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It was based on Goethe's experience with two men who 
confused pinks with the colour of the sky, called roses 
blue and confused greens with dark orange and reds 
with brown. Now known as protanopes, Goethe thought 
they lacked the blue sensation and his landscape 
portrayal contained pinks, oranges and browns only. 
Interest in colour defectives waned for the next fifty 
years 

Colour-defective artists like Edridge Green, R.A. 
often passed through art school without it being sus
pected. He, like many others, was later helped by his 
wife. A slide of a pair of paintings by Leger illus
trated how many artists paint two classes of pictures, 
one to satisfy themselves and the other for the 
majority. They seem to adjust well to what other 
people see. A study of the paintings of modern known 
colour defectives indicates that the red-green defec
tive usually avoids reds; in some pictures red is 
included but then green is rarely present at the same 
time. A known tritanope avoided blues and greens. 
Consequently it has often been deduced that an Old 
Master had defective colour vision from the colours 
avoided in his paintings. But one must be wary of such 
conclusions, such as labelling Constable a red
defective because of his predominantly brown pictures 
since the artist may be trying to create a special 
effect. However, there is additional evidence in Con
stable's case. A slide of his "Salisbury Cathedral" 
showed many brown trees although, he himself, 
claimed he never painted trees of that colour. The 
yellowing of the lens at 50-55 years is thought by 
many to have caused a lack of blue in the later 
paintings of Turner, El Greco and others. 

Some races, including the Egyptians, have a low 
sensitivity to blue light, probably caused by pigment 
absorption. A weaker sensation is often accompanied 
by an absence of words in the language; the Ancient 
Egyptians had no word for "blue" but modern Egypt 
uses the European word. From reading Homer's 
description of the "wine brown sea" can we conclude 
that the Ancient Greeks had different colour vision? 
This type of conclusion is often wrong; even today the 
sea around Greece looks reddish. It would also be 
wrong to assume that the colour vision of early 
Australians can be linked with the browns of their art; 
these were the pigments most easily available. 

Surveys among art students have indicated that the 
proportion of colour defectives and the relative 
frequencies of the different types, are no different 
from those of the main population. Although problems 
are present, the colour defective artist is often very 
able and so should be helped rather than excluded. 
Unfortunately many art teachers have little under
standing of the problem as they think of colour as 
being objective and of individual differences as 
comparable to personal opinions. 

In the discussion it was pointed out that the colour 
defective as an artist was a different matter from 

the art teacher and the architect; the latter may be 
concerned with bulk buying. Colour defectives were 
sometimes more perceptive than normals in detecting 
colours in paintings, perhaps indicating a compen
sating mechanism. Tests should be made at an early 
age so that before embarking on a career, a colour 
defective would be aware of his handicap, even if it 
did not deter him. 

The second half of the meeting began with a review by 
Dr. S. T. Henderson of two Pakistani books. These 
unusual books resulted from the 1969 celebration in 
Pakistan of the millenary of the birth of the Arab 
scientist Alhazen, following which the Hamdard 
National Foundation published the proceedings and also 
a second book. The latter was a pharmacopoeia of 
Eastern medicine containing numerous remedies, 
basically herbal but including such remarkable ingre
dients as powdered pearls, gold foil and sawdust, and 
was intended to be taken seriously. 

The proceedings of the Alhazen meetings were of 
considerable interest and cause one to regret that 
only a small part of Alhazen's work is available in 
European languages. This remarkably versatile man 
attempted to build a dam across the River Nile; 
although he failed, the spot he chose was close to 
where the dam was built one thousand years later. 
His writings included the subjects of astronomy, 
optics, vision and geometry and although many of his 
conclusions we know to be wrong, others were re
markably accurate. For instance, in astronomy he 
thought the planets to be self-luminous but, on the 
other hand, because of the lack of observable parallax, 
he concluded that the Milky Way was amongst the 
stars rather than in the earth's atmosphere as was 
generally believed. He considered light to travel in 
straight lines, demonstrated the camera obscura and 
believed light to be comparable with heat to the object 
illuminated. He suggested that the blue of the sky is 
caused by scattered sunlight and very nearly antici
pated Snell's Laws of Refraction of six hundred years 
later. In vision, he rejected Plato's idea that rays of 
light travel from eye to object, suggesting the reverse 
to be true, described the eye's structure and stressed 
the importance of the optic nerve. 
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Dr. C. A. Padgham brought us back to present times 
by reviewing "The world through blunted sight" by 
Patrick Trevor-Roper (Thames & Hudson Ltd.). Dr. 
Padgham first quoted from the preface in which Dr. 
Trevor-Roper, an eye surgeon, described the aim of 
the book as tracing the influence of altered vision on 
the personality of man, in particular as judged by the 
work of the writer and painter. Regarding presenta
tion, Trevor-Roper said "if I have seemed to flounder 
among too many unrelated disciplines let me plead 
that, by constantly retreating behind the theories and 
experiments of others, I have tried to let these speak 
for themselves and only rarely presumed myself to 
arbitrate." 



