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whiteness grading for yellowish white samples only when the daylight reflect-
ence and excitation purities are expressed as decimals. As mentioned previous-
ly in the case of the whiteness grading of neutrals, grays, the use of the
square root of the above quantity may be preferable to the expression as glven.
Semples having excitation purities greater then .05 should not be regarded as
white, and the formula for whiteness should not be applied to such samples.

It is believed thet this type of investigation when extended to
other classes of samples will provide a basis for aococurate and truthful commer-
cial use of the previously qualitative term, whiteness. Investigations of this
nature ocan most profitably be undertaeken by the industries to which such prob-
lems are important. It seems doubtful if any extensive programs of thils nature
will be undertaken by academic laboratories, which regard such investigations
as obvious applications of general prinoiples which are well established. The
formulation of new general principles is the most imperative responsibility of
workers in university laboratories. The limitation of time available for re-
searoh discourages extensive elaboration of such principles. This is especially
true when the only demand for such elaboration is from industries which possess
material and techniocal resources quite adequate for such detalled applications
of established principles and methods of measurement. It is confidently hoped
that the majority of the future contributions to the study of whiteness and of
color tolerance in general will emenate from industrial laboratories,

THE SOLUTION OF GRADING PROBLEMS BY THE USE OF A DISK COLORIMETER

By Dorothy Nickerson, Buregu of Agricultural Economics, Washington, D.C.

It has been said that the study of color may be divided into three
general flelds!
1: Physiocel elements and relationships (illustrated by spectrophotometry),
2: Pgyohological elements and relationships (illustrated by the Munsell
system) end
31 Psychophysical elements and relationships (evidenced by many methods of
colorimetric analysis, the I.C.I. system, for example).

The strictly physical methed of measuring the light reflected, absorb-
ed, or transmitted by a material, is well stendardized, and, due to the develop-
ment and inereasing availability of photo-cell spectrophotometers, is coming into
wider use in fundamental industrial end commercial problems. The I.C.I. method,
under item 3, is now well established. But the striotly psychological method,
of finding out what the color "looks like", although of major importance in many
fields of color work, has not been so much used or so well standardized.

Meny methods heave been described at this conference for measuring or
specifying "color", but in nons have results been indicated in terms of what the
color looks like -- in terms of "ocolor", as defined by the 0.8.A. Colorimetry
Committee. The Munsell system, described in the preceding paper, provides a
basis for doing just that. It is not perfect, but it does provide an adequate
and convenient method for psychological specification of color.

The disk method of colorimetry was designed to make use of the Munsgell
system of notation by providing a convenient msans for making a colorimetric
matoh so that results might be expressed in terms of scales approximating those
of hue, brilliance, and saturation. In the not too distant future instruments
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may glve the whole story -- a speotrophotomstric ourve, with hue, brilliance,
and saturation for specified conditions of illumination, the data for the

ourve being converted within the instrument on the basis of an internationally
adopted system, Meanwhile different instruments must be used for different
purposes, and the disk instrument finds its greatest usefulness in grading prob-
lems, particularly those in which the color range of the produet is narrow, as
in the grading of agriocultural produots.

The initial instrument development was & simple motor and disk appara-
tus. Iater, the cooperation of the Keuffel and Esser Company, then of the Bausch
and Lomb Optical Company, led to the development and marketing of disk colori-
meters in which a spinning optical part obviates the necessity of spinning the
disks to match the samples, thus making disk matches quiock and easy to make,

A color matoch is made by changing areas of selected disks until there is a match
in the contrast field of the comparator unit.

Formules for working out disk mixtures have been developed and pub-
lished for providing a practical means of arriving at the approximate hue/
brillianne/ahroma notation. Spectral reflectance measurements of the entire
series of Munsell colors are a great boom to the disk method, since they will
provide a way to substitute for approximate formulas, accurate ones based on
the I.C.I. data for the disk colors, with resultant mixture values read from
charts in terms of H/B/C.

Most everyone wishes to avoid the labor of visual observation, but
for many problems a method of measurement that employs a visual instrument that
is quick and easy to use, that does not require a technically trained staff,
one whose results can be checked in terms of a calibrated spectrophotometer,
will be successfully used - if only because of its cost - for a long time to
come. In faot, instead of supplanting other methods of colorimetry, the
increasing amount of spectrophotometric date being made available will un-
doubtedly serve as & complement, or supplement, to increasing amounts of work
by all other methods which may be related to, or standardized upon, its basic
data., The disk method is presented as one of these -- its chief objective
being to provide a specification in terms of "color" as defined in the opening
paper of the conferenoce,
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ARTIFICIAL DAYLIGHT AND ITS APPLICATION IN COLORIMETRY

By H.P. Gage, Corning Glass Works, Corning, N.Y.

fWhat do we meen by the colors of objects? According to the extreme
solentific view color is a sensation; objects have no color only the property
of selective reflection or transmission in different portions of the spectrum.

