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superscript epsilonef indicates an editorial change since the last revision or reapproval.

INTRODUCTION

Appearance, including the appearance of objects, materials, and light sources, is of importance in
many arts, industries, and scientific disciplines. Appearance terms are used in a wide range of ASTM
standards as well as other documents of concern in standardization, testing, and specification. The
purpose of this terminology standard is to define terms relating to the description of appearance.

Definitions are of two distinctly different kinds. Aescriptivedefinition reports existing usage,
whereas grescriptivedefinition is an invitation to use a term in a specific way. By agreement of
ASTM Committee E12 on Appearance, the definitions in this terminology standard are taken to be
prescriptivein nature. Committee E12 thereby assumes a position of leadership in usage.

Terms and definitions in several terminology standards and vocabularies other than ASTM (see
References), as well as other ASTM terminology standards, have been considered for inclusion in this
terminology standard. An effort has been made to achieve greater accuracy, brevity, clarity, precision,
and internal consistency, and to draw distinctions that are useful in the practical measurement and
specification of appearance.

Suggestions for additions or revisions to this terminology standard are welcome.

1. Scope cal committees. Its use by committees other than Committee
1.1 This terminology standard defines terms used in th&12 on Appearance, and its citation in the standards of such
description of appearance, including but not limited to color,COMMIttees, is encouraged. o .
gloss, opacity, scattering, texture, and visibility of both mate- 2.2 In this terminology standard, definitions of terms used in
rials (ordinary, fluorescent, retroreflective) and light source$ther ASTM standards are indicated by placing the designation
(including visual display units). of t_hgt_ standard in parentheses. at_the end of the definition.
1.2 Itis the policy of ASTM Committee E12 on Appearance Definitions used by other organizations (see R@fs7) are
that this terminology standard include important terms andndicated similarly by placing in parentheses at the end of the
definitions explicit to the scope, whether or not the terms arélefinition the acronym of the organization, occasionally with
currently used in an ASTM standard. Terms that are in commo#'€ date of its terminology standard quoted. In either case, a
use and appear in common-language dictionaries (see Ref§Perscript letter may be used to indicate the degree of
(1-4)) are generally not included, except when the dictionar_corre_qundence betw_een th_e definition given hereln and. that in
ies show multiple definitions and it seems desirable to indicatée citation. Superscriph indicates that the two are identical;
the definitions recommended for E12 standards. B that the given definition is a modification of that cited, with
1.3 The usage of terms describing appearance varies cohttle diffe_rence in essential meaning; a@dhat the two differ
siderably. In some cases, different usage of a term in differertubstantially.

fields has been noted. 2.3 A further parenthetical inclusion at the end of the
definition gives the revision, if after 1981, in which the
2. Significance and Use definition was added to this terminology standard or last

2.1 This terminology standard contains definitions of ap-évised. An appendix at the end of this terminology standard

pearance terms app”cab'e to the Work Of many ASTM techniJ|StS Changes in it since its last preVIOUS revision publlshed n
the Annual Book of ASTM Standards

! These definitions are under the jurisdiction of ASTM Committee E12 on Color 2.4 Where appr,Op”ate’ SymbOIS or.acronyms are _IISted for
and Appearance and is the direct responsibility of Subcommittee E12.01 of€rms in this terminology standard. Since usage varies, these
Terminology. . ~listings should be considered as recommendations, not as

C_urrent edition approved Jan. lQ, 2002._ Published March 2002. Orlglnallymandatory. If a different symbol or acronym is used in another
published as E 284 — 66 T. Last previous edition E 284 — 01. . L .

2The boldface numbers in parentheses refer to a list of references at the end é‘STM standard, this should be indicated in that standard.

text. 2.5 In the 1990 edition of this terminology standard, a great
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many terms were relocated to conform to the recommendation rated, the reported “accuracy” must be interpreted as a combination of
of the Form and Style for ASTM Standard8lue Book) that these two elements. Sédas, precision.

listings be in spoken word order. In general, there are n@chromatic, adi—( 1) for primary light sourcesthe computed
crossreferences between the old and new listings, except wherechromaticity of the equal-energy spectrum. (1995)

a special function is served. An example of such a special (2) for surface colorsthe color of a whitish light, serving as
function is to list all terms relating to a given basic quantity, for the illuminant, to which adaptation has taken place in the visual

example, all terms defining various sorts of angles. system of the observer. (1995)
2.6 This terminology standard adopts the following usage of (3) perceived as having no hue, that is, as white, gray, or
certain word endings. The ending “ion” denotes a process, as ilack. [CIE] B

reflection “ance” denotes a property of a specimen, as inadams color difference, n—color difference calculated by
reflectanceand “ity” denotes a property of the kind of material  ysing the Adams-Nickerson opponent-color equations, based

of which the specimen is composed, aseflectivity Excep- on applying the Munsell Value function to CIE 1931
tions exist, as in the common useilidimination andradiation tristimulus valuesX, Y, Z (1988)
to refer to quantities as well as processes. additive color mixture, n—superposition or other nondestruc-
. tive combination of lights of different perceived colors.
3. Terminology (1995)
3.1 Definitions: additive color stimulus mixture, n— method of simulation

AATCC blue wool lightfastness standards, n—standard that combines on the retina the actions of various color
dyed-wool samples of seven grades, each step in the seriesStimuli in such a manner that they cannot be perceived

representing a doubling of lightfastness. individually. (1995a) _ ~ [ciE”
additive primaries n—same agprimary color stimuli .

