INTER-SCCIETY COLOR COUNCIL

NEWE LETTER NO. 12

ANNUAL MEETING

The Annual seeting of the Inter-Society Color Council will be held in
the astor Gallery, Waldorf-Astoria Hotel, Thursday Evening, February 20,1936
at 7145 p.me All delegates and members of the Council are urged to be present.
Following the business meeting at which several important matters will be voted
on, there will be a group of lectures on color. Members of the organizations
composing the Council are invited to attend.
R. G. M,

MESSAGE FROM THE CHAIRMAN
4. Rea Paul, National Lead Company, Brooklyn, N. Y.

As a result of a preliminary conference, held February 26,1931, the
Inter-Soclety Color Council came into being on September 2lst of that year.
Since then, the Council has closely adhered to its aims and purposes and has
progressed despite conditions, adverse to its prowth, that have existed since
its formation.

It is the belief of your Chairman that the Council has rendered a real
service to many inquirars and to certain of its member-bodies, notably, the
United States Pharmacopoesia. This latter gronup submitted a problam that has dbeen
successfully solved through the efforts of the Council's Crmmittee on Measure=-
ment and Specification.

The Inter=Society Color Council, shortly after its formation realised
its plan of organization and procedure was inadegquate. Through the afforts of
kr. L. A, Jones who was at that time Chairman, a new set of Articlas of Organ-
ization and procedure were formulated. New activities could not be undertaken
by the Council until this work had been econcluded and the status of the member
groups had been clsarly defined. With the adoption of the new Articles, the
opperiunity has now been cpened for the Council to progress along the lines for
which it was originally intended - namely, “to stimulate and coordinate the work
be.ng done by various societies and associations leading to the standardization,
deserirtion and specification of color, and to promote the practical application
cf these results to the color problems arising in science, art, and industry."

It is your Chairman's belief that the Council should not be thought
of as a research group or standardizing body, but instead, an organization held
together by a common interest in color, whose function is to disseminate infor-
mation through publication of news letters and reports, Its second objective
consists of an attempt to  bring together those individuals having color
problems with those who might be encouraped, through individual or cooperative
researches, to provide the solution.

At the recent meeting of the Council's Executive Committee, it was
decided to discontinue the Committee on Color Specifications, whose work
consisted principally of the U. €, P. problem which they so satisfactorily con=
cluded. It was also decided to discontinue the Committee on Color Names,
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owing to the resignation of the individual holding the primary interest in
this subject. The Committee on Membership was continued and your Chairman,
with the approval of the Executive Committee, appointed Dr. W. M. Scott as
Chairman., It was also decided to continue the Committee on Color Problems
and your Chairman with the approval of the Executive Committee, appointed
Dr, D. B. Judd as Chairman.

It was the thought of the Executive Committee that individual

subcommittees to handle special problems could be set up from time to time, under

the Problems Committee, and in this way function most advantagsously and te
the best interests~f the Council.

It was the decision of the Executive Committee to hold the annual
meeting of the Council in New York City during the wesk in February, 1936,
that the Optical Society of America and the American Physical Soci=ty hold
their joint meating.

Many problems have been presented to the Executive Committee for
consideration at their next meeting and it is probable that several of these
will be referred as projects for study, to the Problems Committee. One, in
particular that your Chairman believas would be of general interest to the
various members of ths Council would be the proposed attempt to assemble all
of the commercial standards relating to color that have been published, and
issue this information to the members of the Council.

The Inte:i-Society Color Council formnlated at a time when depression
wag at its worst, and having successfully survived, leads your Chairman to
telieve that it will cortirue to progress through the combined efforts of its
uembers, placing itself in even a better position to render a truly valuable
service in the constantly broadening field of color.

Your Chairman takes this opportunity to seek your cecoperation in
developing the further growth of the Council, and to ~xtend to you on his
own behalf and on the behalf of the Executive Committce, best wishes for the

coming year.

REPORT OF COLCRISTS MEETING

Dorothy Nickerson, Colnr Technologist, U. €. Dapt, of Agriculture, Bureau ~f
Agricultural Economics, Washington, D. C.