As commonly used there is no chance of misunderstanding the meaning
of the statement that "the apple is red". The meaning is that as ordinarily
observed, it excites the sensation of red. This involves a series of events
which are commonly met with and whose occurrence it is assumed, are strictly
adhered to, Otherwise the description of the color of the object is meaning-
less. These occurrences are

1, The objest is illuminated by a continuous spectrum of the "black
body" type of energy distribution and preferably by natural daylight.
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2. The objeot 18 viewed by a normal, not a color blind, observer.
Under these conditions, and these only, may the sensation exper-
ienced by the observer be used to express the property of the
object known as its color. Under unusual types of illumination
objeots appear of different color than when viewed in daylight.
Some colors such as purple are changed enormously under different
types of illumination.

With the importance of viewing objects whose color is to be desorib-
ed, under a standard illumination it becomes imperative to produce a standard
artificial daylight which will be constant and availeble at all times of night
or day and under all outside weather conditions and in any part of a building.
This can be done and for a long time has been available by using a high effi-
clency tungsten lamp modified by a glass color filter.

As both the light source and natural daylight can be expressed by
equations for the spectral energy distribution (Wien's equation), it is pos-
sible to determine a simple straight line equation in logarithmie form for the
spectral transmission of the filter required. This equation shows among other
things that a given glass will increase the color temperature of the source in
such a way that the difference of the reciprocal of the temperature of source
end transmitted light is constant irrespective of the temperature of the source
and that with the glass filter this change in reciprocal temperature i1s propor-
tlonal to the thiclkness of the glass.

The unit used for expressing reoiprocal temperature is the "miero-
reciprocal degree". This has been contracted to "mired" pronounced "my red".

With the discovery of these relations the formulae developed reduce

the computations of the daylight correcting filters to a simpliocity which can
be shown on an 8 x 10 chart accurately enough for a2ll engineering purposes.

THE MUNSELL SYSTEM OF COLOR SPECIFICATION
By Water M. Bcott, Gustavus J. Esselen, Inc., Boston, Mass.

This subject should be of particular interest to the residents of
Boston and viecinity because the originator of the Munsell Color System, Albert
H. Munsell, was a native of Boston and taught color composition and artistic
enatomy at the Normal Art School in this city for many years.

Stated oconcisely, the Munsell System is a three-dimensional system
for classifying and notating colors according to the qualities which are dis-
tinguished by the eye. Helmholtz, the noted Germen soientist, discovered
about the middle of the last century that the quality of every color impression
depends on three variable factors which he called "hue", "luminosity", and
“"gaturation®. Unfortunately many different names have been used to describe
these faotors.

Mr. Munsell called these color qualities, Hue, Value and Chroma
and he defined them as follows:

Huet Hue is the quality by which we distingulsh a red from a yellow,
a green, & blue or a purple.
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Velue: Value is the quallty by which we distinguish a light color
from a dark one, i.e., a pink from a maroon or a white from a black.

Chroma: Chroma is the quality by which we distinguish a strong
color from a weak one, 1.e., a vermillion red from a reddish gray or a "ocanary
yellow" from an "old ivory".

Mr. Munsell conceived the idea that these three color dimensions
could be most easily specified by a color sphere.

Hue is measured on the equator of the sphere, the entire circumfer-
ence being divided into ten equidistent "major® hues arranged in the order of
the spectrum, Hach of the ten major hues can be divided into ten subdivisions,
making one hundred hues in all. For purposes of notation each major hue is
considered the center of its hue group and is given the designation b6 (6R in
the case of red, 5Y in the case of yellow, etc.).

Velue is measured on the axis of the sphere, progressing in a series
of equal steps from black at the lower or south pole, to white at the upper or
north pole. For purposes of notation, ten steps are provided between black at
0 and white at 10. At the level of each step of value is a plan including all
colors of the same value as the Neutral Gray.

Chroma is measured outward on the horizontal radii extending from
the axis of the sphere toward the circumference. The equal steps of chroma
are numbered outward on these radial lines, starting from zero at the center.

The oomplete Munsell color notation is written HV/C. Thus, a
typical "pink" would have the notation 5R8/2, indicating that it is 5R in
hue, 8 in value, and 2 in chroma.

Mr. Munsell spent the years from 1901 to 1914 in developing color
charts to illustrate the measured scales of hue, value and chroma. 8Since that
time, the work which he started has been carried on by the Munsell Color Company
under the direction of his son, A. B. 0. Munsell. The original color scales
have been revised and improved end are now shown on charts in the Munsell
Book of Color.

