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PREFACE

In 1979 I took my twelve-year-old daughter to visit the Museum of Modern
Art in New York City. [ was somewhat concerned that her California up-
bringing might have deprived her of Western civilization’s rich cultural
legacy, and wanted her to see some outstanding examples that existed on
the East Coast.

Commencing with MOMA’s French Impressionist exhibits, I tried to
inspire in her the reverence and excitement I felt for great painting. As we
ventured deeper into the labyrinth, however, the artwork became increas-
ingly modern. In the manner that is so disconcerting to adults, my daughter
pressed me for explanations as to why one painting after another constituted
“great art.” If, as I had told her, this building was our culture’s treasure
trove, then surely I could explain in simple English what made each work
unique and precious. Increasingly, I became discomfited by my inability
to answer her straightforward questions.

Later, munching hot dogs in the sunshine, we discussed what we had
seen. With the penetrating innocence of a child, she announced her view
that for much of the art, the Emperor had no clothes! I recognized that
though I knew the intellectual context of each modern movement, I too
didn’t really “get it.” I felt annoyed with the artists who made compre-
hension so difficult for us; who refused, as it were, to let us in on some
important secret. ‘

Over the next several days in other museums, I was forced repeatedly
to confront this uncomfortable dilemma. How could the meaning of my
century’s artistic expressions elude a responsive, alert member of the cul-
ture such as I?

On this trip I was also reading a popular book about the new physics
and I grappled with the subject’s radical concepts. My lifelong curiosity
about such matters had not been satisfied in college physics because we
studied neither Einstein’s relativity theory nor quantum mechanics. Our
dense and dry professor dismissed them, saying that he had run out of
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8 PREFACE

time. When, in the ensuing years, I began to probe the new phsyics on my
own, I was struck by the sheer abstruseness of many of its basic ideas; a
thought that was to recur to me while on my museum excursion in New
York. Several days later while distractedly standing before a huge abstract
painting in the Whitney, [ wondered how a system of thinking about the
world (because that is essentially what physics really is) could stand beyond
the grasp of most intelligent members of society.

It was then I had the epiphany that inspired this book—and my work
for the next decade. Perhaps, I mused, there was a connection between the
inscrutability of modern art and the impenetrability of the new physics.

[ am by profession neither a physicist nor an art critic, but a surgeon,
so I brought to both art and physics a relatively unbiased eye and a begin-
ner’s mind. Though my innocence demanded that I do far more research
than an expert might have had to do to understand the nuances of my
subject, it also had distinct advantages. Because I do not rely on either
field for my living, for instance, I can be somewhat freer in my speculations
than professionals who have something at stake to lose. I approach physics
as if | were an artist trying to explain its principles to other artists. Similarly,
by using a scientific interpretation, I hope to demystify art.

I have often been asked how a surgeon could hold forth on two such
weighty and diverse subjects. Surprisingly, my surgery has uniquely pre-
pared me for the task, for a surgeon is both artist and scientist. The craft
demands a finely honed sense of aesthetics: A maxim of the profession is
if an operation does not “look” beautiful it most likely will not function
beautifully. Thus, surgeons rely heavily on their intuitive visual-spatial
right-hemispheric mode. At the same time, our training is obviously sci-
entific. Left-brained logic, reason, and abstract thinking are the stepping-
stones leading to the vast scientific literature’s arcane tenets. The need in
my profession to shuttle back and forth constantly between these two
complementary functions of the human psyche has served me well for this
project.

My intention has been to reach artistically inclined readers who want
to know more about the new physics and scientists who would like to have
a framework to appreciate art. Because the language of physics is so precise
in contrast to the evocative language of art, I have had to build many
bridges using the vocabulary common to both fields. To accomplish this I
have had sometimes to broaden the meanings of scientific words, and
occasionally to stretch them into poetic metaphors. At the same time I
have had to be very concrete about the interpretation of specific artworks
which may make it appear as though I bhelieve mine is the only interpre-
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The purpose of art is to lay bare the questions which have
been hidden by the answers.

James Baldwin

Physics is a form of insight and as such it’s a form of art.
David Bohm

A A A A A A A

CHAPTER 1

ILLUSION / REALITY

rt and physics are a strange coupling. Of the many human dis-
A ciplines, could there be two that seem more divergent? The artist
employs image and metaphor; the physicist uses number and equa-
tion. Art encompasses an imaginative realm of aesthetic qualities; physics
exists in a world of crisply circumscribed mathematical relationships be-
tween quantifiable properties. Traditionally, art has created illusions meant
to elicit emotion; physics has been an exact science that made sense. Even
the stereotypical proponents of each endeavor are polar opposites. In col-
lege, the hip avant-garde art students generally do not mingle with their
more conventional counterparts in the physics department. By casual jux-
taposition, these two fields seem to have little in common: There are few
if any references to art in any standard textbook of physics; art historians
rarely interpret an artist'’s work in light of the conceptual framework of
physics.
Yet despite what appear to be irreconcilable differences, there is one
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16 LEONARD SHLAIN

fundamental feature that solidly connects these disciplines. Revolutionary
art and visionary physics are both investigations into the nature of reality.
Roy Lichtenstein, the pop artist of the 1960s, declared, “Organized per-
ception is what art is all about.” Sir Isaac Newton might have said as much
for physics; he, too, was concerned with organizing perceptions. While
their methods differ radically, artists and physicists share the desire to
investigate the ways the interlocking pieces of reality fit together. This is
the common ground upon which they meet.

Paul Gauguin once said, “There are only two kinds of artists—revolu-
tionaries and plagiarists.”? The art discussed in this book will be that created
primarily by revolutionaries, because theirs is the work that heralds a major
change in a civilization’s worldview. And in parallel fashion, although the
development of physics has always depended upon the incremental con-
tributions of many original and dedicated workers, on a few occasions in
history one physicist has had an insight of such import that it led to a
revision in his whole society’s concept of reality. The poet Rainer Maria
Rilke referred to this sort of transcendent insight as a “conflagration of
clarity,” allowing certain artists and physicists to see what none before
them had ever imagined, and it is they—the revolutionary artist and the
visionary physicist—who will be paired in the coming pages.

Emile Zola’s definition of art, “Nature as seen through a temperament,”*
invokes physics, which is likewise involved with nature. The Greek word
physis means “nature.” Beginning with this common ground as a point of
departure, I will describe the connections and differences between these
two seemingly disparate ways our perceptions of nature are organized.

The physicist, like any scientist, sets out to break “nature” down into
its component parts to analyze the relationship of those parts. This process
is principally one of reduction. The artist, on the other hand, often jux-
taposes different features of reality and synthesizes them, so that upon
completion, the whole work is greater than the sum of its parts. There is
considerable crossover in the techniques used by both. The novelist Vla-
dimir Nabokov wrote, “There is no science without fancy and no art without
facts.”s

Insofar as science is the subject, I shall concentrate in this book on
physics as it has developed during the last several hundred years. Never-
theless, the reader should keep in mind that present-day physicists wear a
mantle that has been passed down through the ages. Physicists are the
modern representatives of a distinguished tradition that winds its way back
through the first scientists, Christian theologians, natural philosophers,
pagan priests, and Paleolithic shamans, the exceptional of whom have
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contributed pieces to fill in the infinite jigsaw puzzle of nature. The first
physicist was probably the one who discovered how to make a fire.

I single out physics in particular because in this century all the other
“hard” sciences have learned that they are anchored to this rock. Chemistry
had its beginning in the attempt to identify and separate the elements, and
it came to be fused to the laws that govern atomic events. Astronomy began
as a fascination with heavenly movements and advanced to an inquiry into
the arrangement of the solar system. Today, in studying the galaxies, as-
trophysicists address the laws that govern forces and matter. From its
origins in Aristotelian taxonomy, biology has evolved to the study of the
physical interaction of atoms in molecular biology. Physics, formerly one
branch among many, has in this century become enthroned as the King
of the Sciences.

In the case of the visual arts, in addition to illuminating, imitating, and
interpreting reality, a few artists create a language of symbols for things
for which there are yet to be words. Just as Sigmund Freud in his Civili-
zation and Its Discontents compared the progress of a civilization’s entire
people to the development of a single individual, I propose that the radical
innovations of art embody the preverbal stages of new concepts that will
eventually change a civilization. Whether for an infant or a society on the
verge of change, a new way to think about reality begins with the assim-
ilation of unfamiliar images. This collation leads to abstract ideas that only
later give rise to a descriptive language.

For example, observe any infant as it masters its environment. Long
before speech occurs, a baby develops an association between the image of
a bottle and a feeling of satisfaction. Gradually the baby accumulates a
variety of images of bottles. This is an astounding feat considering that
a bottle viewed from different angles changes shape dramatically: from a
cylinder to an ellipse to a circle. Synthesizing these images, the child’s
emerging conceptual faculties invent an abstract image that encompasses
the idea of an entire group of objects she or he will henceforth recognize
as bottles. This step in abstraction allows the infant to understand the idea
of “bottleness.” Still without language, the baby can now signal desire by
pointing.

