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PROGRAM OF COLOR SCIENCE

The Diaries of Albert H. Munsell

A unique insight into his life's work

We are pleased to make these diaries

ailabl ine. The i t left
available online. The links at left are LEARN MORE

individual PDFs, each in the range of 0.5 to
y About PoCS/MCSL
1MB. They represent all of volumes A and

B in approximately twenty page History

increments. The index pages list the A.H. Munsel|

names of people mentioned In the diaries. 7 Oy e
VIUNSEi Liaries

Sorry, but there is no subject index. If you

i Past and Present Sponsors
would like to create one, we will gladly

IN THIS SECTION publish it here! Annual Reports
Contact Us
PoCS Home Note that some PDFs are actually more
: , Professor A.H. Munsaell
About PoCS than 20 pages. We grouped the tiles by the
People page number in the typed copies. Many pages were inserted with letter notation (4a, 4b,
4c, etc), Also, some of the handwritten pages are unnumbered. You may want to download Volume A

Research , . ok
the document before or after to make sure you get the desired pages.

Academics Part 1, pp 1-20
Part 2, pp 21-40

Resources NS
rnginal cover sheet Part 3, pp 41-50
Part 4, pp 61-60
CONTACT Below Is the text from the cover sheet in the diary binders as received. It was slightly Part 5, pp 81-100
edited for typographical errors. Links to PDFs of individual chapters are at right. Part 6, pp 101-120
Mark Fairchild Part 7. pp 121-140
Director The diary hereby made available is one kept by A. H. Munsell during the years in which he

Part 8, pp 141-160
Part 9, pp 161-180
Part 10, pp 181-200
Part 11, pp 201-220
Part 12, pp 221-230

was developing both the Munsell color system and apparatus and charts by which to
Valerie Hemink explain it.
Senior Staff Specialist

A typewritten copy was made at the Munsell Color Company in the years 1920-23 from 6

volumes of a handwritten diary kept by Professor Munsell. Drawings and sketches were all

hand_trananr and handurritins wrae inoartand athara anrrrantinne Arv additinane aiara macda in




“IT MAY SOUND STRANGE TO SAY

THAT COLOR HAS THREE DIMENSIONS,
BUT IT IS EASILY PROVED BY THE FACT
THAT EACH OF THEM CAN BE MEASURED.”
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Organizing Color in Three Dimensions
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Munsell’s Preterred 3-D Organization;
The Sphere




* Educational — to present the relations of colors.

* Record — to preserve and reproduce any color group
or effect.

* Apparatus — for mergence and predominance of hues
IN any sequence.

* Key-board - or instrument for color arrangements.



INnfluences: Lovibond [intometer, 1885
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INfluences: Base-10 Arithmetic
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INnfluences: Professor Ogden Rood,
Chair of Physics, Columbia University
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Cirst Entry In I\/Iunsell S Dlary

......

1879 -f”’Studied Rood 8 MOdern Chromatics,
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and visited Bobelins - to see scale of
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Diary entries are typed
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INnfluences: Weber, Fechner, Plateau

W-F: logarithm

Plateau: square root (KC

Munsell’s Diary

Response
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Stimulus

° 0 10 20 30 70 80 90 100
Amount of Red
0, 10%, 20%,... 100%




Organizing Color in Three Dimensions
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Middle Gray in the Center of Sphere
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HUE DIMENSION
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Attempted division by §

in order to use decimal

system 100° from any color

to its complement -right Rwﬁg\\
or left-handesd

100* from black to white {
[
8P ¥
Centrals Intermediates Blee. , )
1l word 2 words Yo
¢8
Purplish red Blue. BlaGreen  QreCM

Red purple
Reddish purple

Purple
Bluish purple
Purple Blue (violet) A Color Compass

Purplish Blue of

Blue 20 points R
Greenish Blue ‘ 'Q%:# AN 7R
Blue Green (10 to rizht ;9%: \ R
Bluish Creen of red \ / a

Green 10 to left s : ;
Yellowish Green of red) .~‘<<§<: -
Green Yellow ‘ P
Greenish Yellow Each 10% of / |
Yellow Hue
Reddish Yellow
+¥ellow Red (orange)

Yellowish Red

Because of two-word intermediates, no orange




Specific Hues Spun to Make a Gray




VWhat About Hering and Four Elemental
Colors: Red, Yellow, Green, and Blue?