The Munsell color system is as fundamental from the psychological
standpoint as the measurements of color on the photoelectrio spectrophotometer
is fundemental from the physical standpoint, TFortunately, the two systems of
color specification have lately been correlated so that it is possible to
convert color measurements from one system to the other., It is quite
difficult for the average person to visualize the differences between two
colors by a comparison of thelr spectral reflection curves, but to anyone who
is femiliar with the charts of the Munsell color system it is very easy to
visualize the differences between two colors in terms of their relative hues,
values, and chromas.

The Munsell color system has many practical applications at the
present time. A commercial color printing concern is using this system to
transmit color information from the designer to the printer. Instead of
delaying to send a sample, the designer can simply designate to the printer
by telephone the Munsell notations of the colors which he desires.

Just thls summer the Munsell color notations are being used to
ldentify the new fashion colors shown in Paris. The color notations are
transmitted to this country by cable or radio, thus making it possible for
the designer here to have advance notice of the latest developments in color.



17.

If greater acouracy in color specification is desirable, it can be
obtained by the method of matching the unknown color by blending measured areas
of the standard Munsell Color discs. This method has been used by the United
States Department of Agriculture to grade the colors of raw cotton, of hay, and
of meat. It has also been used as the basis for certain principles of color
harmony dealing with harmonies in one hue, in adjacent hues, or in complimen-
tary hues.

Finally, the Munsell color system ls decidedly the most satisfactory
from the standpoint of promoting a better understanding and sppreciation of
color, as well as forming a basis for teaching the fundamentals of color to
children and to adults as well,

THE ACCURACY OF SPECTROPHOTOMETRIC MEASUREMENTS

By K. 8. Gibson, National Bureau of Standards, Washington, D. C.

Various factors affeoting the reliability of spectrophotometric data
have previously been discussed by the author ( ).

= .See, for example, Visual Spectrophotometry, J.Opt.Soo.Am.24, 245 (1934).

Such are the type of illumination and the reference standards, the accuracy
and maintenance of the wave-length calibration, the presence of stray light,
the slit-widths used, and the over-all reliability of the photometric scale.
Brrors due to inadegquate attention to these factors may be present in data ob-
tained by both visual and photoelectric instruments.

It is of interest to note the magnitude of errors or discrepancies
from such causes when expressed in terms of the trichromatic coefficients, x
and y, computed on the basis of the 1931 I.C.I. standard observer and ooordin-
ate systemt

(1) It was found that very careful meesurements on a glass sample
of moderate speotral selectivity made at three different times over a period
of seven years, gave a meximum spread of 0.0002 in either x or y.

(2) Slit-widths of 10mp are not apt to ceuse errors in x or y greater
than 0.001.

(3) A oconstant wave-length error of Imp mey produce rather import-
ant errors for highly selective samples. Such an error was computed for each
of seven rallwey signal glasses; the maximum error in x or y from this cause
was found to be 0.0046, the average maximum error being 0.0023.

()

(4) Miss Nickerson has published data illustrating for various
Munsell samples the differences in x and y resulting from differences in spect-
ral reflectance curves as shown. The maximum x or y difference shown is 0.0244,
the average maximum difference in x or y being 0.0074.

() Disk Colorimetry; Including a Comparison of Methods for Computing Tristimu-
lus Values for Certain Disks, J. Opt. Soc. Am., 25, 263 (1935).
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(6) Data are on file illustrating for certain glass samples errors of
the same order of magnitude as (4), produced apparently by a combination of
wave-length and stray-light errors.

Miss Nickerson also showed that differences in methods of computation -~
whether by the weighted-ordinate method at 5 or 10mp intervals or by the se-
lected-ordinate method at 30 points -- produced differences in x or y up to
0.0018., While the method of computation thus affeots the absolute accuracy
of such computations, it does not affect the values of the differences il-
lustrated sbove, which result in each case from values of x or y computed by
the same method.
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SPECIFICATION OF THE COLORS OF RATLWAY SIGNAL GLASSES

By K. 8. Gibson, Washington, D. C.

As a result of a cooperative program of the Signal Section of the
Association of American Railroads, Corning Glass Works and the Colorimetry
Section of the National Bureau of Standards, a three-part specification of
railway signal colors and glasses have been prepared and issued. This is
known as A.A.R., Signal Section Specification 69-35 and was officlally approved
in December, 1935; it is now recommended practice for American railroads.

