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Abstract 
A method was devised for measuring the white- 

ness of fabrics containing optical brighteners. I t  
is simple in operation and gives excellent agree- 
ment with the visual appraisal by 27 observers 
of the whiteness for  fabrics with different values 
for  their fluorescence, lightness, yellowness or 
blueness, and redness or greenness. The fabrics 
contained different quantities of various blues 
and optical brighteners. 

Apar t  f rom duplicates it requires only four 
measurements for each surface, viz., lightness, 
tristimu]us amber and blue reflectance, and the 
tristimulus blue par t  of the fluorescent light. 
Yellowness or blueness, redness or greenness, 
fluorescence effect on the whiteness, whiteness 
without fluorescence, and whiteness including 
fluorescence are calculated from the measure- 
ments. 

The method also indicates which fabrics cannot 
be called "near  white" because they are toe gray 
or too strongly colored. I t  can be adapted to dif- 
ferent  compositions of the incident light with 
regard to the relative intensity of the ultraviolet 
and visible portions. 

Visual Whiteness Without Fluorescence 

N- IDEALLY W H I T E  SURFACE has a reflectance of 
100% for all visible light rays. I f  white light 

falls on such a surface, the re-emitted Hght has the 
same composition as the original l ight rays with re- 
gard to its spectral composition, i.e., the intensity of 
the light rays of different wavelengths. 

When the surface re-emits rays of all wavelengths 
to the same degree but  not completely, it appears to 
be more or less gray and still uncolored. Its lightness 
is less than 100%, and its redness, greenness, yellow- 
ness, blueness, etc., is = 0. 

When light-rays of different wavelengths are re- 
emitted to different degrees, the lightness again is 
less than 100% and the surface appears to be colored. 
Fo r  paper  and textiles violet and blue light is usuMly 
re-emitted to a smaller degree than light rays of other, 
longer wavelengths: green, yellow, orange, and red. 
Then they appear  to be yellowish. 

The yellowish tinge can be taken away by the 
addition of a bluing. This re-emits yellow light to a 
smaller degree than the light of other wavelengths. 
In  general, the lightness of the bluing is smaller than 
that  of a yellowish textile. Therefore the lightness 
of the surface is decreased further ,  i.e., its graying 
is increased; nevertheless the surface may appear  to 
be "whiter" than in the absence of bluing. One could 
say that,  in the re-emitted light, the balanee of yellow 
and blue light rays is restored so that  it does not make 
a colored impression. Therefore yellow and blue are 
called complementary colors. Likewise red and green 
are complementary. 

Surfaces which are nearly "ideaily white" can be 
pu t  visually into an order of decreasing whiteness. In  
doing so, the system (eye-nerves-brains) of the ob- 
server weighs the importance of differences in light- 
ness and in color one against the other. 
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Visual Whiteness Including Fluorescence 
Whiteness can also be increased by the presence 

of an "optical brightener" (OB) or "optical white" 
(OW) on or in the substrate (paper, textile, plastic). 
Such compounds t ransform incident ultraviolet rays 
pa r t ly  into visible light. The change of electromag- 
netic rays of one wavelength into rays of another 
wavelength is called fluorescence; the emitted light 
should be near ly  white and should have a slightly 
bluish t inge; the blue may be on the greenish or the 
violet (reddish) side. This is more or less comple- 
mentary  to the yellowish color of the visible light re- 
emitted by the substrate itself. The small excess of 
blue in the fluorescent light compensates for the lack 
oi blue in the latter.  In the combination of the two 
kinds of visible light all colors or wavelengths can be 
in a balance corresponding to white. Moreover the 
total quant i ty  of light coming from the surface is in- 
creased, i.e., its lightness appears to be higher. 

The sensitivity of the human eye for blue light 
with very  short wavelengths, between 400 and 420 rim, 
is very small. Most optical whites convert such blue 
light into light containing rays of longer wavelengths 
to which the eye is more sensitive. Sunlight, daylight,  
and the light f rom fluorescent lamps contain the visible 
light of all wavelengths and ultraviolet rays so that  
the above-mentioned effects are obtained. Light  f rom 
incandescent bulbs, surrounded by a lamp shade, con- 
tains few, if any, ultraviolet rays or blue light of short 
wavelengths. In such light, linen in a cupboard and 
on beds is viewed in the evening and at  night. 