Spinning Disk: Red, Yellow, Green, Blue




Spinning Disk: Red, Yellow, Green, Blue,
Purple







ACHROMATIC DIMENSION
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INnvented Portable Photometer, the

L umenometer

T l6a,

A newcpaper clipping
appears here, deglnning:
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an Invention of any
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-here are notes with this figure which
are rapeated on p. 52 - comparing

the Mansell phetomnetler and lovitond's
tinteneter.
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Value: Measurement Baseo

* Photometer used to measure %R (weighted

by an observer’s luminous efficiency function s

%o

* Used Plateau’s psychometric function
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Fechner’s Law




CHROMATIGC INTENSITY DIMENSION




Terminology for Chromatic Intensity
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* Chroma

22a.

* Purity

1. Three measures of a coler (Value or Luminosity (tint &
(Energy " Purity - shade )
Sgturation

* Freedom from
white light




Chroma: Departure from Gray at
Constant Value

Pure 1§ hite s lhrun'h';’ Olld not prarh'c'o”}' a;mi"("'"". THL I/IL.\'SELL SYSTEM I?QR (,()I,C
\ Tms perspective diagram graphically illus
WHITE sions of color employed by the Munsell
Jide ¢ e — ) measurement and notation.
9. ‘ Je » - T . . e LITITT
L3.5.7.9 4 Y .b 77 @ IThe firsi dimension is HULE, measured ¢
i g Bilriten  ~ - oL shown in perspective as encircling the cenlral |

ten equidistant Hlues arranged in the order
Yellow-Red, Yellow, Green-Yellow, Graza, DI
Blue, Purple, Red-Purple. Five principal Hues
are printed as they appear at these paints. The
ave tlesignated by letters only—G-Y 1B, R-P,

The second d'mension is VALUE, meast
which is gray and neuatral Lo all the Hues.
regular steps from dark o
shows how light ordarka cc

The third dimension s
the paths (shown in persp
ncutral pole out to the eq
dimension measurces the
a color. The Chroma scales of RED, and it
‘! GREZN, are shown here at middle Value,
{_ maximum strength of each. It will be note
|

)
/ [

92 rc

7’ a . ; 3 o It

strong as BLUE-GREEN. The Chroma patl

cicated in outline. All of these parhs may bi

step on the Value scale. Yellow, for example,

Value, can orly attain its maximun strength at

value yellowy shown on this diayram may be ui

bt with a clear wnderstanding of the tivee din
j realize that yellow can be as low in Valuc a5 a
[ as strong in Cioroma at the lower Values.

f The dimension of Huc is expressed by a
J of the word—GREEN, YELLOW-RED, etc.

Pure Black is thcoretic and no! praciically attainable

The cimension of VALUE is expressed b

l‘ 13l el S e N PR T enm a ISR R I R YD 2 |

If you are using photometry to measure reflectance, you would
bin by Value, and thus, Chroma is perpendicular




Extending the Sphere




Mixing Paint Does Not Fit Concept of

Chroma

PIGMENT CURVE describes combined C & V or any Hue

(#} Set of templates grading any color to W & B

by 10 equal steps

Given, the strongest sensation of Red

3 l. to grade it to white)
2. " ® " " black) by equal
3. *® " " " gray ) sensations
Al -

-——

fd

\ .

ExXperiments show that

l. Equal loss of chroma recuires
unequal steps of wvalue.

2. Unequal sters of chrome will
permit equsal steps of value.




Defining Chroma Spacing with
Psychometric Function

See Vol. 2 (p.LO) snd Vol.l (p.L9) p.32 iﬁ this book.

/;/ |0

” /);,/’-’U
A?pﬁf

Same disc in color
reverses gradation

la.
Gray disc -to zraduate chroma
bullt by geometric areas. -no0 lighter )
Zei4)  only grayer)less chroma
CHEOMA
relative grayness
(distance out from neutral axis) °
Methods of determination
I,Union with compl. to
form gray, inversely
as areas of discs
ILlLeast perceptible addi-)of
tion or subtraction ) C.