The fall meeting of the third season of the Washinpgton and Baltimore
Colorists was held on Friday evening, November 22,1923%, at the Cosmos Club.,
Dr. K. §. Gibson, chief of the Colorimetry Section of ths National Bureau of
Standards, was chairman. Thirty-nine persons sat down for dinner, and abrut
one half dosen more came later to h=ar the discussiocns,

In erder that the group might becoms acquainted with the instruments
that different members are using, the program was made up ~f informal talks
by several members about the colrr measuring instruments which they are using,
emphasis being placed on the way in which the instrument answers the problem
rather than on a detailed description of the instrument itself.
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Mr., W N, Harrison, chief of the enameled metals section cof the
Naticnal Bureau of Etandards discussed brisfly the problsm of measuring porce=-
lain enamels and establishing standards. He described the reflectometers
which they are using for this purpose and presented scme of the resulting

information in the ferm of charts, They have found that by ascertaining the ref-

lectivity of a sample, that is, the highest reflectance obtainable by increas=-
ing tnickness of layer, and the coefficient of scatter, or the ratio of re-
flectance over black backing to weight of enamel for very thin layers,they

can calculaute the reflectance for any given weight of enamel.

Dr. B. A, Brice of the Food and Drug aAdministration of the U. S.
Department of Agriculture described the problem of grading rosins and de~
scribed the photocell instrument which has heen developed for use in studving
prcblems of standardisation and feor use in cases of dispute., By measurine the
transmission of a sample threugh a red filter and throuph a green filter (the
transmission through the green filter approximating the brightness of the
sample) and by taking the ratic of red te gresn transmissicns as a measure of
the chromaticity of the sample, they have found that dbrightnese and chrrematici-
ty may be marked ~ff ~n a chart in areas which represant grades with very
g-od agreement against visual judgments., It is pessibla t~ use this red t-
green ratio because the spasctrrphetrm=iric curves of resin samples frllew the
same general shapey the curves lowar in red being alse lewer in green. Formu-
las huve been devaloped fer crnverting the red to preen ratin ~f a sample to
a figure which represents its grads.

lir. R. €. Hunter cf the Colorimetry Section of the Naticnal Bur=au
of Standards described the problem of gloss measurements. Mueh of his time
during the last two years hus been spent in studying this preblem, and he has
developeda two instruments for measuring different types of gloss. In identify-
ing aifferent types of gloss effaets and differences, 1t has been necessary
tc establish a classification of gloss trpes. A classificiation of glossinsss
intc at least five types of appearance effects has not previously been made
although subjective and objective gloss have been differentiated by a number
of workers. Mr, Hunter has listed the appearance characteristics assoclated
with gloss under five types: abjective gloss, subjective gloss, sharpnegs of
image, bloom and smocthness. He hus preparad a table containing a method cf
identifieation for each of these types, the surfaces to which each applies most
generally, and the instruments by which each type of ploss may be measured.
Circulur No, 493 of the Scientific Section of the Natlonal Paint, Varnish and
Lacquer associaticn at 2201 New York Avenue, contains a descrption ~f & new
gloss comparator and the study of different types of gloss effects, and refers
alse tc previcus published werk,

Dr, Paul E. Howe nf the Bureau of Animal Industry of the Departmant
»f Agriculturs outlined the preblem of establishing standards fer ths enler
of egg yolks in which use is being made ~f the Bausch and Lrmb HEB Cerlor
analysar, For some time it was difficult t~ find cerlors with which the ste-ng
chr~mas of the egg yoclk celors er~uld be matched, but spacial papers have been
daveloped and that prodblem is new selved, The proper illuminatirn ~f the
glossy egg surface is still srmething ~f a predlem,

Dr. C. A. Cary cf tha B-1ltsville Laberaterias of the U, €. Depart-
ment of agrieulture whe is studying nutrition ~f dairy crws, ddscussed the
problem of measuring carotin in its ralatien te Vitamin 4, and deseribed a
spectrephotometer which they are planning te build at their laberatrriss at
Beltsville. 1t is similar tc one which is being used f-r the same purpese
now at the University of Chicago.
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The papers were given infermally and considerable comment followed
each one, The meeting seemed of en-ugh interest to all whn attended to warrant
another of a similar nature at a future time, for these five problems merely
scratched the surface of the many on which members of the proup are working.