Then at a certain moment, in that part of the brain called Broca’s area,
the connections between synapses attain a critical number, tripping the
switch that suddenly lights up the magical power of language. This word
factory, noisily chugging away, generates sounds that will replace and even
eclipse the earlier images. As soon as the baby connects the bottle’s image
with the word “bottle,” this word begins to blot out the image, so much
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so that as adults we are rarely aware that when we engage in abstract
thinking, we are not thinking in images. Concepts such as “justice,” “free-
dom,” or “economics” can be turned over in the mind without ever re-
sorting to mental pictures. While there is never final resolution between
word and image, we are a species dependent on the abstractions of language,
and in the main, the word eventually supplants the image.

When we reflect, ruminate, reminisce, muse, and imagine, generally we
revert to the visual mode. But in order to. perform the brain’s highest
function, abstract thinking, we abandon the use of images and are able to
carry on without resorting to them. It is with great precision that we call
this type of thinking “abstract.” This is the majesty and the tyranny of
language. To affix a name to something is the beginning of control over
it. After God created Adam, the very first task He instructed Adam to perform
was the naming of all the animals. God informed Adam that by accom-
plishing this feat he would gain dominion over all the beasts and fowl.
Note that God didn’t teach Adam anything as practical as how to make a
fire or fashion a spear. Instead, He taught him to name. Words, more than
strength or speed, became the weapons that humans have used to subdue
nature.

Because the erosion of images by words occurs at such an early age, we
forget that in order to learn something radically new, we need first to
imagine it. “Imagine” literally means to “make an image.” Witness the
expressions we use when struggling with a new idea: “I can’t picture it,”
“Let me make a mental model,” and “I am trying to envision it.” If, as I
propose, this function of imagination, so crucial to the development of an
infant, is also present in the civilization at large, who then creates the new
images that precede abstract ideas and descriptive language? It is the artist.
In the following pages, I shall demonstrate how revolutionary art can be
understood as the preverbal stage of a civilization first contending with a
major change in its perception of the world. In order to elaborate this
thesis, I shall examine art, not only as an aesthetic that can be pleasing to
the eye, but as a Distant Early Warning system of the collective thinking
of a society. Visionary art alerts the other members that a conceptual shift
is about to occur in the thought system used to perceive the world. John
Russell, the art critic, observed: “There is in art a clairvoyance for which
we have not yet found a name, and still less an explanation.”s

Despite each discipline’s similar charge, there is in the artist’s vision a
peculiar prescience that precedes the physicist’s equations. Artists have
mysteriously incorporated into their works features of a physical description
of the world that science later discovers.
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The artist, with little or no awareness of what is going on in the field
of physics, manages to conjure up images and metaphors that are strikingly
appropriate when superimposed upon the conceptual framework of the
physicist’s later revisions of our ideas about physical reality. Repeatedly
throughout history, the artist introduces symbols and icons that in ret-
rospect prove to have been an avant-garde for the thought patterns of a
scientific age not yet born. Few art historians have discussed this enigmatic
function of art in depth. Robert Hughes, another art critic, explains why
it is so often overlooked:

The essence of the avant-garde myth is that the artist is a
precursor; the truly significant work of art is the one that pre-
pares the future. The transitional focus of culture, on the other
hand, tends to treat the present (the living artist) as the cul-
mination of the past.”

All too often, when reading about the work of exceptional artists, we are
told about the past styles that influenced their work. Their pedigrees are
traced backward to former artists, and rarely is their work explained in
terms of how they anticipated the future.

A large segment of present society, unable to comprehend art’s vision,
dismisses the importance of art. Marshall McLuhan, in his seminal work,
Understanding Media, asks:

If men were able to be convinced that art is precise advance
knowledge of how to cope with the psychic and social conse-
quences of the next technology, would they all become artists?
Or would they begin a careful translation of new art forms into
social navigation charts? I am curious to know what would
happen if art were suddenly seen for what it is, namely, exact
information of how to rearrange one’s psyche in order to an-
ticipate the next blow from our own extended faculties . . .2

Revolutionary art in all times has served this function of preparing the
future.

Both art and physics are unique forms of language. Each has a specialized
lexicon of symbols that is used in a distinctive syntax. Their very different
and specific contexts obscure their connection to everyday language as well
as to each other. Nevertheless, it is noteworthy just how often the terms
of one can be applied to the concepts of the other. “Volume,” “space,”
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“mass,” “force,” “light,” “color,” “tension,” “relationship,” and “density”
are descriptive words that are heard repeatedly if you trail along with a
museum docent. They also appear on the blackboards of freshman college
physics lectures. The proponents of these two diverse endeavors wax pas-
sionate about elegance, symmetry, beauty, and aesthetics. The equal sign
in the formulas of the physicist is a basic metaphor used by many artists.
While physicists demonstrate that A equals B or that X is the same as Y,
artists often choose signs, symbols, and allegories to equate a painterly
image with a feature of experience. Both of these techniques reveal pre-
viously hidden relationships.

Niels Bohr, a founder of quantum physics, was intrigued by the rela-
tionship between physics and language and observed:

It is one of the basic presuppositions of science that we speak
of measurements in a language that has basically the same
structure as the one in which we speak of everyday experience.
We have learned that this language is an inadequate means of
communication and orientation, but it is nevertheless the pre-
supposition of all science. . . . For if we want to say anything at
all about nature—and what else does science try to do?—we
must somehow pass from mathematical to everyday language.®

Vincent van Gogh addressed the same concern when in frustration he wrote
to his brother Theo about his inability to articulate his feelings in words,
“Really, we can speak only through our paintings.”

Revolutionary art and visionary physics attempt to speak about matters
that do not yet have words. That is why their languages are so poorly
understood by people outside their fields. Because they both speak of what
is certainly to come, however, it is incumbent upon us to learn to under-
stand them.

In the parable of the Tower of Babel, early humankind attempted in a
grand collaborative effort to build a tower to reach the heavens. Yahweh,
looking down from the clouds, became so incensed that ordinary mortals
should think they were capable of such a godlike feat that He summarily
garbled the speech of every worker and so brought the construction to a
halt.

History has been the record of our agonizingly slow resumption of work
on this mythic public monument to knowledge. Gradually, the parochial
suspicions that had been abetted by large numbers of local dialects have
given way to the more universal outlook of modern humankind. Currently
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this work in progress is the creation of a global commonwealth. The world-
wide community of artists and scientists is and has been in the forefront
of this coalescence, offering perceptions of reality that erase linguistic and
national boundaries. Reconciliation of the apparent differences between
these two unique human languages, art and physics, is the next important
step in developing our unifying Tower.

To better understand the connection between art and physics, we must
first ask, “How do we know the world?” Plato, in his famous cave analogy,
proposed that we are all like prisoners chained to a low wall in a cave,
unable to turn around and witness firsthand the activities of real people
conducting their lives before a large fire on the ledge behind. Instead,
because of the constraints imposed by our manacles, we can see only our
own shadows mingled with the ghostly shadows these free people cast onto
the opposite wall that we as prisoners must face. Our perceptual apparatus
condemns us to believe these flickering images of things and people are
the “real” things, and it is only from this secondhand information that we
can deduce the nature of reality.

Two thousand years after Plato, René Descartes reiterated this distinction
between the inner eye of imagination and the external world of things. He
split the purely mental “in here” of our consciousness (res cogitans) from
the objective world of “out there” (res extensa) and declared these two
realms inviolably separate. In the eighteenth century, Immanuel Kant rein-
forced the views of Plato and Descartes in his Critique of Pure Reason.
Kant sadly declared that we can know the nature of things only by what
filters through our senses and is processed by our mind, but we can never
directly experience the Ding an sich: the thing in itself. By thus banishing
us to the impenetrable tower of our thought, Kant asserted that we must
all peer out at reality through the chinks of our senses. Our exasperating
inability to know the world directly is one of the central existential dilemmas
he perceived in the human condition. In his monumental work entitled
The World as Will and Idea, Arthur Schopenhauer summed up this phil-
osophical point of view in his trenchant opening sentence, “The world is
my idea.”

The faculty we use to grasp the nature of the “out there” is our imag-
ination. Somewhere within the matrix of our brain we construct a separate
reality created by a disembodied, thinking consciousness. This inner reality
is unconnected to external space and exists outside the stream of linear
time. When reminiscing about a day at the beach, we knit together elements
of that day that no longer “actually” exist. We can run the events forward
and backward with ease, and amend with alternate possibilities what we
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believe happened. It is the bane and the balm of individual perception that
“objective” reality is seen through the filter of each person’s temperament:
In the classic Japanese tale Rashomon, each person is convinced of the
truth of his or her own version. Consciousness, resembling nothing so
much as long columns of ants at work, must laboriously transfer the outside
world piece by piece through the tunnels of the senses, then reconstruct
it indoors. This inner spectral vision amounts to a mental “opinion” unique
to each individual of how the world works.

When a critical mass of people agrees on one viewpoint we call that
agreement a “consensus.” Group consensus within the context of society
leads us to form political parties, religious sects, and economic systems.
Each model is based upon an accepted belief system. When an entire
civilization reaches a consensus about how the world works, the belief
system is elevated to the supreme status of a “paradigm,” whose premises
appear to be so obviously certain no one has to prove them anymore. No
longer even questioned, the assumptions upon which the paradigm rests
become a priori postulates. Two plus two will always be four and all right
angles are equal. For believers, these assumptions constitute bedrock
“truths.”