IITI, Radius as.a scale of C.
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-
-
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Chroma Template Based on
Psychometric Function
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Atlas of the Munsell Color System

MUNBSELL OOLOR SYSTEM

ATLAS C

o
OOLOR CHARTS.
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CHART 60.
. SCALES OF HUE AND CHROMA. REFLECTING 60% OF THE INCIDENT LIGHT. ~f-
This chast is a horizontal section theough the color solid, similar to chat 50 except that all its colors reBect 107 more light,
By comparisan with chart 30 it will be seen that this weakens the ficld of purple-blue although it srengthens the yellow field.
Each of the ten hues exhibits its Scale of Chroma on a radius from the nowtral centre N¥ to the astrongeat color obtainable at
this level in stable pigment. Thus P and RP have but four steps of chroma while YR, Y, GY, and G extend to the seventh and
eighth step.  This also sppesrs in the symbols printed on each colo, whese the initial gives the hue, the upper numenal is the
value and the lower numeral the chroma,
To balance any oppesite pair, such 83 G§ and RP§, we should use seven patts of the weaker RP with four parts of the
stronger G, The quantities of color which balsnce are thus seen at a glance. Each concentric circle traces equal chromas.
Mwh-&i&cﬁlolun,m_-idﬁcmaﬁomfwbalccﬁn_g‘cdwwwkhppmbn'&eabachﬁumiy be applied —_

here.  Sce Chapters 1ll and IV of “A Color Notation”, _ [
AVOID DUST, HANDLING AND LONG EXPOSURE TO LIGHT
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MUNSELL COLOR SYSTEM
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COLOR CHARTS.

COPYRIGHT BY A, F, MUNSELL. 18C7-1815
PATENTZID JUNE Z€, 1B0B.

CHART

e U
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\

|
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T

i0 8 8 2 6 5 3 3 2 1 N

1 2 3 @ 5 6 7 B 8 10

SCALE OF CHROMAS

YELLOW AND PURPLE-BLUE CHART.

Thiachart presnis o verbeal plane passad through the axis of the enlos zeldd ond baaring the complementary hucs, yellow and
putplc-uuc. Thia Far of oppm&c hucs 1o chewa m reguas meazased ccales from black to white, axd from greynesis to the Arong-
‘cat coloy made ia stabls pigment,

VALUES of y:]lcw and purplc-'oluc range verﬁc.xl.y fram black (Ol to white (IO).
horzostally kom nevtm! gray to the maximum (100

Each step in these color scalss kear an appropriate gymbel describing its hight anc e etrargh,  Thue Y 6 zinc yellow, the
strongest parmancat yellow, which axhibitc 901 of chromatic eirengh and reflacte 8C77 of the incident light.  Ite sppoeiie PB seflects
the sarc perecntoge of light but caly 207/ of chroma. To kalance ths pak the sress must be inveceely s the cheama, i e, dnce

CHROMAS or cxengll’z of cclor range

purple-blue i buttwo ninds as stiong as zine yellow, it racuires nine pans of puple-blue to balarcs twp parts of the yelow.
Altzetion Lo these meanaes leads to pleasing combinations,

Any cwsen stegs of yelow and purple-bluz upor. this cham may ¢ balanced by ncting their symbois:- thus light yellow (Y3)
balances Cack purple-blue (PBR), whea the reas are inversely as the product of the symbols viz.-twenty-sever parts of light
_vdbw aund sevzuly<lwo pars of dack [:U'plc-:)hc.

Clisptens 11 axd IV of the handoock, “A Color 10tation,” deseribe these balances and their conbinaticns with otber huss.
The symlol ox cali color step is iy NAME, a measure of its light and strength by which it is to b memorized. written and

renoduced.
AVOID DUST, HANDLING AND EXPCSURE 70O STROMG LIGHT.
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A UNS‘ELL COLOR SYSTEM
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COLOR CHARTS,.