Dusqussuow—Available from the American Association of Textile gmpient field, n—when an object or light source is viewed, the
Chemists and Colorists. complete area beyond the surround from which light might
abridged spectrophotometry,n—the measurement of reflec-  reach the observer’s eyes and influence the object’s appear-

tance factor or transmittance factor in a number of wave- ance. Sesurround.
length bands rather than as continuous functions of waveAmerican Public Health Association (APHA) colar—see
length. platinum cobalt color scale
DlscussmN—The_waveI_ength _bands may be isolated by the use of anangljthgl_asr?;:peer:’t?annac:r;%geﬂ,e a(?t?srteur:/eatif)?:lgng:’]eglreataetli)ln
array of sensors with a dispersing system or by the use of narrow-band ’ ’ !
filters. angle, specular angle
] ) angle of illumination, n—angle between the specimen normal
absorbance,A, n—logarithm to the base 10 of the reciprocal znd the illuminator axis. (1991b)

of the internal transmittanch. A =109, (1/T)) = -10g1o T\.  angle of incidence,n—the angle between a ray impinging on

(1990) _ (E131 a surface at a point and the perpendicular to the surface at
absorptance «, n—the ratio of the absorbed radiant or 5t point. Inthe description of a beamthe angle of
; o A
luminous flux to the incident flux. [CIE] incidence of the ray at the center of the beam.

absorption, n—the transformation of radiant energy to a gngle of reflection,n—the angle between a ray reflected from
different form of energy by interaction with matter.  a surface at a point and the perpendicular to the surface at
) ) [C”ﬂ that point.
absorption coefficient, «, n—measure of the absorption of 4ngje of view,n—angle between the normal to the surface of
radiant energy from an incident bea,) as it traverses an  the specimen and the axis of the receiver. (1988a)
absorbing medium according to Bouguer's l&v; P, e, angle, rotation n— seerotation angle.

whereb is the sample optical pathlength. (1988YE 131) angular subtense,n— visual the angle subtended (by an
absorption tinting strength, n—relative change in the absorp- object) at the first nodal point of the eye.

tion properties of a standard white material when a specifiednnylar, adi—descriptor for directional illuminating (or view-

amount of an absorbing colorant, black or chromatic, is jnq) geometry in which the illuminator provides radiation (or

added to it. (1988a) the receiver possesses responsivity) that is distributed con-
Discussion—See the Discussion tmasstone tinuously and uniformly throughout the 360° of azimuth of
o - the measurement. (See alseccumferential) (1989)
absorptivity, a, n—the absorbance divided by the product of (E 1164f

the concentratiorg, of the substance and the sample Opticalaperture angle, 2x, n—angle subtended at a point on a

pathlength,b, a=A/bc The units of b and ¢ shall be specimen by the maximum dimension of the illuminator or
specified. (1988) (E 131F receiver, within which the flux in a directional beam is
accuracy, n—the closeness of agreement between a test result contained. (1990)

and an accepted reference value. (1993)

o ] Discussion—In optics, the symbok is used for the half angle; hence
Discussion—The qualitative term accuracy, when applied to a set of  the recommended symbol here is.2

observed values, will be a combination of a random precision compo- )
nent and a systematic error or bias component. Since in routine usdperture mode, n—color seen through an aperture which
random components and bias components cannot be completely sepa-prevents its association with a specific object or source.
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aperture solid angle, w, n—solid angle subtended at a point  usually assigned to a standard specimen;@geical standard.

on the specimen, defined by the sum of rays from the'oiconical adj— see the preferred but not equivalent term,

|IIum|_r!ator or the sum of (_Jllr_ectmns in which the receiver is bidirectional, as in bidirectional optical measuring system.
sensitive to incoming radiation. (1990) (1991b)

aperture stop, n—the physical diameter that limits the size of bidirectional adj— seebidirectional optical measuring sys-

the cone of radiation that an optical system will accept from tem. (1991)

an axial point on the object. (1988) [OSAJA :
appearance,n—( 1) the aspect of visual experience by which

things are recognized. (1990)

(2) in psychophysical studigperception in which the spec-
tral and geometric aspects of a visual stimulus are integratelgiI
with its illuminating and viewing environment. (1993) bl

(E 1499)*
area reflector, n—reflector subtending a relatively large solid
angle at the observer’s eye, so that the observer can cIearP

distinguish its size and shape. (1988)
artificial daylight, n—an artificial light that has a spectral

power distribution approximating that of a phase of natural

daylight. (1995)
aspecular,adj—away from the specular direction. (1995)
aspecular angle,n—viewing angle measured from the specu- B

lar direction, in the illuminator plane unless otherwise

specified. (1995a)

bidirectional optical measuring system,n—an optical sys-
tem for measuring the reflecting or transmitting properties of
specimens, wherein the illuminator and receiver each sub-
tend small angles at the specimen surface. (1988a)
ackbody n— see the preferred terrfull radiator .
eached specimennp—specimen whose absorptance has been
decreased by chemical or radiant means. (LggAPPI] A
leeding,n—the unintentional transfer of coloring matter from
Y one medium to or through another.
bloom, n—the scattering of light in directions near the specular
angle of reflection by a deposit on or exudation from a
specimen.
body color, —color produced by absorption and scattering of
light by colorants within a colored material. (1988)
ouguer’s law, n—the absorbance of a homogeneous sample
is directly proportional to the thickness of the sample in the
optical path. (Also known akambert’s [thickness] law.)

Discussion—Positive values of the aspecular angle are in the (1988) (E 1310*
direction toward the illuminator axis. brightness, n—( 1) aspect of visual perception whereby an
. . B

attributes of color—( 1) for the object mode of appearance  area appears to emit more or less light. (199B}IE]

hue, lightness, and saturation. In the Munsell system, Mun- _ o ~ (F923F

sell Hue, Munsell Value, and Munsell Chroma. (2) of an object coloy combination of lightness and

( 2) for the illuminant or aperture modehue, brightness, Saturation. o . .
and saturation. (3) in the textile industry perceived as saturated, vivid,
azimuthal angle, m, n—angle between the plane containing deep, or clean.

the axis of the illuminator (or the path of illumination) and Discussion—This usage may conflict with Definition 2 in the case of

the specimen normal and the plane containing the axis of the dark colors.
receiver (or the path of reception) and the specimen normal.

The F;_ri%in ind direqior; of measure of the angle should be(reflectivity) measured for blue light with a centroid wave-
speciiied when require - (1990) length of 457 nm under specified spectral and geometric
azimuthal viewing, n—deprecated term; do not use. RePIaceconditions of measurement. (1987) [TAPPI T 452]8

azi_muthalby annula_ror ci_rcumferentia] (1995a) (5) dyer’s the color quality, combining lightness and satu-
banding, n—a non-uniformity of color appearance on a scaler tion, that would be decreased by adding black, gray, or a
much larger than colorant particles, characterized by a ban mpllementary color to a chromatic dye. ' '

or several nearly parallel indistinct stripes differing slightly
in color from the remaining area. bronzy color (or bronzing), n—a metallic coloration observed

basic color terms,n—a group of eleven color names found in ~ when viewing the light reflected at angles near the angle of
anthropological surveys to be in wide use in fully developed specular reflection, the color usually being quite different
languages: white, black, red, green, yellow, blue, brown, from that observed for other directions.