The next meeting will probably be held some time in Februarye« The
steering committee for the group is composed of Mr. Charles Bittinger,
Dr. K. £, Gibson, Dr. Deane B, Judd, and Miss Dorothy Nick erson.

SPINNING WEDGE COLORY #ETERS

Else L. Schulze, Chemical Division Library, The Procter and Gamble
Company, Ivorydale, Ohie, recently inquired for the names of manufacturers of
various kinds of colorimaters of the spinning rhomb type, as exemplified by
the K+ &£ E. color comparator and the Bausch % Lomb HER color analyzer. Infor=
mation was also requested concerning the relative advantages and special
characteristics of each type.

This inguiry was referred to the Council Commitiee on Color Problems and
Dr. D. B, Judd, Chairman of that committes reported as follows:

"We know of no spinning wedpe colorimeters on the markat exeéespt the Keuffsl
% Esser and Bausch % Lomb instruments mentioned by you. For some problems and
in some respects, the one instrument is ;refarabla; for othars, the oth=r. The
differences in design bstween the two instruments which are rasponsible far the
important advantages are as follows:

"(1) The K % E instrument provides an illuminating system wh=reby b~th
sample and standards raceive light from the sams lamps; its calibration thera-
fore depands less on aging of the lamps. The adjustment of the lamps, however,
is relatively inconvenient.

"(2) The B & L instrument provides a horizental position for the sample
which is an advantage in the examination of powders and liguids.

“(3) 04l from the motor in the B % L instruments some times spreads onto
the glass surfaces of the optical parts which must then be cleaned,

"(4) Some of the optical parts of the K % E instrument are joined with
cement which yellows with age introducing a gradual change in calibration.

*(5) The B % L instrument is somewhat more compact.

"Most of this information has been obtained from Miss Dorothy Nickerson
color technologist, Bur=au of Apricultural Econemics, Department of Agriculture,
Washington, D. C. Miss Nickerson has contributed to the desipgn of both of
these instruments, has had extensive axperience with both, and has published nu-
merous papers dealing with msasurements on disec wolorimeters. It is supgested
that she be consulted directly if further information is desired."



COLOR TESTS FOR WHITE PAPER

Mr. E, B. Twelker of the Seripps League of Newspapers, Seattle, Wash.
asked the Tachnical Association of the Pulp and Paper Industry to furnish
him with information as to mathods and equipment available for making cnlnr
tests of white papsr.

This inquiry was referred to the TAPPI Paper Testing Committee, B, V,
Scribner, chairman, who forwarded the following reply prepared by D. B, Judd
of the National Bureau of Standardsi

l. MHethods of Testing There are three methods: (1) spectrophotometric,
(2) abridged spectrophotometric (filter photometry), and (3) colorimetric,
Detailed information on these methods may be found in papers listed in Letter
Circular LC~398, Publications on Colorimetry and Spectrophotometry. For the
spectrophotometric method consult references 98, 97, 91, 78, 72, 43, 31, of
Part I, For filter approximations to spectrophotometry, consult references

56 and 31 of Part 1 and reference 52 of Part Ill. For colorimesric methods
consult reference 31, Part I.

2. Egquipment avajlable Only a few of the available instruments are listed
below. We have reason to believe that those listed will conveniently yield
measurements precise enough to distinguish color differences detectable by
direct visual comparison under good daylight. A fairly complete list of manu-
facturers of such equipment is in preparation and will be available by Febru-
ary of 1936; this complete list may refar to other instruments equally as
satisfactory as those given in the present abridged list.

Spectrophotom=ters

Hardy automatic photnelectric spectirophotom=2t=ar,
Genaral Electrie Co., Sch=anectady, New Ynrk.
Razek-dulder photoalectric spactrophotometer,
Raszek Devalopment Lab. Inc., Llanarch, Fa.

