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A summary of Johann Wolfgang von Goethe’s color studies is presented with special
attention paid to his “method.” It is proposed that the act of accurate qualitative observation
creates the capability in the observer for an intuitive understanding of the physical laws
underlying the phenomena under observation. The -use of such a method as a basis for

laboratory instruction is discussed.

Lord Kelvin (1824-1907) gave the following as a
description of that with which science is concerned!:

I often say that when you can measure what you are
speaking about, and express it in numbers, you
know something about it; but when you cannot
express it in numbers, your knowledge is of a
meagre and unsatisfactory kind; it may be the
beginning of knowledge, but you have scarcely, in
your thoughts, advanced to the stage of Science,
whatever the matter may be.

Here we encounter explicitly a central presupposition
which has lain at the base of scientific inquiry since
Newton; in short, science is quantitative. It is usually
held that by such quantification of information we can
circumvent the subjective nature of human experience.
Much concern has been expressed as to the validity of
such a view and if valid what are its limitations and
implications.2™* Little of a positive nature, however, has
been done to investigate the question; how far can one go
towards the formation of a science based on the exact
qualitative experiences of man? It is precisely this
‘‘qualitative science’’ that we wish to explore as a
complementary and perhaps necessary addition to the
more orthodox ‘‘quantitative science’’ taught in high
schools and universities today. In Goethe’s Theory of
Color® one has, I believe, the elements necessary to form
a fruitful alternative to the purely quantitative nature of
modern science. In the following pages we hope to set
forth an approach fundamentally different from modern
science in certain respects and yet true to its underlying
aims.® This approach is one which stresses the reality of
‘‘intuitive’” experiences of natural laws as complementary
to the more formal mathematical formulation of such
laws. Finally, we briefly point to certain pedagogical
ramifications in the design of laboratory courses which
such an approach might have.

INTRODUCTION

In 1810, Johann Wolfgang von Goethe (1749-1832)
published what he considered his most important work,
Zur Farbenlehre (On the Theory of Color). In large part
due to his polemic against Newton and his then accepted
theory of color (Opticks, 1704), Goethe’s own theory
‘‘sounded like a shot in the mountains,”’ that is to say he
was essentially ignored then, as now, by most of the
scientific community.” However, more recently a re-
consideration of Goethe’s contributions to science has
been undertaken by such contemporary scientists as Wal-
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ter Heitler? and Werner Heisenberg.® Unlike the above
authors, our purpose is not to evaluate Goethe’s Far-
benlehre; rather, it is to render as clearly as possible
Goethe’s thought concerning the physical sciences as
evidenced through his color studies. By becoming aware
not only of the explanations he advanced but also of his
method, one can be led to experience the insightful and
timely aspects of his scientific world view. His is a
method which retains an intimacy with nature, and is
thereby accused of subjectivity. It establishes as well a
relationship to phenomena which retains the element of
genuine wonder. The ancient Greeks are often quoted as
stating that all knowledge begins in wonder. By ap-
proaching the world in a phenomenological fashion, one
may still arrive at an understanding of natural phenomena
which, we hope to show, can legitimately be called a
“‘theory.”” Through the immediacy of the experience of
beholding the laws of nature in the phenomena them-
selves, students stand initially in awe of the simplest ex-
periments. Yet this awe leads not to myth but rather to
genuine scientific endeavor.

THE EYE: PHYSIOLOGICAL COLORS

Goethe begins his Farbenlehre with a consideration of
the organ of sight; we shall choose to do so as well. One
may perform the following experiment to this end.