(4) of paper reflectance of an infinitely thick specimen

gray, orange, purple, pink. (1990) calibrate, v—to find and eliminate systematic errors of an
beam, n—in optics a concentrated unidirectional flow of instrument scale or method of measurement by use of
radiant energy. (1988) material standards and techniques traceable to an authorized

Beer's law, n—the absorbance of a homogeneous sample national or international measurement system. (1994a)

containing an absorbing substance is directly proportional t0  p,¢ i ox—As defined herecalibration is normally carried out by
the concentration of the absorbing substance. See also ap instrument manufacturer. Semndardize, verify.
absorptivity . (1988) (E 131 _ , , , ,

bias, n—a systematic difference between the sample mean diandela,cd, n—the Sl unit of luminous intensity; the luminous
the measurements or test results and an accepted referencdtensity, in a given direction, of a source that emits
value. (1993) monochromatic radiation of frequency 54010 hertz and

that has a radiant intensity in that direction of (1/683) watt
Discussion—Bias is the systematic component of accuracy. There per steradian.
may be one or more systematic error components contributing to the
bias. In appearance measuremerthe accepted reference value is Discussion—The lone frequency of 548 102 Hz mentioned in the
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definition has a wavelength of 555.016 nm in standard air, which for tional Commission on Illlumination, Commission Internatio-
almost all purposes can be taken to be 555 nm without affecting the ngle de I'Eclairage.
accuracy of a real measurement. For sources at other frequencigs|e color-rendering index, R, n—measure of the degree to
fyrixlegizg;r;ﬁ?iészslfu:]hcfi';:p\jgra' radiant intensities b’fé?é]ipewa which the computed chromaticity of a CIE test color sample
e illuminated by a test illuminant conforms to that of the same
centroid wavelength, n—wavelength marking the center, in  sample illuminated by a reference illuminant. (1995)
terms of area under a curve, of a function of wavelength
weighted by multiplication with a specified response func-
tion. (1988)

Discussion—In the case of (TAPPI)brightness (of paper) the  c|E primaries, n—the primary color stimuli used in the CIE
response function is obtained by the use of a special blue tristimulus- R
colorimeter filter. system of COI.Or.Imetry' _—
CIE spectral tristimulus values, n— tristimulus values or
characterize,v—to specify the parameters or performance of color-matching functions of the spectral components of an
an instrument or method of measurement. (1994) equal-energy spectrum in the CIKY2 system. (1990)

Discussion—For example, in appearance measurement, the param-  Discussion—The color matching functions are assigned the symbols
eters might include the geometric and spectral nature of the illuminator x (\), y (\), z (\) in the CIE 1931 colorimetric system angq\),
and the receiver, and the performance might be specified by measuresy, (\), z,4(\) in the CIE 1964 supplementary colorimetric system.

Discussion—For eight CIE test-color samples, the results are CIE
special color-rendering indiceR,, i = 1-8. The average of these is the
CIE general color-rendering indeR,. [CIE] ©

of reliability, precision, and bias. [CIE] B
chemical luminescencen—Iluminescence resulting from a CIE 1931 (x, y) chromaticity diagram, n—chromaticity
chemical reaction. (See alaminescence) diagram for the CIE 1931 standard observer, in which the

chroma, n—(1) attribute of color used to indicate the degree of CI|E 1931 chromaticity coordinates are plotted, withas
departure of the color from a gray of the same lightness. See apscissa angt as ordinate. (1993)

alsoMunsell chroma. (1989b) CIE 1964 (x,0, Y, chromaticity diagram, n—chromaticity

(2) C*, (inthe CIE 1976L%, a*, b* or L*, u*, v* system) the diagram for the CIE 1964 supplementary standard observer,
quantity C*,, = (a**+b*?)*? or C*,, = (u*?+v*?"2 in which the CIE 1964 chromaticity coordinates are plotted,
(1989D). with x,, as abscissa angl, as ordinate. (1993)

(3) attribute of a visual perception, produced by an objectciE 1976 u’, V') or (U'10 V10 Chromaticity diagram,
color, that permits a judgment to be made of the amount of pure n—chromaticity diagram in which the CIE 1976 u* v*
chromatic color present, irrespective of the amount of achro- (CIELUV) chromaticity coordinates are plotted, with (or

matic color. (1995) u';o) as abscissa and (or v';) as ordinate. (1993)
Discussion—See alsesaturation, Definition 2. Discussion—These chromaticity diagrams should be used when
chromatic, adj—perceived as having a hue; not white, gray, or diagrams more nearly equally visually spaced than #g)(or (X,

diagrams are desired.
black. V1o diag

chromatic adaptation, n—changes in the visual system’s CIE 1931. ;tandard po_lorimetric system,n—a system for
sensitivities due to changes in the spectral quality of illumi- determining the tristimulus values of any spectral power
nating and viewing conditions. (1988) distribution using the set of rgference_cglor stimxliY, Z
chromaticity, n—the color quality of a color stimulus defin- ~ and the three CIE color-matching functian), y (), z(\)
able by its chromaticity coordinates, or by its dominant (or _2dopted by the CIE in 1931. (1987) ~~ [CIE]
complementary) wavelength and its purity taken together.ClE stan_dard |IIum|nan_t A, n—colorimetric !Ilummant, rep-
[CIE]A resenting the full radiator at 2855.6 K, defined by the CIE in
. . . . B
chromaticity coordinates, n—the ratio of each of the tristimu- _ terms of a relative spectral power distribution. [CIE]

lus values of any viewed light to the sum of the three. (1995)CIE standard illuminant B, n—colorimetric illuminant, rep-
resenting direct sunlight with a correlated color temperature

Discussion—Chromaticity coordinates in the CIE 1931 system of  of 4874 K, defined by the CIE in terms of a relative spectral
color specification are designated By y, zand in the CIE 1964  sower distribution. Declared obsolete by the CIE in 1983.
supplementary systemq, Y10, Z1o-) (1988)

chromaticity diagram, n—a plane diagram in which points CIE standard illuminant C, n—colorimetric illuminant, rep-
specified by chromaticity coordinates represent the chroma- resenting daylight with a correlated color temperature of

ticities of lights (color stimuli). (1995) [CIE] B 6774 K, defined by the CIE in terms of a relative spectral
chromaticness,n—( 1) attribute of visual perception combin-  power distribution. [CIE] B
ing the hue and saturation. (1995) CIE standard illuminant Dgs, n—colorimetric illuminant,

(2) attribute of a visual perception according to which the representing daylight with a correlated color temperature of
color of an area appears to be more or less chromatic. (1995) 6504 K, defined by the CIE in terms of a relative spectral
Discussion—The termcolorfulnesss sometimes used as a synonym power distribution. (1987) . . . [CIE] i
for Definition (2) [CIE, 1970]° [CIE, 1987]° CIE.1931 standarq observgr,ntldegl colorimetric observer

' ’ ' with color matching functiong()\), y (\), z (\) correspond-
CIE, n—the abbreviation for the French title of the Interna- ing to a field of view subtending a 2° angle on the retina;
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commonly called the “2° standard observer.” (1988)cmc (:c) color difference, n—color difference calculated by

[CIE] B
CIE standard source A, n—a gas-filled tungsten-filament

lamp operated at a correlated color temperature of 2855.6 K.

