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THE COLOURS OF PLACE AND SPACE: ANALOGY NETWORKS IN NEWTON’S
AND GOETHE’S SCIENTIFIC PRACTICES AND THEORIES

Andre Michael Hahn

Abstract

While important differences existed between the colour theories of Isaac Newton (1643-1727)
and Johann Wolfgang von Goethe (1749-1832), they did also share some commonalities.
Looking at how they each conceived of and used place and space when presenting their
theories, I will show how Newton and Goethe employed a shared method of constructing
analogy networks. To investigate how analogies illuminated Newton’s and Goethe’s
conceptions of place and space, I will explore Newton’s 1672 letter to the Royal Society of
London describing his initial investigations of colour along with the more formal geometrical
treatment of colour in his Opticks (1704). Goethe’s essay Beitrdge zur Optik (1791-1792) and
the didactic section of his Zur Farbenlehre (1810) will also provide similarly representative
material.

Newton and Goethe both built up networks of analogies through relating observations of
places to one another. In recognising this similarity, their differences also become more
understandable. Newton linked his analogies of place by passing from one place to another,
moving through geometrical space. This had the effect of creating two levels within his
analogy network where abstract geometrical space existed as centralised nodes linking
different sensate places. Goethe, conversely, related different places directly to one another,
with little centralization, creating several flat networks that paralleled and intersected each
other.
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Place, Space, and Analogy

Rushed to return a prism he had borrowed from the physicist Hofrat Buttner and had been too
busy to use, Johann Wolfgang von Goethe held it in front of his eyes and looked at a freshly
painted wall in his home. The wall was white and, contrary to Goethe’s expectation,
continued to be white as he looked through the prism. Having gained his understanding of
Isaac Newton’s theory of colour second-hand as a student at Leipzig, Goethe had been
prepared to see a coloured wall. The only colours Goethe did see were at the boundaries of
light and dark areas.' As he would later recall:

Es bedurfte seiner langen Uberlegung, so erkannte ich, daB eine Grenze notwendig sei, um
Farben hervorzubringen, und ich sprach wie durch einen Instinkt sogleich vor mich laut
aus, dal3 die Newtonische Lehre falsch sei.

It required a long consideration for me to understand that a boundary is necessary to
produce colours and I immediately said, as if by instinct out loud to myself, that the
Newtonian teaching is false.?

Goethe’s bold claim has since been the centre of much debate.”
The approach taken here seeks to establish a common intellectual context for Newton
and Goethe built around the role of analogies in scientific thought.” Analogies are taken as a
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point of departure since, as I hope to demonstrate, their role is more fundamental than
metaphysical - perspectives that themselves rely on analogies to things like machines, the
macrocosm, and organisms. This approach additionally sets aside matters of accuracy of
conclusions, purpose, and Goethe’s polemical attitude against Newtonians for the sake of
gaining a deeper sense of their scientific practice and theory formation.’

Analogies can be understood as linguistic and mental constructions, making them a
subjective activity that can undermine absolutist claims to objectivity.” Here I am seeking to
avoid these prescribed values that subjectivity is inherently detrimental to objectivity by
acknowledging that analogies contain both subjective and objective elements, a perspective
recognised for its usefulness in science and science education.® To bring into focus the
objective element of analogies, particularly in the cases of Newton and Goethe, requires
consideration of the role of place and space.

I define place and space respectively as the two fully abstracted end points of a spectrum
(Fig. 1). The extreme of place is fully embodied and sensual, containing both subjective and
objective elements. Edmund Husserl described this as the “natiirliche Einstellung” [natural
standpoint or attitude], a term emphasising the subjective aspect (i.e. a standing point) of
being fully immersed in one’s surroundings.” A more objective characterization of this would
be the “lifeworld”, or Jakob von Uexkiill’s “Umwelf’, as they emphasise how one’s
surroundings are affected by one’s subjectivity rather than the subjective mental state itself.'
Both the subjective and objective perspectives describe the same thing: a standpoint, and its
corresponding surrounding, with the quality that Maurice Merleau-Ponty described as
“thickness” binding the objective and subjective elements together.'' Shifts in consciousness,
or a Husserlian “Cogito”, break through this thickness, leading to Husserl’s “theorizing”
standpoints, one of which, for him, stands in the “arithmetic world”. These worlds, though not
completely separate from the natural standpoint suggest a higher degree of subjective
independence from it and the potential for experiences that are disembodied and ideal. Thus,
returning to my spectrum of place and space, opposite to an embodied place, or Umwelt,
which contains both subjective and objective elements, is disembodied space, something most
readily conjured up by, but not limited to, pure geometry. Goethe can help tie all this together:

Ein weit schwereres Tagewerk iibernehmen diejenigen, deren lebhafter Trieb nach
Kenntnis die Gegenstinde der Natur an sich selbst und in ihren Verhéltnissen unter
einander zu beobachten strebt: denn sie vermissen bald den Maf3stab, der ihnen zu Hulfe
kam, wenn sie als Menschen die Dinge in Bezug auf sich betrachteten. Es fehlt ihnen der
Malistab des Gefallens und Milifallens, des Anziehens und AbstoBens, des Nutzens und
Schadens; Diesem sollen sie ganz entsagen, sie sollen als gleichgiiltige und gleichsam
géttlich Wesen suchen und untersuchen was ist, und nicht was behagt.'?

A difficult task arises when a person’s thirst for knowledge kindles in him a desire to view
nature’s objects in their own right and in relation to one another. On the one hand he loses
the yardstick which came to his aid when he looked at things from the human standpoint;
1.e., in relation to himself. This yardstick of pleasure and displeasure, attraction and
repulsion, help and harm, he must now renounce absolutely; as a neutral, seemingly
godlike being he must seek out and examine what is, not what pleases."
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Fig. 1: Spectrum of Place and Space.

Goethe saw entering into scientific observation as an inner act of renunciation, an entering
into Husserl’s Cogito, that breaks through the thickness of the natural standpoint and takes up
a scientific project. As I will explain, Newton also described this type of shift in
consciousness when talking about his investigations of colour.

Acknowledging the shift in consciousness associated with the differences between
embodied sensual place and disembodied ideal space leads to further complications of my
original spectrum. As the realm of life, place is thickened by traditionally subjective qualities
contributing to personal meaning, such as likes and dislikes. Shifts in consciousness bring
about opportunities to disengage from that thickness and potentially formulate more general
and abstracted types of meaning. This type of shift can be called research or investigation. It
is open to both the perceptual and the conceptual, moving between the two until the
researcher establishes a state a harmony for themselves. This is a realm of fluctuating theory
in the Greek sense as a type of intellectualised or educated seeing, where the abstract meets
the sensate. The central activities of both Newton and Goethe occur in the realm of research.
For Newton, this was where the abstractions of a universal geometrical space met the
phenomena he encountered in telescopes, prisms, and rainbows. Goethe, striving after a
different type of universality, filled his space with several types of meaningful perspectives
such as the historical, the chemical, the moral, and others. This brings us back to analogies.

Agnes Arber described “the perception of likeness and unlikeness” by means of
comparison as taking a foundational role in scientific thinking.'* As per above, these
perceptions have a thickness to them, binding the subjective mental state of the scientist to
their objective surroundings so that they do not merely compare perceptions of a place to
other places, but also compare it to different spaces accessed through differences of Cogito. In
making these comparisons, linking together various places and spaces, scientists construct
analogy networks. As we shall see, these analogy networks were common to scientists as
different as Newton and Goethe who merely constructed networks of different forms, with
their respective Cogitos providing different colourings. Newton’s geometric expertise allowed
him to construct an analogy network centralised around nodes of ideal geometrical spaces
linking various sensate places, creating a two-tiered network of meaningful disembodied
spaces and less meaningful embodied places. Goethe admitted his lack of geometric facility
kept him from taking a similar standpoint.”® Tt did not stop him from taking several other
standpoints as he related different places directly to one another, without strong central nodes,
creating parallel yet interconnected networks.
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In order to explore how analogies can illuminate Newton’s and Goethe’s conceptions of
place and space we shall examine Newton’s 1672 letter to the Royal Society of London
describing his initial investigations of colour along with the more formal geometrical
treatment of colour in his Opticks.'® Goethe’s essay Beitrige zur Optik and the didactic
section of his Zur Farbenlehre provide similarly representative material.'’