A well-illuminated, strongly colored object® is placed
far enough away so that it takes up no more than 2° of
one’s field of vision (in order that the image falls on the
fovea centralis—pure cone vision). If, after a period of
about 30 sec, one either closes one’s eyes or diverts them
to a neutral surface, gradually a colored afterimage will
appear. It will float, as it were, before one’s eyes al-
though no external stimulus may be present; the image is
produced entirely by the eye. If variously colored objects
are used, one discovers that the afterimage hue is
complementary to the object hue. (This is not strictly
true. For a very interesting presentation of afterimage hue
as a function of saturation, see Ref. 10.) The first re-
corded description of this phenomenon is found in
Aristotle’s De Somniis (On Dreams), where he speaks of
the colored images of dreams and the imagination as
bearing a resemblance to the eye’s afterimages. This
phenomenon was rediscovered throughout history by
figures such as St. Augustine, Alhazan, and Peiresc. One
may point out, with Goethe, that the color circle can be
built up via afterimage pairs in such a way that pairs are
on opposite ends of diameters. He considered the ten-
dency of the eye to create afterimages of extreme sig-
nificance and indeed generalized it as the ‘‘Law of Re-
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quired Change’” (‘‘Gesetz des geforderten Wechsels’’'1).
This law states that as a strong impression is received its
complement is produced by the individual, so that when
the external stimulus is removed the complementary inner
gesture becomes expressed—thus the appearance of an
afterimage, tears when joyful, and so on. The eye then is
not a passive device but rather a creative organ, one
which ‘‘demands completeness and seeks to complete the
color circle in itself.”’12

You see [said Goethe] that there is nothing without
us that is not also within us, and that the eye, like
the external world, has its colors.!?

The reflection of the outer world in the inner, of course,
dates back to the ancients and persisted certainly until the
seventeenth century as evidenced by the acceptance of a
geocentric universe. As we shall see, Goethe’s ideas in
many ways mirror those earlier views in a way which
bears the imprint of a modern genius.

One further experiment which is most instructive and
fascinating is the production of colored shadows. Two
sources of light are needed (originally sunlight and
candlelight were used) of different colors, for example,
red and white. These are projected in register on a screen,
and a suitable object is placed such that two shadows are
cast, one illuminated by red light alone the other by white
alone (Fig. 1). However, rather than perceiving a red and
“‘white’’ shadow, respectively, red and green shadows are
seen. This is explained by current color theory according
to the theory of ‘‘chromatic adaptation,”” which essen-
tially states that the subjective ‘‘white point’’ of the
chromaticity diagram is shifted according to the color (in
this instance the white—red mixture) that dominates. Here
we are confronted unavoidably with the subjective nature
of perception. It is not sufficient to know the spectral
energy distribution of the incident radiation and spectral
reflectance curves of the object. We must also consider
the surroundings into which our object has been set as
well as the last impression on the retina.

From experiments such as these Goethe was strongly
convinced, unlike Newton, that one must 1ot remove man
from nature during the process of scientific investigation.
Man is a part of nature and therefore, in the observation
of nature, nature is observing herself.!* Such a view has
also been sounded by Werner Heisenberg in his Physi-
cist's Conception of Nature, where he accurately de-
scribes the dilemma of the scientist when he writes:

. . . the object of research is no longer nature itself
but man’s investigation of nature.

That is, the traditional distinction between man and na-
ture, observer and observed, is no longer a valid dis-
tinction. This is written, of course, with his uncertainty
principle as a backdrop. Yet Goethe goes further. Not
only should we remember that through observation we
enter into and disturb the course of nature, but more
importantly the colors, tones, and forms themselves affect
us in a way peculiar to each individual perception. This
should not be understood in an atomistic sense; rather one
should conceive of the colors, tones, and forms as all
being fundamentally creative in nature. It is often re-
marked in anthropological circles how well man is
adapted to his environment. For example, the eye is most
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Fig. 1. Setup for the demonstration of colored shadows or chromatic
adaptation.

sensitive to that range of frequencies at which the sun
primarily emits. In a very real sense Goethe pictured the
eye (indeed all of man) as being molded by in-streaming
stimuli. So it is that he states?%;

The eye owes its existence to the light. Out of
indifferent animal organs the light produces an
organ to correspond to itself; and so the eye is
formed by the light for the light so that the inner
light may meet the outer. . . . If the eye were not
sunlike, how could we perceive the light?