“Truth,” as defined by Alfred North Whitehead, “is the conformation of
Appearance to Reality.”!! What makes any set of bedrock truths slippery is
that every age and every culture defines this confirmation in its own way.
When the time comes to change a paradigm—to renounce one bedrock
truth and adopt another—the artist and physicist are most likely to be in
the forefront.

Some people might object to pairing art and physics, since the artist is
concerned not only with external reality but with the inner realm of emo-
tions, myths, dreams, and the spirit as well. While art is thought to be
relatively subjective, physics, until this century, scrupulously avoided any
mention of the inner thoughts that related to the outer world. Physics
concerned itself instead with the objective arena of motion, things, and
forces. This stark difference between art and physics blurs in light of the
startling revelations put forth by the quantum physicists that emerged from
the fusion of the contradictory aspects of light.

In 1905 Albert Einstein proposed that light could exist in the form of a
particle, that is, a small piece of something called a photon. For over two
hundred years light had been experimentally proven to be a wave. Einstein’s
proposal implied that light had two distinct and seemingly opposing na-
tures: a wavelike aspect and a particlelike aspect. At the turn of the century,
what was to be a surprising feature of quantum reality amounted to a Zen
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koan. This mind-knot seemed insoluble because the rules of conventional
logic could not be applied.

In a bold move Niels Bohr synthesized these antithetical aspects of light
in his 1926 theory of complementarity. Stating it simply, Bohr said that
light was not either a wave or a particle, but was both a wave and a particle.
Knowledge of both these very different aspects was necessary for a complete
description of light; either one without the other was inadequate.

As it turned out, light would reveal only one aspect of its nature at a
time, resembling an odd carnival peep show. Whenever a scientist set up
an experiment to measure the wavelike aspect of light, the subjective act
of deciding which measuring device to use in some mysterious way affected
the outcome, and light responded by acting as a wave. The same phenom-
enon occurred whenever a scientist set out to measure the particlelike
aspect of light. Thus “subjectivity,” the anathema of all science (and the
creative wellspring of all art) had to be admitted into the carefully defended
citadel of classical physics. Werner Heisenberg, Bohr's close associate, said
in support of this bizarre notion, “The common division of the world into
subject and object, inner world and outer world, body and soul, is no longer
adequate. . . .2 Natural science does not simply describe and explain nature;
it is part of the interplay between nature and ourselves.”®* According to
the new physics, observer and observed are somehow connected, and the
inner domain of subjective thought turns out to be intimately conjoined
to the external sphere of objective facts.

John Wheeler, one of Bohr’s students, subsequently expanded Bohr’s
duality, proposing that Mind and Universe, like wave and particle, constitute
another complementary pair. Wheeler’s theory proposes a connection be-
tween the inner realm of consciousness (Mind) and its reciprocal, the
external world of the senses (Universe). According to Wheeler, Mind and
Universe are inextricably integrated. The Talmud expresses this subtle re-
lationship in an apocryphal story of a dialogue between God and Abraham.
God begins by chiding Abraham, “If it wasn’t for Me, you wouldn'’t exist.”
After a moment of thoughtful reflection, Abraham respectfully replies, ‘Yes,
Lord, and for that I am very appreciative and grateful. However, if it wasn’t
for me, You wouldn’t be known.” Somehow, in one of the great mysteries
of the cosmos, human consciousness is able to ask questions of nature and
the answers that come back are actually comprehensible. Perhaps, as
Wheeler suggests, the two, Mind and Universe, are simply aspects of a
binary system. Art and physics, then, may be seen as two pincers of a claw
the Mind can use to grasp the nature of Wheeler’s complementary image,
the Universe.
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At the same time that quantum physicists began to wrestle with Bohr’s
theory of complementarity, which is not classically scientific and seems to
border on the spiritual, the Swiss psychologist Carl Jung promulgated his
theory of synchronicity, the internal corollary in human experience of this
external quantum idea. Like Bohr, Jung repudiated the conventional doc-
trine of causality. He proposed that all human events interweave on a plane
to which we are not consciously privy, so that in addition to prosaic cause
and effect, human events are joined in a higher dimension by meaning.
The principles of synchronicity and complementarity, bridging as they do
the very separate domains of the psyche and the physical world, apply as
well to the connection between art and physics. The German language
encapsulates this idea in the word zeitgeist, which unfortunately has no
single-word equivalent in English, but means “the spirit of the times.”
When discoveries in unrelated fields begin to appear at the same time, as
if they are connected, but the thread that connects them is clearly not
causal, then commentators resort to proclaiming the presence of a zeitgeist.

Originally using the theory of complementarity to unite the opposite
and paradoxical aspects of light, Bohr went on to extend his philosophical
device to include other pairs of opposites. This book is about the comple-
mentarity of art and physics and the ways these two fields intimately entwine
to form a lattice upon which we all can climb a little higher in order to
construct our view of reality. Understanding this connection should en-
hance our appreciation for the vitality of art and deepen our sense of awe
before the ideas of modern physics. Art and physics, like wave and particle,
are an integrated duality: They are simply two different but complementary
facets of a single description of the world. Integrating art and physics will
kindle a more synthesized awareness which begins in wonder and ends
with wisdom.

The connections between the art of one period and the physics of a later
one become more apparent when examined retrospectively, looking all the
way back to classical Greece. Sometimes the lag period is several hundred
years; at other times it can be decades. In this century, an auspicious
conjunction between art and physics occurred in its first decade with both
fields exploding into many new directions.

Art generally anticipates scientific revisions of reality. Even after these
revisions have been expressed in scholarly physics journals, artists continue
to create images that are consonant with these insights. Yet a biographical
search of the artists’ letters, comments, and conversations reveals that they
were almost never aware of how their works could be interpreted in the
light of new scientific insights into the nature of reality. In these cases to
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be discussed, artists have continued to work in splendid isolation, bringing
forth symbols that have helped the rest of us grasp the meaning of the new
concepts even they, the artists, may not have formulated intellectually.

The same principle holds true in reverse. Upon making his discovery,
the physicist is usually unaware of the artist’s anticipatory images. Rarely
has a physicist, discussing a new breakthrough in his science, acknowledged
an influential artist who preceded him. Despite many deep friendships
throughout history between artists and scientists, revolutionaries in art
and visionaries in physics seem peculiarly separate. Picasso and Einstein,
who I shall demonstrate shared a common vision, never even met or evinced
interest in each other’s work.

Since the visual arts do not exist independently of music, drama, poetry,
literature, philosophy, and architecture, I will weave these fibers into the
fabric of this thesis where appropriate. However, the principal thread of
this book is the visual arts of Western civilization against the backdrop of
physics. This skein can be followed through ancient Mesopotamia, Egypt,
Greece, and then on to Rome. The thread seems to have been broken
during the disruption of the Dark Ages, but in that nocturnal period it still
spun on virtually unobserved into Europe, reemerging in the Middle Ages
until, like a phoenix rising, it reappeared resplendent in the Renaissance.
The culture we call Western tradition then spread its net ever wider until
it has encompassed all of Europe and the Americas.

In order to create a context in which to discuss the individual works of
the artist and how they relate to the theories of the physicist, we need to
start with ancient Greece, where many of the premises of our present-day
value and thought systems originate. Not unlike the great founders of the
major religions of the world, the early Greek thinkers began their inquiry
by assuming that the variegated manifest universe arose from a cosmic
unitary principle. Each of them attempted to trace all experience back to
one primordial element. Around 580 B.c., Thales of Miletus, the first phi-
losopher, declared that it was water. Heraclitus almost immediately disa-
greed, announcing that the original element was fire. Soon other voices
cast their votes for air or earth. In one of the first great syntheses of science
(and, I might add, one of the first known compromises), Empedocles pro-
posed that perhaps there was not just one primordial element but rather
four. If at the root of reality there were four different essences, then all of
existence could be explained as some combination of the basic building
blocks of water, fire, earth, and air. This idea “felt” right to the college of
early philosophers perhaps because the number four universally evokes a
sense of foundation. Whether it is the four points on a compass, the four
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corners of a square, or the four legs to a table, there is in this cardinal
number an expectation of fundamental completeness.

One hundred years after Empedocles, however, Aristotle was not quite
satisfied with this scheme. He observed that all things here on earth are
in varying states of flux and argued that something was missing. Influenced
by Plato’s concept of an eternal ideal, Aristotle posited that, in addition to
the tetrad proposed by Empedocles, there must be a fifth essence, a quin-
tessence, that is constant and immutable and somehow connects the other
four. Since the celestial constellations seemed unchanging in their un-
wavering courses across the sky, he proposed that the quintessence was
composed of the stuff of stars.

Although we have discarded the early Greeks’ quaint notions in the latter
half of the twentieth century, this ancient scheme retains an uncanny
familiarity. In our present paradigm we still acknowledge four basic con-
structs of reality: space, time, energy, and matter. Space and time constitute
the gridwork within which we conduct our lives, while inside their frame,
energy, matter, and various combinations thereof create our world of ap-
pearance. These four elemental constructs form a mandala of totality. All
perceptions created in the dream room of our minds are constructed from
these four building blocks.