Filter Reflectrometers

General Electric Reflection HMeter (Brightness tester)
General Electric Company, Schanectady, New York.
Hunter Photoslectric Reflectometer
H. A, Gardnar Lab., 2201 New York Avenue, Washington, D. C.

Colorimeters

Keuffel and Esser Color Comparator,
Keuffel and Esser, Hoboken, N. J.
Bausch and Lomb HEB Color Analyzer,
Bausch and Lomb Optical Co., Rochester, N. Y,

PRIEST-LANGE REFLECTOMETER

Irwin G. Priest (.THL PHIEST~LuNGE REFLECTOMETER ..PPLIED TO NE4RLY WHITE
PORCELAIN - &NaxELS ) J. Research NBS, 1% November,(193%); RP 8147

The Prisst=Lange reflectometar is described in deotail and the thenry of
its use given for datermining relative apparant reflectance for various
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spedtral distributions of illumination. A method for measuring spectral
88dectivity of reflectance is also described, together with a method for
measuring diffuse~plus=-specular reflectance as distinguished from diffuse re=-
flectance alone for perfectly polished specimens. The application of the
instrument to porcelain enamel samples it illustrated by a detailed acecount
of measuremants made on seven typical samples. The method for measuring diffuse-
plus=-specular reflectance as distinguished from diffuse reflectance is shewn
to be inapplicabla to =2namel samples bacause of their optical imperfections, but
measursments of spsctral selectivity are shown to give results in close c¢c~=
relation with the colors of the samples observed directly.
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LCVIBOND RED GLASSES

Roger S. Estey, Electrical Testing Laboratories, New York, N. Y. Roger S. Estey,
(THE ~DJUSTMENT OF LOV1BOND RED GLxSSES), 0il and Soap 12, 135 (1935).

The Lovibond coloer system consists of red, yellow and blue sets of
colored gluss slides of standard sise and color. These glasses are graded and
runbered in terms of the intensity or depth of color on the three scales. Com-
binations of glasses involving one or more of the three colored sets are used
to produce standard colors matching unknowns which it is desired to color grade.

These glasses are used for product sontrol in various industries, par-
ticularly in the vegetable oil induetry where it was found that the calibration
of the standard glasses provided by the manufacturer was not accurate enough for
the requirements of the oil chemists. Tha National Bursau of Standards develope
ed an improved and more acecurate color scale for the grading of tha Lovibond
red glasses used in combination with Lovibond 35-yellow (the set used for grad-
ing vegetable oils), Glasses repradad on this new scale recaived regrade numer-
afs containing fractional components which were inconvenient to use. At the
instipgation of the simerican 0il Chemists Socisty the Elactrical Testing Labor-
atories has daveloped a procadurs whareby the grads of a glass can be raducad
slightly by polishing away soma of the red coloring material, thereby lipghten-~
ing the color. This adjustmant can usually be carried to th2 peint where the
glass can be assigned an integral valusd regrade numeral,

THE CONQUEST OF COLOR

The following is a revised transcript of the commenis of Dr. H. P. Gage,
Chiaf, Optical Division, Corning Glase Works, on a paper entitled "The Conguest
of Color," by H. Katcham, delivered at the Washington, D. C. meating of the
Bociety of Motion Picture Engineers during tha week of Octobar 21,1935.

"l would like to make a brief comment in addition to what Mr. Ketcham has
sald regarding the nomenclatere of color. There is now a definite drive to do
something about gettiing it all down to a sensible basis. Hunsell has arranged
one system, tne International Congress on lllumination have workesd on what
apparently 1s a different system. Work is now being done under the advice of
£rof. 4. C. Hardy which 1s getting those two systems into one system so that we
can express everything that Munsell expressed in the terms of the I, C. I. tri-~