Here we have come to a very central insight into Goe-
the’s science. Man is a part of nature not to be sundered
from it for the cause of objectivity. Nature has created
and is creating organs in man through which man may
perceive her. Man in turn responds by his own creative
actions.

Perception then is a continual dialog between the
senses and the sensible. In Empedocles!® and Plato!” one
encounters a theory of vision of such a nature. The fire
without (the sun) acts so as to bring the images of the
world to the eye, but then as an answer a comparable
image is projected from the retina to the surface of the
eye via the action of a pure inner fire which dwells within
the eye. In the interaction between these two images
arises the perception.

So it is then that we come to a picture of man as a
being inseparable from nature, one engaged in a continual
dialog, both consciously and unconsciously, with nature.
Perhaps most importantly, it is a creative dialog, one
which leads to organs fit to perceive that which surrounds
man.

PRISMATIC COLORS

Before proceeding further with Goethe’s ideas, let us
remind ourselves what we mean by ‘‘science.”’ As has
been frequently pointed out, for example, by
Whitehead,'® the world presents itself to our senses in
such a way that, if we are completely and rigorously
deductive, no ‘‘laws of nature’® can, a priori, honestly be
put forward. The scientist possesses, however, a usually
unspoken faith that causal relationships are to be found in
nature and that these relationships, contrary to Hume,!?
are not arbitrary. Motivated by such a belief, the scientist
endeavors to uncover those relationships which will so
order his perceptions that elements of permanence are
found in what otherwise appears as unrelated experience.
In the words of Einstein2®:
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The object of all sciences is to coordinate our
experiences and to bring them into a logical system.

The nature of science is thus the attempt to reduce a
complex of phenomena to certain general and exact laws
out of which the individual phenomena may be derived.
Thus we think, for example, of one physical law as
governing both the path of a dropped stone as well as the
orbit of the moon—namely, the law of gravitation. The
world then presents us with a multitude of experiences
which we order by seeing them as particular manifesta-
tions of a certain law or laws of physics. With this in
mind, we hope to indicate in just what sense Goethe’s
color studies form a science, one which concerns itself
not with the abstract causal relationships assumed to exist
by the modern scientist, but rather with the laws as seen
in the phenomena themselves, as the active interplay of
polarities. Thus we hope to show in what sense Goethe
also hoped to find, ‘‘In the flow of ever-changing
phenomena . . . that which was permanent. . . .”’2!

We may now posit the question, what are the ‘‘laws of
color’’? It is to be stressed that we are not here concerned
with the laws of optics but rather purely with color. (The
two are, of course, intimately related; nonetheless, the
distinction is a real one.) Optics, as Goethe points out, is
certainly a valid domain for a mathematical science; yet
this approach he sees as inadequate when searching for
the laws of color.2? History, of course, paid little heed to
Goethe’s sentiments, and one can legitimately say that
modern color theory really began with Newton, whose
approach was fundamentally antithetical to Goethe’s.
Newton’s celebrated experiment of the production of the
spectrum??® was taught to Goethe in his youth as it was to
us in ours. The story of Goethe’s active experimental
work begins with a repetition of that experiment.

Goethe had a friend-scientist, Hofrat Bittner, at
Gottingen from whom he borrowed enough optical
equipment to perform most of the basic experiments of
optics. Upon their receipt Goethe placed them in a corner
and promptly forgot about them. It was only after re-
minders and messages that Biittner in effect forced
Goethe into his first rudimentary experiment. Goethe
reports that he picked up a prism and, placing it to his
eye, saw something other than the rainbows he had
expected.?? Indeed, he states that he happened at that
moment to have been in a completely white room. Thus
he expected that the reflected light of the white walls
when passed through the prism would produce many
rainbows over its surface. He was, as one might predict,
greatly disappointed. Yet from this moment of disillu-
sionment was born the resolution that Newton’s notions
were in error, which led him to his extensive and accurate
research of color phenomena. Goethe then turned from
wall to chamber window, thinking that perhaps sunlight
contained the essential element. Again he saw not what
he had expected, but rather something of an altogether
extraordinary character. Where the lattice work of the
window frame crossed the window he saw color: blue and
violet on one side, red and yellow on the other. It was
here that the laws of color were to be found, not in light
alone but rather in the meeting of light with darkness! At
these boundaries the light ‘‘interacts’® with the darkness,
yielding color. Goethe, therefore, begins his study of
prismatic colors with what we call today the boundary
colors. He considers these as fundamental, whereas
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Fig. 2. Demonstration of boundary colors: color as the ‘‘deeds and suf-
ferings’” of light with darkness.