In looking to the light from the stars, Aristotle’s speculation was close
to the reality of twentieth-century physics. The quintessence, we have
learned, is not the stars, but rather light itself. This, too, is fitting. Elusive
and enigmatic, this fifth essence has engendered wonder and reverence
throughout history. Whether it was the miracle of fire or the life-giving
rays from the sun, light in and of itself has always been the most mysterious
element. It has been accorded a prominent place in all religions of the
world, and discoveries in modern physics revealed that it was the unique
nature of light that held the key to unlocking the secrets of the other four.
Both the fields of quantum mechanics and relativity arose out of two
unresolved questions about the nature of light. Further, Einstein discovered
that the speed of light was an invariant and immutable number. In some
strange way light is the link connecting space, time, energy, and matter.
The symbol for the speed of light in physics, ¢, plays a prominent role in
the key equations connecting the other four.

In the coming chapters we shall principally explore the interrelationships
of space, time, and light. The reason for coning down to these three ele-
ments is to narrow the focus for a more manageable discussion. A book
about art by itself contains many currents and characters. Similarly, the
history of physics shares this diversity. When trying to integrate one in






Parallel straight lines do not meet one another in either
direction.
Euclid

Everything either is or is not.
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Aristotle

CHAPTER 2

CLASSICAL ART/ IDEAL PHILOSOPHY

and the artist. Since the time of classical Greece, natural philos-
ophers have made repeated attempts to sort out the relationships
among these three. Painters and sculptors, too, have dedicated themselves
to understanding the interplay among them.

Yet, despite a historical record that contains immense diversity among
civilizations, there have been only a few different models of space, time,
and light. Although there are striking differences among such diverse
thought systems as those of the ancient Egyptians, Hindus, and aborigines,
in general, they share the conviction that there is no sharp line dividing
the “in here” space of imagination or “subjective” reality and the “out
there” space of “objective” reality. In fact, admixing the inner space of
dream, trance, and myth with the events of everyday existence characterized
every belief system worldwide before the Greeks. In addition, time had not
yet been put on a spindle to be unwound at a uniform rate in any of these
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religious cultures. Instead, time meandered back and forth between reality
and myth.

The introduction of rational doubt by the ancient Greek philosophers
sharply separated their system from others based upon religious beliefs.
The classical Greeks began to investigate the nature of reality with their
newly refined tool called “reason,” a faculty that was to become the un-
derpinning of an entirely novel conception of space and time. Rationalism
was a stunning system because it swept away convoluted magical and
mystical explanations and, in effect, replaced them with only one
lodestone—logic. Why this particular system of thought arose in Greece
twenty-five hundred years ago and not in some other time and place merits
some speculation.

The people who lived on those Hellenic isles were the recipients of a
powerful, rich Indo-Aryan language washed down from the north by in-
vasions and immigrations. They fused its prolific and varied lexicon with
an innovative technology called the alphabet, which they had learned from
Phoenician traders in the south. Alphabets had been in use for some time
by many Semitic peoples, but they were cumbersome because they lacked
the vital element of vowels.*

The Greeks’ simple invention was letters to stand for vowels. When added
to the Phoenician consonants, they produced an easy-to-use system of written
communication, whose basics have remained unchanged to this day.

Any time a new means of communication is introduced into the world,
a giant step occurs in the historical record.! The Greek alphabet was not
only new; it was an extremely efficient means of processing information,
as revolutionary in its time as computer technology is today. The alphabet’s
lettering system was “user friendly” because, instead of the thousands of
images that made up a system of hieroglyphics or ideographs, there were
only twenty-four symbols. When beaded together on a horizontal line in a
particular sequence these symbols became a decipherable code and made
commonplace the ability to record and transfer information with relative
ease.

On another level, the alphabet was civilization’s first abstract art form.
As the actual shape of each letter became divorced from any connection
to the image of the thing it might once have represented, the abstract
quality of alphabets most likely subliminally reinforced the ability of those

*In terms of significance for Western civilization’s subsequent development, the Ten Com-
mandments’ moral weight received by Moses from God on Mount Sinai was equaled by the
curious fact that they were written, not in Moses’ native language—hieroglyphics, but rather
in alphabetic form.
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who used them to think abstractly. An ideogram or hieroglyph is basically
a picture that may contain multiple concepts all superimposed upon one
another. The alphabet, on the other hand, strings out these concepts so
that they become words in a sentence whose meaning depends on their
linear sequence. Untangling the multiple ideas coiled within one ideo-
graphic image and converting them into a linear code reinforces the belief
that one thing follows another, and thus ever so surreptitiously alphabets
impose causality upon the thinking processes of those who use them.

Marshall McLuhan pointed out the critical importance of a new com-
munications technology when he coined his famous aphorism, “the me-
dium is the message.” In The Gutenberg Galaxy, he proposed that the
content of information exchanged in a particular medium such as oral
speech or the alphabetic written word is profoundly affected by the process
used to transmit that information. The process, more than the original
quality of the information, ultimately has a greater effect on the civiliza-
tion’s art, philosophy, science, and religion. The repeated use of alphabets
by a large number of ancient Greeks over a long period of time reinforced
three aspects of comprehension: abstraction, linearity, and continuity.
These three ideas were also the foundation for the new conception of space,
time, and light that would emerge centuries later, following a wide accep-
tance of the Greeks’ new lettering system.?

It is no accident that the first science of space emerged in the civilization
that developed the first streamlined alphabet. The Greek mathematician
Euclid, who taught at the Museum of Alexandria around 300 B.c. (museums
were schools dedicated to the Muses), codified space into a field of knowl-
edge called geometry. The Egyptians, Babylonians, Hindus, and others had
discovered bits and pieces of geometrical truths, but it was Euclid who
gathered all these proofs together and, in one grand rational scheme, laid
the foundation for a whole new science. Euclid translated abstract thought
into diagrams that formed a coherent system. He began by defining his
terms and then proposed axioms that to him were so obvious they needed
no proof. From these he formulated his five postulates. The more familiar
ones—that parallel lines will never cross; that all right angles are equal
to one another—have been held up for over two thousand years as the
very nexus of truth.

From the basic five postulates, Euclid went on to deduce theorems and
propositions. The proof of the inherent truth of his system stemmed from
the fact that his definitions and axioms could be used to prove the theorems.
But Euclid made some other assumptions that he did not state in the
FElements. For example, he organized space as if its points could be con-
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nected by an imaginary web of straight lines that in fact do not exist in
nature. Geometry was an entire system based on a mental abstraction.
Felicitously, when it was superimposed upon external reality, nature oblig-
ingly corroborated this fabrication of the mind. Using Euclid’s notion of
space, the third-century B.c. philosopher-engineer Archimedes declared the
self-evident axiom that the shortest distance between two points is a straight
line. This rule, without actually saying so, implied that Euclid’s space was
uniform, continuous, and homogeneous. There were no potholes, bumps,
or curves, and everywhere space was presumed to be the same. If the straight
line happened to be a ruler, and if one used his or her imagination, then
space could be cut into slices and its sides sequentially numbered making
Euclid’s space measurable.

Another assumption implicit in Euclid’s space but not explicitly stated
is that space is totally empty. Since space for Euclid had no substance, one
could put objects, forms, and figures in it and move them around without
affecting either the space or the objects. Space could not interact with
mass or form because it is essentially nothing. It was the empty container
in which the Greeks could arrange the things of their reality.

The triumph of Greek notions of space was so complete that Plato had
engraved above the gate to his academy a sign that read “Let no one enter
here who is not schooled in geometry.” Earlier Zeno, a mischievous phi-
losopher, in the fifth century B.c. constructed a series of paradoxes dem-
onstrating some inconsistencies in Greek ideas about space. (One paradox
is that of the footrace between Achilles and a tortoise. The tortoise, who
has a head start, wins because Achilles always covers one half the distance
to the tortoise but, while ever gaining, can never overtake the slower turtle
as the half distance remaining keeps getting ever smaller but never dis-
appears.) Zeno’s paradoxes were never taken seriously or addressed com-
pletely. Aristotle, a hundred years later, peremptorily dismissed Zeno as a
crank. He accused him of that worst of Greek philosophical sins, sophistry.
More to our point, however, today “sophistry” is a derogatory term phi-
losophers ascribe to arguments that cannot be explained within a system.

If linearity laid the basis for a new conception of space, it had an equally
profound effect on the notion of time. In all civilizations of that ancient
era, time was cyclic. All the evidence available to the observer spoke of
resurrection and repeatability. The rising and falling of the Nile, the return
of the seasons, and the periodicity of the heavens reinforced this belief in
cyclical time. One event, however, dramatically did not. Personal death and
its irreversibility harshly pointed to a linear, inexorable direction of time.
Though the Egyptians and Hebrews had begun to develop the idea of linear,
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nonrepeatable time, it existed within a religious context. Until the Greeks,
the proper time line of mortals was entangled in the more serpentine
mythical time of the gods. Therefore, the clear idea of an abstract, se-
quential, linear time so necessary for rational thinking could not emerge.
The Greeks began the task of pounding this crooked, curved essence into
an arrow-straight line. And the man who did for time what Euclid did for
space was Aristotle.

Like a smith in a foundry, Aristotle straightened out the arabesque shape
of time, but to do so he first had to demythologize the three Daughters of
Necessity. These three Fates were Lachesis, who guarded what had been,
Clotho, who guarded what is, and Atropos, who oversaw what is yet to
come. By excluding the possibility that mythical time had anything to do
with everyday time, Aristotle transformed the three Fates into the past,
the present, and the future. Once he had, in a sense, created linear time,
the rules of rational thinking could develop into a powerful problem-solving
technique. Armed with abstract, linear, and continuous time and space,
he went on to formulate the rules of logic, codifying a special kind of
thinking used by earlier Greek philosophers into a standardized system.