The chapter on the "unfocused image" suggested that 
the myopic personality, although not more intelligent 
than average, has met with greater success, ex
amples being Dr. Johnson, Tennyson, Milton, 
Alexander Pope, Schubert, Beethoven and Bach. 
Moreover, James Joyce's art developed as his sight 
deteriorated. Is astigmatism responsible for El 
Greco's elongated figures or was the distortion 
deliberate? Viewed through a cylindrical lens the 
figures look more normal but Pirenne has indicated 
that the astigmatic distortion on the retina would be 
very small. 

The less colourful later paintings of Goya perhaps are 
associated with his deafness and the brown colours of 
"Valley Farm" by Constable may be related to a 
colour defect. However, Padgham considers Con
stable's ''Haywain" and "Cornfield," both recently 
cleaned, to be more colourful than most paintings in 
the National Gallery. It is suggested in Trevor-Roper's 
book that the browns of Turner's paintings result from 
a cataract, for which there is no medical evidence. 
Padgham showed slides of other late Turner's at the 
National Gallery which showed considerable amounts 
of blue and yellow. 

At the close of the meeting it was a surprise and 
pleasure to hear a few words from the author who 
reiterated that. his scheme of representation was to 
include all available opinions, irrespective of whether 
he himself agreed with them, something which he took 
pains to emphasise in his book. He quoted many ex
amples of theories which he included because they had 
been suggested and not because he agreed with them. 

P.W.T. 

CIE DOCUMENT ON COLORIMETRY 

The United States National Committee of the CIE 
(described in a note elsewhere in the Newsletter) has 
available for purchase several documents and pub
lications of the International Commission on Illumi
nation (CIE) of considerable interest to those ISCC 
members concerned with color measurement and 
related subjects. 

Foremost among these is CIE Publication No. 15, 
"Colorimetry," sponsored by CIE Committee E-1.3.1 
of the same name. This document consists of a 
complete listing of all CIE recommendations on 
colorimetry that are currently in force, including 
text, explanatory and historical notes, and tables of 
defining data. Here and in no other single publica
tion can you find fully detailed definitions of the CIE 
standard observers and standa,rd sources, coordinate 
systems and color-difference formula, methods of 
carrying out computations, and complete tables of 
data. No laboratory involved in color or vision re
search or measurement can afford to be without this 
official document. Its price is $5.00. 

Other CIE documents available through the USNC-CIE 
and of interest to ISCC members include the following: 

The International Lighting Vocabulary, providing 
definitions (in three languages, and comparative terms 
in 6 more) of major terms in the fields of color and 
lighting. A must for the precise use of the language of 
these subjects, and for accurate translation of foreign 
documents in these fields. Price, $16.00. 

CIE Publication No. 18, "Principles of Light Measure
ment," a comprehensive document on the fundamental 
basis of photometry, compiled by CIE Committee 
E-1.2, Photometry. Price, $6.00. 

CIE Publication No. 18, "International Recommenda
tions for the Calculation of Natural Daylight" deals 
primarily with calculation of the amount of daylight 
entering an interior room through windows or sky
lights. Price, $4.00. 

Several older documents available include the 
Proceedings of the 1967 Washington meeting and the 
1963 Vienna meeting. The proceedings of the Barce
lona meeting in 1971 will be available when received 
some time during the coming year. 

These documents may be ordered by sending order and 
check for the proper remittance, made payable to 
"U.S. National Committee, CIE" to Mr. L. E. Barbrow, 
Secretary USNC-CIE, c/o National Bureau of 
Standards, Washington, D.C. 20234. 

Dr. Fred W. Billmeyer 

U.S. NATIONAL COMMITTEE, CIE 

Last September, in Barcelona, Spain, the International 
Commission on Illumination (CIE) held its quadrennial 
meeting. Not until1975 will this organization meet 
again as a whole, this time in London. But the CIE is 
not idle in the intervening time, and this is the story 
of how its activities are organized and sponsored 
between major meetings. 