Therefore it  is useful to assess or to measure the 
whiteness of fabrics in two kinds of l ight:  in visible 
light only and in visible light + U.V. rays. 

This is also desirable because one often wishes to 
know the effects of detergent composition and washing 
process on graying', yellowing, and whiteness apar t  
from the effect of the optical brightener. 

In  these investigations, the ranking orders for  in- 
creasing the whiteness of a large series of fabrics 
containing different quantities of various bluings and 
opfieM whites are determined by  panels of 10 to 27 
observers. All fabrics of one series are compared in 
pairs. The ranking orders assigned by individual 
observers agree very  well, e.g., for  a series of 12 fabrics 
assessed by 27 observers (women and men between 
16 and 60 years of age) the level of significance for  
the agreement w a s < < 0 . 0 0 1  (x e = 215) according 
to the statistical method of m rankings (13). 

Existing Instrumental Methods 
The appraisal of whiteness by means of the human 

eye is laborious and time-consuming. I t  can only be 
done by means of comparisons. Several authors have 
tried to avoid these disadvantages by the use of 
measuring instruments (1,2,5,9,10). A survey of the 
field with many l i terature references has recently 
been made by Stensby (15). Some methods relate 
explicitly or implicitly to the whiteness of paper  
or plastics, others to that  of textiles. 

Investigations in the author's Inst i tute  showed that  
the proposed methods lacked either agreement with 
the visual appraisal  of fabrics or necessitated ra ther  
complicated calculations, e.g., the formulae proposed 
by Berger  (3) and by Friele (5) gave correlation 
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TABLE I 

W h i t e n e s s  I n c l u d i n g  F luorescence  of W a s h e d ,  Or ig ina l ly  Clean, W h i t e  B leached  Cotton Tes t  P ieces  
~:[easured Va lues  C o m p a r e d  w i t h  V i sua l  E s t i m a t i o n s  a 

Sample  8 K 1 h i  7 3 S C 2 9 6 0 

For  visible  l ight  only wi th  fi l ters be tween  
l ight  source  a n d  f ab r i c  

L i g h t n e s s  88.10 86.72 87.14 84.36 87.95 87.41 88.90 84.10 85.99 82.08 82.72 90.26 
T r i s t i m u l u s  blue ref lec tance  83.75 83.09 32.85 81.72 83.35 82.98 85.51 79.28 81.36 77.48 78.22 86.70 
Yel lowness  4.3 3.6 4.3 2.6 4.6 4.4 3.4 4.8 4.6 4.6 4.5 3.6 
Whi teness ,  W v  78.6 78.8 77.4 78.0 78.1 77.8 81.7 73.7 76.0 72.3 73.0 82.8 

B lue  ref lec tance  for  all v is ible  l ight  + 
u l t rav io le t  r a y s  f r o m  a xenon  lamp,  Bx 91.5 89.3 91.5 85.5 87.7 87.1 87.7 81.9 83.7 79.3 79.8 85.8 

W h i t e n e s s  acco rd ing  to B e r g e r  WBx = 
G + 3 ( B - - A )  for  all vis ible  l ight  + 
U V  r a y s  f r o m  a xenon  l amp  96.8 96.4  92.3 87.7 85.3 84.8 87.1 79.0 80.3 75.5 76.2 77.1 

Whi teness ,  Wd, i nc lud ing  the  t r i s t i m u l u s  
blue p a r t  of the  f luorescence,  the  l a t t e r  
h a v i n g  been m e a s u r e d  w i t h  u l t ra-  
violet  r a y s  f r o m  a 

xenon  lamp,  Wdx 111 107 106 98 98 97 95 90 90 86 86 83 
T u n g s t e n  over-vol tage  lamp,  Wdb 108.7  106.5 104.8 99.5 97.0 97.3 96.6 91.4 93.0 88.9 87.8 84.2 
1V~ercury a r c  Wd~ 108.8  106.2 105.5 99.2 96.9 97.3 96.8 91.0 91.9 88.3 87.3 83.4 