Newton’s Use of Geometrical Space in Establishing Analogous Places

At the end of 1671, Isaac Barrow presented Newton’s newly designed telescope to the Royal
Society. Previous telescopes were dioptric, or refracting, and used only lenses for
magnification. The process of refraction led to chromatic aberrations that distorted the colours
of and produced halos around the objects in view. To avoid these aberrations, Newton
developed the first catoptric, or reflecting, telescope by replacing the lens with a concave
mirror that reflected light to a second, flat mirror, which then reflected the image through the
eyepiece on top. In response to a request by Barrow, Newton sent a letter to the Royal Society
in February 1672 explaining how his telescope was the result of a new discovery about the
nature of light. The letter’s reading was immediately met with applause.'® Newton began his
letter by introducing the scene of his investigations:

To perform my late promise to you, I shall without further ceremony acquaint you, that in
the beginning of the Year 1666 (at which time I applyed my self to the grinding of Optick
glasses of other figures than Spherical,) 1 procured me a Triangular glass-Prisme, to try
therewith the celebrated Phaenomena of Colours. And in order thereto having darkened
my chamber, and made a small hole in my window-shuts, to let in a convenient quantity of
the suns light, I placed my Prisme at his entrance, that it might be thereby refracted to the
opposite wall. It was at first a very pleasing divertisement, to view the vivid and intense
colours produced thereby; but after a while applying my self to consider them more
circumspectly, I became surprised to see them in an Oblong form; which, according to the
received laws of Refraction, I expected should have been circular."

Newton went on to describe how he varied the circumstances of the experiment by altering
the size of the hole the sun shone through and by moving the prism itself. He worked through
various experiments aiming to disprove certain hypotheses until he came to a point where he
could make a positive claim by presenting his experimentum crucis. Here, Newton placed a
second board with a hole in between two prisms to catch one particular colour of light. The
second prism then refracted the colour, which passed through the board a second time. After
this second refraction, the colour remained the same, thus proving for Newton that the colours
coming out of the prism were the ultimate constituents of light; that is, he found no way to
break the colours down any further.

Though some have disputed the accuracy and honesty of Newton’s descriptions, they
likely provide a good representation of his initial conception of an experimental location.” In
his description, Newton’s chamber, as the location of his experiments, was minimally
populated, containing only the relevant objects and phenomena of the experiment under
question. These included his window, shutters, a prism, and the coloured image on the wall,
which were also the only objects in a sketch Newton made of his experiment. He did not
mention what else was there, rather only the basic necessities needed for his experiments and
what others would need to repeat it.”’
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Newton’s account also contained an important shift of consciousness relevant to how
place related to meaning. Newton noted, while observing the initial conditions of his chamber
after setting up the prism, that it was “at first a very pleasing divertisement”. Newton’s
chamber appeared as a place of enjoyment and personal meaning, it was a place seen from a
natural standpoint. The shift in Newton’s consciousness occurred when he began “applying
my self to consider them [the colours] more circumspectly”, thus moving his chamber into the
realm of research and himself towards a theorising standpoint. This transformed Newton’s
original pleasure into curiosity, allowing it to connect with the abstract and geometrical
meanings of “the received laws of Refraction”. Newton’s subsequent account of his actions
described a realm of research and experimentation as an intermediary location between the
curiosity engendered by his own pleasure and the more universal relationships contained in
abstract geometrical space.

This shift in how Newton both conceived of and perceived his chamber became more
pronounced as he described his experimentum crucis. A term first used by Robert Hooke
through possibly combining Francis Bacon’s experimenta lucifera and instantiae crucis, the
experimentum crucis was to be a single experiment that disproved several hypotheses at
once.”” Newton, however, used it in a more positive sense in that it proved his theory so
thoroughly it was unnecessary to even consider others.”> That Newton was able to present a
positive experiment in this sense fully moved the Umwelt of his chamber into geometrical
space, giving him a reliable basis for the sine laws he developed for each colour created by
the prism.

Newton used these abstract sine laws to create an analogy between his room and his
telescope, demonstrating that his conclusions on colour based on his experiences in his room
could be transferred, via geometry, to explain aberrations in “any Telescope”:

And consequently, the object-glass of any Telescope cannot collect all the rays, which
come from one point of an object so as to make them convene at its focus in less room than
in a circular space, whose diameter is the 50" part of the Diameter of its Aperture; which is
an irregularity, some hundreds of times greater, then a circularly figured Lens, of so small
a section as the Object glasses of long Telescopes are, would cause by the unfitness of its
figure, were Light uniform.**

Newton finished by explaining how his reflecting telescope avoided this problem since there
was no opportunity for light to refract and break apart into its constituent parts.”> Newton’s
telescope belonged to a different analogy network than dioptric telescopes.

