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Ostwald’s Basic Contributions

to Colorimetry are:

the spectrum & the color circle (semichromes)

the mensuration of the color circle
the structure of the object color solid
the colorimetric color atlas

color & spectral signature

 will not discuss color harmony today)
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The Spectrum
&
the Color Circle



Newton demonstrates the spectrum (George Romney)_ |
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X Y, and divided between X and Y, (o as to found the tones exprefled at the
Y K the fifth part,

Y M the eichth

{ide 1th3t is X H the half, X G and G I the third part,

art, and G E the ninth part of X Y) and

Newton’s spec‘crum had a resolution of onlg about 50-100nm

(but the colors were almost Peﬁ[ect!).

Newton saw 7(!) colors and fitted a musical scale to them.
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Newton drew up a color circle (right% he Probablg emulated

Descartes’ rePresentation of the musical octave (Ieﬁ:}.

He somehow managecl to let the spectrum “bite its own tail”,
_ con?using the scientific world for over a century (ti”

- Maxwell’s & Helmholtz’s experiment5>.



C )% Newton’s spectrum s
\ 4

||||||||||||||||||||||||||||||| |||i||| b ool ik
Only the Painter’s
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“color circle

contains all hues.
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spectrum

inverted

sPectrum

Newton thought he “Provecl” white
ioht to be a “confused mixture of
g

NOMOgeNeous liglnts”.
Goethe (Farbenlehre) showed that

comp ementary BPSFtUFCS 9|€|Cl

' comp emcntarg images (Babinet’s

i
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spectrum”.

{ Neither the sPc:c:‘crumJ nor the inverted sPec’crum are comple’ce.

i Goethe had trouble with green, Newton with Purple.
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Principle) and Proc{ucecl the “inverted =



Goethe exierimentecl with

He came to consider colors as mixtures 01[ eclge colors

(“Kantenfarben”) . This let to Schopenhauer’s notion

o colors - [ D




Goethe’s “eclge colors” are obtained as the

cumulated spectra (stanE ng at either spectrum

imit) of the spectrum of the illuminant (“white

ight”, “daglight”). You see these colors when
you look at a light/ dark eclge through a prism.






The cardinal colors as “parts of claglight”
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Ostwald also thinks of the full colors as “Par‘cs of daglight”.
. Indeed the semichromes are “half of claglight”. Because he

curved the sPec‘crum the Purples appear as “natural Parts”.

- Unlike Newton Ostwald retains the “gal:)”.
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Ostwald’s

“semichromes”

The relation between the color circle and the spectrum

_ 1S explained through Ostwald’s construction of the

“semichromes”. The semichromes are also full colors.
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The Mensuration

of the
Color Circle



The color circle is onlg a toPological circle, without a

" metric. One would like to fit it with a “wel temperecl

scale”. Ostwald Pioneerecl a method to do this.



Ostwald’s “Principle of Internal
ngmetry” 1S very simple: Define

Here the RGB color circle is

mensurated: Starting with the

| Primarg colors R, Gand B, one

obtains the secundarg colors
C,MandV. Going, the other
| way one obtains C, M and Y
_ from R, G and B. The whole

| 5gstem IS interna“g consistent.




Ostwald’s “Principle of
Internal Sﬂmme‘crg” 9ie|cls an

aﬁinelg invariant arc Iength

Parameterization of the

color circle.

The first colorimetric
(numerical) calculations

were bﬂ Bouma in the
194-0’s (now Forgotten).
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Coloroid 48 step scale Munsell 40 step scale DIN 24 step scale
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Psychologica! (“fige Measure”) Scales

ff:ml:)irica”y, the Ostwald mensuration “l:)reciicts” the
eye measure scales quitc-‘: well. This is most remarkable
because it requires mere colorimetric (objectiv@ data.
(Onlgjudgments of equalitg, no absolute color

| juclgmentsl) Psgchologg s not involved.



The Structure of the
Object Color Solid



T IR

Of the many attemps to
systematize the object
colors before Runge (1854)
none came up with the

GOEREGE toPologg.

The modern theorg of the
color solid is due to Erwin
Schréclinger (Ann.Plﬁgsik
1920).
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Thé SChrédinger

“color solid”.

Al object colors lie within a ﬁnite, convex volume. Its

ooundary IS smooth, excePt for two Points: At the

black Point the solid is tangent to the spectrum cone,

* at the white Point to the inverted spectrum cone.



otH-white
B black (monochromatic)
- ﬂighpass eclge color

OWPBSS CClgC COlOr

. band pass (spectrab

band gap (non~5|:>ectra|)

The Schréclinger “oPtimal colors” make up the bounclar9

of the color solid. Theg are the brightest colors for any
given chromaticitg (the best Paints, containing no grag).

| The most colorful oPtimal colors are the Ostwald full

COlOI”S.



SChréjclinger’s color solid

mensurated via Ostwald’s

“Principle of Internal Symmetry”:

A Fu”g objective framework.
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Ostwald conceived of object colors as Partiti\/e
mixtures of white, black, and a full color. Placing the
gray axis Perpendicular to the center of the

Full-) color circle, he arrived at a double cone.
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This atlas is

based on a
- 24 hue color
circle.

Notice the

icliosgncratic_ |

hue names

assignecl bg

Ostwald.
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white pole

ribbon of full colors = \

. not a planar “color circle!

black pole

In the Schréclinger color solid the Ostwald full colors

(“Vo”?arben”} are at greatest distance from the gray axis.



white

- black

. The OstwaH atlas covefs onlg part (A) of
the object colors (A+C+D) as derived bg
Schréclinger (1920) .

full color ultimate color

(virtual)

r’

59 variation of the sPec‘crum ot

the illuminant region B is available.