The basic unit of logic is the syllogism, which depends upon the prop-
osition “if-then.” “If-then” became the simple tool that Aristotle claimed
was all that was necessary to reveal truth without the help of oracles,
sacrifices, or prophets. Although logic itself is timeless, the process of logic
depends heavily upon time. Logic proceeds one step after another.*

Aristotle’s writings suggest that he himself did not fully recognize that
his formulation of logic’s rules would generate certain inevitable conclu-
sions about time. He personally believed that time was recurring, and that
its cycles, which he called eras, were so far apart that one could dismiss
consideration of previous eras because they were outside his newly invented
linear time. It is not uncommon for someone as farsighted as Aristotle to
fail to grasp the full significance of his own visionary insight. Galileo,
Newton, and Einstein, too, held on to beliefs that were antithetical to their
respective discoveries. Aristotle’s willingness, however, to tackle the prob-
lem of time is all the more extraordinary, since his mentor, Plato, dismissed
the whole notion of time as nothing more than an illusion that interfered
with the motionless ideal. Plato referred to time as “the moving image of
this changeless eternity.”

Sequence became the key to time, and each duration followed in a
progressive nonreturning flow. The Greeks’ novel ideas about space also
depended upon order and linearity, as did other facets of their civilization.
In John White’s The Birth and Rebirth of Pictorial Space, he points out
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the most striking feature of both Greek narrative and art: “All the forms
lie in a single plane. All the movement is in one direction.” From temple
friezes to vase paintings this linear convention was rarely violated.

Once time was wrested from the clutches of mythology, it occurred to
the Greeks that history was possible. If proper time was linear, then it
would be possible to chronicle events in a sequential order, and so Herod-
otus in the fifth century B.c., freeing himself from mythical considerations,
became civilization’s first historian. The concept that an accurate catalogue
of the events of the distant past could be written down by one person who
was living in the present was a profoundly new idea. It could have taken
place only in a civilization that adhered to linear time. The Greeks’ ac-
knowledgment of the absolute uniqueness of historical events is one of
history’s unique events.5

Euclidean space and Aristotelian time have formed the basis of a para-
digm that has been remarkably enduring. This worldview has survived
virtually unchanged since it was first proposed nearly twenty-five hundred
years ago. Almost without exception everyone in Western society uses this
ancient system. Euclid’s Elements is probably the second most widely read
book in the history of the world. It is nearly impossible to grow up without
being inculcated with Euclid’s ideas at a very early age. Likewise, a tacit
knowledge of Aristotle’s logic is a prerequisite for every professional, tech-
nological, and literate position in sophisticated society. To be profoundly
irrational is to be considered insane.

Everyone learns this system of thinking so early and it works so well
that it is very difficult to see its deficiencies. But, if truth is the corre-
spondence between appearance and reality, then there are some glaring
inconsistencies in this system. Straight lines are strikingly absent in nature.
If you take a walk in the woods, it is apparent that there is virtually nothing
that is ruler-straight. Instead, all naturally occurring forms are curved and
arabesque. Rocks, bushes, mountains, rivers, gullies, branches, and leaves
all follow an organic outline that does not contain a single perfect straight
line. Only tree trunks and the perpendicular alignment of the human form
standing upright upon the earth offer a commonly seen vertical that ap-
proximates a plumb line. Despite this direct evidence of our senses, we
continue to connect everything with straight lines. The nineteenth-century
Romantic artist Eugene Delacroix once speculated, “It would be worthy to
investigate whether straight lines exist only in our brains.””

The Western adherence to the illusion that the link between objects in
space and events in time is a straight line is similar to belief in a religious
dogma. Just as all the major religions of the world begin with the as-
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sumption that beneath the flux of our sensations there lies a unifying
principle, so science had discovered in Euclid’s rectilinear system its cor-
ollary. While there are an infinite variety of curved lines, there is, after all,
only one straight line. The rectitude of this revelation became integrated
into the Pythagorean mystical cult. Pythagoras, who was midwife to the
birth of science from its mother, religion, believed that only through num-
ber and pure geometrical forms could humankind grasp the nature of the
universe. In Euclid’s famous book on optics, he begins by informing the
reader that the lines of vision, or visual rays, are straight.

To say, however, that nature does not contain any perfect obvious
straight lines is not entirely correct. To most people’s vision, there is one:
the uncluttered meeting of sea and sky—the horizon as seen upon the
water. The horizon is the central orienting line in our experience. Pilots
and sailors who are lost in a fog and cannot see the horizon frequently
report a strange disorientation regarding up, down, front, back, right, and
left. This naturally occurring straight line is so important that I speculate
its ready visibility had a powerful effect on seacoast civilizations. Perhaps
the reason that linear alphabets, linear logic, and linear space have been
championed principally by the seafaring empires of classical Greece, Im-
perial Rome, Renaissance Venice, and Elizabethan England is that their
inhabitants continually had nature’s straightest line in plain sight. This
sharp crease was missing from everyday experience in the land-based civ-
ilizations of ancient Egypt, Asia Minor, and China. Perhaps its absence is
the reason these empires failed to develop a widely used alphabet, or to
organize space and time in a linear fashion.

Having invented a new way to conceptualize space and time, the Greek
philosophers tried to understand the nature of light. The preclassical Greeks
did not distinguish between “eye” and “light”: either word could be used
to describe something beloved or admired.? Eyes seemed to emanate light
and sources of light appeared as large eyes. The sun could be called an eye
and one’s eye was referred to as a light. The later Greeks began to separate
light as the vehicle of information from the sense organ that received it.
Aristotle called the eye “the gate of the intellect,” after Alcmaeon in the
sixth century B.c. discovered that the optic nerve connected the eye with
the brain. At the beginning of his Metaphysics, Aristotle remarks how we
value sight above all. “The reason is that this, more than any other sense,
makes us know and reveals to us many differences between things.”® Our
word for imagination derives from the Greek phantasia, which itself is
derived from phaos (“light”) because it is not possible to see without light.1

Hampered by their lack of scientific instruments with which to begin
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the study, the Greeks nevertheless began to understand that light had
properties. Since space was empty, light had to be something that traveled
through this nothingness. Plato proposed that light emanated from within
our minds. In Plato’s theory, light rays shot forth from our eyes and
enveloped those objects we could see. Aristotle conjectured the exact op-
posite. He thought light originated from the sun and after bouncing off
the objects in the external realm, ricocheted into our eyes. The debate they
began continues into the present.

Implicit in both Plato’s and Aristotle’s ideas of light was that it was a
“thing.” They assumed it traveled from here to there through space, though
they weren’t sure if light performed this mysterious feat in a certain allotted
time or whether its transfer was instantaneous. The Greeks’ stabs in the
dark about the nature of light and their proud accomplishments regarding
the definition of space and time were the beginning of a twenty-five-
hundred-year-old misconception that.space and time were absolute con-
structs of reality and that light was a go-between bouncing off the walls
of this grid work.

The Greek artist and architect had been aware of the advantages of
uniform, measurable space long before the strict formalism of Euclid and
Aristotle. The Greek artists increasingly positioned their figures in a linear
orientation that depended upon the horizon, and the Greek architects had
used the principles later elaborated by Euclid as a new aesthetic ideal to
calculate the visual effects of their buildings. These refinements even in-
cluded making the outer column of their temples thicker than the inner
ones so as to prevent them from being optically “eaten” away by the
surrounding light.

A century before Euclid had popularized the proportions of an isosceles
triangle, Greek sculptors had accurately estimated the proportions of the
human face and figure. The fifth-century B.c. sculptor Polyclitus wrote a
book entitled the Kanon (Rule), which established the measured relation-
ships of the different parts of the human body. He recommended these
values as the basis of an entire aesthetic. He then sculpted his Doryphoros
(Spear bearer) to illustrate these principles.

In the century before Plato’s search for the ideal forms that lie hidden
in nature, artists created the forms that today we refer to as “classical.”
In their striving for perfection, Greek artists achieved the essence of Plato’s
ideal. The derivation of the word “rational,” which has under its aegis the
subsidiary terms “reason,” “logic,” and “causality,” can be traced back to
the Latin word rafio which means “proportion.” Both art and natural
philosophy were engaged in a quest to strip away the outer veils of ap-
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pearance in order to discover the ideal proportional forms that lay hidden
underneath this covering.

In classical architecture the ideal proportion for a rectangle is one whose
sides are in the ratio of five to eight. Greek temples were laid out using
this formula, and this model of perfection became known as the “golden
rectangle.” This has its roots in the artistic aesthetics of the Greek ideal
of the perfect human face. When divided into eighths, the physiognomic
features are all in the lower five eighths, and the distance from eyebrow
to crown is the remaining three eighths.

This Greek idea continued to influence subsequent artists. Marcus Vi-
truvius, a first-century B.c. Roman architect and writer, began his De
architectura with the recommendation that temples, in order to be mag-
nificent, should be constructed on the analogy of the well-shaped human
body, in which there is a perfect harmony among all parts. Socrates, Plato,
and Aristotle all proposed that the essence of beauty was order, proportion,
and limit. Despite all these “rules,” Greek art was the first “free” art—free
in the sense that its purpose was more aesthetic than religious or political.

