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ISCC NEI-lS LETI'ER NO. 130 

GLENN COLORULE 
AGAIN AVAILABLE 

13 July, 1957 

A few months ago, Warren Reese told me that 
the Glenn Colorule \'Tas again available. This 
was the first I knew about the device, so I 

bought one. It is a slide-rule like pair of strips composed of patches of 
dyed cloth, which can be used to point up variations in color vision and to 
illustrate the effect of light sources and metameric matches. At first I 
thought it was just a curious and interesting gadget, but several color 
people expressed a keen interest in the applications; and they were delighted 
that it v1as 11 availabl e again. 11 After such enthusiasm and interest, I guess 
all News Letter readers should know about the Glenn Colorule. The price is 
$5 and is available from: Sidney Blumenthal & Co., Inc, l Park Avenue, 
New York, New York. 

A DIFFERENTIAL 
COLOR MIXER? 

WLR 

In a letter to the Council, Ralph Gerbrands 
said he understood that very few people realized 
that differential color mixers were availabl e 

in this country. He has manufactured several for the Naval Submarine Base, 
New London, Connecticut. Mr. Gerbrands says he manufactures one whi ch will 
mix two colors thr ough an angle of 340 degrees while the disks are rotating 
at approximately 3000 to 4000 R.P.M. The disks can be cut from ordinary 
col ored paper. Mr . Gerbrands address is: 96 Ronald Road, Arl ington 74, 
Massachusetts. 

LOF OFFERS SPANDREL 
GLASS TO DESI GNERS AND 

BUILDERS 

11Vitrolux11 manufactured by Libby-Owens-Ford is 
quarter-inch polished glass with an opaque 
ceramic color fused onto the back at high 
furnace temperatures. The glass will be made 

in black, white , fawn, buff, golden olive, brick red, colonial blue, jade 
green, charcoal, sage green, i ce green, spruce, hunter green, turquoise, 
silver gray, gunmetal, cinnamon, and chocolate. All of the LOF colors will 
conform to those establ ished i n the third edition of the Color Harmony Manual 
publ ished by the Container Corporation of America. 

POPULAR ARTI CLES 
ON COLOR SCIENCE 

Two excellent popular articles on color were 
brought to my attention. Both appear in the 
list of articl es. 11The Art of Color Matchi ng 11 

by John c. Holl e is a beaut i full y i l lustrated arti cle whi ch concerns itself 
largel y with the physics of color, especially absorpt ion by surface coatings. 
The author deal s lvi th homogenous layers as well as pigment mixtures. He 
describes spectrophotometry and discusses spectrophotometric curves. He 
deals briefly with the physiology and psychology of color. His treatment of 
the subject strongl y resembles the IPI film 11This is Color. 11 

A good followup to Interchemical 1 s article is one by H. M. Cartwright of 
England, 11Subjecti ve Aspects of Color. 11 Cartwright is interested in the 
things to consider when assessing color printing. Some of his illustrations 
of psychophysical effects are the best I 1ve seen, especially one red, green, 
and gray simultaneous contrast example. He talks about illuminants, sub­
jective white, surface effects and ends on a note which should be obvious 
but which is usuall y overlooked. 11 In ••• the reproduction ••• it may 
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be quite wrong to attempt to match each color in a literal way •..• 
"should be looked at as a 1vhole . . . to form a subjective i mpression such as 
the artist would wish to convey." 

AMERICAN CERAMIC SOCIETY 
SESSION ON COLOR 

vlLR 

Just before the deadline, I received the f ollmv­
ing l etter . WLR 

'' I just vrrote t o Tyler Pett and asked him to gi ve you a report on the Session 
on Color vrhich was held at the A. C. S. Desi gn Division meeting i n Dallas, 
May 8th. This was a panel discussion by members of the American Ceramic 
Society delegation to the Inter-Society Col or Council. Tyler Pett 1-Tas the 
moderator, and the participants were: Isay Balinkin, P. w. French, R. L. 
Gibson, Theodore Lenchner, K. c. McCartt, R. F. Patrick, J . c. Richmond and 
F . J . Von Tury. The session gave an insight into the Inter-Society Color 
Council and the manner in which the American Ceramic Society and the ceramic 
industries may benefit from it. The organization and i ts method of operation 
was described . The meeting was well attended and t he audi ence partici pated 
i n the discussion period which followed . " 

A CHALLENGE TO 
COLORIMETRY BY 
DR. W. D. WRIGHT 

F. J. Von Tury 

With this issue of the News Letter is a reprint 
of Dr . Wright's resume of the Physical Society 
Colour Group symposium on "Colori metry: Its 
Errors and Accuracy. " The article first 

appeared in NATURE, J anuary 26, 1957. Arrangements to reprint the article 
1ver e made by Dorothy Nickerson. The reprinting was done by the Rochester 
Institut e of Technology. 