Euclid’s Optics (ca. 300 BCE) was the first geometric treatment to move beyond theories
focusing on the nature of vision. Those theories often described vision as either active or
passive, and light as bound up with darkness or comprised of atoms.?* Though he accepted the
active nature of sight, Euclid’s approach largely neglected the theoretical assumptions, such
as active vision, attached to it. In the eleventh century, Ibn al-Haytham reconciled geometrical
optics with the passive reception of light by coupling them together with a theory reducing
bodily radiation to specific points.”” Newton’s own views were a mixture of those before him
as he described rays in terms of atoms, or corpuscles, using the assumption to reinterpret Rene
Descartes’s laws of refraction and reflection in terms of rays.”® Newton’s view that light was
composite met with criticism, most significantly that of Hooke, who suggested that Newton’s
letter was based on certain assumptions. Newton responded that he did not depend on any
assumptions about the nature of light and that his experiments were enough proof.
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Newton revisited his original questions about the geometry of light and colour in his
Opticks (1704), published the year after he assumed the presidency of the Royal Society.
Newton’s presentation was much more formal and exhaustive as it followed a Euclidian
geometrical style beginning with definitions and axioms before moving onto propositions
with proofs by experiment.”’ The propositions built upon and referred to each other so that
there was a definite progression towards goals such as the improvement of the telescope.

After establishing that different coloured lights had different degrees of refrangibility,

Newton wanted to prove that light was made up of rays in his second proposition. Here, he
repeated similar experiments he had presented in his letter as follows:

Book I.Plate TIL. Part I.

G l]{
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Fig. 2: Isaac Newton, Opticks (1704), Figure demonstrating
geometrical relationships of light passing through a prism.
Source: Linda Hall Library of Science, Engineering & Technology.

In a very dark Chamber, at a round Hole, about one third Part of an Inch broad, made in
the Shut of a Window, I placed a Glass Prism, whereby the Beam of the Sun’s Light,
which came in at that Hole, might be refracted upwards toward the opposite Wall of the
Chamber, and there form a colour’d image of the Sun. The Axis of the Prism (that is the
Line passing through the middle of the Prism from one end of it to the other end parallel to
the edge of the Refracting Angle) was in this and the following Experiments perpendicular
to the incident Rays. About this Axis I turned the Prism slowly, and saw the refracted
Light on the Wall, or coloured image of the Sun, first to descend, and then to ascend.
Between the Descent and Ascent, when the Image seemed Stationary, I stopp’d the Prism,
and fix’d it in that Posture, that it should be moved no more.>°

With this first experiment, Newton had already begun integrating natural and theorising
standpoints by seeking a place of stillness as he moved his prism into the precise location to
fit into his geometrical space (Fig. 2). Once he fixed the prism, Newton began a process of
disembodiment by integrating geometrical space into his perceptual place more thoroughly
than he had in his letter as he replaced sensate objects with geometrical notation using letters
to denote points and the pairing of letters to denote lines.

For let EG represent the Window-shut, F the hole made therein through which a beam of
the Sun’s Light was transmitted into the darkened Chamber, and ABC a Triangular
Imaginary Plane whereby the Prism is feigned to be cut transversely through the middle of
the Light. Or if you please, let ABC represent the Prism it self, looking directly towards the
Spectator’s Eye with its nearer end: And let XY be the Sun, MN the paper upon which the
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Solar Image or Spectrum is cast, and PT the Image it self whose sides towards v and w are
Rectilinear and Parallel, and ends towards P and T Semicircular. YKHP and XLIJT are two
Rays, the first of which comes from the lower part of the Sun to the higher part of the
Image, and is refracted in the Prism at K and H, and the latter comes from the higher part
of the Sun to the lower part of the Image, and is refracted at L and J.*'

The sun and Newton’s window thus became lines, and the prism a triangle. With
measurements, all sensual objects, which may create inconsistencies such as the movement of
the sun or the bubbles within a prism, were exorcised. Geometrising a place in this way led
Newton to what he was looking for: a geometrical relationship analogous to how light
interacts with both his prism and a glass lens of his telescope.