[CIE] B

CIE standard sourceB, n—standard source A combined with
a specified liquid filter, to provide radiant flux with a
correlated color temperature of 4874 K. Declared obsolete
by the CIE in 1983. (1988)

CIE standard source C, n—standard source A combined with
a specified liquid filter, to provide radiant flux with a
correlated color temperature of 6774 K. (1988) [CIE] B

CIE 1964 supplementary standard colorimetric system,
n—a system for determining the tristimulus values of any
spectral power distribution using the set of reference color

use of the formula developed by the Colour Measurement
Committee of the Society of Dyers and Colourists of Great
Britain. (1990)

DiscussioN—Based on the lightness, hue, chroma version of
CIELAB, it incorporates chroma and hue-angle correction terms for
improved visual spacing and variable weighting factors for lightrigss (
and chromad) relative to hue for improved correlation depending on
type of judgment (acceptability, perceptibility) and application (textiles,
others).

coefficient of line retroreflection, Ry, n—of a reflecting

stripe, the ratio of the coefficient of luminous intensitR }

of a retroreflecting stripe to its lengtH),( expressed in

candelas per lux per metre (cdbm ™). R, = (R/l). (1988)
(E 8osy*

stimuli X;0, Y10, Z10, @nd the three CIE color-maiching coefficient of luminous intensity R,, n—of a retroreflector

functionsx;o(N), Y1o(N), Z 1o(\) adopted by the CIE in 1964.
(1989) [CIE]”

CIE 1964 supplementary standard observern—ideal colo-
rimetric observer with color matching functiongy(\), y
10(N), Z,o(\) corresponding to a field of view subtending a
10° angle on the retina; commonly called the “10° standar
observer.” (1988) [CIE]®

CIE 1976 uniform-chromaticity-scale diagram, n—the
uniform-chromaticity-scale diagram produced by plotting in
rectangular coordinateg againstu’, quantities defined as
follows:

U = 4XI(X + 15Y + 32) = 4x/(—2x + 12y + 3)
V' = 9Y/(X + 15Y + 32) = 9y/(—2x + 12y + 3)

@)

for the CIE 1931 standard colorimetric system, \0f,
againstu’, for the CIE 1964 supplementary standard colori-
metric system, in which case in the above formukgg Y;,
Z,, are used instead of, Y, Zand X,q, Vi instead ofx, y.
(1987) [cIE]”
CIELAB color difference, n—color difference calculated by
using the CIE 1976.* a* b* opponent-color scales, based
on applying a cube-root transformation to CIE 1931 tris-
timulus valuesX, Y, Zor CIE 1964 tristimulus valueX,,
Y100 Z1o (1988)
CIELUV color difference, n—color difference calculated by
using the CIE 1976&* u* v* opponent-color scales, based on
a linear transformation of CIE chromaticity coordinaxesy,
Or X1 Y10 @nd a cube-root transformation ¥for Y, to L*,
applied to CIE 1931 tristimulus value§ Y, Zor CIE 1964
tristimulus valuesX,q, Y10, Z10- (1988)
circumferential, adj—descriptor for directional illuminating
(or viewing) geometry in which the illuminator provides

ratio of the luminous intensityl) of the retroreflector in the
direction of observation to the illuminanceH ) at the
retroreflector on a plane perpendicular to the direction of the
incident light, expressed in candelas per lux (cdhlx

R = (I/E ). (1988) (E 8osy*

Foefiicient of retroreflected luminance,R_, n— ratio of the

luminance,L, of a projected surface to the normal illumi-
nance,E , at the surface on a plane normal to the incident
light, expressed in candelas per square metre per lux
(cd-nmi2Ix™). R_= (L/IE,). (1988) (E 808F

coefficient of retroreflection, R,, n—of a plane reflecting

surface the ratio of the coefficient of luminous intensitig §
of a plane retroreflecting surface to its ar@g expressed in
candelas per lux per square metre (cd-ixi ). R, = (R/A).
(1988) (E 8sosy*

collector, n—optical components, such as the cornea and lens

of the eye, which guide radiant flux from a specimen being
observed or measured to a sensor.

Discussion—A collector and a sensor comprise a receiver.

color, n—(1) of an object aspect of object appearance distinct

from form, shape, size, position, or gloss that depends upon
the spectral composition of the incident light, the spectral
reflectance or transmittance of the object, and the spectral
response of the observer, as well as the illuminating and
viewing geometry. (1987)

(2) perceived attribute of visual perception that can be

described by color names such as white, gray, black, yellow,
brown, vivid red, deep reddish purple, or by combinations of
such names.

Discussion—Perceived color depends greatly on the spectral power
distribution of the color stimulus, but also on the size, shape, structure,

radiation (or the receiver possesses responsivity) in many and surround of the stimulus area, the state of adaptation of the

beams (or directions), normally distributed at uniform inter-
vals throughout the 360° of azimuth of the measurement.
The number and angular distribution of the beams (or
directions) should be specified. (See atsmular) (1990)
(E 1164%

clarity, n—the characteristic of a transparent body whereby

observer’s visual system, and the observer's experience with similar
observations. [TAPPI] A

(3) colorimetric characteristics of a color stimulus denoted

by a colorimetric specification with three values, such as
tristimulus values.