LIST OF ARTICLES ON COLOR 
RECEIVED BY NEWS LEI'TER 

"Apparent Intensiti es of Colored Signal Lights" 
W.E .K. Middleton, and H.S .T. Cotterfield, 
Illum. Eng. 52 :192-196, No. 4, April 1957. 

"A Challenge to Col orimetry", W. D. vlright, Nature, 179:179-180, Jan . 26, 57. 

"Analytical Approxi mations for Col or Metri c Coefficients", D. L. MacAdam, 
J ournal of the Optical Society of America, 47, No . 4, pp. 268-74, April, 1957 

"An Evaluation of Some Stati stical Techniques Used i n the Analysis of Paired 
Comparison Data", J. E. Jackson, and M. Fl eckenstein, Biometrics, The Biometric 
Society, 13:51-60, No . 1, March, 1957 

"Aspects of Colorimetry Applied to the Col our Gamut of Pigments", E. Atherton 
and D. Tough, Oil & Colour Chemists' Assoc J. pp. 115-128 , February, 1957 

"Color Di fference Speci fications" (Munsell and CIE coordinates), Henry 
Hemmendinger and Hugh R. Davidson, Pl ating, pp. 274-8, Mar ch, 1957 

"Color Discrimination of Twelve Observers", by W. R. J. Brown, Journal of the 
Optical Soci ety of America, 47, No. 2, pp. 137-143, February 1957 
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11 Correlate for Lightness in Terms of CIE-Tristimulus Values, Part I 11 , c. L. 
Sanders and G. Wyszecki, J ournal of the Optical Society of America, 47, No. 5, 
pp. 398- 404, May, 1957 

11 Colorimetry i n the Paint Industry11
, A. J. Seavell, Oil & Colour Chemists' 

Assoc J., pp. 87-114, February, 1957 

11 Colorimetr y of Shiny Bi ological Specimens 11
, w. E. K. Middleton and G. w. 

Wyszecki, The Canadian Entomologist, 88-pp. 683- 685, No . 12, December, 1956 

"Constant Bri ghtness Check 11
1 D. Noel Obenshain, Instrumentation, 10, No . 3, 

pp. 8-10, May-June, 1957 

"Di agnostic Tests for Colour Vision", w. D. Wright, Annals of the Royal 
Coll ege of Surgeons of Engl and, 20, pp. 177-191, Mar ch, 1957 

11 Hickethier Colour System (review of English version of Alfred Hickethier 
book)", Printing lilorld, pp . 312, March 27, 1957 

"Measurement of the Light Adaptation of t he Rods", Stanley w. Smith and 
Forrest L. Dimmick, Journal of the Optical Society of America, 47, No . 5, 
pp. 391- 393, May, 1957 

"On the Functional Rel ation Between Luminous Ener gy, Target Size, and 
Duration for Foveal Stimuli", Geor ge F. Nolan, 47, No . 5, pp . 394-397, 
May, 1957 --

11Simple Absolute Method for Measuring Di ffuse Reflectance Spectra" , Kazuo 
Shibata, 47, No. 2, pp. 172-175, February, 1957 

"Subjecti ve Aspects of Col our", H. M. Cartwright, FRPS, Process, pp . 184-189, 
May, 1957 

"The Art of Color Matching 11
1 John c. Holle, Interchemical Review, 15, No . 3, 

pp . 59- 73, Autumn, 1956 
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A CHALLENGE TO COLORIMETRY 

T HE Small Physics Theatre at the Imperial 
College of Science a.nd Technology wa.s filled 

to capacity on December 12, 1956, when the 
Physical Society Colour Group held a. symposium ··on 
"Colorimetry : its Errors a.nd Accuracy,. An a.asess­
ment of the reliability of colour measurements was 
manifestly of great interest, and· many industries were 
represented in the audience. 