The work of the CIE is carried out in technical com
mittees, some of which are well known to those con
cerned with color: E-1.3.1, Colorimetry and E-1.3.2, 
Color Rendering, for example. (A complete list is 
given in an article in preparation for the November
December, 1971 issue of the Journal of Color and 
Appearance.) Each such committee consists of one 
expert or (for smaller countries) corresponding 
member from each interested country. In addition, 
some committees, including E-1.3.1, augment their 
membership by consultants. 

The scene then shifts from international to national 
operations. Each member of a CIE technical com
mittee is chairman of a corresponding u.s. National 
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Committee. Thus, CIE E-1.3.1, chaired by Gunter 
Wyszecki (ISCC delegate from OSA and IES), Canada, 
has as its U.S. expert David L. MacAdam (OSA); he is 
also chairman of the U.S. National Committee 
E-1.3.1. Other ISCC members holding similar posi
tions are Charles W. Jerome (IES), chairman of USNC 
E-1.3.2; JoAnn S. Kinney (APA), chairman of both 
CIE E-1.4.1 and USNC E-1.4.1, Photopic, Mesopic and 
Scotopic vision; and Franc Grum (SPSE), recently 
appointed as chairman of USNC E-2.2, Characteristics 
of Lighting Materials. 

These groups operate as parts of the United States 
National Committee of the CIE, which was established 
in 1913 with its objectives to represent the CIE in the 
U.S., to represent the interests of the U.S. in the 
councils of the CIE, to promote in the U.s. the pur
poses of the CIE as an international forum for matters 
relating to the art and science of lighting, a medium 
for the exchange of information and a publisher of 
international agreements in the field of lighting. 

It is in part indicative of the interests of the USNC
CIE, of which color is only a part, and in part co
incidental that its 1971-1975 officers are not ISCC 
members. The reverse does not follow: ISCC members 
active in the USNC in addition to those mentioned 
above include Hunter, Hammond, Nickerson, Macbeth 
and Billmeyer, to name only a few. 

The USNC-CIE has several classes of members: The 
chairmen of the USNC technical committees men
tioned above; any other member of a CIE committee; 
any individual who represented the U.s. at the last 
preceding session of the CIE; certain honored 
Members-for-Life; a group of Members-at-Large 
elected annually in order to assure a well-rounded 
representation of all phases of lighting; and repre
sentatives of a group of constituent organizations who 
sponsor and in part finance the USNC in a role not 
unlike that of the ISCC member bodies. In fact, some 
of the USNC constituent organizations are ISCC 
member bodies, including ASTM, IES, OSA and SMPTE. 

One additional activity of the USNC-CIE should be of 
interest to many ISCC members: the USNC provides 
the outlet for purchase in the U.S. of CIE publications. 
Several of these, of particular interest to those con
cerned with color measurement, are described in a 
separate note in the Newsletter. Inquiries regarding 
the purchase of CIE publications should be directed to 
Mr. L. E. Barbrow, Secretary, USNC-CIE, National 
Bureau of Standards, Washington, D.C. 20234. 

Dr. Fred W. Billmeyer 

INVITATION TO A SYMPOSIUM: 
ASTM COMMITTEES E-12 AND E-18 

We invite the ISCC to participate with ASTM Com
mittees E-12 and E-18 in a symposium on sensory 
evaluation of materials. Plans for this symposium 
are already underway. 

Specifically, the Joint Task Force of ASTM Commit
tees E-12 and E-18 for planning a Symposium on 
Sensory Evaluation of Appearance of Materials, in 
their first meeting held recently, unanimously agreed 
to invite members of the ISCC to cooperate in the 
Symposium. 

ISCC members are encouraged to participate in a 
project in which a number of you are already active. 
The deadline for papers is March 20, 1972. Sum
maries of papers may be submitted to (or you may 
get further information from): 

Richard S. Hunter 
(Member of E-12, E-18 Task Force on Symposium, 
V. Pres. ISCC) 
Hunter Associates Laboratory, Inc. 
9529 Lee Highway 
Fairfax, Va. 22030 

AMERICAN CERAMIC SOCIETY 
MEETING 

The American Ceramic Society in its membership 
represents the following industries: structural clay 
products -- bricks, terra cotta, tiles, mosaics; white
wares -- tableware and artware; Porcelain enamel -
curtain walls, home appliances, sinks, stoves, 
refrigerators and cooking ware; and glassware. 

The membership is active in various divisions of 
which the Ceramic-Metal Systems (porcelain enamel), 
Design, Glass, Materials & Equipment, Basic Science 
and White Wares Divisions have interest in color. 