modern color theory usually deals with them as a com-
posite phenomenon. It is important to realize, however,
that one may legitimately begin with boundary colors and
develop a color theory on that basis.??

Let us consider boundary colors more exactly and in a
way consistent with Goethe’s approach: that is, purely
phenomenologically. Figure 2 depicts a first experiment.
Regions of black and white are arranged as indicated in
the figure and then viewed through the top half of a
prism, one of whose edges is held against the nose.
Certain colors will appear at the black-white interfaces.
Important to note is the fact that there are two sets of
colors: the ‘‘warm’’ colors, red, orange, and yellow, and
the ‘‘cool’’ colors, blue, indigo, and violet. A number of
observations may be made at this point. For example, the
cool colors appear over the black region while the warm
appear over the white. Also, the color green is absent
altogether although present in the Newtonian spectrum.
Finally, the figure appears displaced upward.

As noted, the color green is absent from the boundary
colors. How then can one produce this color? The fol-
lowing experiments are a vivid and a beautiful dem-
onstration of that process. Place a sheet of white paper
beneath two black sheets as shown in Fig. 3(a). Slowly
slide the black sheets together while viewing the narrow-
ing white region through a prism. As will be seen, the
yellow of the warm colors will come into contact with the
blue of the cool colors to give rise to green. From this
experiment Goethe concluded that. green is produced by
the mixing of yellow and blue as is done in painting.
(This is, of course, in error since the green produced here
is approximately spectral green, that is, pure green, not a

NEWTONIAN GOETHEAN
SPECTRUM SPECTRUM
WHITE

" BOUNDARY
COLORS

BOUNDARY

WHITE

(@) (b)

Fig. 3. (a) The generation of green in the Newtonian spectrum. (b) The
generation of ‘‘purpur’’ (magenta) in the Goethean spectrum.
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mixture.) Goethe then performed an experiment com-
plementary in nature to the above. Whereas before one
viewed a slit of light in a field of darkness, now let us
view a slit of darkness in a field of light. (Note that this
is precisely complementary to Newton’s experiment.) The
setup is shown in Fig. 3(b). Now the white sheets are
pushed together to create a color (when viewed through a
prism) that is not to be found in Newton’s spectrum.
Goethe called this color ‘‘purpur’’ (magenta) and spoke
of it as arising due to an ‘‘intensification’’ (Steigerung) of
the violet and the red as distinct from the mixing of yel-
low and blue to give green. One can also notice a delicate
shift in hue in all the other colors towards the pastel.

Through these two experiments we have produced all
the colors of the modern color circle or chromaticity
diagram. The lower two-thirds of the diagram’s colors
arises via Newton’s experiment while the upper two-thirds
can be seen in the Goethean experiment. (This is not to
imply that Goethe saw white as the composite of all
colors, but only to indicate that for the full range of col-
ors presented in the modern chromaticity diagram
Newton’s spectral colors are not sufficient.) The duality
which is here evident is of an astonishing character. By
effecting the transformation of white to black and black to
white, one produces a complementary sensory experience
in as much as green and magenta are afterimage com-
plementaries. In this concept of duality lies much that is
central to Goethe’s world view. It is a reflection of the
Goethean notion of polarity, which will be dealt with
further.