Discussion—Tristimulus values are sometimes derived on a relative

distinct high'contr"’_‘St images or high-contrast objects (sepa- rather than an absolute basis. In this case they may need to be
rated by some distance from the body) are observable supplemented by the value of a suitable absolute photometric quantity.
through the body. The appearance of colors depends not only on their absolute tristimulus
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values, but also on the conditions under which they are viewed, lower case letters corresponding to the capital letter symbols for the
including the nature of the surround; however, colors having the same reference color stimuli of the system; for examplé)), g (\), b (\) in
absolute tristimulus values appear the same in identical viewing anRGBsystemX (\), Y (\), Z(\), in the CIE 1931XYZcolorimetric
conditions. Spectrally different color stimuli can have the same system, andx,o(\), Y1o(N), Zi(N), in the CIE 1964 supplementary

absolute tristimulus values. [TAPPI] A[CIE] B system which is based on the 10° field of view.

color measurement, n—process of deriving, by visual or
instrumental means, a set of three numbers that describe the
attributes of a color, in the form of a color notation or a
colorimetric specification. (1988)

color mixture n—seeadditive color mixture, additive color
stimulus mixture, or subtractive color mixture.

color notation, n—the symbols used in a systematic way to

designate colors.

olor order system,n—a rational method or plan of ordering

and specifying all producible object or display colors, or all

. S . within a limited domain, by means of a set of physical
(2) computedthe magnitude and direction of the difference standards selected and displayed so as to represent ad-

between two psychoph.ys.lcal color stimuli and the[r compo- equately the whole set of such colors under consideration.
nents computed from tristimulus values, or chromaticity coor- (1990)

dlqate(fﬁand Iumlnanct_e factor, by means of a specified set ofyj,, perception, n—subjective impression of color, as modi-
color-aiference equations. . . fied by the conditions of observation and by mental inter-
color-difference units, n—units of size of the color differences pretation of the stimulus object. (1987) [TAPPI] A
calculated according to various equations. Such colqr dlffer—Color preference, n—preference, within a specific application,
ences cannot be accurately converted between different for one color over other related colors. (1988)
equations by the use of average factors. (1988) ’
colorfulness n— seechromaticness (2) (1991a) D|sgu55|0N—ExampIes include prefgrred blue for sky or green for
color grading, n—the act of identifying a specimen by a color grass in photographic color reproduction, and preferred white for bond

colorant, n—dye, pigment, or other agent used to impart a
color to a material. (1988)

color atlas, n—a collection of color samples arranged accord-
ing to a color order system. (1990)

color constancy,n—the general tendency of the colors of an
object to remain constant when the color of the illumination
is changed.

color difference, n—( 1) perceived the magnitude and char-
acter of the difference between two colors described by sucﬁ
terms as redder, bluer, lighter, darker, grayer, or cleaner.

grade or color score, which is specific to the color and the P2Pe" _ _

material graded. color rendering, n—effect of a light source on the color
colorimeter n—seetristimulus colorimeter, visual colorim- appearances of objects compared to their color appearances

eter. under a reference light source. (See a3& color render-

colorimetric purity, p,, n—the fraction of spectrally pure light ~ ing index.) (1988)

in an additive mixture with reference achromatic (white) color scale n— seeGardner color scale, petroleum color

light to produce a color that matches that of the color Scale, platinum-cobalt color scale, Saybolt color.

stimulus considered. (As a reference achromatic light, th&olor solid n—seecolor space (1987) _

CIE recommends an equal energy source for self-luminou§olor space,n—a geometric space, usually of three dimen-

bodies and illuminanDgg (daylight) for nonself-luminous  Sions, in which colors are arranged systematically.

bodies.) [CIE]®  color specification, n—notation or set of three color-scale
colorimetry, n—the science of color measurement. values used to designate a color in a specified color system.
color match, n—(1) condition existing when colors match Practical color specifications may include color tolerances as

within a specified or agreed tolerance. Sometimes called Well as target color designation. (1988)
commercial color match(1988a) color staining, n—the discoloration of a material by transfer of

colorant from another material. (D 123f
Discussion—Compliance with tolerances can be determined instru--g|or stimulus. n—a radiant flux capable of producing a color
mentally or visually. If the test for compliance is visual, physical color perception ’(1995)
tolerance standards may be used for reference. ) ) . L
N o o color stimulus function, ¢&(\), n—description of a color

(2) condition existing when colors are indistinguishable; a stimulus by the spectral concentration of a radiometric
normal observer is usually implied. Sometimes calle@xeact quantity, such as radiance or radiant power, as a function of
color match (1988a). wavelength.

color matching, n—procedure for providing, by selection, Discussion—Compare with spectral power distribution. Unlike a
formulation, adjustment, or other means, a trial color that is spectral power distribution, a color stimulus function is specific to flux
indistinguishable from, or within specified tolerances of, a that is seen by the eye. [CIE]

specified standard color under specified conditions. (1988g)|q, temperature, n— of a source the temperature, usually
color-matching functions, n—the amounts, in any trichro-  gyqressed in kelvins, of a full radiator that would emit light

matic system, of the three reference color stimuli needed t0 ¢ the same chromaticity as the source. (See atscelated

match by an additive mixture monochromatic components of ., temperature, distribution temperature.)  [CIE] B

an equal energy spectrum. color tolerance, n—the permissible color difference between

Discussion—Symbols for these functions are lower case letters, each Sample and specified color.
with a bar above and followed by the Greek letten parentheses; the color tolerance set,n—a group of colored standards, usually
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seven painted chips, arranged on a single card, one exhibit- daylight. (1987)

[CIE]A

ing a desired color, and two each exhibiting the limits of thedensitometer, —instrument designed for measuring optical

permissible range of color variation in each of the color
attributes.