angle and we will then have one system of which the Munsell samples serve as ma-
terial sxamples,
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The Colorimetry Committee of the Optical Society of America, under
Dr. L. a. Jones, is doing some very good work in this matter. A report will be
frepared when such a report can be prepared on account of the number of people . .’
with divergent views who have 1o be consulted in doing it. The Inter-Bociety
Color Councily, on which I believe the ilotion Picture Engineers have representa=
tives, is also considering this problem and as some of the members of those two
organizations are identical, it is sometimes hard to tell when we have a meet=-
ing whether it is of the Inter-Society Color Council or of the Colorimetry
Committee of the Optical Eesciety, but anyway there is a definite drive to
straighten out this now perplexing color nomenclature so it will be much simpler
to describe colers and there will be no further excuse for doubt as to what we
ought to call the color of objacts.
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MERCHaNDISING IMPORTANCE OF £OLOR SELECTION
R. G. Macdonald, Technical 4ssociation of the Pulp and Paper Industry.

In the December,1935 issue of the Executive Sarvice Bulletin of tha Pnl-
icyholdsrs Service Bureau, bMetropolitan Life Insurance Company, there app-ared
an article by A. Wallace.Chauncey, Vice President, The International Printing
lak Corporation, New York, N. Y. entitled "The Merchandising Impertance of
Color Selection."

The author points out the great lack of knowledge on thes part of execu-
tives of businesses whose success depends considerably on the use of color in
the products package, advertising, etc, Color association is a tremendous
force in business., The public recognises soap by the color of its wrapper;
filling stations, cigarettes, candies, by the distinctive identifications sup~
plied through standardi<ed coloring. The great difficulty is that color means
different things to different individuals. To the chemist, color is a combin-
ation of elements im a chemicul formula which in the form of u dye or pigment
comes out of his test tube a certain definite hue every time he uses that form~
ula. The physicist thinks of the terms color and light ss synonomous or that
color is an optical phenomznon. To the average man color is probably a sensa-
tion. He has the facility to differentiate between hues - but that is whare
his troubles begin. Before long it is likely that the business man will come to
recognise that the proper use of color is a corporate responsidbility to be ex-
ercised by management so that scientifie facts may replace changeable notincns,
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MORE NR EYE STRAIN

in the Inter~Socisty Color Council Neaws Latter No, 11 an inquirv by
Dr. G. F. Des iutels requesting information on the ralationship betwaan cnlnr
and eye strain was commented on by J. E. Ives and M. Luckiesh, Eine= that
News Letter was published, the following contributions have b=an recaived:

siss Helen U, Kiely, Chief Chemist, imerican Writing Paper Company wrote as
followst

"1 wonder if Dr. Das Autels it familiar with the work which Dr. C. E, Feree

and Gertrude Rand did for us in 1 217? Dr. Ferge was c nnected ith Br M
Collect at the time. 9 ke was co w yn Mawr
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The following is an abgstract from a paper that he read at a convention
of the Illuminating Engineering Society of Rochester."

"It is significant to note that the retina has not only developed its
greatesti power to give the achromatic response to the waveelengths in the mid-~
region of the specirum, but over and above this, that is, when all are equalised
in powsr to give the achromatic response, these wave-lengths still have a very
great advantage for the three most important aspects of clear seeing, = acuity,
speed of discrimination, and power to sustain acuity.

"Yellow stands at the head of the list in all the tests that have as yet
been applied , -~ acuity, power to sustain acuity, speed of discrimination,
and the tendancy to produce ocular fatipue and discomfort. Yellow~prean and
green stand comparatively high in the first three tests, but have not ranked
so well in the tests for fatigue and discomfort. Even the three-minute tests
of power to sustain acuity give evidence of the inability of the retina to
hold its resolving power under the action of these wave-lengths. The indications
from this and the previous work are that the ruddy yellows up to and well into
the orange rank comparatively high all around; while the deep reds, the blue-
greens, and the blues are obviously not m=ant to serve as backgrounds upon which
echromatic datails must be discriminated with precision, ¢ase, and speed for
long periods of time,"

bMr. C. R. Conquergood of the Canada Printing Ink Company furnished the follrw-
ing contribution by Mr. P. F. Grans, Crans and Toy Ltd.