A v e r a g e  r a n k i n g  o rde r  acco rd ing  to 
v i sua l  compar i sons  for  w h i t e n e s s  in  
dayl igh t  by 27 obse rve r s  1.7 2.7 3.0 4.2 5.2 5.9 6.1 8.5 9.2 9.8 10.4 11.3 

a T h e  27 r a n k i n g  o rders  of the  27 obse rve r s  a g r e e d  w i t h  each o ther  s i g n i f i c a n t l y :  p < ~  0,001.  (X~----245,6) accord ing  to the  method  of m 
r a n k i n g s  ( 1 1 ) .  

All d i f ferences  in  a v e r a g e  r a n k i n g  n u m b e r  be tween  p a i r s  of samples  w e r e  s ignif icant ,  p < <  0,05, w i t h  only the  fol lowing excep t ions :  8 -K;  K - l ;  
7-3;  3 -8 ;  C-2;  2-9;  6-0. 

The  blue ref lec tance  for  all v is ible  l ight  + u l t r a v i o l e t  r a y s  f r o m  a x e n o n  lamp Bx shows no. corre la t ion a t  all w i t h  the  v i sua l  wh i t enes s  in  
day l igh t ;  cor re la t ion  coefficient 0 .61.  

The whi teness  calcula ted  a c c o r d i n g  to the  equa t ion  by  B e r g e r  f r o m  m e a s u r e m e n t s  will all v is ible  l ight  + u l t rav io le t  r a y s  f r o m  a xenon  lamp h a s  
a cor re la t ion  coefficient----0.82 w i t h  v i sua l  appra i sa l .  

The  cor re la t ion  of Wd w i t h  the  v i sua l  obse rva t ion  is v e r y  good;  cor re la t ion  coefficients 0 .94 -0 .97 .  
Correlation coefficients w e r e  calculated by  m e a n s  of Kenda l l ' s  r a n k  cor re la t ion  method  ( 1 2 ) .  

coefficients with visual appraisal  equal to 0.82 and 
0.61 only for the samples of Table I and Figure  5. 

The formula  proposed by Taube (16), which was 
recommended by Hun te r  (8), has the disadvantage 
of having a low precision; its experimental  error  
amounts to seven times the experimental  error of one 
single reflectance measurement.  This precludes the 
use of relatively simple and inexpensive measuring 
instruments.  

The method by Vaeck and van Lierde (17) gives 
good agreement  with visual appra isa l ;  however it 
necessitates ra ther  complicated calculations in order 
to t ransform the measured reflectance values into 
coordinates of the MacAdam uniform chromatic scale. 

Therefore a need exists for  a simple method which 
gives a good correlation with the visual appraisa l  of 
whiteness, including fluorescence. 

Principles of Measurement 
For  the normal  human eye each light impression 

of moderate intensi ty depends on three different quan- 
tities. In  l ight of low intensity, e.g., moonlight colors 
are not seen, only lightness; by light of high intensi ty 
the eye is blinded. 

Lightness is always zero for absolute black. I t  is 
equal to 100 for  an absolutely white, nonfluorescent 
surface, e.g., for magnesium oxide, freshly deposited 
f rom the vapor  phase. Such a surface re-emits dif- 
fusely all visible light which falls on it. Near-white 
surfaces have lightness values between 80 and 100, 
e.g., bleached white cotton has values between 80 
and 92. The lightness of g ray  surfaces has values 
between 0 and 80; the la t ter  l imit is ra ther  arb i t rary .  
Colored surfaces also have lightness values between 
0 and 100, usually between 0 and 85; these values are 
higher for surfaces which, according to the human  
eye, are "l ighter" under  the same illumination. The 
lightness impression is one of the three stimuli ("sen- 
sitivities") of the human eye, as defined by the Com- 
mission Internat ionale  d 'Ecla i rage ( In ternat ional  
Committee on Il lumination,  CIE  or I C I )  (14). 

As the two other quantit ies by which color is de- 
fined, one may choose yellowness and redness or their  
complementaries,  blueness and greenness. This choice 
is made because the most common discolorations of 

undyed textiles are yellowness and its opposite, blue- 
ness. The thi rd  quant i ty  should be independent  of 
the first two; this is t rue for  redness and its opposite, 
greenness. 