Discussion—An example is one desired color, two limits on Munsell
value, two limits on Munsell hue, and two limits on Munsell chroma.

density of a photographic negative or positive or a printed
image. (1987) [TAPPI] A

densitometry, n—technique for measurement of optical den-

sity by use of a densitometer. (1988)

density n—seereflectance density, reflection density, trans-

complementary color percepts,n—(1) pairs of color per-

mission density,or transmittance density.

cepts, one of which is induced by the other through simulgetector, n—device to convert radiant energy into a neural

taneous contrast?) pairs of color percepts, one of which is
the negative after-image of the other.
complementary colors,n—color stimuli that produce a speci-

signal (such as the eye) or an electrical signal (such as a
phototube, photomultiplier tube, photocell, photodiode, or
the like). (1988)

fied achromatic stimulus when they are suitably mixed in anjjelectric, adi—pertaining to the appearance of those materials

additive manner.
complementary color stimuli, n—pairs of color stimuli that,
by additive mixture produce an achromatic stimulus.
complementary wavelength,n—the wavelength of a spec-

for which the first surface reflectance is characteristic of the
illuminant; comparametal-like. (1995)

diffuse, adj—in optical propagationtransmission or reflection

of flux with diffusion.

trally pure light that when added to the light reflected or giffuse reflectance pq, n—the ratio of the reflected flux to the
transmitted by the specimen will produce a combination that jncident flux, where the reflection is at all angles within the

color matches a reference achromatic (white) light.
conspicuity, —the characteristics of an object that determine
the likelihood that it will come to the attention of an
observer. (1990)
contrast, n—(1) objective the degree of dissimilarity of a

hemisphere bounded by the plane of measurement except in
the direction of the specular reflection angle. (1992)

Discussion—The size of the specular reflection angle depends on the
instrument and the measurement conditions used. For its precise
definition the make and model of the instrument or the aperture angle

measured quantity such as luminance of two areas, ex- or aperture solid angle of the specularly reflected beam should be

pressed as a number computed by a specified formula.

specified.

Discussion—The following formulas for the luminance contrast diffuse reflectance factor,R;, n—the ratio of the flux reflected

between areas having luminaricg andL,(whereL, is the larger) have
been adopted by the CIE:

I—Z_Ll I—Z_Ll

C,= 0, ,Cp = (PEw7 C.=LJL, )
The following formulas are also in use:
_ _L-L, o L-L
Ca=lz= Ly Ce= = Cu=>FT, 3)

If the illumination of the areas of interest is uniform and constant, the

luminances are proportional to the reflectances (or transmittances) and

at all angles within the hemisphere bounded by the plane of
measurement except in the direction of the specular reflec-
tion angle, to the flux reflected from the perfect reflecting
diffuser under the same geometric and spectral conditions of
measurement. (1992)

Discussion—The size of the specular reflection angle depends on the
instrument and the measurement conditions used. For its precise
definition the make and model of the instrument or the aperture angle
or aperture solid angle of the specularly reflected beam should be
specified.

these quantities may be used in place of luminances in these formulas. Tiskffuse reflection, n—reflection in which flux is scattered in

simple ratio,C; = L,/L,, is usually used in ASTM standards.

(2) subjectivethe degree of dissimilarity in appearance of

many directions by diffusion at or below the surface. See
diffusion.

two parts of a field of view seen Simu|tane0us|y or Succesdiﬁuse transmission, n—transmission in which diffusion oc-

sively. [CIE] B

contrast glossn— seeluster.

contrast ratig n—see the preferred ternegsntrast or opacity.

correlated color temperature, n—of a source the tempera-
ture, usually expressed in kelvins, of a full radiator that
would emit light of the chromaticity most closely resembling
that of the light from the source.

Discussion—Correlated color temperature extends the concept of
color temperatureto any source emitting light having a chromaticity
nearly, though not exactly, the same as the chromaticity of the light
emitted by a full radiator at some temperature.

crazing, n—a network of apparent fine cracks on or beneath

curs, independently, on a macroscopic scale, of the laws of
refraction. [CIE]A

diffuse transmittance, T4, n—the ratio of the flux transmitted

by a specimen to the incident flux, the transmitted flux being
measured at all forward angles except the regular transmis-
sion angle. (1992)

Discussion—The size of the regular transmission angle depends on
the instrument and the measurement conditions used. For its precise
definition the make and model of the instrument or the aperture angle
or aperture solid angle of the regularly transmitted beam should be
specified.

diffuser, n—device used to alter the spatial distribution of flux

by diffusion. [CIE]®

the surface of materials such as in transparent plasticgliffusion, n—change of the angular distribution of a beam of

glazed ceramics, glass, or clear coatings.
daylight illuminant, n—illuminant having the same, or nearly

radiant flux by a transmitting material or a reflecting surface
such that flux incident in one direction is continuously

the same, relative spectral power distribution as a phase of distributed in many directions, the process not conforming
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(on a macroscopic scale) to the laws of Fresnel (regular) tion of soluble material that has migrated to the surface.

reflection and refraction and there being no change in (D 16)°

frequency (wavelength) of the monochromatic componentgggshell,ad—semimatte, having a texture resembling that of

of the flux. the outer surface of the shell of a chicken egg. (1990)
DIN color system, n—color order system developed for the (C 242F

Deutsche Industrie Normung (German Standardization Instielectroluminescencen—luminescence resulting from electri-
tute) to provide equality of visual spacing of colors in cal excitation. (See alslmminescence)
specified series, based on the attributes hue, saturation, ardtrance angle,, n—in retroreflection angle between the
relative darkness degree. (1988) illumination axis and the retroreflector axis. (1991a)
directional, adj—(1) so designed that performance depends orequal-energy illuminant, n—illuminant having the same
direction or is restricted in direction; more effective in some spectral power at all wavelengths in the specified spectral
directions than others. (1988a) region. (1987) [TAPPI] B
(2) referring to a beam, beam in which the flux measured igqual-energy source,n—a source having the same radiant
confined to directions that differ moderately from the centroid exitance in each constant wavelength interval in the spectral
direction or axis of the beam. (E 179) (1991b) region under consideration.
excitation purity, p.,, n—the ratio of the lengths of line
segments NC to ND, obtained when a straight line is drawn
on the CIE chromaticity diagram from the achromatic
directionality, n— (1) perceived the degree to which the  (neutral) point (N), through the point (C) representing the
appearance of a surface changes as the surface is rotated ircolor stimulus considered, to the intersection (D) with the
its own plane, under fixed conditions of illumination and spectrum locus or the straight boundary of nonspectral
viewing. (1988a) colors, as the case may be. [CIE] B
(2) measured—(scattering indicatrix, azimuthally exitance,M, n—flux leaving a surface per unit area. (1988)
nonisotropic)—difference in pattern of near-specular and se-face,adj—pertaining to viewing a specimen at an angle close
midiffusely scattered light, dependent upon the azimuthal to its surface normal.
angles of the incident and viewing beams. (1987)[CIE]*  face angle n—the aspecular angle when a specimen is viewed
director, n—optical components, such as mirrors, lenses, close to its surface normal and illuminated near 45°, or when
gratings, or other objects, such as ceilings or walls, that those angles of illumination and viewing are interchanged.
direct radiant flux from a source to a specimen to beface color,n—the color of a material when viewed at its face

Discussion—Moderately may be defined by specifying an appropri-
ate aperture angle.

observed or measured. angle.