The problem basically is this : On the trichromatic 
system of colour measurement established in 1931 
by the Interna.tiona.l Commission on Illumination 
(C.I.E.), a. surface colour can be specified by its 
chromaticity co-ordinates, x andy, and its l~a.nce 
fa.Ctor ~· Direct measurement of these quant1t1es by 
three-colour matching is too inaccurate for most 
commercial applications, since the ma.tc~g of li~ts 
of markedly different spectral compos1t10n brmgs 
out individual differences of colour vision. Other 
methods have therefore been developed, including 
(a) a. six-stimulus visual colorimeter. in whic~ an 
approximate spectral energy ma.toh · 18 established 
a.nd the effect of observer differences therefore 
reduced ; (b) photoelectric colorimeters employing a. 
photo-cell in conjun~t~o~ with selected co~our .filters 
to give spectral sens1t1vtty curves a.pproxrma.tmg to 
the three spectral distribution curves of the C.I.E. 
standard observer; and (c) photoelectric spectro­
photometers in which the spectral reflexion curve is 
measured through the visible spectrum, and the 
colour specification calculated using the colour 
mixture data. of the standard observer as tabulated 
by the International Commission on Illumination. 
Yet none of these methods is at present capable of 
specifying a. colour to a. limit of accuracy that cannot 
be exceeded by the remarkable capacity of th~ eye 
to discriminate between two colours of nomma.lly 
the same specification, when compared side by side 
in a. good light. . . 

In principle, the spectrophotometric method gtves 
the most absolute specification, since the determina­
tion of the reflexion factor at each wave-length is 
unaffected by the spectral sensitivity of the observer 
or photo-cell. Nevertheless, the accuracy of the 
result may be limited by the rather small amount of 
light that is some~imes a.va.~ble_ for me~ureme!lt, 
and if an integratmg sphere lB used for mcreasmg 
this amount, then a. new uncertainty is introduced 
beoa.use the integrated reflexion may differ from the 
more directional reflexion employed in visual exam­
ination of the specimen. Other poBBible sources of 
en;er in .spectrophotometry include stray light, finite 
slit-width, limited accuracy of photometric control 
or linearity of photoelectric response, a.nd uncer­
tainty in the specification of the white reference 
standard. 

The magnitude of these inaccuracies was studied 
by circulating six coloured tiles, supplied by the 

. British Ceramic Research Association, to a. number of 
research laboratories where reflexion spectrophoto­
metry is practised, a.nd Prof. W. D. Wright (Imperial 
College) presented a. comparison of the results to 
the meeting. In all, ten different instruments had 
been used, including five General Electric (Hardy) 
recording spectrophotometers and five non-recording 
instruments. Two of the latter employed double 
monochroma.tors a.nd three single monochroma.tors. 
The tiles chosen for the test were of various colours 
a.nd, more important, various surface characteristics, 
_described as glossy, semi-matt and matt, although 

the polar reflexion curve of the matt tile showed a. 
fairly broad specular component. One of the tiles 
had a very low reflexion (of the order of 1 per cent) 
in the green part of the spectrum and it was a. tribute 
to the sensitivity of modem photoelectric devices 
that in this case · the differences in the results from 
one instrument to another were generally less than 
0 ·1 per cent in reflexion. For the other tiles, the 
reflexion of which ranged from about 20· to 80 per 
cent, the spread was of the order of 1 or 2 per 
cent. 

It was noted that for five of the tiles, the average 
readings with General Electric recording spectro­
photometers were 0·5-1 per cent lower than 
the average of the non-recording instruments, a.nd 
this difference was attributed to the inclusion in the 
integrating spheres of the light diffusely reflected a.t 
large angles to the normal, whereas the non-recording 
instruments collected tht> light within a. fairly narrow 
cone centred around the normal to the surface or, in 
the case of a. Beckman spectrophotometer, in an 
annular cone a.t 45° to t.he normal. On the other 
hand, in the case of the so-called matt tile, the 
General Electric spectrophotometer readings were 
some 2 per cent higher, apparently due to the 
inclusion of some of the broad specular component 
mentioned above, in spite of the insertion in the 
integrating sphere of t}?.e black 

0 
cap intended to 

absorb the specular reflexion. Some of the other 
differences could be traced. to errors in the values for 
the reference white against which the tiles were 
·compared. The ultimate standard is, by definition, 
a. white magnesium oxide surface, but the disc~sion 
revealed some divergence of practice iD. the prepara­
tion of such a. surface exactly to specification 

On the a.asumption that the average values from 
the five non-recording ir1Btruments were the most 
nearly correct, the 0 me:lBUI'ements made at the 
National Physical-Laboratory using a Miiller-Hilger 
'Uvisir' double monocrromator were the most 
accurate, with the result~:~ from the Paint Research 
Station using a. Beckman spectrophotometer a. close 
second. While the agreement among the different 
instruments was regarded by the instrumentalists at 
the meeting as quite gratifying, the practical colour 
men made it clear that they needed something a 
good deal better. 