Fig. 3: Isaac Newton, Opticks (1704), Rainbow figure.
Source: Linda Hall Library of Science, Engineering & Technology.

Newton extended his analogy network further when he applied the geometrical conditions
derived from his prism to a rainbow (Fig. 3). The colours of a prism were an obvious analogy
to those of a rainbow: both contained the same series and order of colours. Newton had
already explained the geometry of the prism in his chamber and linked it to the aberrations of
refracting telescopes, so explaining a rainbow merely expanded his analogy by adding another
element. Not all elements of the analogy network were equal, however. By using geometrical
space as an intermediary between places like his chamber, his telescope, and a rainbow,
Newton marked geometry as a special case among the elements of his network. The use of
mathematics and geometry was a scientific virtue that carried rhetorical weight within the
scien;cizﬁc community and helped place Newton ahead of all current investigations of the
time.

Goethe’s Directly Analogous Places

Giving into an urge to leave Weimar six days after his thirty-seventh birthday in 1768, Goethe
stole away at three in the morning to make his way to Italy. During the two years of his
travels he took in the landscapes, art, and architecture of the country. One thing he noticed
was that the paintings of Italy displayed a law-like understanding of perspective. Any
lawfulness in the use of colours, however, was lacking.33 When he returned to Weimar,
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Goethe began a study of colour in order that artists might have a suitable theory of colour
from which to work.

His first effort came in 1791 with the small paper Beitrdge zur Optik [ Contribution to Optics],
which did not attract much attention.’* There, Goethe described his own initial experience of
picking up a prism and looking through it, an experience that took him out of his natural
standpoint. He noted how his focus moved from its original position towards areas of colour
that appeared at the meeting of the edges of objects. At certain edges only red and yellow
appeared and, at others, blue and violet. Where edges were close enough for these two groups
of colours to meet, other colours emerged: green, where yellow met blue; and magenta, where
red met violet. Goethe explored these edge conditions more methodically by looking through
prisms at cards, some with white circles and squares, some with white and black strips.

Looking through the prism, the circles and square appeared slightly deformed with colours
emphasising their misshapenness. The various widths of white and black strips created a
metamorphosed series of colour relationships. Later for Zur Farbenlehre, Goethe had a plate
made demonstrating some of these phenomena (Fig. 4). Out of these examinations in Beitrdge
zur Optik, Goethe formed general predictive rules delineating when one would observe the
different colour phenomena. Here, as Goethe built up a collection of analogous phenomena,
similarity with Newton begins to manifest. Rather than weaving his observations together
with geometrical relationships, Goethe connected them through a generalised phenomenon of
edge conditions.
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Fig. 4: Johann Wolfgang von Goethe, Zur
Farbenlehre (1810). The bottom four sections of
the plate demonstrated edge conditions.
Source: Linda Hall Library of Science,
Engineering & Technology.

Goethe did not stop with Beitrdge zur Optik. After other brief contributions, he put his
efforts towards a more thorough study of colour with Zur Farbenlehre.* Translated as Theory
of Colours, Farbenlehre may more accurately be translated as Colour Teaching or Colour
Doctrine. It consists of a didactic section containing Goethe’s own observations and ideas on
colour, a polemical section critiquing Newton’s Opticks in detail, and a historical section
recounting Goethe’s in-depth study of the history of chromatics. Like Newton, Goethe sought
to build up an analogy network, but one of a different form.*®

More in-depth analysis of how Goethe organised the didactic section of Farbenlehre
reveals something of the difference between the two forms. The form of Newton’s Opticks
used geometrical space as a central node connecting various sensate places, placing
geometrical space in a position of more universal importance. Goethe’s style was that of
multiple perspectives with no centralised nodes. Goethe included accounts of colour from
physiological, physical, chemical, and moral aspects. Additionally, he tied together these
groups by relating them to other disciplines such as philosophy and mathematics. Goethe
described the reasoning behind his presentation style:

Das, was wir in der Erfahrung gewahr werden, sind meistens nur Félle, welche sich mit



