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Preface 2" Edition

In honour of the author, Prof. Dr. Kurt Schlapfer, who sadly passed away in
April 2019, we have slightly revised this brochure. Through this brochure,
we aim to pay tribute to the author’s life's work and continue his passionate
dedication to the field of color theory. This second edition includes minor
changes to the content and has only been slightly revised. In line with the
author’s intentions, the essential core of the brochure remains unchanged.

April 2025 Mathias Schunke

Preface 15t Edition

An author intending to provide the basic facts of color science is faced with
the question how thoroughly this topic should be treated. Various con-
densed presentations can be found containing all major colorimetric cal-
culations, but the necessary explanations are too abridged. In the author’s
view this is a wrong approach. Even a condensed treatment should be
easily understandable by avoiding too much mathematics. Therefore this
booklet contains only one colorimetric equation. Furthermore, the compu-
tation of color values from spectral values is omitted. Such a presentation
should also attract non-technical readers.

As author | am most grateful to Erwin Widmer, the managing director of
Ugra, who gave me free reign to write this booklet. Moreover, many
thanks go to Harry and Patricia Keller for their editorial assistance of the
English version. Finally | thank the staff of the company Visual Service AG
for their collaboration.

February 2011 Kurt Schlapfer
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1. Light as precondition for color vision

Color vision requires light, or more precisely, visible radiation. The so-called
visible spectrum comprises the wavelengths from 380 nm to 780 nm. The
wavelength band below 380 nm is called ultraviolet radiation. Above 780 nm
is the region of the infrared radiation. All visible wavelengths together are
perceived as white light. If the white light is split into smaller wavelength
bands, the following colors result:

380-450 nm  violet to blue
450-500 nm  blue-green

500-550 nm  green

550-600 nm  green-yellow to yellow
600-650 nm  orange

650-780 nm  red

\ | | |
Ultra- 400 nm 500 nm 600 nm 700 nm Infra-

violet red
(uv) (IR)

Fig. 1 Visible spectrum split into bands of different colors.

These colors can be seen in a rainbow. This happens when the sunlight shines
through raindrops which split up the light into single wavelengths. The rain-
bow does not contain purple colors, because these colors only occur, if red
and blue light are mixed.

There is no natural or artificial light source producing perfect white light. The
most important light source is the sun whose radiation is perceived as slight-
ly yellowish. This is because the shortest wavelengths representing the blue
light are scattered in the atmosphere. As a result, the sky appears blue on a
clear day. At sunset the sunlight becomes reddish, as it has to travel a longer
way through the atmosphere thereby causing an additional scattering of the
green and yellow portions of the visible spectrum.
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8. Effect of the surround on the perceived color

Figure 11 is often taken as an example of an optical illusion: The green circles
have — when isolated observed — exactly the same color, but when viewed
with different adjacent colors, they look different. In this context, the adja-
cent or surrounding area of an observed color element is called surround.
What is regarded as optical illusion is a perceptional interaction in the brain
between the observed color and its surround. This effect is referred to as
simultaneous contrast. Another example for the simultaneous contrast can
be observed with gray patches: If the surround is dark, the same gray tones
appear to be lighter than if the surround is bright (Fig. 12).

Fig. 11 Effect of the surround on the appearance of colors: The color of the two green
circles is identical, but the color appears to be different depending on the surround.
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Fig. 12 Effect of the surround on the appearance of gray tones: The white squares
in the shadow of the cylinder have the same gray value as the dark squares outside the
shadow.

The surround also affects the perception of color differences. When two
light gray tones are viewed in a bright surround, their difference appears
to be smaller than in a dark surround. Vice versa this applies to dark grey
tones. For this reason, the surround used for color matching, for instance the
surface on which color samples or images are placed, should be a medium
gray. The simultaneous contrast is most intense, if the observed color and the
surrounding color are complementary to each other. Complementary colors
are pairs of colors being diametrically opposite on the color circle. For each
hue angle the complementary color can be found by adding or subtracting
180°. Simultaneous contrast effects based on complementary colors are
often used in advertisements: Green vegetables against a red background or
meat against a green background appear more saturated and make the food
looking “tastier” than against a neutral background.
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