The Society has nearly 10,000 members from which 
about 3,000 attend the annual spring meeting. The 74th 
Annual Meeting of the ACS will be held in Washington, 
D.C., May 6-11, 1972. 

A symposium on Color in Ceramics is planned for 
this meeting. Arrangements are being made by the 
Society's delegation to the Inter-Society Color Coun
cil. The purpose of this program is to present the 
current state-of-the-art in the application and con
trol of color throughout the industry. (Symposium 
planned for May 9 at Sheraton-Park Hotel.) 

The ACS delegates hope to present all aspects of 
color and coloring. Papers on colorants (pigmentary 
and solution colors), their use in ceramic products 
and coatings, measurement and control of color, 
problems of measuring color differences on pieces 
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made of different materials, and color design,~ 
requested. 

Other topics of interest to the ACS would be: color 
specifications, aptitude tests, measuring instruments, 
psychology, color standards, color in science, art and 
industry, metamerism, optimum reproduction of color, 
and color in the building industry. 

The delegation would welcome any help and sugges
tions the members of ISCC could give in developing 
plans for this program. 

In conjunction with the 1972 Annual Meeting there will 
be an Exposition where members of the ISCC and 
their associates are invited to show their products, 
equipment and services related to color in the ceramic 
industry. For space reservation please get in touch 
with Exhibition Management, Inc., 40 West Ridgewood 
Ave., Ridgewood, N.J. 07450. Phone (201) 445-2455. 

The proceedings of the meeting will be published in 
the ACS Ceramic Bulletin, and excerpts in the ISCC 
Newsletter. 

F. J. Von Tury 

BOOK REVIE"' 

Sources of Color Science, D. L. MacAdam, 
ed. 282 pp. MIT Press, Cambridge, Mass., 
1970. $12.50 

Reviewed by A. R. Robertson 

This book consists of a collection of writings by 
pioneers in the theory of color. David MacAdam, 
senior research associate at Eastern Kodak Research 
Labs, is a distinguished scientist who, over the past 
30 years, has published many papers in the field of 
color metrics. In this volume, he has brought to
gether extracts from many historically significant 
works, which he has edited freely to make them 
comprehensible to today's readers. In many cases, 
modern terminology is substituted for the original 
wording, allowing the reader to follow the develop
ment of theories of color without becoming confused 
by differing and obsolete terminology. A purist might 
object to this, but I found that it helped to make the 
book more readable. 

The collection begins with extracts from Plato and 
Aristotle and continues with selections from the 
immensely important writings of Isaac Newton in 
which he showed so clearly that all colors are com
posed of the ''homogenous colors" of the spectrum. 
This is followed by George Palmer's explanation of 
his trichromatic theory and by Thomas Young's better 
known statement of his version of this theory. Young 

is given only one page, compared to eleven for Palmer, 
probably because Palmer's papers, only recently 
rediscovered, predate Young's by 26 years. However, 
as James Clerk Maxwell writes in a later chapter, 
"Yo~g was the first who, starting from the well
known fact that there are three primary colors, sought 
for the explanation of this fact, not in the nature of 
light, but in the constitution of man." Palmer thought 
that light itself contained only three types of ray, 
analagous to the three types of receptor. 

The development of color theory during the second 
half of the 19th century is illustrated by extracts 
from the work of Hermann Grassmann, James Clerk 
Maxwell, and Hermann von Helmholtz, who were able 
to develop the laws of color mixture more clearly and 
explain the relationships between color-mixture 
diagrams and visual sensations. The explanation of 
chromatic adaptation by Johannes von Kries and the 
clear exposition by Frederic Ives of the principles 
of color photography then show that, by the beginning 
of this century, understanding of color vision had 
really become quite extensive. 

The mathematical formulation by Erwin Schrodinger 
of the facts of color vision occupies 60 pages, more 
than is alloted to any other author; this section of the 
book, because of its mathematical nature, is the most 
difficult to read. Its inclusion is justified because this 
is the first readily available English translation of 
this work, which, despite its importance, has been 
previously available only in the original German. 
Nevertheless, readers without a sound knowledge of 
mathematics will probably omit this chapter. 

Two papers by John Guild and one by Lewis Richard
son discuss the extent to which it is possible to try to 
measure and quantize visual sensations, and the book 
finishes with Stephen Polyak and Sir Wilfried Le Gros 
Clark's 1949 articles on the structure of the retina and 
the lateral geniculate nucleus. In all these there is 
much that is as valid and stimulating today as it was 
when it was first written. 