The color of a surface with regard to yellowness 
and redness can be represented by a point in a 
mathematical  plane containing a system of coordinates. 

Positive values of one coordinate may  indicate the 
degree of yellowness; negative values of the same 
coordinate indicate the degree of blueness. In  a 
Cartesian or rec tangular  system positive values of 
the other coordinate may  indicate the degree of red- 
ness; negative values of tha t  coordinate indicate the 
degree of greenness. The origin of the system cor- 
responds to neutra l  or colorless, i.e., gray, between 
the extremes of absolute black and white. 

Another  line may  be erected perpendicular  to the 
plane in the origin of the coordinate system. The 
coordinate along this line may indicate the lightness. 
Then it is possible to characterize each color wholly 
by means of a point in space. The points representing 
all colors are si tuated in a solid, three-dimensional 
figure, called a color solid. F o r  more details about 
color solids the interested reader is referred to the 
s tandard  books on the subject, e.g. by J u d d  and 
Wyszeeky (10). 

Surfaces with the same whiteness may  have dif- 
ferent  values for lightness, yellowness or blueness, 
and redness or greenness. The points in the color 
solid representing their "colors" will be si tuated on a 
plane. Points represent ing the "colors" of other sur- 
faces with a constant value of whiteness which is 
different f rom the first mentioned are situated on 
another  plane. 

In  space the distances between two points can be 
calculated f rom their  coordinates by means of equa- 
tions which contain square powers and roots. How- 
ever when the distances are small, l inear approxima-  
tion equations can be used. This simplifies calcula- 
tions greatly. Likewise it will be shown in this paper  
that,  for near-white fabrics, whiteness can be cal- 
culated by means of a simple, l inear equation f rom 
lightness, yellowness (or blueness),  and redness (or 
greenness),  provided tha t  these quantit ies are mea- 
sured in the r ight  manner .  
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I t  is relatively easy to measure lightness, but  for  
measuring yellowness and redness more complicated 
instruments are necessary. However these two quanti- 
ties can be calculated easily, by simple subtraction, 
from measurements made by simple and inexpensive 
instruments. The quantities to be measured are tristi- 
mulus blue and tristimulus amber reflectances or re- 
missions. The names are derived from the fact that  
there exists a close relationship with the other two 
sensitivities of the human standard observer besides 
lightness, as defined by the Commission Internationale 
d 'Eclairage (14). 

A system for  measuring lightness and tristimulus 
blue and amber reflectances was published by Hunte r  
6,7). When buying an instrument  one should make 
sure that  the combinations of light source (color 
temperature) ,  filter transmittance, and photocell sen- 
sitivity are in accordance with the specifications for 
tristimulus measurements (6,7,14). 

The lightness, G, of a surface is expressed as a 
percentage of the lightness of the whitest substance 
known, magnesium oxide, freshly deposited from the 
vapor phase. A decrease of the lightness is equivalent 
to graying. Hence graying is also expressed as a 
percentage of the lightness of magnesium oxide, which 
is about 7% higher than that  of the whitest textiles 
without fluorescent brighteners. 

Likewise the tristimulus blue and amber reflectance 
or remittance values, B and A, are expressed as per- 
centages of the corresponding values of magnesium 
oxide. In  practice, secondary standards, which are 
gauged against this p r imary  standard, are used. 

Yellowness can be calculated by the formula 

G - B  J '  - 100 
G 

and redness by 

K '  - A - G 100 
O 

The lightness G of a white cotton standard test 
fabric varies very  little. Therefore yellowness J and 
redness K can be calculated by means of the simpler 
equations 

J - - G - B  and K = A - G  

A negative value of J indicates blueness, a negative 
value of K, greeness. 

As a rule graying and yellowness have different 
causes. Therefore separate figures for  these entities 
are useful in a search for causes and remedies. 