"wr. Charles Conquergnod has asked me to forward to you informati~n re-
garding our investigations in the mattsr of providing papsr for clerical
work eepecially designed to reduce eye strain. This. I am vary glad to d» as 1
have been interested in thic subject for som=s few y-ars and have achisved re-
su'ts which 1 *hink are really worth while.

"l am in the stationery and office supply business and some few years ago
beceme iumcressed with tha fect that producers of accounting forms and books
in their effor%s to make their ruling work attractise to the eye were supply-
ing material wnich subjected the usei to corsiderablie strain under constant use
Prior to the siart of my investigations practically all accounting forms and
books were ruled in red and purple colors as per sample "A" in the accompany-
ing folder. My experiments led me to the conclusion that ruling colors of
green and brown were much more friendly to the eyes, and in the husiness with
which 1 am connected we were successful in introducing thils color io our cus-
tomers and providing material ruled in green and brown. Sample "B" in the
folder illustrates this change in the ruling and a comparison of the two side
by side will show the relief when using the new type of form. Eince I have
introduced this type of ruling it has been very gsnarally copied by the entire
etationery trade in Canada and substantially sold in the United States, so that
today, comparatively few books or forms are offered for sale on our market in
the old type of ruling.

"It was this experiment in regard to colors of ruling that 128 to a fur-
ther consideration of the colors of papar and the matter was definitely breoucht
to my mind as a result of a young stud=nt suffering from severe headachas thrnugh
eonstant study. I discovered that he was working on & nota book containing
white paper and that whil= the illumination »f his work was excallent, it was
this very feature which increased the amount of light reflected te his ayss from
the white paper. Manufacturers of paper in America particularly, have bean
consistent in their endeavors to provide a sheat which is brilliant in its



9.
app2arance, and to this a2ffeect have done exactly the same as the
laundry people do in washing - add blueing tc the pulp so that in aff=ct the
papar sold as white is really a blua=white. Ths jewsllers tell us that the
very finest diamonds are thoses of a blue=white color, and that diamnnds of
a yellowish cast ara considersd as seconds. The reason for this of ecnurs-, ¢
is that thes blus-white color has materially preater reflectinge power, and })
for this reason it seamed obvious to ma that blue-white papers were undesir=-
able for this very reason.

"At this time I consulted a number of oculists and other authorities
in an effort to ascertain just what color might be considered neutral s«
far as eye strain is concernad, and on= of these gentlemen explained to me
that ths human eys had been developed through countless ages and that re-
sistunces hud been built up apainst various types of harmful conditions, and
further, that our uncastors going back through the ages, had lived in the
forests whers the predominating color is green, and that if there hadbeen
any haimfw] sffects from looking at green trees, ete.the sye had long since
build up a resistance ugainst such harmful effects.

"For this reason 1 experimented with various shades of green paper,
having in mind the necessity for providing a contrast when the papsr is
written upon, and 1 firally arrived at the eolor which we now call our
"sipht=-preserving" paper, samples of which are also in the accompanying
folder. We were unable to find that any paper manufacturer produced a paper
in this correct shade and it was consequently necessarv for us to havs it made
to order. We huve used a gcod many thousands of toas over the past twn or
thrae years, and have had almost innumerables cases brought to ocur attantien
whare accountants, bookkeepers, students, etc. have eliminated headaches and
aye fatigue through changing over to this color of pap=ar. A number of very
prominent business organizations such as insurance companles, banks, =te.
hava conductaed comprehensive experiments befora adopting this shade of paper;
I think 1 am safz in saying that in ne case where the paper has baen testad
in comparison to nthar colors, have they failed to adnpt thiz new shad= as
standard equipment,

"I have dens some slight experimenting towards tha idesa of praducing
printed books on this paper and I have included in the accempanying fnlder,
samplass of some printing for your inspsetion. I have concluded that it 1s bet-
ter to use a short of bronse green printing ink in pref-rence to black seo
thut the general effect will be harmonious, and it is my present thought
that books printed on this paper in an appropriate shadzs of green ink will
very definitely reduce the strain and fatipue frem constant reading.