MacAdam has assembled an excellent collection of 
writings. Every worker in the field of color will find 
it fascinating and instructive to follow the develop
ment of the foundations of spectrophotometry and 
colorimetry and of visual theory, which we so often 
take for granted today. It is a pity that several im
portant works, notably those of Goethe and of Hering 
have been omitted, but translations of these are 
available elsewhere. But it is not only historical 
interest that this book provides. The research worker 
of today will find, to·o, that there are many stimulating 
ideas that may provoke him to new lines of research. 
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* * * 
The reviewer, a physicist, has worked in the fields of 
color measurement and color vision since 1962, first 
at the Imperial College of Science and Technology, 



London, UK, and since 1966, at the National Research 
Council of Canada in Ottawa. 

Reproduced with permission of the author from 
Physics Today, Oct. 1971, 49-50 

VISUAL SCIENCE INFORMATION 
CENTER 

The services of the Visual Science Information Center 
are now available to the public. The general intent of 
the Center is to make readily available the literature 
covering vision: journals, books, theses, reports, and 
audiovisual aids. The Center surveys the literature on 
a continuing bas is, indexes it in great depth, stores 
indexed citations in a computer, and retrieves 
bibliographic citations in response to questions. In 
addition, the Center will publish a printed author I 
subject index from this data base, Vision Index, to be 
issued quarterly with an annual accumulation. Vision 
Index will be sold on a subscription basis, but at 
present there is no charge for on-demand searches. 
Literature describing the services, including Vision 
Index subscription information, is available from the 
Center. 

Although publication of Vision Index and the satisfac
tion of on-demand searches are the Center's two 
principal services, it also publishes bibliographies 
previous to the beginning date of the data base. A list 
of these bibliographies and other Center publications 
will be made available from time to time. Notices of 
the availability of these publications will routinely 
appear in several journals. Many of these publica
tions will be available without charge. 

The data base begins with publications released after 
November 1970, and therefore is small at present. The 
rate of addition is approximately 200 citations per 
week. Citations previous to November 1970 may be in 
the data base, but no attempt at comprehensive cover
age is made previous to the above date. The intent of 
the Center is to cover the field of vision as com
prehensively as possible from this time forward. 

A predetermined set of subject terms is used for 
indexing, the Thesaurus, which is also the key to 
retrieval in the system. Searches may be run against 
a single term or any combination of terms using the 
operators "and," "or," and "not." Searches may be 
limited by date, language, author, and type of pub
lication. When limiting by a foreign language, foreign
language documents with English abstracts may also 
be requested. A term weight of 1 or 2, indicating 
primary or secondary, is assigned to each index term 
used, relative to the document being indexed. Searches 
may be run against terms using term weight 1, or 
term weight 2, or both. It is not necessary to have a 
copy of the Visual Science Information Center 
Thesaurus to submit search requests; the Center will 

write the search in terms of its system. However, 
copies of the Thesaurus are available in many 
libraries. Because the Center indexes in great depth, 
using 8200 subject terms, irrelevant citations, "false 
drops," will occasionally be retrieved in response to a 
search. This is a common difficulty in comprehensive 
infonnation-retrieval systems. A requestor may dis
regard all of the details mentioned and simply tell the 
Center what subject is of interest to him. 

Address requests to Visual Science Information 
Center, University of California, Berkeley, Cali
fornia 94720, or phone (415) 642-4647. "On-demand" 
searches will be executed within 10 working hours 
after receipt. Search results will be mailed directly 
to the requestor, on computer-output paper. 

Reprinted with permission from J. Opt. Soc. Amer. 
61, 1971, 1273. 

COLOR EDUCATION 

GATF Plans Seventeen Seminars for the 
Spring Program 

Seventeen seminars are included in the Spring Program 
for the 1972 seminar series to be conducted by the 
Graphic Arts Technical Foundation at its Technical 
Center, Pittsburgh, Pa. 

The Spring Seminars will include new programs on 
Lithographic Plates and Platemaking, The Offset 
Press, and Process Color Photography. 

The complete program for the first six months of 
1972 is as follows: 

Paper and Ink: January 19-21; April 24-26; and June 
19-21. 

Printing Process Quality Controls: January 24-26; 
March 27-29; and May 31-June 2. 

Color Reproduction: January 26-28; April12-14; and 
June 7-9. 

Web Offset Printing: April 19-21; and June 14-16. 

Process Color Photography: AP.ril10-11; May 15-16; 
and June 5-6. 