The colors in region C are “suPer~tints”
(negative black content) , those in regjon
D are “suPer—-shacles” (negative white

content) .
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In terms cnc t]’)e ultimate Colors tl’lé Fu” colors tlﬂemselves

p=can be analgzecl in terms of their color, white and black
- content! The “best” colors are blue and ge”ow, “worst”

- are cyan ancl magenta.



The Colorimetric

Color Atlas



Alber‘c Munse”

Albert Munsell (a Painter}
worked on a “color atlas”

almost simultaneouslg with
Ostwald. (The two met.)

In the final iNnstance, Munsell
reverted to ‘eye measure” to

arrive at a metric.

Thus the “Munse”~595tem”
stancls we” apart From

colorimetry proper.



Munsell’s concePt of
| a“colortree” is a

4 cglindrical coordinate
L

i system based on

| the gray axis.

1 There is no fundamental

] [imit to the distance the

: “branches’ may go.

RS I This Fu”g ignores the

_ N .M_i -}__._.-:—-,;,.'.;__ __.‘. ,,‘ AT = = ' , / :
%&i'l‘i-u-—-i--i-i-"f:i;u--uﬁ-l--u-i-h—n! COIOr’mCtrIC baSIS.

-

5 - T LiC =
g s

b=
TR

\--ri--li—-l-—-l-—lvll;-i-rl-l-l--l-_-n_- i F
il gk ]
1 Y i i ] 1 "l l\! |'|

1 3 | JII | i Tl .r" :_.h!



Qi 0gT
Sefarl S0 0e
2o20e, Os0:0
elbcCa 202020
2620 000
vZeZe” 03020°
o 0a®
coo 0a®

Construction of a page of the Ostwald atlas. The
.- samples can be gencratcd 139 simple means (Ostwald
_ used the POMI, HASCH and inverted sl:)ectroscol:)e).

This (n Principle) involves NO EYE MEASURE.
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= _: A sample 1Crom the Ostwald atlas: |
i Full color #12 (Ublau),
' 50% color 2.5% Whlte 2_5% black : o



53 far the best way

Q Q Q to memorize, select

or mcllcate colors IS

‘ QO Q bg way of their hue

O

Q. and color white and
‘ Q black contents.
‘0

Q With some practice

one leams to “see”

O
:0
-

Q“

Modern application: “Color Pickers”
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Wild 12, Dev Favbidrper.

n Ostwald’s double cone the pages (ull color-white-

' black triangles) are bound at the gray axis to a

“Periocjic” book (no need for front or back covers).
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.Z Although Ostwald used e‘ﬂPirical methods

to find suitable Pigments) his color atlas is

_- ﬁrmlg founded on colorimetric Principles
- (NOT eye measure!) and can be comPutecJ
(ancl shown on the computer screen) from

standard colorimetric tables.

tis different in kind from Munsell’s sgstem.



Color
&
Spectral Signature



Reflectance sPectra of

| natural materials (such as

skin) can be captured very
well through Ostwald’s

_ scheme, at least for

colorimetric purposes.
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Ostwald asked a Phgsicist: “What is the best recipe for

| 9e||ow Paint’?” The answer was “zero reﬂectance

| thoughout the sl:)ectrum excel:)t AE86 min
Ostwald noticed that this will Produce abBlAEK Paintl

Ostwald looked at s
: Paints and noticed t

DeEic

nat Hé!

reflectance of actual goocl
ows reflect half of the

spec‘cruml There are no “monochromatic” object

COIOT’S.



: black content {} blaCk

color content 0 color

. white content@ '

ﬁ complementarg wave]engths

e Ostwald schematized spectral signatures in terms of

- Partitive mixtures of spectra reflectances: Black, white and

a Fu” color. This cuts clown the = clegrees O]C ?reeclom to a
! mere 3! For colorimetric purposes this suffices.
o Ostwald Prol:)osecl o cuk down the sPectroPhotometrg {8

-a determination of full color # and CWK contents.



Actual spectral signatures are not of the ideal
Ostwald type (although often not too ditferent).

Thus the simple methods Pushecl bﬂ Ostwa

} to characterize spectral signature comple‘ce

C

goocl aPProximations

d will fail
Y.

\ , Ostwald was evi&entlg aware of
this but failed to stress the Point.
_ ¢ Althougﬂ Ostwald’s methods are

noEetack they are cncten very

and quite

A ¢ useful when aPPIiecl wiselg.



Some conclusions

I Ostwald managed to clear up the relation
between the color circle and the spectrum

-1 Ostwald managed to replace “eye measure”
with colorimetric definitions

-1 Ostwald’s color atlas may have a few flaws, but
is a principled construction, in contradistinction
to Munsell’s mere eye measure result

~ Ostwald’s “spectroscopy” (when understood
rightly!) has many useful applications.



What ever happened to
Ostwald’s Color Science?

History has not been kind to Ostwald. His major achievements are
not acknowledged in the Anglosaxon literature and — when
mentioned at all — are misinterpreted. An embarrassment!

For example, Ostwald’s color atlas is the only principled
construction of its kind available today. It is difterent zn kind
from the Munsell system in that it obviates the need for eye
measure (psychology). It is perfectly suited to the computer
. age. Yet this remains unrecognized, despite the need.

The current industry standard (CIE-Lab) is an awkward mix of
colorimetry and arbitrary definitions (loosely based on the
Munsell system), full of magical numbers and @d hoc functions.
Yet, commonly enough, people confuse it with sczence!



Thank you for your attention!

7.J-Roenderink@phys.uu.nl