DiscussioN—A source and a director comprise an illuminator or Discussion—This term also applies when the illuminating and
irradiator. In a measuring instrument, the director may be called the viewing angles are interchanged.
“influx optics.”

fading, —a change in color, usually to a lighter and less-
distinctness-of-image glossp—aspect of gloss characterized  saturated color.
by the sharpness of images of objects produced by reflectiofield, n—that portion of the surface of a specimen that is

at a surface. illuminated by the illuminator or viewed by the receiver.
distinctness of (reflected) imagesee distinctness-of-image (1990)

gloss (1989b) field stop, n—the physical diameter that limits the angular field
distortion, n—optical, a defect in an image-forming system  of view of an optical system. (1988) [OSAA

whereby the image is not the shape of an ideal image of thilash, n—appearance of a material when viewed close to the
object. For example, a straight pole, viewed through a angle at which it is lightest. (1995)
window having nonplanar surfaces, may appear to havé@at, adi—(1) of a coating materigla material that is capable
bends in it. of imparting a finish free of gloss. (1990)
distribution temperature, n—of a source temperature, usu- ( 2) of a surface finishfree of gloss. (1990)
ally expressed in kelvins, of the full radiator having a flip—deprecated term, do not use. This term may have various
relative spectral power distribution in the visible region meanings that are not clearly defined. (1995a)
approximately the same as that of the source. flop, n—a difference in appearance of a material viewed over
documentary standard, n—document, arrived at by open  two widely different aspecular angles. (1995)
consensus procedures, specifying necessary details of flmp, adj—pertaining to the appearance of a material when
method of measurement, definitions of terms, or other viewed from a direction far from the specular angle, typi-
practical matters to be standardized. (Compphysical cally 70° or more. (1995)
standard.) flop angle, n—the aspecular angle when a material is viewed
dominant wavelength,n—the wavelength of a spectrally pure  from a direction far from the specular, typically 70° or more.
light that, when added to a reference achromatic (white) (1995)
light, will produce a combination that matches the color of aflop color, n—color of a material when viewed from a
specimen light. specified direction far from the specular angle, typically 70°
efflorescencen—a powdery (usually white) exudation on the  or more. (1995)
surface of a specimen caused by precipitation or crystallizaflop contrast, n—a measure of the degree of dissimilarity in
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appearance of a specimen when it is viewed at two widely [CIE] B
different aspecular angles.

. . . . Gardner color scale,n—a color scale for clear, light-yellow
flop index, n—a numerical scale of flop obtained by visual gnt-y

cxperments (1299 e, defneq by e Spomallies of glass sandarcs
fluorescence n—photoluminescence that ceases when excita- o 19 g o
. general indices of metamerism—seeindices of metamerism
tion ceases. .
potential. (1991b)
Discussion—The time delay between absorption and emission ofgeometric metamerism,n—deprecated term; do not use. The
generally less than 10 nsec associated with fluorescence distinguishes itphenomenon it is used to describe does not conform to the

from phosphorescence with its generally longer time delay. See jnternationally accepted definitions of metamerism. Use
photoluminescenceand phosphorescence gonioappearance

fluorescent,adj— (1) exhibiting fluorescence. glare, n—condition of vision in which there is discomfort or a
(2) of a source having a primary radiant flux emitter that  reduction in ability to see details, objects, or both, caused by
excites fluorescence in a phosphor to produce light. an unsuitable distribution or range of luminance, or by
extreme contrasts in space. (1988) [CIE] B

Discussion—The primary emitter is usually a mercury glow-

discharge and the spectral lines typical of this emitter are usuall)g“tter‘ n—the appearance attributable to brilliant reflection

observed as components of the spectrum of such a source. from many small, discrete reflecting elements.
. ) gloss,n—angular selectivity of reflectance, involving surface-
fluorescent brightenem—discouraged term fofluorescent reflected light, responsible for the degree to which reflected
whitening agent highlights or images of objects may be seen as superimposed

fluorescent illuminant, n—illuminant representing the spec- o g surface. (See alsiistinctness-of-image gloss, haz@n
tral distribution of the radiation from a specified type of reflection), luster, sheen, specular gloss
fluorescent lamp. (1988) gloss reflectance factor,Rs, n—ratio of the specularly re-
fluorescent whitening agent, FWA n—fluorescent dye or  fiected part of the (whole) flux reflected from the specimen
pigment that absorbs near-ultraviolet radiant flux and re- tg the flux reflected from a specified gloss standard under the

emits the power as visible light (violet-blue), thereby caus- same geometric and spectral conditions of measurement.
ing a whiter appearance when added to a yellowish-white (1990)

material.
flux—seeradiant flux. luminous flux. Discussion—The gloss standard may be a black glass or a mirror, and
FMC-2 color difference, n—color difference calculated by use "2 Pe assigned one of a variety of scale values as specified.
of the Friele-MacAdam-Chickering, Version 2, equationsgloss retention, n—portion of original gloss retained by a
based on the MacAdam chromaticity-difference- specimen after treatment such as aging or abrasion under
perceptibility ellipses and the Munsell value function. (1988) specified conditions, calculated by a specified equation.
(1988)
Discussion—The equations do not directly incorporate opponent- ; ; - : .
color terms, and their separation into red-green, yellow-blue, amgonloapparent,adj—pertammg to change in appearance with

lightness terms is at best a poor approximation. change in illumination angle or VleWIr_19 a”g'e-
gonioappearance,n—the phenomenon in which the appear-

footcandle, n—unit of illuminance equal to one lumen per ance of a specimen changes with change in illumination or

square foot. viewing angle.
Discussion—The preferred unit of illuminance is the Sl uhik (one Discussion—Examples of gonioappearance are specimens of coat-
lumen per square metre). ings containing flake pigments.

fractional reflectance, R, n—the ratio of the flux reflected goniochromatic match, n—match between a pair of speci-
from a specimen in a specified solid angle to that incidenton mens that holds under all sets of angular illuminating-
the specimen. (1991b) viewing conditions. (1995)

fractional transmlttancg, T, n__the rat'q _Of the f!ux transmit- Discussion—The specimens may or may not exhibit goniochroma-
ted through a specimen in a specified solid angle to the tism and may or may not exhibit metamerism.

incident flux. (1991b) goniochromatism, n—change in any or all attributes of color

Fresnel reflection, —the process by which radiant flux is of a specimen on change in angular illuminating-viewing

re_zflecte_d from_ an optically smooth interface between two conditions but without change in light source or observer.
dielectric media. (1995)

Discussion—The reflectance depends on the angle of incidence, the
ratio of refractive indexes of the two media, and the state of polariza-
tion of the incident beam relative to the normal to the interface.