Lithographic Plates and Platemaking: April13-14; 
May 18-19; and June 8-9. 

Sheet-Fed Offset Press Operation: April17-21; May 
22-26; and June 12-16. 

Complete details concerning these programs may be 
obtained by contacting the Special Program Depart-
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ment, Graphic Arts Tech~ical Foundation, 4615 Forbes 
Avenue, Pittsburgh, Pa. 15213. 

Hunterlab 1972 Schedule 

Hunterlab will conduct three one-day Area Seminars 
during February, March and April. The Seminars will 
cover a study of appearance attributes and their 
instrmnental measurement, color scales, color dif
ferences, interconversion between color scales, and 
techniques of effective measurement. Mr. Richard S. 
Hunter, President of Hunterlab brings to these Semi
nars his extensive experience in this field. A demon
stration of Hunterlab instruments for Appearance 
Measurement will be held, and participants are urged 
to bring samples of their product for measurement. 

Hunterlab will also be presenting its regular semi
annual 2-1/2 day Workshop in Fairfax, Virginia, 
January 26-28, 1972. This course emphasizes prac
tical laboratory exercises in sample preparation and 
measurement. Lectures will cover colorimetry and 
color scales, factors other than color that contribute 
to appearance, and the measurement of appearance 
attributes. 

The Schedule for the Area Seminars and the Workshop 
is: 

Dayton, Ohio, February 3, 1972 
Charlotte, N.C., March 2, 1972 
Toronto, Canada, April 6, 1972 
Fairfax, Virginia, January 26-28, 1972 

Attendance for the Workshop and each of the Area 
Seminars is limited to twenty, and applications will 
be accepted on a first-come, first-served basis. For 
full information on any of these courses, please con
tact Hunter Associates Laboratory, Inc., Education 
and Information Department, 9529 Lee Highway, 
Fairfax, Virginia 22030. 

CG L Associates Color and Appearance 
In-Plant Seminars 

A new folder from CGL Associates describes low cost 
color and appearance seminars which are custom 
designed to meet your needs and are for presentation 
within your company. Included in the free brochure 
are examples of how courses are developed such as 
in-plant training of personnel seminars, state-of-the
art presentations for management or research and 
development groups, and introductory, refresher and 
advanced workshops to meet specific requirements. 

Comp)ete information is available by writing or call
ing CGL Associates, 9416 Gamba Court, Vienna, Va. 
22180 (703-938-4345). 

GATF ON BALANCED INKS -- A 
REVIEW OF "STANDARDS" IS TOPIC 

GATF Research Progress Report Number 87, entitled 
"Balanced Inks -- A Review of Standards," was 
authored by Gary G. Field, GATF color technologist. 
The Report is intended for circulation in the camera 
area to elaborate on the evaluation of printed ink 
films, and to pressroom areas to clarify mis
conceptions about "standard" balanced inks. 

"In addition," said Mr. Field, "those concerned with 
the selection of pigments or inks for four-color 
process printing should benefit from a description 
of the printed color shifts that are possible when 
using a given set of inks." 
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He continued, "An explanation of the 'balanced ink' 
concept, as introduced by GATF, is presented with a 
brief historical review of commercial development. A 
short list of 'standard' inks is included with the 
explanation that there are no GATF standard balanced 
inks. The question of standard printed ink film colors 
is approached, and the importance of the influence of 
ink film thickness, print density and paper surface on 
the printed color is emphasized. 

"The use of the reflection densitometer for evaluating 
color masking is dealt with at length. The concept of 
'actinic density' is explained as an aid to more 
accurate densitometric masking calculations. For the 
reader with a non-photographic background, a simple 
explanation of color masking is presented as it per
tains to balanced inks. 

"The Report is concluded with a brief summary of 
factors that influence the selection of process color 
inks." 

Research Progress Reports are automatically sent 
to members of GATF. Non-members may purchase RP 
Number 87 at $1.00 per copy, beginning May, 1972. 
For further information, contact the Order Depart
ment, Graphic Arts Technical Foundation, 4615 Forbes 
Ave., Pittsburgh, Pa. 15213. 

EDITOR'S NOTE: 

From the many things about color, lighting, and 
illumination that must be available, I have 
selected two which arose within the Eastman 
Kodak Company, and which I think would be of 
general interest to members of the Council. 
I'm sure that other reports must be available 
elsewhere, and I solicit their contributions. 
The Newsletter can only be a product of those 
interested in communicating their ideas to the 
rest of the Council. 

.. 