The Greek constructs of space and time similarly affected all facets of
the Greek culture. Since we are the children of their classical traditions,
their ancient beginnings are freighted with consequence for us. There was
another legacy of the Greeks’ system of thought that, as we shall see, took
centuries to overcome—the idea of the essential duality of reality. De-
mocritus, in the fifth century B.c., had declared that all the world was
composed of only two elements: atoms and the void. This reduction of the
myriad number of forms to only two was the ultimate in dualistic reasoning.
Christianity adopted dualism when it created the strict divisions between
good and evil and heaven and hell. Dualism is evident in the Cartesian
philosophy of “in here/out there,” and science’s division of the world into
observer and observed. While this notion of duality was a vital rung on the
ladder of thought enabling us to reach the next higher plateau, for a very
long time it has impeded our climb.

The conquering Romans embraced the Greek worldview and modeled
their culture after it. The classical world lasted approximately eight hundred
years (400 B.c. to A.n. 400). The Romans, a practical people, accepted the
Greek conventions concerning space, time, and light along with almost
every other facet of Greek culture. Given the duration and scope of it, the
wonder of the Pax Romana is how very little innovative thinking concerning
these ideas actually took place. Perhaps it was this dearth of originality
and slavish devotion to the classical ideals of the earlier Greek culture that






All curiosity is at an end after Jesus, all research after the
Gospel. Let us have Faith and wish for nothing more.
Tertullian, a third-century Roman convert to Christianity

A A A A

CHAPTER 3

SACRED / PROFANE

ported to contain the Word of God, was infallible. Since all answers
to all questions were to be found between its covers, the laws of
logic were essentially dismissed from A.p. 400 to A.p. 1250. St. Augustine,
the most influential architect of the medieval mind, invalidated the hard-
won truths of classical antiquity when in his City of God (a.p. 415) he
proclaimed:

E arly Christianity rested upon the belief that the Bible, which pur-

When . . . the question is asked what we are to believe in regard
to religion, it is not necessary to probe into the nature of things,
as was done by those whom the Greeks call physici; . . . It is
enough for the Christians to believe that the only cause of all
created things . . . whether heavenly or earthly . . . is the good-
ness of the Creator, the one true God.!

Euclid’s smooth space cracked and splintered under the weight of the
authoritative New and Old Testaments. In this theological topography,
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space became fragmented. It lost its homogeneity and could no longer be
measured. Heaven was up and hell was down, but neither was connected
to the space of everyday occurrence. As the anthropologist Mircea Eliade
writes in The Sacred and the Profane: “For religious man, space is not
homogeneous; he experiences interruptions, breaks in it.”2 This ubiquitous
acceptance of disconnected “regions” of space led to its further conceptual
fragmentation. The place into which sailors disappeared when they fell off
the end of the earth was qualitatively different from the familiar kind of
space back home. Even heaven was subdivided: The outermost region was
the purest and was called the seventh heaven.

The picture that prevailed in medieval Christendom was that of a flat
table of earth that lay beneath a huge vault, the ceiling of which was the
heavens. No one was sure what was above the ceiling or, for that matter,
below the table. These regions were spiritual spaces, and so beyond the
reach of human abstraction—not chartable by Euclid’s straight lines or by
the postulates of his plane geometry.

As space fractured, knowledge of the alphabet slid silently into its cracks.
Illiteracy became the norm. In Europe of A.p. 800; for the preceding five
centuries no layperson, from kings and emperors downward, could read or
write.? Those in monasteries who still could were remanded to distinguish
between carnal and spiritual divisions. Within a relatively short span of
years, vows of silence replaced the voices of disputation.

During the early Christian era, time, too, lost the smooth sequential
linearity that marked it in the classical period. Like space, it splintered
into jagged slivers. According to St. Augustine, nothing occurred before
Genesis. Time began with God’s creation of the universe in 5000 B.c. and
would end on Judgment Day. At that moment, the future would disappear
and be replaced by eternity, which was a qualitatively different kind of time.

Eternity differs from the future in that the rules of causality govern the
latter but are absent from the former. In eternity nothing ever “happens.”
There can be no history in heaven because there are no “events” to record.
Birth, death, falling in love, learning, working, having children, none of
these crucial milestones that mark earth’s time can ever occur in heaven.
The very place where eternity occurs is not connected to the human arena.
As St. Augustine pointed out, time was a feature of the world that God had
created. Since He Himself had invented time, therefore, it would be a fallacy
to believe that God existed in it. (Where was God standing before He created
both time and space? Augustine would ask.) Divine time could not be
synchronized with earthly time because they were fundamentally different.
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Jesus’ life was so crucial to early Christianity that its central circum-
stances dominated calendars, thought, and research. Worldly time slowed
and became mired in past events as the focus of Christian attention became
what had happened during the life of Jesus. Past, present, and future
retained a semblance of sequence but became frayed and disjointed just as
space had become tattered and disconnected. Contemporary art critic José
Argiielles, acknowledging the sharp shift in the notion of time, wrote:

The source of this misunderstanding is to be found in the or-
thodox Christian doctrine of the uniqueness of the event of
Christ, which alone gives meaning to all other events. From the
Christ-event to the Second Coming, in the Christian view, all
human activity takes place in unrepeatable units, redemption
being possible only by relation to the unique Christ-event. This
doctrine is absolutist and terrifyingly single-minded. It breaks
from the traditional view, common to most world cultures, that
time is cyclic and that the meaning of human existence is related
to certain recurring cosmic patterns.

The great Western tradition of classical art and physics was demolished
and then ground into dust. Besides extensive book burnings, the zealous
Church Fathers set out to obliterate every work of art that remained from
classical antiquity. In the sixteenth century, Vasari, the first art historian
after the medieval period, looked back upon these fogs and bogs of the
human condition and lamented this incredible slaughter of the innocents.
In his book Lives of the Artists, Vasari (deeply moved by his own bias)
described this aesthetic holocaust:

But what inflicted incomparably greater damage and loss on the
arts than the things we have mentioned was the fervent enthu-
siasm of the new Christian religion. After long and bloody com-
bat, Christianity, aided by a host of miracles and the burning
sincerity of its adherents, defeated and wiped out the old faith
of the pagans. Then with great fervour and diligence it strove
to cast out and utterly destroy every last possible occasion of
sin; and in doing so it ruined or demolished all the marvellous
statues, besides the other sculptures, the pictures, mosaics and
ornaments representing the false pagan gods; and as well as this
it destroyed countless memorials and inscriptions left in honour
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of illustrious persons who had been commemorated by the ge-
nius of the ancient world in statues and other public adorn-
ments. Moreover, in order to construct churches for their own
services the Christians destroyed the sacred temples of the pagan
idols. To embellish and heighten the original magnificence of
St Peter’s they despoiled of its stone columns the mausoleum
of Hadrian (today called Castel Sant’Angelo) and they treated in
the same way many buildings whose ruins still exist. These
things were done by the Christians not out of hatred for the
arts but in order to humiliate and overthrow the pagan gods.
Nevertheless, their tremendous zeal was responsible for inflict-
ing severe damage on the practice of the arts, which then fell
into total confusion.

As if these disasters were not enough, Rome then suffered
the anger of Totila: the walls of the city were destroyed, its finest
and most noble buildings were razed to the ground with fire
and sword, and then it was burned from one end to the other,
left bereft of every living creature and abandoned to the ravages
of the conflagration. For the space of eighteen days not a living
thing moved; Totila tore down and destroyed the city’s marvel-
lous statues, its pictures, mosaics, and stuccoes. As a result,
Rome lost, I will not say its majesty but rather, its identity and
its very life . . . In the end there was left not the slightest trace
of good art.s

The result of the destruction of Greco-Roman art and thought led to the
long night of the Dark Ages. Antirational mists enshrouded these early
centuries of the medieval period so that the artists emerging in the middle-
and late-medieval period had no traditions on which to base their work.
They were forced to invent new forms. Their fresh start would contain an
accurate reflection of the larger culture’s thinking about space, time, and
light.

Early churches contained wide expanses of empty walls. Since literacy
was lost, it became necessary to revert to simple images in order to tell
the story of Christ. High on the walls of the churches and frequently filling
their domes, a new art form emerged that was the perfect metaphor for
the early Christian conceptions of space: the mosaic, a large composition
pieced laboriously together out of small square chips of colored glass and
tile (Figure 3.1). The glittery expanse of reflecting fesserae (“squares”)



LEONARD SHLAIN

Figure 3.1. Portrait of Christ, Byzantine mosaic (late fifth century—early
sixth century), Archbishop’s Palace, Ravenna THE METROPOLITAN MUSEUM OF
ART, JOHNSTON FUND, 1924 (24.144.6)

dissolved the substantiality of matter into an immaterial image that un-
derscored the principal message of the Gospels.

Although the Greeks and Romans used mosaics in their tiled floors, this
art form did not reach its full development until the early Christian era.
A mosaic breaks up space into sharply distinctive pieces—and yet produces
a coherent image.

In both the mosaic and in early Christian theology, space was discon-
tinuous. Regions were connected, however, on a grander spiritual level.
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This higher order reunited the separate individuals of Christendom and
the fragmented medieval spaces into a seamless continuum. Each piece of
a mosaic is a small part; the sum of the parts makes up a whole that is
greater than the totality of the individual pieces. Mosaics and theological
theory had as their premise the same belief about space and life. Discon-
tinuous space came also to characterize frescoes, paintings, and, later,
stained-glass windows.