The requirements in industry were discussed in a. 
paper by Miss D. L. Tilleard, who described experi­
ments carried out a.t the Paint Research Station on 
a set of nearly identica.l panels prepared by the 
progressive addition to a standard paint of small 
amounts of tinting paints of different colours. The 
panels were measured on the Beckman spectrophoto­
meter and were also compared by experienced 
observers, under good conditions of daylight illum­
ination, with the panels touching on a long contact 
line. Under these good viewing conditions, chrom­
aticity differences of 0 ·0003 or even leBB could be 
distinguished in a. light biscuit series of panels .and 
differences of less than 0 7o r in luminance factor. 
Commercial tolerances_ for close matching are larger 
than this, but may still be as small as 0 ·001 in 
chromaticity. This compares with a. precision of 
measurement of the order of 0 ·0004 in x or y as given 
by the standard deviation of a. number of repeat 
measurements with the Beckman spectrophotometer, 
which thus has a. differential sensitivity comparable 
with the closest commercial tolerances. 

(Reprinted from Nature, Yol. 179, pp. 179-180, January 26, 1957} 



The same theme was developed further in a paper 
by Mr. P. S. Williams (Imperial Chemical Industries 
Paints Division), who compared results on the General 
Electric recording spectrophotometer and Librascope 
computer, the Donaldson sa-filter colorimeter and 
the 'Colormaster' differential colorimeter developed 
by Glasser at the Dupont Company in the United 
States. When tested on various specimens, the two 
latter gave results in close agreeme:r;tt to each other, 
but differing slightly from the former on. account of 
the special illuminating and viewing arrangements, 
to which reference has already been made. Changes 
in the. spectral transmission of the filters with tem­
perature were found to be one source of error in the 
Donaldson instrument, while the highest ·precision 
with the differential .colorimeter (possibly as high as 
the smallest detectable difference by eye) is o~y 
achieved when comparison is made between samples 
of fairly similar spectral reflexion. This instrument 
uses a split beam to illuminate a standard and com­
parison surface, with two photo-cells (plus filters) to 
form a null balance bridge. Mr. J. W. Perry (Hilger 
and Watts, Ltd.) discussed the factors which must 
limit the accuracy of a colorimeter employing filter­
screened photo-cells, with particular reference to the 
Hilger photoelectric tristimulus colorimeter. The 
fundamental difficulty is, of course, to obtain the 
correct sensitivity curves, but except for surface 
colours with irregtilar spectral reflexion curves, Perry 
considered that an accuracy of ± 0 ·005 could be 
achieved for a very large range of chromaticities with 
the Hilger colorimeter. Used-as a. differential instru-. 
ment, the precision would be very much higher than 
this. . 

As the discussion on all four papers developed, one 
of the questions asked· was, "Where do we go from 
here 'l"· The chairman, Mr. R. G. Horner, promised that 
a .future meeting would be held on colour tolerances, 
to provide an opportunity for the colour industries 
to define in more detail. the limits to which they need 
to work and to consider the best fom1 in which 
tolerances should be expressed. One particular point 
which requires clarification is whether the high dis· 
crimination which can be achieved in differential 
colorimetry needs to be matched by a corresponding 
precision and a.ccuracy in absolute colour measure­
ments. Evidently if the components of some product 
. are manufactured a.t different parts of a. works or at 
different times, the manufacturer must control the 
colour of each component to such an accuracy that 
they will appear to match when assembled together. 
Whereas the customer will be able to make a. differ­
ential and highly critical judgment, the manufacturer 
may be ~enied this advantage during the actual 
production process.· In principle, colorimetry is just 
the tool the manufacturer needs to assist him in this 
task. In practice, it looks as if the tool still requires 
some sharpening. '\V. D.· WRIGHT 
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