GLARE AND OTHER QUALITY 
FACTORS IN ILLUMINATION 

Good lighting at the workplace is essential if high 
levels of productivity and quality are to be maintained. 
Adequate lighting is also necessary to ensure safety. 
In order to achieve good lighting it is important that 
equal attention be given to both the quantity and the 
quality of the ilhnnination. In the past most research 
into illumination has been directed at the question of 
quantity. To some extent this emphasis on quantity 
has been reflected in lighting practices. Too many 
lighting installations have been specified solely on the 
basis of a desired footcandle level. Quantity is an im
portant factor, but virtually all modern lighting sys
tems provide more than enough light. In most cases 
no significant improvements can be made by simply 
increasing the quantity. On the other hand, it is often 
possible to make visible improvements by directing 
attention to the quality aspects of the light. In the 
past few years illuminating engineers have been 
placing an increasing emphasis on these quality 
factors. 

Glare 

There have been occasions where an area has had new 
lamps and fixtures installed to produce a higher light 
level and this change has resulted in complaints that 
"the lights are too bright." The complaint suggests 
that an excessive quantity of light is being supplied, 
but usually the problem is one of quality rather than 
quantity. Glare is the most common of the quality 
problems encountered in the design of a lighting 
system. A number of different terms have been used 
to describe the characteristics of glare and its 
effects. 

Disability glare is the phrase normally used to 
describe a glare source that bas a direct effect on 
visual performance. Disability glare can reduce 
visual performance in several ways. A bright light 
source in a relatively dark surround can result in 
light from the bright source being scattered by small 
particles floating within the ocular media inside the 
eye. The scattered light tends to reduce the eye's 
ability to discriminate between darker objects within 
the visual field. This "loss of contrast" problem tends 
to become more serious with age because the number 
of floating particles within the ocular media increases 
as a person grows older. Another form of disability 
glare arises when a person glances at a bright glare 
source and then looks back at a relatively dark visual 
task. While the person was gazing at the glare source 
his eyes were adapting to the higher level of light. 
Upon returning to the visual task, a period of re
adaptation will be necessary. Until readaptation is 
complete there will be some loss of visual acuity and 
contrast sensitivity. In most practical situations this 
period of impaired performance only lasts for a 
fraction of a minute, but there are a number of jobs in 

which this amount of impairment cannot be tolerated. 
A familiar example which produces both of these forms 
of disability glare occurs when passing an oncoming 
car at night. The glare from the headlights makes it 
more difficult to see other objects on the road by 
reducing their apparent contrast and the impairment 
of vision then persists for a few seconds while re
adaptation occurs. 

Discomfort glare is the term normally used to 
describe a glare source which results in visual 
discomfort, but does not directly affect visual per
formance. Discomfort glare is more common than 
disability glare. The distinction between the two is 
a small one since discomfort glare can have an in
direct effect on performance. After a period of time, 
the visual discomfort can result in a feeling of visual 
or mental fatigue. This fatigue is usually subjective 
in nature but it can often result in a real decrement in 
performance. A glare source near the visual task can 
also have a distracting effect. The eye has a tendency 
to look at the brightest object within the field of view. 
In the case of a reflection on a specular surface (like 
a glossy desk top) this problem is compounded by the 
fact that the reflected image is not in the same focal 
plane as the visual task. A person glancing up from 
his visual task, focusing on the reflected glare source, 
refocusing on the task and then repeating the process 
can quickly experience a feeling of visual discomfort. 

The use of the words disability and discomfort glare 
examines glare in terms of the effect that it produces 
on the people experiencing the glare. It can also 
be useful to think of glare in terms of its physical 
characteristics. Direct glare describes the situation 
where the lamp is within the field of view. Indirect 
or reflected glare produces the same effect by placing 
a reflection of the lamp within the field of view. Re
flected glare is a very common problem in workplace 
design, especially where specular materials like 
glass, chrome, or stainless steel are used. Where 
these materials must be used it is important to con
sider the relative positions of the lamps, the opera
tor, and the specular surfaces. These elements should 
be arranged to eliminate specular reflections from the 
operator's field of view. This is very important in 
areas where difficult or critical visual tasks are 
being performed. 

