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Some Common 
Color Fallacies 
BY KURT NASSAU 

Do you agree with any of the fol
lowing statements? 

A: For each wavelength (or frequen
cy, or energy) of the visible spec
trum, there is a unique perceived 
color; for example, 590-nm light 
is orange to everyone; and 

B: There is a single, unique white. 

C: There is orange light; but 
D: Brown light rays do not exist. 

E: There is one set of three primary 
colors: red, yellow, and blue; 

F: Artists can obtain all the colors 
they need by mixing paints of the 
three primary colors; and 

G: There is a single, unique color 
wheel (circle) that artists use for 
color design. 

H: The blue of the ocean, lakes, and 
swimming pools is caused by 
reflections from the blue sky; and 

I: The blue of glaciers and icebergs 
originate from a change in the 
structure of ice by intense cold. 

If so, then you were probably 
exposed to some not so clear expla
nations on color. These color-
related fallacies are just a few of the 
many that I have come across in 
places as varied as books on color, 
The New York Times Science Section, 
and TV programs for children. 

The problem is that color is not 
taught in depth anywhere in our 
K-12 educational system, so bits and 
pieces come to us from not always 
reliable sources. Many originate in 

hearsay that teachers remember— 
correctly or incorrectly—often from 
many years ago, when some of these 
topics were not as well understood as 
they are now. 

A unique perceived color 
Contrary to statements A and B, 
there is not necessarily a unique per
ceived color for each wavelength of 
the visible spectrum, nor is there a 
single, unique white. 

Our perception of color 1 is 
affected by adjacent colors: a patch 
of orange surrounded by red looks 
yellow; orange surrounded by yel
low looks red. Color perception is 
also affected by the nature of the 
illumination, by more distant colors 
in the field of view, and by colors 
recently seen. 

How can one avoid such effects? 
Cut a translucent table tennis ball 
into halves, place one over each eye, 
illuminate with a single color light, 
and wait for previous color effects to 
disappear. The result: after a few 
seconds all color perception is lost 
and we see only black!1 

Color deficiencies in our visual 
system (about 4% of us have them) 
also interfere, as do minor variations 
in normal color vision. We cannot 
know exactly what colors others 
might see. For completeness, one 
might mention that some philoso
phers deduce that (as with any per
ception) " . . . nothing exemplifies or 
has any color" and " . . . there are no 
colored things and, therefore, 
nobody knows that there are."2 

Our eyes also have a wonderful 
ability to accept a wide range of 
illuminants as "white." In a dark 
room, illuminate an object with a 
flashlight and note that the object 
casts a black shadow on a white 
wall. Turn off the flashlight and use 

a candle. You 11 see the same result 
because our eyes compensate for 
different illuminants. 

Now use both flashlight and can
dle together. You'll see the two differ
ent colored shadows, because our 
eyes and brain cannot compensate for 
the two illuminants at the same time. 

Sunlight might be considered 
closest to a unique white, since our 
visual system evolved in its presence. 
However, even this varies both with 
the time of day and with weather 
conditions. 

What about brown light 
In 1666 Newton recognized that 
" . . . the Rays to speak properly are 
not coloured. In them there is noth
ing else than a certain Power and 
Disposition to stir up a Sensation of 
this or that Colour." Nevertheless, 
we all tend to use such language as 
found in fallacies C and D. 

But even if we accept the incorrect 
usage found in these fallacies, why is 
it sometimes claimed that there is 
orange light, but no brown light? 

When mixing paints, we produce 
brown by adding black to orange, 
but when we reduce the intensity of 
orange light on a white surface in a 
dim environment, the color remains 
orange. 

If you look at this same orange-
lit surface through a hole in a piece 
of white cardboard, the color 
remains orange. But illuminate the 
cardboard so that the cardboard 
appears brighter than the orange 
below it, and brown is now per
ceived through the hole! (Inciden
tally, a yellowish-green turns olive 
under these same circumstances.) 

In fact, neither orange nor brown 
light exists; there is only light of a 
certain type, e.g., wavelength 590 nm, 
that Continued on page 44 
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revolved around these set times—I 
did not think about the time of day, 
but rather when and what was my 
next commitment. 

Did I continue my education? A 
wholehearted "YES" to that query. 
Most of this came through lecturing 
and research. Upon leaving graduate 
school, I thought I was educated, but 
this is a falsehood—teaching materi

al that you think you know is the 
only true way to learn it. As an opti
cal engineer by training, I thought I 
knew Newton's Laws, but teaching 
introductory physics taught me what 
is really meant by F = ma. 