Proposed Equation Without Fluorescence 
Sometimes it  is necessary to "compare" the white- 

ness of fabrics, which have different values for  gray- 
ing (or lightness), yellowness, and redness. This com- 
parsion can be made by eye, preferably by a number 
of observers. Extensive investigations which the 
author  has made showed that  the whiteness in visible 
light only, W~, can be calculated according to the 
equation: 

W ~ = 2 B - A = G  - ( A - G ) - 2 ( G - B )  

or in words: whiteness is equal to lightness minus the 
sum of the redness and twice the yellowness. 

Comparison of the results of this equation with the 
visual estimation of the whiteness in light from in- 
candescent bulbs (tungsten) by 27 observers were 
carried out with large series of fabrics, for  which 

5 , 5 ~ G - B ~ l ;  1 , 0 ~ A - G ~ - 0 , 3 ;  G < 8 2  
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This means that  in visible light only, without fluores- 
cence, the fabrics were not too yellowish, too bluish, 
too reddish, too greenish, or too gray to be called 
"near white." Perhaps some of the above limits can 
be drawn even somewhat wider without making the 
expression for W~ invalid. 1 

The equation for  W~ should not be mixed up with 
the whiteness formula by Stephansen: 

Ws = 2R43o - R67o 

in which R = reflectance for monochromatic light 
with wavelengths 430 or 670 nm respectively. 

Stepbansen invented his formula for the calcula- 
tion of the whiteness of paper. The requirements for  
a paper  to be called visually "white" however are 
different from those which the housewife applies to 
near-white fabrics. Stephansen's formula gives a less 
effective correlation with the appraisal of the white- 
ness of fabrics by t i e  human eye than the above 
formula for W~. In the lat ter  equation A, B, and G 
are refleetances for  whole bands of wavelengths in 
the visible spectrum; these bands are chosen in ac- 
cordance with the three sensitivities of the human eye. 
Therefore they are called tristimulus values. 

I t  is desirable that, in the tristimulus measuring 
instrument, the tristimulus filters shall be placed be- 

~At any rate, it  is useless to calculate a "'whiteness" figure for 
yellow, blue, red, green, or gray fabrics. 

\ NSATING 

�9 " MI~ASURING 
P H O T O C E L L  

S A M P L ~  

F i e .  1. L o n g i t u d i n a l  sec t ion  o f  a c o n v e n i e n t  arrangement for 
measuring reflectance values of textiles for visible light o n l y :  
light source--tristimulus f i l ter--sample--measuring photocell. 
In  this way the presence of optical brighteners on the sample 
has hardly any effect on the measured reflectance values. 

The color temperature of the light source (a.o. voltage), the 
transmittance of the filter for a part  of the visible spectrum, 
and the sensitivity curve of the cell have to be such that, 
by their combination, the three sensitivities of the human eye 
il~_ visible light of standard composition are easily matched. 

The photo-electric cells have an annular shape. Therefore 
the average reflectances in warp and weft  direction of the 

fabric are automatically obtained. 
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sample holder f ig 2 

s a m p t e [ ~  aper tu re  / 

t r i s t i m u t u s  
f , [ te r  wheel  i lens 

- -  f i l a m e n t  tamp 

/I 

~IG. 2. Diagrammatic  representation of a less convenient 
arrangement  for  measuring reflectance values of textiles for 
visible l ight only: interchangeable tr ist imulus filter between 
sample and photo-electric cell. 

An extra filter between lamp and sample is necessary in 
order to cut off the UV rays and nearly all blue l ight of short  
wavelengths. The color temperature of the l ight  source (a.o. 
voltage),  the transmission curves of all filters as a function 
of the wavelength, and the sensitivity curve of the cell have to 
be s u c h  that,  by their combination, the three sensitivities of  
the human eye in visible l ight of a s tandard composition are 
easily matched. 

The incident l ight comes from one direction. Therefore the 
refleetances in warp and weft direction of the fabric have to 
be measured separately. 

tween the light source and the fabric to be measured 
(Figure 1). This position of the tristimulus filters 
is important.  I t  makes the quant i ty  of blue light 
rays with short wavelengths (shorter than 420 ram), 
which fall on the fabric, very  small. Otherwise these 
rays would cause some fluorescence if optical white 
were present on the fibers, and this would cause 
a rb i t ra ry  increases of the t r i s t imuhs  value A, B, and 
G. In  the arrangement of Figure  2 the filter between 
light source and photo-electric cell should cut off all 
UV rays and nearly all blue light of short wavelengths. 