Andre Michael Hahn 33

einiger Aufmerksamkeit unter allgemeine empirische Rubriken bringen lassen. Diese
subordinieren sich abermals unter wissenschaftliche Rubriken, welche weiter
hinaufdeuten, wobei uns gewisse unerldBliche Bedingungen des Erscheinenden ndher
bekannt werden. Von nun an fiigt sich alles nach und nach unter hohere Regeln und
Gesetze, die sich aber nicht durch Worte und Hypothesen dem Verstande, sondern
gleichfalls durch Phinomene dem Anschauen offenbaren. Wir nennen sie Urphdnomene,
weil nichts in der Erscheinung iiber ihnen liegt, sie aber dagegen vollig geeignet sind, daf3
man stufenweise, wie wir vorhin hinaufgestiegen, von ihnen herab bis zu dem gemeinsten
Falle der tiglichen Erfahrung niedersteigen kann.”’

In general, events we become aware of through experience are simply those we can
categorize empirically after some observation. These empirical categories may be further
subsumed under scientific categories leading to even higher levels. In the process we
become familiar with certain requisite conditions for what is manifesting itself. From this
point everything gradually falls into place under higher principles and laws revealed not to
our reason through words and hypotheses, but to our intuitive perception through
phenomena. We call these phenomena archetypal phenomena because nothing higher
manifests itself in the world; such phenomena, on the other hand, make it possible for us to
descend, just as we ascended, by going step by step from the archetypal phenomena to the
most mundane occurrence in our daily experience.

Despite Goethe’s hierarchical language, he never fully shifted into a pure abstracted space as
Newton had done with geometry. What connected the colours of a prism, chromatic
aberrations, and rainbows for Newton were sine laws occupying geometrical space. Goethe’s
Urphdnomene, like edge conditions, appeared in the same world as the phenomena they
linked. They were never completely abstract but were symbolic phenomena formed from
individual observations and experiments.*” For Goethe, the more one became acquainted with
similar phenomena, the more individual phenomena became symbolic for the group to which
it belonged. Goethe thus built a network of phenomena connected, not by geometrical
abstractions, but by direct analogies between all similar phenomena. In Goethe’s words:

Bei einer jeden Erscheinung der Natur, besonders aber bei einer bedeutenden,
auffallenden, muf3 man nicht stehen bleiben, man muf} sich nicht an sie heften, nicht an ihr
kleben, sie nicht isoliert betrachten, sondern in der ganzen Natur umhersehen, wo sich
etwas Ahnliches, etwas Verwandtes zeigt; denn nur durch Zusammenstellen des
Verwandten entsteht nach und nach eine Totalitit, die sich selbst ausspricht und keiner
weitern Erklarung bedarf.*

We must not come to a standstill when confronted by individual phenomena in nature,
especially those which are significant or striking; we must not dwell on them, cling to
them, or view them as existing in isolation. Instead, we should look about in the whole of
nature to find where there is something similar, something related. For only when related
elements are drawn together will a whole gradually emerge which speaks for itself and
requires no further explanation.*'

Goethe began his own ‘looking about’ by describing very simple experiences of darkness and
light, a polarity that had been central a characteristic of Aristotle’s ether and thus his

. 42
explanation of colour:

Wenn wir die Augen innerhalb eines ganz finstern Raums offen halten, so wird uns ein
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gewisser Mangel empfindbar. Das Organ ist sich selbst {iberlassen, es zieht sich in sich
selbst zuriick, ihm fehlt jene reizende befriedigende Beriihrung, durch die es mit der
auBern Welt verbunden und zum Ganzen wird.

Wenden wir das Auge gegen eine stark beleuchtete weille Flache, so wird es geblendet und
fiir eine Zeit lang unfahig, maBig beleuchtete Gegenstinde zu unterscheiden.*

With our eyes open in a completely dark room we sense a certain deprivation. Our organ of
sight is left to itself, it withdraws into itself and loses the stimulating, fulfilling contact
which unites it with the outer world and makes it whole.

When we turn our eyes to a strongly illuminated white surface they are blinded and for a
time unable to distinguish less brightly illuminated objects.**

Like Newton, Goethe presented the basic necessities of what was needed for him to carry out
his observations and what someone else would need to reproduce them. In this case all that
was necessary was a dark place and then a place with a bright surface. There was no mention
of particular objects like the type of surface. This was characteristic of how Goethe presented
his experiments, and it betrays that he had already taken a step in identifying “leading facts”
and removed himself from a natural standpoint. Though these descriptions do not emphasise
place, they do point to the direct experience of an embodied place rather than the disembodied
space Newton aimed for.