The purpose of Part A of this specification is "to define the
minimum values of luminous transmission for signal glasses and the limits of
chromaticity for signal colors produced by illuminant-glass combinations".
Values are specified on the basis of the 1931 I.C.I. standard observer and
coordinate system, and a chart illustrating the permissible areas on the (x,y)
mixture diagram accompanies the specification Part A of the specification
enables the bureau or other standardizing laboratories to test signal colors
and glasses for conformity thereto, but is of little practical use to the
glass manufacturer or railway inspector.

Parts B and C of the specification define the procedure for
certifying duplicates of the standard limit glasses and prescribes the method
of use of these duplicates in practical testing, The standard limit glasses
are those which were selected by the signal engineers, and on which the
spectrophotometric measurements were made leading to the fundamental colori-
metric definitions given in Part A, The purpose of Part B is Y“to define
the maximum deviations from the standard limit glasses, both in transmission
and chromaticity, to be permitted in glasses certified es duplicates of the
standard limit glasses". The range in the values of x and y so specified
varies from 0.0008 or % 0.0004 for the red glasses to 0.0020 or 1 0.0015
for certain of the green, blue, and lunar white glasses. The specification
requires these duplicates to be certified by the National Bureau of Standards.

The purpose of Part C of the specification is "to provide for
approved colored roundels, lenses, discs and slides for railroad signaling, to
describe the materiels, and specify the appliances and appurtenances necessgary
to make the requlred tests and inspection"., It requires that the one making
the test have at hand the proper certified duplicate glasses, in terms of which
he is to test the luminous transmission and the chromaticity of the sample.
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AAR Bignal Section Bpecification 69-35 may be obtained from the
seoretary of the AAR 8ignal Section, 30 Vesey Street, New York, N.Y., Most
of the bureau's work leading up to this specification is desoribed in a
series of five reports by Glbson and Walker, published in S8ignal Section
Proceedings, AAR, vol. 30, p. 384, 1933. Application for this issue of the
proceedings should be made to the address above.

THE STANDARD OBSERVER IN COLORIMETRY

By Deane B. Judd, National Bureau of Standards, Washington, D. C.

Human vision depends on a mechanism that is both complicated and
incompletely understood. This mechanism, considered as a detector of radiant
energy, is cepable of responding to and distinguishing between many different
wave-length distributions of energy, and it is adeptable to a wide range of
energles. The visual mechanism adapts itself by variations in sensitivity,
and on this account quantitatively accurate visual judgments are ordinarily
not possible} that is, it 1s impossible to say reliably which of two yellow
lights is the greener unless they are seen at the same or nearly the same
time and brightness. The mechanism, however, for fields of small angular
extent and within the range of energies yielding daylight vision, is a satis-
factory null instrument. Thus, if two lights are stimuli of different wave-
length distribution of energy be found which are once responded to alike by
the eye, they will still be seen alike after exposure to another light even
if this pre-exposure stimulus is such as to change considerably the appear-
ance of the two equivalent lights. Tor example, if a portion of the spectrum
near 640mp (red) be superposed on a portion near 650mp (yellow green), it will
be found possible to obtain the color of this combination from an intermediate
portion of the spectrum, say GOOmP (orange). If the eye is then exposed to a
bright light of wave-length near 640mp end its sensitivity to rediant energy
of this wave-length region considerably reduced in this way, it is found that
although neither of the equivalent stimull appears orange, they still give
identical colors, for example, they may yield identical yellows or identical
greenish yellows. Hence, stimuli once found to be equivalent are always
equivalent, and it is possible to specify any light by giving enother light
or combination of lights to which it is equivalent. This is the basis of the
colorimetry of lights.

Color, however, appears as an attribute of non-self-luminous
objects as well as lights, Thus far the discussion has been restricted to
the illuminant mode of appearance; colorimetry of objects is probably more
important than the colorimetry of lights end refers to color seen as the
attribute of the surface of an object or as the attribute of a transparent
or semi-transparent volume. Object color is judged, however, by &
comparison of the light leaving the object with that whioh is inoident upon
it; it may thus be handled by the method of equivalent stimuli just as is
the colorimetry of lights.

There are many systems of stimuli from whioch equivalents may be
found. Some of these are surface-color systems (color charts of Ridgway,
Munsell, Maerz and Paul), some are volume-color systems (Jones subtractive
colorimeter, Lovibond glasses, Arny solutions) and some are illuminant-
color systems or combinations of lights (tristimulus system, "monochrometic-
plus-white" system). The specifications to be obtained from these various
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systems are more or less convenient according to the greater or lesser
simplicity and regularity with which-the various members of the system are
related. The various members of the tristimulus system are related by simple
addition; this accounts for the greater interest and importance of the
tristimulus system of color specification to which attention will hereinafter
be confined.