Up to this point the approach we have assumed is
essentially that of modern science: a careful analysis of
the phenomena themselves. Hereafter, however, there is a
distinct parting of the ways with modern science follow-
ing the route of mathematical analysis and ‘‘modeling,’’2¢
while Goethe remains within the phenomenal experience.
At this juncture the scientist typically resorts to ‘‘sec-
ondary’’ concepts which have no reality outside the mind.
For example, the early picture of the atom as a ball with
assorted hooks and eyes to explain bonding is, of course,
an attempt to explain scientific facts regarding something
of an unseen, submicroscopic nature by analogy with
what is sense perceptible, namely, hooks and eyes.?7
Although certainly no trained scientist accepts such a
naive model as depicting the reality, it is nonetheless
often viewed as such by the nonscientific community.

ARCHETYPAL PHENOMENA

The question still remains, how is one to understand
the phenomena of color? How is one to proceed if the
end point in mind is knowledge, not mere enumeration
and classification? It is here that the core of Goethe’s
method is to be found. ,

In order to discover the general principles which order
the world, the intellect must be brought into play. It seeks
for the essential element which may run through a whole
series of phenomena. For the Goethean method as well as
the modern scientific approach this forms the second
"partner of the pairs, percept—concept and observation—
reasoning. It is only the application of the intellect to the
objects themselves rather than to the relationships be-
tween them at which Goethe balks. The rightful domain
of activity for man’s intellect is in the discovery of rela-
tionships. Perceptions, direct or indirect, should not be
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submitted to abstraction or speculation as to ultimate
composition, etc.?®2% Goethe states3’:

He [the investigator of nature] should form to him-
self a method in accordance with observation, but
he should take heed not to reduce observation to
mere notion, to substitute words for this notion, and
to use and deal with these words as if they were
things. . . .

Here we are warned of the danger inherent in straying
from the experience itself to ‘‘notions’’ and mere
““‘words’’ while forgetting that the reality of such depends
on ourselves and not on the phenomenon. The method
Goethe would have us use refrains from such naming and
notions. Rather it has the characteristics of reduction to
the most essential and ascension to the most general. He
characterized this method when he stated3!:

. . . the circumstances which come under our notice
in ordinary observation are, for the most part, insu-
lated cases, which, with some attention, admit of
being classed under general leading theoretical ru-
brics which are more comprehensive and through
which we become better acquainted with certain in-
dispensable conditions of appearances in detail.
From henceforth everything is gradually arranged
under higher rules and laws, which, however, are
not to be made intelligible by words and hypotheses
to the understanding merely, but, at the same time,
by real phenomena to the senses. We call these
primordial phenomena [Urph'z'momen], because
nothing appreciable by the senses lies beyond them,
on the contrary, they are perfectly fit to be consid-
ered as a fixed point to which we first ascend, step
by step, and from which we may, in like manner,
descend to the commonest case of everyday experi-
ence. . . .

In our presentation thus far we have followed Goethe’s
advice in merely presenting and describing the
phenomena under study. The present task is then to ar-
range them into the ‘‘higher rules and laws’’ of which
Goethe wrote, rules which do not entirely depart from the
sense perceptible, appealing thereby not to the intellect
alone but also to the senses.

Returning to the concept of duality, we might expect to
find it at play here as well. The major polarity of light
and darkness should have their reflections in dual experi-
ments, one of which would yield the warm colors, anoth-
er the cool colors. These experiments should admit expres-
sion of the archetypal phenomenon (Urphanomen) which
we seek and from which the rest of the color world may
be understood. Goethe pointed to the interaction of light
with darkness as fundamental. In more poetic terms he
declares color as ‘‘the deeds of Light, the deeds and suf-
ferings.’’3% What is the nature of this interaction, of these
*‘deeds and sufferings’’? Goethe, following Aristotle,
Roger Bacon, Leonardo de Vinci, and others, saw colors
as produced by the raying of one extreme or pole through
the other. More specifically, the warm colors arise from
the raying of the light through the darkness. Nature’s
most prominent and beautiful example of this is to be
seen in the sunrise and sunset. As the sun nears the hori-
zon, its light penetrates more and more air (which carries
the darkness), giving rise to the sequence of colors yel-
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