Simple Equation Including Fluorescence 

The fluorescence can be measured separately and 
in the r ight  way by il luminating the fabrics with 
ultraviolet rays and filtering the re-emitted visible 
light rays through a tristimulus blue filter. This 
again is important.  When the whole fluorescence (all 
visible light) is measured, no good values f o r  the 
whiteness, including fluorescence, are obtained. Be- 
hind the filter is a photoelectric cell which sends its 
weak electric current  to a sensitive galvanometer, 
which indicates the value Fu. The product  of the 
transmission curve of the filter and the sensitivity 
curve of the photo-electric cell must have the r ight  
tr ist imulus blue shape (par t  of the C1E Z-curve) 
(Figure  3). 

The contribution of the fluorescence to the whiteness 
is calculated to be n.F~ so that  the whiteness in day- 
light containing ultraviolet rays W~ is: 

Wa = W~ + n.F~ 

The factor  n depends on the sensitivity of the 
apparatus  and on the wavelength-composition of the 
ultraviolet rays. When these are given, n has been 
shown to be a constant. Its magnitude was found 
by comparison with a large series of fabrics containing 
different quantities of different blue pigments and 
dyestuffs and different whites. 

The comparisons were made with ultraviolet rays 
from a xenon arc (continuous and discontinuous line 
spectrum),  a mercury vapor are (discontinuous line 

s~rnpl.e harder  f ig .  :~ 

\ L , sampL_ / l a p e r t u r e  

..... // i 

...... tamp 

*at [-- / 

]~IG. 3. Arrangement for measuring the tristimulus com- 
ponents of the fluorescent l ight emitted by a fabric containing 
an optical brightener and irradiated by UV rays only. As a 
source of UV rays an incandescent lamp or a xenon ]amp 
can also be used. 

The transmit tance curve of the tr is t imulus filters and the 
spectral sensitivity of the photocell have to be such that,  by 
their combination, the three sensitivities of the human eye for 
visible l ight are matched. 

The combination of the measurements  with visible l ight  
only of Figures I or 2, and those with UV rays only of Figure 3, 
to whiteness values for l ight  containing rays both of the 
visible and the UV regions has  been described in the paper. 

spectrum),  a tungsten filament over-voltage bulb 
(continuous spectrum).  

Three factors n~, nk, and nb were obtained respec- 
tively, which assigned to all fabrics such values for  
Wd that  their  order of increasing Wd was the same as 
the order of increasing visual whiteness in daylight 
according to 27 observers. 

Af te r  the r ight  values of n~, nk, and nb had been 
found in this way, the most encouraging thing was 
that  the calculated values for  

Wa~ = W~ + n~.F~ 

W~k = W~ + nk.F~k 

Wdb = W~ + nb.FRb 

agree within experimental error. Some examples are 
given in Table I and Figures 4, 5, 6, and 7. 

The values for  W ~  are the least accurate because 
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FIG. 4. Excellent agreement between whiteness of 12 samples 
in daylight containing UV rays, assessed by 27 observers, and 
whiteness calculated from a combination of measurements  
according to Figures  1 and 3. 

W ~  =whi teness  in daylight;  an incandescent over-voltage 
projector lamp with continuous spectrum was used as a source 
of UV rays only, for measuring the tr is t imulus blue par t  of 
%he visible fluorescent light, emitted by the optical brightener 
on the fabric (Figure 3). 

Wak=whi teness  in daylight;  a mercury lamp with discon- 
tinuous spectrum (line 366 nm) was used as a source of UV 
rays for these measurements  (Figure 3). 

The whiteness in visible l ight  only was measured according 
to Figure 1. 
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FB~ had to be ca lcu la ted  as the difference of two 
me a su remen t s :  one wi th  all  the rays  f r o m  the xenon  
arc, visible + u l t r av io le t  rays,  and the second one 
wi th  only the  visible l igh t  rays. On the o ther  h a n d  
the m e a s u r e m e n t  of F~k or F~,, is d i rec t  and s t r a igh t -  
f o r w a r d  wi th  only the u l t r av io l e t  rays  f rom e i ther  of 
these two sources. Theore t i ca l ly  the f o r m u l a  should  
be : 

Wa = W,. + m ( 2 P u  -- ]?A) 

H e r e  FA = t r i s t imulus  a m b e r - p a r t  of the f luorescence 
l ight .  