On occasion, Goethe did emphasise specific places by bringing in observations made while
out doing other, everyday sorts of things. In these cases, Goethe more clearly expressed how
he could emerge from the thickness of a natural standpoint through a shift in consciousness.
While discussing the afterimages of the eye he wrote the following:

Indem ich ndmlich, auf dem Felde sitzend, mit einem Manne sprach, der, in einiger
Entfernung vor mir stehend, einen grauen Himmel zum Hintergrund hatte, so erschien mir,
nachdem ich ihn lange scharf und unverwandt angesehen, als ich den Blick ein wenig
gewendet, sein Kopf von einem blendenden Schein umgeben.*

Seated on the ground, I spoke with someone standing at a distance against a gray sky.
After looking at him intently for a long time, I shifted my gaze slightly and his head
appeared to be surrounded by a brilliant light.*°

Though this instance merely explains an experience, it stands as a link with the mundane in
Goethe’s network of directly analogous places.
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Fig. 5: Johann Wolfgang von Goethe, Zur Farbenlehre (1810), Plate
demonstrating the light spectrum and its constituents.
Source: Linda Hall Library of Science, Engineering & Technology.

The preceding examples were what Goethe called “physiological colours”, which were
perceptions of colour that were obviously dependent on the body. Goethe also gave an
account of physical colours, which moved him onto similar ground to Newton’s experiments.
Here, observations from daily life diminished, and the use of apparatus and artificial
environments increased. Because of their similarity, this is the most fruitful section of
Goethe’s to compare with Newton to see in detail their differing analogy networks and use of
place and space.

Goethe’s examination of refraction betrayed an experimental place of exploration and
mirroring. There was no sense that he sought an experimentum crucis as Newton had. Goethe
began by describing how the sunlight cast upon a transparent and open cube could be
restricted to just the side of the cube. After pouring in water, the light also fell upon the
bottom of the cube. With the same basic set-up, Goethe then placed himself (or, more
specifically, his eye) in place of the sun. His view changed as the light did: before pouring in
water he saw the side of the cube, after pouring in water he saw part of the bottom in addition
to the side. Here, mirroring came into the realm of the experiment, shifting between what
Goethe qualified as subjective and objective experiences of refraction. The subjective
experience was one in which his vision experienced refraction by looking through the prism.
The objective experience was one in which he witnessed light undergo refraction through the



36 The Colours of Place and Space

Fig. 6: Johann Wolfgang von Goethe, Zur Farbenlehre (1810), Plate
demonstrating the dark spectrum and its constituents.
Source: Linda Hall Library of Science, Engineering & Technology.

prism. By carrying out subjective and objective experiments, Goethe linked two analogy
networks whose phenomena might otherwise have been kept separate: the activity of seeing
and the activities of light.*” Goethe also suggested a third analogy network similar in form to
that of sight and light: darkness.

In the strictly objective physical experiments, Goethe continued to approach light in
several different ways. He repeated the experiment of passing light through a prism, just as
Newton had done, and produced a colour spectrum on his wall. In contrast to Newton, Goethe
did not seek the best arrangement to produce a spectrum, but rather moved the prism to
display the range of phenomena produced by passing light through a prism. To heighten the
effect of this movement, Goethe sprinkled fine powder over the beam of light to bring into
full view its path from the prism to the wall. Goethe demonstrated not one, but two spectrums
merging together across the length of space between the prism and the wall (Fig. 5). Recalling
edge conditions, one spectrum was yellow-red, the other was blue-violet. The two met at
yellow and blue, producing green. In another instance of mirroring, Goethe then created a
spectrum from darkness by allowing a large amount of light to fall on the prism on which he
has attached a small piece of pasteboard. In this way, Goethe sent a beam of darkness
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surrounded by light through the prism rather than a beam of light surrounded by darkness.
Different from his light spectrum, Goethe found a spectrum where the yellow-red spectrum
met with the blue-violet spectrum at the red and violet ends to produce magenta (Fig. 6).