"1l should have menticned above that it was also concluded that papers
were very much lower in their reflecting properties if care were taken to aveid oA
tco high a finish, and 1 have insdsted on our suppliers keeping our puapers
with as "flat" a surface as possible.

YSome year and a half ags ro so some samples of this paper and

scheme of ruling was sent to Mr. Frank Towne of the National Blank Beok
Company of Holyoke, hiass, whose eompany is perhaps the largest producer of this
type of equipment in America. Wr. Towne investipated the matter and his
company adopted it as standard fer their line of accounting and office supplies.
1 understand that they are pgreatly pleased with the reception which their new

books have received and I have noticed in the Novembsr 15th issues of Forbe's
magasine an article to the effect that an a@ditional manufacturer has now
adopted this new color. The opinion has baen expressed tr me by cne of the
largest paper manufacturars in the United States, that in course of time white
papsr will practically be eliminated from general affice use.
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"The success of the preceding experiment sc far as we are

concerned as merchandizers, may in your mind,; be attributed to a larpe extent
to the fact that wa produced something different and th—ouel sales =affort were
able te convince tne public that we had somathing we—ih while, aven though
the advantage was comp.ratively slight in actual prastice. Fossibly this is
so to soms extent but I have before me so many d=iini*e cases whare clerieal
workers have =liminatsd ave troubles and consequenti h~adach=s that I am thor-
cughly convinced of the fact that this paper is much Uetier than white, It
is possible of course, that had I conducted my exp-rimenis witn some other
shade as an alternativs to vhite, the results wcula have teen th=s same ~r even
better, but all of w1y =xparimentiing pointed dafinit=lv iowards greens and I
feel at the momaut thati our present shade »f paper is the bast thai has sn
far besn dsvelcpec.®
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Zr. D. B. Judd of tae lizt_rn:l Bureau of Standarda sanplied the fnllewing
materialt

CCLOR aND LEGIBILITY

Some results have heen obtained at this Bireau cn the lepi*ility of
automobile license plaies. It was found that dark le*tere or a 11,.ht back-
ground are more legible than light letters ci a davk hackgroundi.

The following short biblicgraphy lists the rose important sources cf
information on this subject; following each title a brierl summary of the sev-
eral conclusions is given.

We Ds Scott, The Thaory of Advertising, Small-Maynard, Boston, pp. 138-129, 1903
Black letters on a white pgreund are more readily perceived than white
letters on black.

AJKirschmann, Ueber die Erkennbarkeit peometrischar Figuren und Schriftzeichen
im indirektan Sehen, Arch. f. d. ges. Psychel., vol. 13, pp. 352~388,
1908, Capital letters are recrgnized at a greater distance in indirect
visien when printed in white type on a black background than whan print=-
ed in black on white,

D. Starch, advertising, Scott~Foresman, New Yeork, pp. 199-190, 1914, Black
type on white ground may ba read 42 par cent faster than white type ~n
dark gray ground,

M. Luckiesh, Light and Cclor advertising and Merchandising, Van Nostrand, New
York, pp. 246-251, 1923. Black type ~n y=llecw background is most legibl=,
red cn green, least. The order ist black on yellecw, green on white,
red on white, blue on white, black nn white, red r~n yellow, green on
red, red cn greena

4« T. Poftenberger, Psychology in Advertising, Shaw, Chicago, pps. 262-265,
1925. Legibility depends upon the relation of color to backgrocund and
the all~importunt factor is brightness difference. The chromaticity
difference is of little importances

C, E. Feree and G. Rand, Intensity of Light and Speed of Vision Studiedwith
Special Reference to Industrial Situations, Part 1I, Transactions
Illuminating Engineering Society, vol. 23, pp. 577~546,1928, White
letters on a black background can be seen quieker than black on white;
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this superiority is particularly marked fer high illuminatioens. For
low illuminations and small letters blaek cn white is slightly better than
white on blaek,

W. B, Pitkin, The Art of rapid Reading, McGraw-Hill, New York, pp. 45«46,1929.
White on black, test, but not practical for booksj black en white, next
best; but black on lemon yellow is a close third.