The subtle message contained within the form of the mosaic permeated
every aspect of the early Christians’ conception of space. The feudal system,
which represented the cracked remains of the centralized bureaucracy of
Imperial Rome, created a jigsaw puzzle mosaic of the entire map of Europe.
The smooth, reassuring universality of Latin tattered into thousands of
local dialects and vernaculars. Early Gothic script was crabbed and difficult
to read: A page resembled nothing so much as a wall mosaic, more perhaps
to be looked at than read. The word “text” derives from the Teutonic
textura, which really meant “tapestry.” Each Gothic letter in this tapestry
was like a glittering glass piece of a wall mosaic.

Books themselves contained the writings of numerous people, juxtaposed
haphazardly without regard for authorship. Each early manuscript was in
itself a mosaic of the thoughts of diverse thinkers and commentators. Early
fresco painters, working anonymously, did not treat space in any strict
coherent geometrical manner. Rather, these unknown craftsmen used space
to arrange a jumble of disconnected images knit together on a symbolic
level.

At its inception, Christian art also reflected an alternative conception of
time. By effectively effacing the rules of causality, prophecy gained do-
minion over reason and mysticism shared the stage with ignorance and
superstition. As early Christian artists disregarded conventions of linear
causality and sequence, so important to the earlier Greek paradigm, so
time frames within their art assumed a similar nonlinear elasticity.

Artist Gyorgy Kepes points out in his book The Language of Vision:

Early medieval painters often repeated the main figure many
times in the same picture. Their purpose was to represent all
possible relationships that affected him and they recognized this
could be done only by a simultaneous description of various
actions.5

The representation of the same figure occupying more than one location
and in more than one posture is a flagrant violation of logic and sequence.
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According to Euclidean geometry, a point cannot occupy more than one
locus. Further, when a single figure performs more than one action in one
canvas, different moments converge simultaneously and violate the tenets
of causality. The medieval artists splintered time just as they had fractured
space. Contemporary literary critic Georges Poulet in his Studies in Human
Time writes:

For the man of the Middle Ages, then, there was not one duration
only. There were durations, ranked one above another, and not
only in the universality of the exterior world but within himself,
in his own nature, in his own human existence.”

Time was no longer perceived as a straight geometrical arrow. Instead it
meandered into different zones, profane and divine. Consequently, the
incisive edge of analytic logic became blunted, and reason could no longer
be relied upon to sort out events in their proper order. If events did not
have a correct sequence, logic was useless.

Just as the notions of space and time that prevailed in the medieval
mind were different from the Greek ones, light in early Christian thinking
ceased to belong to the external world alone. According to these religious
beliefs, light did not travel from a source through space and time. It was
instead an ectoplasmic manifestation of the Spirit; a bridge between this
world and another. Light originated from within the soul and its rays were
the vehicle a soul could use to get from one space to another, as well as
from one kind of time to another. The artist depicted light as a spiritual
essence: either as a luminous halo or as inner radiance.

It was divine light that shone through the letters in the words of the
Bible. Origen, an early-third-century Greek Church Father, exalted this
concept:

Blessed are the eyes which see divine spirit through the letter’s
veil .8

The dual meaning of the word “gloss” reveals the idea of a spiritual lu-
minosity backlighting the letters of the words in the Bible. Originally
derived from the Latin word for “tongue,” “gloss” took on a new meaning.
Something that had a gloss began to shine. This shine was the Word of
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God coming through the letters. The gloss released the light from within
the text. Books were “illuminated” so that light could come through rather
than flow on the page. Thus, both our present English words “glossary”
and “glossy” derive from this earlier confusion regarding the true meaning
of the white background upon which words are written.

The idea that light was an essence that could pierce substance was a
fundamental belief of the age of faith. Light not only connected souls and
backlit the message of the Bible, it could also pass through solid matter.
In his book, The Gothic Cathedral, Otto von Simson describes this unique
property of medieval light:

In a Romanesque church, light is something distinct from and
contrasting with the heavy, somber, tactile substance of the
walls. The Gothic wall seems to be porous: light filters through
it, permeating it, merging with it, transfiguring it. . . . Light,
which is ordinarily concealed by matter, appears as the active
principle; and matter is aesthetically real only insofar as it par-
takes of, and is defined by, the luminous quality of light. . . . In
this decisive aspect, then, the Gothic may be described as trans-
parent, diaphanous architecture.®

Though light had a mysterious quality that allowed it to shine through
matter, the rediscovery of glass by medieval craftsmen did not principally
lead to the construction of windows that worshipers could see through.
No windows were placed for a congregation anywhere near eye level. Rather,
craftsmen placed colored-glass windows high in the walls of cathedrals,
permitting only light from above to enter. The effect of rippling chromatic
rays playing upon the thin interior pillars enhanced the idea that matter
was insubstantial and of no real concern. Light was of the Spirit. A church
was not a place where ordinary mortals needed to be reminded of or dis-
tracted by the mundane and severe existence of a “real” world outside.

The Christian worldview of space, time, and light dominated Western
thought for a thousand years. In this time of faith, science was replaced
by an original, complex, theological system of belief. The artist, begin-
ning from near ignorance, produced the metaphors to express the spirit
of this era. The mosaic spoke directly to a new conception of space,
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time, and light as well as to other facets of this disjointed age. During this
millennial period this radical reaction to the classical worldview pulled the
string so taut in the opposite direction that when the rebound did occur
it would carry Western civilization far past the mark set by the ancient
Greeks.



There is nothing which Giotto could not have portrayed
in such a manner as to deceive the sense of sight.

Boccaccio
In questions of science the authority of a thousand is not

worth the humble reasoning of a single individual.
Galileo

CHAPTER 4

STATIONARY PERSPECTIVE /
ABSOLUTE REST

uring the late medieval period, curiosity, jolted by the prod of
literacy, stirred from its slumber of a thousand years. Words, once

A A A A A A A A

again, became the tools of thought rather than objects of worship.
Beginning in the Renaissance, stimulated by a voracious hunger for the
knowledge of the ancients, virtually every classical truth that could be
exhumed was embraced. Johann Gutenberg’s invention of movable type
in 1455 reinforced the primacy of the written word. The concept of space
organized along Euclidean axioms quickly reestablished itself. Time, too,
fell into line, and once again was characterized by sequence. The multiple
religious time frames of the medieval age were superseded by a temporality
that was more in keeping with the strict linearity of typeset.

The book, placed in the hands of the individual, allowed any person to
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drift away from the crowd in church and be alone. Individuality reasserted
itself in this solitude and began to dominate the art and thought of Western
civilization as it would continue to do far into the future. It was the diffusion
of books that split the landmass of the Church into an archipelago of
individual thinkers.

The early years of the fourteenth century were a gestational period in
human history. An intense interest in craft during the previous century
had quickened the rate of technological innovations that pulsed through
the late medieval period. Like the spreading roots of a tuber, the cultural
impact of the development of craft was almost invisible. But the flower of
the Renaissance that blossomed from it was an outgrowth of its inventive
and practical applications.

One person who uplifted the human intellect and spirit in those years
was the artist Giotto di Bondone (1276-1337). Vasari praised Giotto thus:

In my opinion painters owe to Giotto, the Florentine painter,
exactly the same debt they owe to nature. . . . It was, indeed, a
great miracle that in so gross and incompetent an age Giotto
could be inspired to such good purpose that by his work he
completely restored the art of design, of which his contempo-
raries knew little or nothing.!

Vasari, writing several hundred years after the fact, recounts the legend
of Giotto’s childhood. As a precocious peasant child, Giotto when tending
sheep whiled away his time by drawing figures in the dust with his shep-
herd’s staff. The famous Italian artist Cimabue heard of this prodigy and
stopped along the road to ask the young Giotto to draw some figures for
him. Impressed by the results, Cimabue offered Giotto’s parents an ap-
prenticeship for their son, and took him back to his studio in Florence.

As the years passed, Giotto’s skills at representation surpassed those of
his mentor. Giotto was the first artist of record to understand intuitively
the benefits of painting a scene as if it were viewed from a stationary point
of view that was organized about a horizontal and vertical axis. Without
ever expressing it in so many geometrical axioms, Giotto returned Euclid’s
conception of space back into the picture plane of art. As a result, the flat
picture writing that had been the style for a thousand years suddenly
acquired the third dimension of depth. An example of Giotto’s mature style
is his Encounter at the Golden Gate (1306) (Figure 4.1). Giotto’s “proto-
perspective” places the central focus of the viewer outside and in front of
the canvas. Within a generation almost every artist who saw his work could
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Figure 4.1. Giotto, Encounter at the Golden Gate (1306), Scrovegni Chapel,
Padua ALINARI-ART REFERENCE BUREAU

appreciate the advantages of painting or drawing so that all lines of sight
coming off the painting converged to form an invisible inverted pyramid,
the apex of which was the eye of the viewer (Figure 4.2).