With his mirroring experiments, Goethe’s experimental place took on different
perspectives to further expand his analogy networks of types of embodied places. Though the
experiments themselves did not contradict each other, they could present contradicting
circumstances, a light spectrum and a dark spectrum, which exhibited more general
phenomenon that encompassed both light and darkness. Together with the mirroring of
subjective and objective experiments, the mirroring of light and dark suggested light,
darkness, and sight were similar phenomena.

Unlike Newton, Goethe spent extensive time examining the colours of solid objects, what
he called “chemical colours”. This again further expanded the network of analogous colour
phenomena to include colours found in dyes, minerals, plants, and animals. Chemical colours
described a different type of objective colour, one that attached to objects and remained
attached. This contrasted with objective physical colours that appeared only under specific
conditions such as those involving prisms, rainbows, or sunsets. The two types were linked
through “Wie sich das Bewegliche und Voriiberghende der physishcen Farben Nach und nach
an den Korpern firiere” [“how the changeable and temporary element of physical colors
became more and more permanent in objects”].**

Goethe found a further connection between chemical and physical colours in transparent
substances. When salt or glass were ground up, they appeared white. The transparency of the
substance, along with its atomisation, thus produced the colour white. Newton came to a
different conclusion when viewing bubbles at a distance that made sense within his analogy
network that relied on his use of geometrical space.* For Newton, bubbles were not only
clear, but had various amounts of colour on them when inspected closely. The case was the
same with salt and glass. Focusing on the colours rather than the transparency of the bubbles,
Newton concluded that white was made up of colours and that when viewed from a distance
their coloured aspects blended to become white, another analogy to his geometrical work with
the prism.

Further expanding his scope, Goethe included how his work with colours might relate to
other areas of study. Of particular interest when comparing him to Newton is what Goethe
said about mathematics. Here Goethe admitted the deficiency of his mathematical ability
without discounting its importance, and called for others to fill in the gap he had left. He did
not discount the importance of mathematics in respect to colour, as some have claimed, but he
admitted his own shortcomings in it. >® Goethe had a mathematician friend who was going to
help him with his investigation of colour but was unable to do so. As Goethe framed it:

Aber so mag denn auch dieser Mangel zum Vorteil gereichen, indem es nunmehr des
geistreichen Mathematikers Geschift werden kann, selbst aufzusuchen, wo denn die
Farbenlehre seiner Hilfe bedarf und wie er zur Vollendung dieses Teils der
Naturwissenschaft das Seinige beitragen kann.”'

But this failing might be turned to good advantage if the gifted mathematician will
discover where his help is needed in the theory of color, and how he can contribute to the
perfection of this branch of science.”
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Goethe thus expanded his analogy network to potentially include geometrical space alongside
his parallels between vision, light, and darkness. Goethe’s network was open to further
construction.

Conclusion

The examples here of Newton’s and Goethe’s examinations of colour are only the beginning
of the possible connections between their theories.. Both used many more experiments and
made many more observations. What I have been able to present is some of their primary
claims about colour, how they each thought it ought to be investigated, and how they each
sought to make it meaningful. Both shared the natural standpoint as a point of departure for
their accounts of colour. Newton sought to leave it behind completely by entering into a
disembodied geometrical space so he could describe relationships that could be brought back
into embodied experiences like rainbows and the chromatic aberration of telescopes. Goethe,
on the other hand, sought to directly link embodied places to one another to build up a
network of different perspectives surrounding a common phenomenon, like edge conditions.

Though both shared a movement between place and space in their presentations, Newton’s
approach was more spatially oriented and Goethe’s was oriented more towards place,
situating them in different regions of my spectrum (Fig. 1). This gave unique forms to each of
their analogy networks. Newton established analogous relationships, linking phenomenal
places through centralised nodes of geometrical spaces and marking a special place for
geometry in making sense of colour. Goethe’s network was, in one sense, less centralised as it
connected phenomena directly to each other while not giving any place of importance nor
excluding mathematical relationships. Goethe’s network also contained more complexity, in
that he linked parallel networks such as subjective and objective experiences of light as well
as light and darkness. Despite the different forms andcolourings of their analogy networks
arising from their differing approaches, Newton and Goethe both constructed their analogy
networks from places and spaces. What may ultimately come of examining how Newton and
Goethe employed analogies within a framework of place and space is not to see how they
contradicted each other or where one may have pointed to the mistakes of the other, but rather
how each were consistent or not with themselves, and at a deeper level, with each other as
scientists.
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