In the tristimulus system a light to be specified is compared to
the additive combination of three other lights called primaries, the specifica-
tion being merely the amounts of the primaries required to produce a stimulus
equivalent to the original. A stimulus made up of the sum of two or more
lights can be specified in the tristimulus system by merely adding together
the respective specifications of the components. Since eny light may be
considered as the sum of a number of parts of the spectrum, the tristimulus
specification of any light may be found from the tristimulus specifications of
the various parts of the spectrum provided the strengths of the various spectral
components be known by spectrophotometry. This supplies a convenient method
of specifying the characteristices of a colorimetric observer; it is only
necessary to determine his tristimulus specifications of the various parts
of the spectrum; then his tristimulus specification of any composite light
may be computed. In this sense the tristimulus system is the fundamentel
system,

There are significant end importent differences in the tristimulus
specifications of the various parts of the spectrum depending upon the observer
even when color blind and partially ocolor blind observers are excluded. But it
is expedient for everyone to use the same observer in colorimetric calculations
based on spectrophotometric data, and the one commonly used is the standard
observer adopted in 1931 by the International Commission on Illumination.

The characteristics of this observer were derived from a smoothed mean of 17
normal observers studied in Great Britain.

With minor restrictions any three lights may serve as primaries
in a tristimulus system. But it is also expedient for everyone to use the
same primaries. The primaries adopted by the International Commission on
Illumination are unreal, that is, it is not possible to build a tristimulus
colorimeter reading directly in the ICI colorimetric coordinate system
although conversion factors may readily be applied. The use of real primaries
has been avoided chiefly because they bring negative numbers into the calou-
lation of spectrophotometrioc results, for there are no three real primaries
which will yield by additive combination all spectrum colors., An additional
advantage obtained through the partiocular primaries chosen is simplicity in
the computation of photometric quantities; two of the primaries have been
chosen so as to refer to no luminosity whatever, the amount of the remaining
primary indicating, therefore, the whole luminosity of the stimulus to be
specified.

The tristimulus system of color specification has in past years
often been linked umnecessarily with the Young-Helmholtz theory of color.
The 1931 ICI colorimetric coordinate system if so linked with theory would
suggest that there exist in the human eye three independent receptor
mechanisms, one of which is responsible both for the green sensation and
for the sensation of luminosity, the other two of which are responsible
respectively for red end blue. 8ince this hypothesis has very little to
recommend it, there is little chance that anyone will continue in the
mistaken bellef that the validity of color specification by the tristimulus
method depends on corroboration of one or another of the many hypotheses
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advanced in a speculative way to account for various visual phenomena.
Tristimulus specification requires for validity only that equivalent stimuli
remain immateblej this has been amply established for usual daylight vision.
The 1931 ICI standard observer and coordinate system for colorimetry has been
successfully used for several years and while improvements in methods of
specification will, no doubt, be discovered and perfected eventually, there
is every reason to believe that international accord on an improved coordinate
system is many years in the future.

(For further details consult, D. B. Judd,The 1931 I.C.I. Standard Ob-
server and Coordinate System for Colorimetry, J. Opt. Soc. Am.'gg, 369; 1933.)
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COLOR TOLERANCES IN TERMS OF MATERTAL STANDARDS

By Deane B. Judd, Washington, D. C.

In the manufacture, for example, of pistons for automobile engines,
it is importent that the size and shepe of the pistons be controlled so that
they will fit into the cylinders. In the finishing, for example, of the
various parts of the automobile body, it is importeant that the color be
controlled so that when the parts are assembled objectionable color differ-
ences will not appear. In the control of piston size and shape it has been
found practical end economical not to attempt the construction of pistons
which duplicate es closely as possible some mester piston} instead of this
the diameter is controlled to some small emount which practice has shown
is not objectionable and may be tolerated. The success of these tolerances
depends upon the existence of a length scale which may be applied according
to a standard method to obtain reproducible results. But in the control of
the color of, for exemple, automobile finishes, little expliocit recognition
is acocorded the fact that there exist color differences which are not objec-
tionable. The attempt is made to duplicate exactly the color of some master
sample, and the fact that this wasteful and primitive method of color specifi-
cation is used in the great majority of transactions involving colored
materials is ascribable to the failure of industry to use color scales which
may be applied according to standard methods to obtain reproducible results.

What recognition of color tolerances exists is largely embodied
in the phrase "a good commercial matech" and it is recognized that what is a
good match for some materials is a poor match for others. Probably the idea
of a tolerance of this sort is implied in most of the contracts which state
that the goods shall match the stendard; but the wastefulness of the system
erises because no actual tolerance is included in the contract; this permits
a oustomer to reject goods because of color differences which are of purely
imaginary importence. The inevitable effect of this system is that the
exchange of goods is carried on according to variable tolerances which have
no relation whatever to consumer usefulness. In the end, the manufacturer,
retailer, and consumer all lose out} they all have to share the burden of

added cost from unreasonably close color control and senseless rejection
of deliveries.

