI TY A paper by Dr, D.L. MacAdam , 11 Specification of Small Chroma­
ticity Diffe rences , 11 J. Opt . Soc . Amer. 33 , 18- 26 (Jan. 1943), 

DIFFERENCES deal s with direct methods of inte r polating betv.een the ob-
served data published recently by the author and of express­

ing the magnitudes of chr omati city differences. In the earlie r paper (J. Opt. Soc . 
Amer. 32 , 247-74; 1942 ), data \<Jere given for specifyi ng sets of equiluminous color s 
observed to be equally not iceably di fferent from each of 25 r epresentative col or s . 
These results were repr esented by e llipses corresponding to the standard deviations 
of color matching , the centers be ing the points on the I. C.I. chromaticity diagram 
representing each of the 25 colors . The equat i ons for the ellipses contai n 3 con­
stants , which diffe r from one ellipse to another in systematic manners , and can be 
computed conveniently f rom the l engths of the horizonta l and ve rt ical axes and the 
two 45° radii . Three l arge graphs give the va lues of the 3 constants pl otted as 
contours on the I . C. I . diagram. The orientation and l engths of the principal semi ­
axes of the ellipse , r epr esenting the standard deviations of chromati c i ty matching 
for all directions of departure f r om any f ixed chr omaticity , may be derived f r om the 
values of the constants . Instead of constructing such e llipses , other methods a re 
more convenient. An equation i s set up for computing the ratio of any chr omaticity 
difference to the corresponding standard deviation of col or matchi ng; and two examples 
of application of the equations are gi ven. Applicat i on to the choice of a chr oma­
ticity least different from a fixed chr omati city i s a l so discussed . Other convenient 
methods and an appendix concerning the metrics of plane projective t r ansformations 
of the I . C. I . diagram are also i nc l uded in the pape r. 

EVALUATION A paper by Edward S. Cpa.pi n , i n Amer. Dyestuff Rptr. ~· 
P 600- 2 (1942) , is entitled The Evaluation of Light Fastness 

OF FASTNESS by Means of the Spectrophotomete r. Here i t i s stated that 
the colors of the st andard and f aded sampl es may be evaluated 

TO LIGHT in terms of Munse ll hue, chroma and va lue • or by means of 
dominant wave l ength, purity and lightness computed from 

spectrophotometric measurements . The A. A.T.c. c . blue light-fastness standards L l, 



I - S, C. C. NEVfS LETTER NO. 47 12, May 1943 

L 3 , L 5 and L 8 exposed 20 hours in t he F. D. A. Fadeometer were examined by a.bout 
a dozen members of t he Prize Pape r Committee , 11a ll of whom have been inter preting 
such resul ts during the greater par t of their professional car ee r, and no two of 
them coul d agree on termi nol ogy to descr ibe the fadings. 11 Standard L 8 showed no 
change , but the other s changed from 0, 2 to 2. 3 mu in dominant wave -length , from 2.5 
to 21 % i n purity and from 0.1 to 1. 7% i n l ightness. Sur pri se is expr essed at the 
small change (0, 2 mu) in dominant ·wave-length exhibited by L L "which from visual 
exami nation woul d seem to have changed greatl y i n hue . 11 The main change was in 
chroma or pur ity , and here one can "not e ce rtai n inadequacies toward meeti ng a 
demand fo r eval uat i ng light-fast ness var yi ng f rom ten hours in a Fo.deometer with 
~raduated hour interval s of ten , t v.enty , forty , etc . 11 I t was be lieved that standards 
could be found in which t he changes at 10, 20, 40 and 80 hours coul d be reduced to 
nil or "regul arized. 11 In this connect i on, fadings of various str engths of a 5-
component gray mix on wool were made j ust to the 11brea.ki ng poi nt , 11 However , the 
spectr ophotomete r in use vms taken over by mil itary authorities ; and so report of 
spectrophot ometric evaluation is reserved for the future . 

NEW BOOK Another sound book has been added to the seve ral published during 
the past year or two deal i ng wi th various aspects of the eye and 

ON VISI ON its functions . This one is by Dr. Samuel R. Detwile r of Columbi a. 
University; i t is an experimental biol ogy monograph on Vertebrate 

Photoreceptors , published by The Macmillan Company , New Yo r k , 1943 , 184 p; $4 . 00. 
A revi ew of this excellent monogr aph appear ed in the New Yor k Times Book Review 
Section on Apr il 18 , 1943 , p. 36, 

COLOR In the April numbe r of t he Jour nal of Applied Physics there is a 
br i ef and well pr esented articl e by Gordon L. Walls on The Evolution 

VISI ON of Color Vision. Dr, Walls YJrites (and speaks) in a manner that is 
always i nteresting, and this br i ef ar ticle is no exception, In four 

and a half pages he sums up a number of ideas i n whi ch a ll of our readers wi ll be 
inte rested . He conc ludes tha t color perception has been evolved only by gr oups of 
animal s which already had lai d a ba sis for exce llent vi sual acuity. 11A cone - r i ch 
r etina pr edi sposes to diurnal activity and f i ne br ight ness di scrimination, possesses 
high i ntrinsic r e solvi ng power through i ts low summati on - and can make r oom for 
more through the cr eation of a f ovea; and it deserves , and gets , a good ima@6 vmich 
is kept shar p by extensive and r apid accomodation. When a vertebr ate has produced 
these things , and onl y then, he can @9t fm·ther benefit f r om a hue -discriminato~J 
mechani sm - pr ovided he can evol ve one. 11 It is to t his ar t i c l e of Walls' that a 
May number of Time referred on i ts Science page . 

A TRI - Vol ume 55 of the Pr oceedings of the Physical Society (London) , p. 81 
(1943) contains a description of a photoe l ect r ic t r icolorimete r , 

COLORIMETER communi cation H 861 f r om Kodak Resear ch Laboratories , r ead to the 
Col or Group last September by G. F, G. Knipe and J . B. Reid. The Colori­

meter i s designed to measure the col or of neo.r white papers. The correct amount of 
light of each wave -length is ae l ected for obtaining I. c. I. X, Y and Z factors by 
using a meta l diaphragm pl aced in the pl ane of the spectr um , this method being used 
instead of optical fi l te r s. Resu l ts reported r egarding accuracy are remar kab l y good . 
The authors repor t that there is no likelihood of t he apparatus being put on the 
ma rket. 
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