Discussion—Changes associated with first-surface specular reflec-
tion are not understood to lead to goniochromatism.

goniometer,n—an instrument for measuring or setting angles.

full radiator, n—a thermal radiator that completely absorbs all (1991a) (E 809
!nc!dent radiant qu>_<, whatever the wavelength, direction Ofgoniophotometer, n—instrument that measures flux as a
incidence, or polarization. function of angles of illumination or observation. (1990)

Discussion—This radiator has, for any wavelength, the maximum goniospectrophotometer, n—spectrophotometer having the
spectral concentration of radiant exitance at a given temperature. capability of measuring with a variety of illuminating and
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viewing angles using bidirectional geometry; also known as different spectral characteristics and having the same color

multi-angle spectrophotometer. (1995) when viewed by a normal observer under a given illuminant,
halation, n—(1) the apparent increase in size of a primary or but different colors when viewed under a different illumi-

secondary light source due to scattering of light toward the nant, other conditions remaining the same. (1991b)
observer, the surround being significantly darker than thélluminant mode, n—color seen as ascribed to a source of

light source. (1995a) illumination. (1990)

( 2) in retroreflection,the apparent increase in size of a illuminator, n—the portion of a radiometric or photometric
retroreflector, viewed by directional illumination (for example, instrument that provides the illuminating beam on the
automobile headlights) in a dark surround. (1995a) specimen, including the source, occasionally the monochro-
haze, n—in reflection, (1) scattering of light at the glossy = mator or spectral filters, a diffuser such as an integrating

surface of a specimen responsible for the apparent reduction sphere, if used, and associated optics. (1991)

in contrast of objects viewed by reflection at the surface. illuminator plane, n—the plane containing the specimen

(2) percent of reflected light scattered by a specimen having normal and the axis of the illuminator. (1995)

a glossy surface so that its direction deviates more than #candescencen—the self-emission of radiant energy in the
specified angle from the direction of specular reflecti®). ( Visible spectrum due to the thermal excitation of atoms or
cloudy appearance attributable to light scattering. molecules. (1988) [IES]
haze, n—in transmission,(1) the scattering of light by a incandescent illuminant,n—illuminant representing the spec-
specimen responsible for the apparent reduction in contrast tral distribution of radiation from an incandescent lamp of
of objects viewed through it. (D 1003f  specified color temperature. (1988) _ _

(2) the percent of transmitted light that is scattered so that it§dex of refraction, n—the numerical expression of the ratio
direction deviates more than a specified angle from the Of the velocity of light in a vacuum to the velocity of light in
direction of the incident beam. (D883, D 1003} @ substance, at a specified wavelength. (1988R)1245f
Hazen coloy n— seeplatinum-cobalt color scale indices of metamerism potential,n— indices indicating the

hemisphericgl adj— see hemispherical optical measuring degree to which two metameric specimens may develop
system.(1991) metamerism, derived solely from their different spectral

hemispherical optical measuring systemp—an optical mea- ~ characteristics. (1991b)
suring system for measuring the reflecting or transmitting Discussion—Such indices, sometimes misnamgeheral indices of
properties of specimens, wherein either the specimen is metamerismprovide no information about the specimens under any
uniformly irradiated from all directions within the hemi-  conditions of mismatch.

sphere on one side of the specimen or the flux emanalinganire thickness, n—term applied to a layer of material so

fr.om. the spepimen is evaluated uniformly for all directions ey~ ha increasing its thickness does not change its
,W'th'n a hemisphere. . , ) ) reflectance or other optical properties. (1987)[TAPPI] B
hiding power, n—( 1) the ability of a coating material to hide jnfrared, adj—referring to radiant flux having wavelengths
the surface coated by producing a specified opacity. longer than the wavelengths of light, usually wavelengths
(2) the area over which a specified volume of paint can be om about 780 nm to about 1 mm. (1991b)
spread to produce a specified contr&f,between areas where jnteqrating sphere, n—an optical device used either to collect
the substrate is black and where it is white. (D 2805)3 flux reflected or transmitted from a specimen into a hemi-
hue, n—the attribute of color perception by means of which a  sphere or to provide isotropic irradiation of a specimen from
color is judged to be red, orange, yellow, green, blue, purple, 3 complete hemisphere, consisting of an approximately
or intermedigte between adjacent.pairs of t.hese, COUSideredspherical cavity with apertures (ports) for admitting and
in a closed ring (red and purple being an adjacent pair.) (See getecting flux, and usually having additional apertures over

alsoMunsell hue.) _ (D 1535 which sample and reference specimens are placed and for
Hunter color difference, n—color difference calculated by the  including or excluding the specularly reflected components.
use of the Hunter equations, based on the opponent-color (1988) (E 903P

coordinates|, a, b applied to CIE 1931 tristimulus values intensity, I,, I, n—flux per unit solid angle. (See also
for CIE standard illuminan€, and by extension to the CIE  |uminous intensity, radiant intensity.) (1990)
1964 standard observer and other CIE standard illuminantsnterference filter, n—filter constructed of extremely thin

(1988) _ _ _ alternate layers of high and low refractive-index material and
hygrochromic, adj—known to change color when the mois-  capable of transmitting narrow spectral bands formed by
ture content or relative humidity varies. constructive interference within the desired waveband and

ICl, n—trademarked abbreviation for Imperial Chemical In-  destructive interference at other wavelengths. (1987)
dustries. Do not use as the abbreviation for International
Commission on lllumination; se€lE. (1988)

illuminance, E, E,, n—luminous flux incident per unit of area.

iluminant, n—radiant flux that may be specified by its internal absorptance,a;, n—ratio of the absorbed radiant or
spectral power distribution, and that can, in illuminating luminous flux to the flux that has entered the first surface of
objects, affect their perceived colors. the layer of material. [CIE] ©

illuminant metamerism, n—the property of specimens having internal transmittance, t;, n—the ratio of flux reaching the

Discussion—Filters of this type reflect rather than absorb flux not
transmitted. [TAPPI| B
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