A step toward remedying this situation is to supply not only a
standard sample whose color the goods are supposed to approximate but also
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a limit semple whose color deviates from the standard color by an amount
which is just tolerable. This partial remedy does not involve the purchase
of colorimetric epparatus, nor the setting up and mainteneance of color scales,
and it does not constitute a final, completely satisfactory solution to the
problem of color tolerance; but it does ensure that the buyer and seller

come to an approximate agreement as to closeness of color match, and that
they do it before delivery of the goods to fill the order.

For this simple system of color tolerances to be completely
successful, it is necessary that the expert color matcher be able to estimate
relative sizes of color difference and to do it even when the sample deviates
from the standard in a different sense than the deviation represented by the
limit sample; that is, the inspector has to be able to estimate with satis-
factory acouracy whether, for exsmple, a given departure from a yellow standard
toward a reddish yellow sample is greater than or less than the departure
represented by the limit sample which might be a departure toward darker
yellow or toward stronger yellow and not a hue departure at all. A trial
at this sort of estimation has been made by ten unpractised observers; the
results differ from one such observer to another only by a factor of three.
This rather large uncertainty is still small enough to promise definite
savings by the inclusion of a limit sample, and practised observers make
such judgments with considerably less uncertainty than this.

The fastness-to-washing test of the American Association of
Textile Chemists and Colorists depends on direct visual estimates of color
differences; and there are other useful and successful specifications
administered on the same basis.

An investigation is under way whose object is to discover a method
of deriving from fundemental color specifications (such as by the 1931 ICI
colorimetric coordinate system) numbers referring to differences between
samples which will correlate well with direct visual estimates of the color
difference. If this investigation is successful, it will be possible to
appeal to the spectrophotometer in disputed cases, or, if desired, to deal
rigorously with all color tolerances by means of the speoctrophotometer. But
even then there will be many color epecifications in which color tolerances
by material standards will be preferred because of simplicity, directness,
and low cost.

THE-SEFCIFIGATIOH OF THE WHITENESS OF PAPER

By - Deane B. Judd, Washington, D. C.

Whiteness of paper is of interest because in addition to being
for meny uses a desireble characteristic in paper, it is often teken as an
indication of the quality of the pulp from which the paper is made. Whiteness
has been a subject of controversy because it is possible to some extent to
cover up at small expense the appearance characteristic of low-grade pulp
by the addition of a small amount of dye (blue or blue and red). Sometimes
the whiteness of paper made from high-grade pulp is also increased by the
addition of such dye to give it a more pleasing appearance.
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The method of defining whiteness discussed here is based on work
done by D. L. MacAdam on whiteness of yellowish-white textiles. Dr. HacAdam
determined experimentally the relative importance of achromatic departures
from white (departures toward gray) and chromatic departures (those toward
yellow), and he expressed this experimental result in a formula. The present
paper extends MacAdam's formula to chromatic departures of all hues (red,
green, and blue as well as yellow) by making use of a color triangle (called
the uniform-chromaticity-scale or UCS triangle) because equal distances in
any direction refer to equally perceptible color differences. This paper
also desoribes tests designed to show how closely this extended formula
agrees with whiteness grading by paper experts.

Whiteness if qualitatively defined as degree of approach to the
appearance of a perfectly reflecting, perfectly diffusing surfacej and a
surface of magnesium oxide prepared by deposition of smoke from magnesium
burning in air was taken as the working standard white. When the formula
with this working stendard white was spplied to 30 papers collected through
the color committee of the Technical Association of the Pulp and Paper
Industry and compared to visual whiteness gradings by 15 observers obtained
through cooperation of the same committes it was discovered that the general
principle of the definition had been corroborated, but only about one-third
of the observers found magnesium oxide an mcceptable standard white. About
the same number based their judgments on a standard which is slightly green-
ish yellow compared to magnesium oxide. This color is called by some of the
observers "natural paper white" by which is meant the color of paper made
from good grade, well-bleached pulp to which no dye has been added. The
remaining third of the observers showed some agreement with both working
standards.

It is suggested that it might be well to define "natural paper
whiteness" as the degree of approach to the appearance of "natural paper
white"; this would satisfy those who use this type of visual grading as an
indication of the quality of the pulp from which the paper is made. Whiteness
defined with reference to magnesium oxide refers more partiocularly to appear-
ance of the paper for appearance's sake alone.