However ,  for  all  opt ical  b r igh tene r s  tested, l)'.s 
is so small  t ha t  the expe r imen t a l  e r rors  of i ts  mea-  
su remen t  are  more  i m p o r t a n t  t h a n  its va r i a t ions  wi th  
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Fro. 6. Sample 1 contained no optical white. Samples 2 and 4 
contained different quantities of optical white SIA with some- 
what greenish fluorescence. Samples 3, 5, and 6 contained 
different quantities of optical white S2R with somewhat red- 
dish fluorescence. The daylight figures were determined visually 
in the laboratory of the producer of the optical whites. 

Excellent agreement between these daylight figures on one 
hand, and N~.F~, the tristimulus blue part of the fluorescent 
light emitted by the optical white on the fabrics, on the other 
hand. The measured whiteness in daylight, W,l, runs almost 
parallel to Nk.Fs because the whiteness in visible light only, 
W,, was also the same for all samples; and Wd----W~ + Nk.I~. 

There was no agreement at all between the visual daylight 
ilgures and the total fluorescence (total amount of visible light 
emitted by the optical whites on the fabrics when irntdiated 
by UV rays). 

r e g a r d  to F ,  fo r  d i f ferent  optical  b r igh tene r s  or, 
in o ther  words,  

A F x  caused by expe r im en t a l  i naccu racy  > 

A F n  caused by chang ing  the opt ica l  b r i gh t ene r  
FA 

and n = m ( 2  -- ~ -~ )  is cons tan t  

for  d i f ferent  optical  b r igh tene r s  wi th in  expe r imen ta l  
error .  

A n o t h e r  a d v a n t a g e  of the above f o r m u l a  for  Wa 
is t h a t  the va lue  of n can be chosen in  accordance  
wi th  l i gh t i ng  condi t ions  which p reva i l  in the v i sua l  
assessments of  the whiteness.  

The  ins t i tu te  samples  were compared  in pairs ,  one 
me te r  behind a window on the nor th ,  when the sml 
was sh in ing  outs ide  the bui ld ing.  W h e n  the  inc iden t  
l igh t  conta ins  r e l a t ive ly  more  or less u I t r av io lc t  rays,  
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the same optical white. There was excellent agreement between 
the measured values of Wd and the visual appraisal of their 
whiteness in daylight. For the sample containing 2.0% optical 
white, the yellowness J wtus too large (= 6,3) so that no value 
for Wa could be calculated. ]loth curves show clearly the 
optimum concentration of the optical brightener with regard 
to whiteness in daylight containing UV rays. Measurement of 
Wa is more rapid and convenient than visual assessment. 
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7. Seven samples containing different quantities of 

FIe. 5. No agreement between whiteness of 12 samples in daylight containing 
UV rays, assessed by 27" observers, and B~ = z~X, the total tristimulus blue reflectancc 
when the samples are irradiated by all visible light + UV rays from a xenon lamp. 
Excellent agreement again for Wax----whiteness in daylight; u xenon lamp with 
semidiscontinuous spectrum was used as a source of UV rays only, for measuring 
the tristimulus blue part of the visible ttuoreseent light emitted by the optical 
brightener on the fabric. 

The whiteness in visible light only, Wv, was measured according to Figure 2. 
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higher or lower values of n would result f r . m  the 
comparison of the visual order of whiteness with the 
mcasured values of W,, and F,~. 

Measurements of W,. (A, B, and G) were carried 
out with light as f rom source C, defined by the Com- 
mission Internat ionale  d 'Ecla i rage (4). This is now 
accepted as a s tandard light source in most countries. 

The values of n for different instruments (',an be 
ascertai~,.ed by means of measurements of one or more 
s tandard fluorescent surfaces, e.g., fabrics containing 
optical whites, or s tandard fluorescent plates. 
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