A different type of problem is produced by diffuse or 
veiling glare. In this situation the visual task and its 
background have a matte or semi-matte surface. 
Reading pencil handwriting on ordinary paper is a good 
example of this kind of task. If the light source shines. 
on the task at an angle so that the light is reflected up 
into the viewer's eyes, then veiling glare will be 
present. In this case, there's no specular image of 
the lamp because the materials are matte rather than 
glossy. The effect of veiling is to reduce task con
trast. Because of its diffuse and indistinct nature 
peoole may not be consciously aware of the presence 
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of veiling glare even though their visual performance 
may be significantly impaired. This makes it 
especially important to attempt to eliminate veiling 
glare in the initial design of the work environment. 
Several approaches to designing lighting systems that 
minimize veiling glare have been attempted. One of 
the most recent of these is a new design of fixture 
for fluorescent lamps. These new fixtures tend to 
direct the light at selected angles so as to control the 
directional characteristics of the lmninous flux within 
the room. By controlling the directional characteris
tics of the light in this way it is possible to exercise 
some degree of control over glare. 

Other Quality Factors 

There are many factors besides glare that must be 
considered when attempting to provide a high quality 
of illmnination. Many of these factors are related to 
the characteristics of the specific visual task being 
performed and this makes general recommendations 
difficult. One of the more straightforward of these 
additional quality factors is the control of brightness 
ratios. For optimmn conditions, it is desirable to 
have the visual task slightly brighter than its back
ground since this tends to focus attention on the task. 
But if the difference in brightness between the task 
and the background is so great that harsh contrasts 
are produced, then performance may suffer. The 
brightness ratio between a task and its immediate 
background should never exceed 3 to 1. It is also 
desirable to control brightness ratios everywhere 
within the visual environment. 

In situations where the visual task is difficult or 
critical the physical characteristics of the light are 
extremely important. If the task involves fine color 
judgments then control of the color temperature of 
the light source is essential. For many inspection 
tasks the diffuse character of general ilhnn ination is 
not satisfactory. Defects are more easily seen when 
special purpose lighting is provided. There are more 
than 20 different types of special purpose lighting. 
Most of these are described in the report "Illumina
tion: A Human Factors Viewpoint." (Faulkner & 
Murphy, 1971) 

Illumination is a complex subject. This article has 
only attempted to introduce some of the more 
important problems that exist. There are many other 
factors that must also be considered to ensure that 
the lighting of a task is optimal. Where problem 
situations exist, it is important to secure the advice 
of an experienced illuminating engineer. A good source 
of general information on the subject is provided by 
Hopkinson & Collins (1970). 
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LEGIBLE LETTERING AND LOGICAL 
LABELS 

The most important rule to follow in designing a label 
is to keep it as simple as possible. The purpose of a 
label is to provide a concise instruction or direction. 
It should communicate its ~ttessage to the reader under 
the most demanding forseeable conditions. For ex
ample, a label on a critical control should be legible to 
a fatigued operator who is hastily reading the label 
during an emergency. 

Experiments have shown that the legibility of a label 
can be significantly affected by its design. One of the 
important variables is the type font that is chosen. 
The many fonts that are available vary widely in their 
design. One of the design characteristics that is 
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important is the serif. A serif is a small decorative 
curve or enlargement at the end of a stroke. A type 
font that omits these decorative flourishes is called a 
sans-serif font. The first sentence in the illustration 
is printed in a sans-serif font while the second 
sentence is printed in one of the conventional serif 
fonts. Sans-serif fonts should be used for labels. Type 
fonts also differ in their degree of boldness. Bold 
fonts use a thicker stroke width. The last line in the 
illustration is a bolder font than the first line. A bold 
font is usually a good choice for a label. An extended 
font is one where the characters are relatively wide 
with respect to their height. The reverse is called a 
condensed font. Extreme examples of extended and 
condensed fonts should not be used on labels. 

The fonts that are shown in the illustration are, in 
order of their use: 1. Venus Medium, 2. Perpetua 
Titling, 3, Busorama Medium, 4. LSC Manhattan, 
5. Old English, 6. Claudius, 7. Futura Demi Bold. 

There are many factors besides the choice of font 
that affect the legibility of a label. They include the 
size of the letters, the color of the letters and their 
background, the viewing distance, the illumination 
level, and the choice of words. 

T. W. Faulkner 
Human Factors Group, Eastman Kodak Company 
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Reprint "Color Measuring Instruments: A Guide To 
Their Selection" by Ruth iJ. Johnson. Reprinted· 
from the "Journal of Color and Appearance." 

NOTE: 

The Council promotes color education by its 
association with the Cooper-Hewitt Museum. 
It recommends that intended gifts of historical 
significance, past or present, related to the 
artistic or scientific usage of color be brought 
to the attention of Christian Rohlfing, Cooper
Hewitt Museum, 9 East 90th Street, New York, 
New York 10028. 