De Geo Paterson and M. 4. Tinker, Studies of Typographical Factnrs Influencing
Speed of Reading, VI. Black Type versus White Type, Journal Applied
Psychology, Vole 15, ppe 241=247,1931. Black type on a white background
can be read with 10 per cent greater speed than white on black.

G. Holmes, The Relative Legibility of Black Print and White Print, Journal
Applied Psychology, vol. 15, ppe 248251, 1921. 'ords prinded in
1l0-point type are 15 per cent more lagible whan they are black en a
white background than when white on black,

M, A, Tinker and D. G, Paterson, Studi=s of Typographical Factrrs Influencing
Speed of Reading, VII. Variations in Color of Print and Backgr~uni,
Journal Applied Psychelogy, vol. 15, ppe. 471-479, 1931. Black ivp*® ~n a
white background may be read mrst speedily; red ~n green, leas®i. ‘he
order isi: black on white, grean en white, blue ~n white, dblack ~n ysli-~w,
red on white, green on red, red on green,

MEMORANDUM ON LEDGERS «ND LEGIBILITY
The following factors should be ceonsidered:

(1) The ccler of the paper

(2) The color of the rulings

(3) The color of the writing ink

(4) The gloss of the paper

(5) The clearness of a written ink line cn the paper
(6) The illumination.

1. The Color of the Paper. The all-important factor is that the paper ccler
gives a high brightness contrast with the color of the writing inkK. Since
writing inks are usually of dark color, the paper must be of light color, the
lighter the better; but small differences in reflectance are probably of no
practical significance, The chromaticity of the paper precbably has littla
effect on legibility; it may be lipght blue, light yellrw, light green, pink,
or white; pale colors are probably better than strong colers of the same
brightness. It is likely that there is little justificatirn for changine frrm
the ¢onvanticnal white; ~n the other hand, there is nc need for contr-olling
the chrematicity accurately as far as legibility is concerned; for axample,
the blue dye usually added to counteract the yeallrwnass of the stnek decreases
lagibility somewhat by darkening the paper.

2« The Color of the Rulings. Avold rulings of colors highly contirasting ~ither
with the paper or with ether ruling celoers. The ruling crlors shruld all
resemble the paper coler more than the ink color., It is primarily the writing
which has to be legible; hence the writingeink coler must centrast with the
ruling ceclor. Since the ink color is customarily dark, and since the papsar

color should be light, the ruling colers should all be light to medium. Avnid
the use of beth red and blue rulingsy due to chromatic aberraticn the eye
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can not fecus ~n both of these rulings at the same time; crnstant
changes ~f actcommndation result in unnecassary fatipue, If diffarently
erlerad rulings are used, chcorsa ¢nrlors whnse hues ars 2ither ths same »r
not much differsnt.

3. The Celor cf the Writine Ink. Shculd ba as dark as possibl=.

i, The Gless cof the Paper. Sheculd be as low as possible in order tr av-~id
the fatipguing effect of spots due tc its specular reflection of the light
from the illuainating source.

5. The Cleurness of a VWritten Ink Line cn the Paper. The paper should
"take" ink without peruwitting it te spread. = paper perfect in this respect
usually exhibits considerable gloss, Eelection of the best compromise be=-
tween abscrption of ink and gloss is very important.

6, The lllumination., Muny defects in lepgibility due to poor paper can be
compensated for by appropriate illuminztion. The bad effacts of gloss are
avoidad by illuminating in such a way that there are no small intense light
sources that can be mirrored in the papge. Faint, faded writing on dark dis-
colecred paper cun be much improved in lepibility by using esnough faverahly
distributed light.
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All notieces, abstracts, and requasts feor further infermatien repard-
ing any of the items appearing in this latter, shculd b= addressed t~ R,
G. macdonald, Secretary, 122 East 2nd Streat, New ¥nrk,

January 13,1936