CUF FIaAl BY A. H, WUNSE__ a9 %,
“ATENTED JUKE 2E. 1908,
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SCALE OF VALUES
B o

2

CHART H.
INDEX FOR COLCR NCTATION.
Fhic chart sipests il coloe paths and fecords each qep by 2 simpe NOTATICN. Tae ten st=ps of 2ue are writen
KP {red-puple). P(paple), PR (Garke-hlie), B(hlne) BS (hlue-graen), G (eraen), (Y (gesnyellow), ¥ (rel cw) YR [yellnw.
' rcc or orange), and R (red). !
‘;‘ Tnitials a: the tap o the chact taze the Seqaencs of Hues; numazsle st the zide irace tha Sequence of Valuze and the cnall
wauizia. minted oz cach color step iz an icdes of te Chioma Ga: drangth o salacvion.  The color etes made of cermilon koo
the ebroma maiszal 10~ it iy at the vauc leve. $ie and intac ced coluran B, Thic dep b veritiea SR % a¢ cxploined in s previcus
introduct on and in caaptar V1 ol <A Colu Dutetion,™

I¢ this chart were Sert arqund the equator of the calor sphate farming 2 eyiindrical envelope. it world Emitue & mereaior
char: a the ¢lahe, each hua lzking the pace o a meridian and each valse level representitg a parallel of atrnede, while tha chroma
oumerals world comespard 1o slhtades

Wese tns eyliude: sut cpas on the sed-prrnle mendian (RP) 2: woikd spesad out 2 bo:n this Hue Charis. green Leng at
e cacter with yeliow anc red (swaem huas) to :ke right, snd tha zocl huse blus aad parple 1o tas 161

Calon sheven on sHis chast forme the regular owledie of the eolor teee, bivczn which and the acutral gray truck arc
the intermzdints cegresaof weaker caroma which cpprar on the ancesecing chorts R Y. G, B. P and 20, 30. 4. 50. €0. 7). 80.
ofthe systen,

ANDID DUST, HANDLING AND EXPOSURE TO STRONG LIGHT.
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“YOU HAVE PUT AN ARTISTIC IDEA INTO
SCIENTIFIC FORM”
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0’ A PRACTICAL DESCRIPTION OF "

0:0 THE MUNSELL COLOR SYSTEM 4%

o WITH SUGGESTIONS FOR ITS USE 8

By T. M. CLELAND

* Books o T
COLOR NOTATION

* Crayons

* Watercolors

cA+H  MUNSELL &




“From his earliest days with the Company, Alex Munsell was greatly influenced by
Irwin G. Priest, chief of the Colorimetry Section of the Bureau of Standards and an
active leader in the Optical Society of America’s outstanding Committee on

Colorimetry.

Mr. Munsell was neither a business man nor an artist. His interest lay, rather, in
scientific fields, and from the beginning he left much of the handling of the business
of the Company to others, while he concentrated on the scientific aspects of the
Munsell work. The writer’s first memory of A.E.O. Munsell is that of his enthusiasm
upon his return from the 1921 October meeting, of the Optical Society of America
where he had met and talked with I. G. Priest. It was at that meeting that he first
heard of Carl W. Keuffel’s direct-reading spectrophotometer, later described before
the 0.S.A. One was ordered on the spot and was delivered in New York to the Munsell

Research Laboratory during the next year.”



Moditying the Atlas: The 1929
Munsell Book of Color

* Errors Iin the photometer

DEFARTMENT OF COMMERCE

W. STRATTON, DirzcTOR

* Errors in manufacturing v sxsamazios o8 T s,

* Is a square root the correct oo
psychometric function? e

* More rigorous specification for

...............

defining system and its manufacture




New Experiments to Scale Hue, Value,
and Chroma

In collaboration with the National Bureau of Standards (NIST)




Revised Value Scale
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* All colors defined using disk mixtures under
controlled daylight.

* Painted papers: primed near color, varnished, final
coat matching disk specification.

* Each sample measured with spectrophotometer

* One or two chromatic pigments, black, and white



1929 Munsell Book of Color
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Further Improvements by the Optical
Soclety of America

7 constant value charts,
20 constant hue charts,
3 backgrounds
~100 samples / chart
41 observers

>300,000 observations
(not 3,000,000)

Value 5
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Visual Data Averaged, Plotted on X,y
chromaticity diagram on oversized paper,
smoothed, and "digitized” manually
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“IT MAY SOUND STRANGE TO SAY THAT COLOR HAS

THREE DIMENSIONS, BUT IT IS EASILY PROVED BY THE

FACT THAT EACH OF THEM CAN BE MEASURED.”
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