However, most of the learning 
that I did while teaching was, in 
actuality, relearning (or better learn
ing). By conducting novel research, I 

was further able to learn new things. 
The combination of the two types of 
learning are what make an academic 
career so rewarding. It's not for 
everyone, but I found it to be my 
most gratifying experience to date. 

OPN Contributing Editor R. John Koshel is adjunct pro
fessor at Rose-Hulman Institute of Technology, Terre 
Haute, ID, and also a consultant in optical/ laser 
design in Westminster, CO; koshe@juno.com. 

Color Fallacies 
Continued from page 42 
can produce a perception of color, 
depending on the viewing circum
stances. 

Whose primaries anyway? 
Perhaps one of the most confusing 
concepts related to color is caused 
by how it is talked about in art class. 
Many of us learn that the primary 
colors, red, yellow, and blue, are the 
only set of primaries and that any 
color can be obtained by mixing 
them. We also learn that there is a 
single, unique color wheel (circle) 
that artists use for color design. 

When mixing paints or dyes in 
subtractive color mixing,3 there is 
indeed a set of three primary colors, 
but they are actually magenta (a 
bluish red), yellow, and cyan (actu
ally greenish blue). You can see 
these easily if you look at a printed 
page under magnification. You'll see 
lots of cyan, magenta, and yellow 
dots, plus some black ones. Printers 
use the black ones to give printed 
pieces good density. 

So why can't painters use red, 
green, and blue to get every color? 
Consider mixing blue and yellow 
paints to obtain green. The blue 
paint reflects blue and absorbs most 
colors other than blue from the visi
ble spectrum; the same happens 
with the yellow paint. Thus, each 
component of the mixture absorbs 
some green, so that the light reflect
ed from the mix inevitably gives a 
weak, unsaturated color. However, a 
paint based on a pigment such as 
chrome green4 absorbs essentially 
no green and therefore gives an 
intense, saturated green color. Yes, 
painters do use mixtures for fine 
hue adjustments, but their palette 
needs to contain more than just 

three colors, witnessed by going into 
an art supply store and looking at all 
the colors of paint they can mix and 
match. Note that a mixture of all 
three primary subtractive colors 
gives black, since essentially all the 
spectral colors are now absorbed. 

The confusion over primaries 
comes when we learn about the 
additive color mixing of light. The 
primary colors here are red, green, 
and blue (actually a violet). To see 
this, look at the face of a turned-on 
TV tube with a magnifying glass and 
you'll see the individual colors. 
Mixed equally together, these pri
maries will give you white, since the 
spectrum is essentially reconstitut
ed. Here blue light plus yellow light 
also gives white. 

In psychophysical studies on 
vision there is yet another set of "pri
maries," this time of four colors: red, 
yellow, green, and blue, based on the 
two sets of opponent colors.1, 3 

Opponent-based systems exist in 
color circles as well. In fact, there are 
dozens of different circles,3, 5 which 
are almost never used by artists in 
their actual painting process. 

True blue 
On a recent Alaskan cruise, fallacies 
H and I were given by tour guides as 
explanations to questions about 
oceans and icebergs. But if you look 
at a clean swimming pool with 
white walls, the color of the water 
remains blue even when there are 
only white or gray clouds in the sky. 

A polarizer can also be used to 
eliminate sky reflections and show 
that the bulk of the blue color in the 
water remains. There always is, of 
course, reflection from the sky, but 
that's not the main reason water 

appears blue. Also note that when the 
ocean has white caps from wind, the 
scattering of light from air bubbles 
near the surface prevents enough 
penetration of light to show any blue. 

Overtones of the fundamental 
molecular vibrations in both water 
and ice absorb light very weakly at 
the red end of the spectrum,4 thus 
giving the very pale blue color seen 
in bulk H 2 O. This blue is an inherent 
characteristic of water. (Incidentally, 
light scattering is not involved. Also 
note that window glass, apparently 
colorless in a thin sheet, is green 
when viewed on the edge, because it 
contains an iron impurity.)4 

Questioning color 
Experimenting with color can be a 
great way for children to become 
interested in science.6 Explaining 
the errors in fallacies such as the 
ones described here will deepen 
their understanding and may help 
make them skeptical of glib answers 
to subtle questions. 
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