(For further details consult, D. B, Judd, A Method for Determining the Whiteness
of Paper, Paper Trade Journal, 100, No. 21, TS 40; 1935; also a Method for
Determining the Whiteness of Paper, II, Paper Trade Journal, 103, No. 8, T8

384 1936.) i
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By G.F.A. Stutz, New Jersey Zinoc Company, Palmerton, Pa.

This paper discusses films pigmented with white pigments; that is,
those whose absorption is negligible in the visible range of the spectrum,

The properties necessary in such white pigments to give maximum efficiency
are first considered.
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The efficiency of white pigments is in part dependent upon their
having a high index of refraction, such that the difference in index of
refraction of the pigment and of the medium in which it is dispersed, is
large. TFor a fixed index of refraction, to have optimum optical efficiency,
pigment particle size and uniformity should be such that the maximum surface
is presented at the particle size which still reflects light, and the particles
should be perfectly dispersed throughout the medium. Use of particles of
larger size results in decreased efficiency. Use of particles of smaller
size also results in lower efficiency, though this mey be desirable in order
to obtain other properties.

The optical properties of the films formed from white pigments;
namely, color, brightness, opacity, and gloss are also discussed. It is
pointed out that the definition of the color of white films is open to
considerable controversy. It is suggested that color of whites may be
defined on a physical basis, for example, defining & white as a film having
nonselective speotral reflection. However, a demonstration is needed of
the value of such a physical definition of color since it is related to the
ability of the modern spectrophotometer to determine the same minute differ-
gnoes that are detectable to the eye. It is considered that the measure-
ment, of brightness by means of a modern reflectometer is entirely satisfactory.
While opacity measurements are reasonably satisfactory, they are complicated
and time-consuming. The relationship established by Kubelka and Monk
between film thickness and opacity should be applied to such films and should
be further extended to include the variable of pigment concentration. The
measurement of gloss is quite complicated and it is suggested that only
measurements peculiar to certain conditions can be satisfactorily made at
the present time. No general determination of gloss appears possible.,
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THE INDUSTRIAT, SIGNIFICANCE OF COLOR MEASUREMENTS

By A. W. Kenney, E. I. du Pont de Nemours, Wilmington, Del.

The use of color measurements by industry has, in the past, been
negligibly small due probably both to instrumental difficulties end to
difficulties in interpreting physicel measurements in terms relating to
visual experience. In recent years, there has been striking progress towards
overcoming both these difficulties, end industry must naturally be interested
in the significance of this development. It is difficult, if not inaccurate,
to form generalizations for industry as a whole. It mey be oconvenient to
discuss separately those industries which provide the customer with a finished
colored product and those industries which provide a coloring material which
the customer uses to impart color to other objects.

As to the value of the subjective and objective viewpoints in
discussing color, it eppears that the manufacturer of a colored product must
be interested in the subjective viewpoint since his customer is concerned
with the visual effect produced by the material in question. In controlling
the color of producte, therefore, physical measurements are of value insofar
as and to the extent that they can be correlated with the appearance of
objects as experienced visually. In this connection, it is to be noted that
the eye is much more sensitive to small color differences which it can perceive
simultaneously then it is to absolute color. This suggests that the manufac-
turer in many cases is more concerned about the closeness of color match to some
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previous lot or standard than to the precise maintenance of an absolute
color. The common industrial practice of passing against a material standard
i8 in accord with this idea. It is noted, in agreement with other speekers,
that it is difficult to judge closeness of match (that is, relative color
differences) from data expressed in the C. I. E. co-ordinate system.

The manufacturer of coloring materials is concerned with the
considerations mentioned above because they indicate the practical use of
his product by his customer, but he is less concerned with the appearance of
his product for its own sake. Its important property is its ability to absorb,
transmit, or reflect light selectively, and the meximum information on these
points is provided by spectrophotometry. The adequate objective specification
of a pigment, therefore, will not be in the form of tristimulus specifications
but in its absorption as a function of wave length, particle size, and so on.
Particularly in research work is the spectrophotometric approach helpful,
for it gives nearly a complete answer to any question in physical terms
concerning the interaction of material and light.

P . T

TOLERANCE IN COLOR SPECIFICATION

By M. Rea Paul, Research Laboratories, National Lead Company, Brooklyn, N.Y.

The approach to this subject of Tolerance has been confined to the
practical point of view of the manufacturer of paints, in an attempt to
indicate the needs of the industry as concerns color.

The demand in paint specifications for extreme precision in the
matching of "an agreed upon color stendard” should, in most instances, be
discouraged, rather than encouraged., This stetement mey sound somewhat
revolutionary, but, as a matter of fact, precision in color matching in the
peint industry today appears to be far in excess of the average commercial

requirement.

Specification of color may take one of several forms. The most
elementary is to specify color by name. It may be described as red, and then
the character of the red made more clear by terming it light or dark, satur-
ated or unsaturated. While this is extremely loose, as specifications go,
it is guite generally used in describing the degree of departure of any color
from an agreed upon standard.

Words are, at best, a poor substitute for a sample in specifying
color, and yet they are, of necessity, employed. As an example, an instance
might be cited in a recent consumer specification, where an attempt was made
to designate the type of surface effect desired, as a "lively, velvet-like
finish." While reasonably descriptive, it does not tend toward insuring
that all surfaces under the specification would be similar by appearance.

In the same way, specification of a color, if merely desoribed by its general
effect upon the eye, will not always conform to the desired requirements
unless more precisely designated.

A second form of specification, infinitely more precise than the
use of words, is to supply a sample of the color reguired. Some people would
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imagine this the most satisfactory and fool-proof specification possible to
employ. For general purposes, this is true, but where high precision is
necessary, standards of this type are only of use where the finished paint
work is to be vlewed under the same conditions of illumination as were
employed at the time the match was carried out.

While precision, as such, should be conscientiously maintained in
the preparation and retention of standards, the commercial specification should
be founded upon tolerance and not precision. There are only a few actual
instances where conditions are so carefully controlled in the painting work
that high precision becomes an absolute requisite. Even though a paint has,
with considerable care, been brought to a precise match against the agreed
upon standard, the factors beyond the control of the menufacturer, which may
influence, or appear to influence, the final appearance of a paint, are,
needless to say, quite numerous. TFor instance, the extent to which a paint
is stirred in the container prior to application; the varying degree of
absorption of the ground over which it is applied; the character of the surface,
whether it be rough or smooth; the character of illumination under which the
paint is to be observed; the large area which the color occupies, as compered
with the small standard chip, multiple reflection and the colors in the
immediate vicinity; are all factors that play an important part in influencing
the subsequent impression the color conveys.

In general, a specification should clearly state in some detail,
the use to which a paint is to be put, in order that the manufacturer may be
permitted a certain leeway or tolerence in the preparation of the color, and,
on the other hand, incline toward greater precision where the need is evident.
For general purposes, then, industrial users of large amounts of material
should strive, wherever possible, to avold the use of a single sample, save
as a central or average point, and instead, should indicate the limits within
which a color should fall in order to meet satisfactorily the regquirements
of the work in hand. This would save time needlessly spent in painstakingly
matching standards that, in themselves, have often changed to & considerable
extent. It would be successful in avolding many disputes over rejected
paints, where a small color difference that is apparent prevented the material
from meeting the requirement in the specification that calls for a satisfactory
match with the agreed upon standard.

Small color differences permissible under the tolerance type
specification, would be equally satisfactory in probably ninety per cent
of the instances where a careful match is now required. To follow this method
of agreed upon tolerance limits with a prospective buyer, requires plus or
minus notetions established in terms of some instrument that will indicate
extent or permissible departure from stendard, in hue, in strength, and in
degree of lightness or darkess, when viewed under illumination of a desig-
nated character. Instruments of use in this connection are readily available,
and would serve a valuable purpose in specifications of this type.

Another, and more sgatisfactory method from the buyer's point
of view, is to provide a group of color samples with which to establish the
tolerance limits. To follow this method entails the use perhaps of more
color samples than are available to the average consumer. Several large
Industrial groups have, however, already adopted this method as a basis
for color specification involving tolerance limits.
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It should be kept in mind that the above applies only to general
specification work, and should not be confused with the precision necessary
in the matter of retaining standards for use in the plant.

In communicating recently with a hundred manufacturers of paints
and related materials, a very live interest was encountered in the matter
of maintaining color standards. It appears that 207 of the manufacturers
consider the method which they employ for the maintenance of standards to be
quite satisfactory, 60f as only reasonably satisfactory, and 207 as unsatis-
faotory. From this, it would appear evident that there is opportunity for
considerable improvement.

One of the points of interest reported by the menufacturers was
the fact that epproximately 257 provide for a further check on the standards
they maintain, by measuring and checking by spectrophotomstric means at regular
intervals.

From the above, it would eppear that all the manufacturer hed to
do would be to purchase some color measuring apparatus and his troubles would
be over. This is far from true since maintenance of standards represents
such a small percentage of the effort that is spent by the industry on color
problems. While it is true that means are available for the measurement and
description of color as such, there does not exist an appearance specifica-
tion that covers the various characteristics by which dissimilarities between
colors are readily appreciated visually. The need on the part of Industry
for a means of describing and specifying eppearance, is very great. Attention,
therefore, to this aspect of color would prove decidedly worth while,