Word of the wonder of Giotto’s representational skills soon spread to
Rome. Vasari tells a charming story of the pope’s first encounter with
Giotto:

Giotto won such a reputation in Pisa and beyond that Pope
Benedict IX, who was intending to have some paintings com-
missioned for St Peter’s, sent one of his courtiers from Trevisi
to Tuscany to find out what sort of man Giotto was and what
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Figure 4.2. In perspective, all lines of sight converge on the viewer's eye
which is positioned in a stationary privileged location. This creates the
illusion of recession to a nexal vanishing point.

his work was like. On his way to see Giotto and to find out
whether there were other masters in Florence who could do
skilful work in painting and mosaic, this courtier spoke to many
artists in Siena. He took some of their drawings and then went
on to Florence itself, where one day he arrived at Giotto’s work-
shop to find the artist at work. The courtier told Giotto what
the Pope had in mind and the way in which he wanted to make
use of his services, and, finally, he asked Giotto for a drawing
which he could send to his holiness. At this Giotto, who was a
very courteous man, took a sheet of paper and a brush dipped
in red, closed his arm to his side, so as to make a sort of compass
of it, and then with a twist of his hand drew such a perfect circle
that it was a marvel to see. Then, with a smile, he said to the
courtier: “There’s your drawing.”

As if he were being ridiculed, the courtier replied:

“Is this the only drawing I'm to have?”

“It’s more than enough,” answered Giotto. “Send it along
with the others and you’ll see whether it's understood or not.”

The Pope’s messenger, seeing that that was all he was going
to get, went away very dissatisfied, convinced he had been made
a fool of. All the same when he sent the Pope the other drawings
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and the names of those who had done them, he also sent the
one by Giotto, explaining the way Giotto had drawn the circle
without moving his arm and without the help of a compass.
This showed the Pope and a number of knowledgeable courtiers
how much Giotto surpassed all the other painters of that time.
And when the story became generally known, it gave rise to the
saying which is still used to describe stupid people: “You are
more simple than Giotto’s O.” This is a splendid witticism, not
only because of the circumstances which gave rise to it but also
because of the pun it contains, the Tuscan word fondo meaning
both a perfect circle and also a slow-witted simpleton.2

Besides infusing Euclidean space back into art, Giotto also redefined the
artist’s framework of time. He treated each instant of visual experience like
a fluttering butterfly that he captured and pinned to his canvas. From
Giotto until the modern era, this convention became the standard with
each painting representing only one frozen instant viewed as if it were on
a lighted, three-dimensional stage. Gone were the simultaneous represen-
tations of different temporal events in one work of art. This device, evident
in the Bayeux Tapestry (a.n. 1073), among others, all but disappeared from
Renaissance art. Not only did Giotto single-handedly create a new way to
envision and organize space, he also isolated for art the frame of stopped
time.

Light still presented problems that Giotto could not solve as evidenced
in his fresco The Pentecost (1305) (Figure 4.3). Torn between representing
the halos of the saints in the correct perspective, or according to the older
medieval concept of light, Giotto tried to blend features of both systems.
He depicted the Pentecostal feast as it would be drawn if seen in perspective.
The Apostles in the forefront are facing Christ so that their backs are to
the viewer. Christ and the other Apostles are seated across the table facing
the viewer. Giotto placed the halos about the heads of Christ and those
seated adjacent to him in their traditional renderings behind the head.

For the Apostles who faced Christ, however, Giotto could not determine
where to place their halos. If he positioned them where they ought to be,
that is, closer to the viewer, on top of the diners’ necks would be only
round yellow circles. Since this was unacceptable, he compromised and
placed the halos as they were painted in earlier medieval works, on the
distant side of the head, that is, away from the viewer. The ludicrous result
was that the saints facing Christ were forced to eat the Pentecostal feast
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Figure 4.3. Giotto, The Pentecost (1305) MUSEO CIVICO, PADUA

through rings of light! Despite the delicious folly of it, Giotto, innovator
that he was, could not resolve the problem because he stood at the interface
between one paradigm and another.

An extraordinary congruency between art and physics occurred a few
years after Giotto reorganized pictorial space. In the 1360s Nichole
d’Oresme, a medieval schoolman, introduced a graphic means to plot sci-
entific functions.? The graph, an indispensable tool of science, gave to
thinkers the means to express visually the concepts of motion, time, or
space on a piece of paper intersected by a horizontal abscissa and vertical
ordinate. The ability to make abstract concepts visual was an absolute
prerequisite for the scientific discoveries that followed. It is hard to imagine
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any of the sciences progressing as they have without graphs. The key
geometrical principle underlying art’s perspective and science’s graphs is
essentially the same.

In 1435, a century after Giotto’s death, Leon Battista Alberti published
a formal treatise on perspective in which he seized upon the crucial im-
portance of a single “vanishing point” that lay at the intersections of
horizontal and vertical perpendiculars. Alberti made extensive use of Eu-
clidean principles in order to instruct subsequent artists in this new tech-
nique. The Renaissance painters who followed increasingly were able to
represent the world with precise accuracy. Implicit in their art lay a totally
new paradigm regarding space, time, and light, which replaced the one
that reigned supreme in the Christian era.

The beginning development of perspective by Giotto and its elaboration
by Alberti and other artists was a revolutionary milestone in the history of
art. By painting a scene from one stationary point of view, an artist could
now arrange three axes of the geometry of space in their proper relation-
ships. Perspective, which literally means “clear-seeing,” made possible a
new, third dimension of depth. Using perspective to project a scene upon
a two-dimensional surface made the flat canvas become a window that
opened upon an illusory world of stereovision. Literally and composition-
ally, art came down to earth as the horizon line became, for the Renaissance
artist as for the seaman exploring the globe, the most crucial orienting
straight line.

In his incisive book Art and Geometry William Ivins explains the dif-
ference between perspective and what had preceded its discovery:

Perspective is something quite different from foreshortening.
Technically, it is the central projection of a three-dimensional
space upon a plane. Untechnically, it is the way of making a
picture on a flat surface in such a manner that the various objects
represented in it appear to have the same sizes, shapes, positions,
relatively to each other, that the actual objects as located in
actual space would have if seen by the beholder from a single
determined point of view. I have discovered nothing to justify
the belief that the Greeks had any idea, either in practice or
theory, at any time, of the conception contained in the italicized
words in the preceding sentence. ... It is an idea that was
unknown to the Greeks, and it was discovered at a time so
ignorant of geometry that Alberti thought it necessary to explain
the words diameter and perpendicular.*
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John Russell summed up the importance of this discovery:

By taking as its first premise a single point of vision, perspective
had stabilized visual experience. It had bestowed order on chaos;
it allowed elaborate and systematized cross-referencing, and
quite soon it had become a touchstone of coherence and even-
mindedness. To “lose all sense of perspective” is to this day a
synonym for mental collapse.

For some critics, the shift from sacred symbolism to realistic art had a
price. Arglielles deplored the acceptance of perspective:

In the mechanical, rigidly perspectival visual system of the post-
Renaissance West, the center is in the individual ego outside of
the window frame, and not within the work of art itself; this
amounts to saying that there is no longer any sacred center, for
visual art no longer functions as a divine symbol but simply as
the picture of an imaginary world.

But for most people, perspective was a surprising and delightful technical
advance, embraced as enthusiastically as computer technology is today.
Renaissance parents urged their children to become professional perspec-
tivists because this skill was much in demand. Someone who knew the
rules of perspective could easily find employment in the military calculating
the trajectories of missiles hurled at the enemy. More pacific occupations
such as cartography, navigation, architecture, drafting, and engineering
all soon demanded apprentices grounded in the principles of perspective.

Coincident with Alberti’s treatise, a contemporary Florentine artist Piero
della Francesca introduced the shadow into art, and with it a great truth
about the nature of light. Before Piero, painters generally depicted objects
in cartoon fashion, without shadows. If shadows were included in a painting,
they were for the most part inconsistent and confusing because the painters
did not understand the organizing benefits of perspectivist space. Piero’s
shadows fell consistently on the side opposite the light source. Ernst Gom-
brich describes this Italian master’s innovation:

Piero had mastered the art of perspective completely. . . . But
to these geometrical devices of suggesting the space of the stage
he has added a new one of equal importance: the treatment of
light. Medieval artists had taken hardly any notice of light. Their
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flat figures cast no shadows. Masaccio had also been a pioneer
in this respect . . . the round and solid figures of his paintings
were forcefully modeled in light and shade. But no one had seen
the immense new possibilities of this means as clearly as Piero
della Francesca . . . light not only helps to model the forms of
the figures, but is equal in importance to perspective in creating
the illusion of depth.”

From the vantage of the late twentieth century, we are so accustomed to
this feature of shadow that we are perplexed as to why such an obvious
characteristic of reality was not noted at a much earlier date.

Piero could make his discovery about shadows only after the artist’s
space had reverted to Euclidean and time once again had became sequential.
Once space conformed to all the postulates of classic geometry, Piero could
propose that light also traveled in a straight line in the three-dimensional
scene depicted within the still frame of a painting. His experiments con-
cerning the nature of light preceded by two hundred years investigations
by physicists such as Newton and Leibniz into light’s nature. Shadow, the
absence of light, became one of the unique hallmarks of light in Renaissance
art. From the fifteenth century onward, with few exceptions, light was
something that flowed on rather than an essence that pierced through.

Beside giving shape to the third dimension of depth, Piero’s refinement
of shadow had another profound effect on art. Since the early days of human
civilization, shadows have been used to tell time. The very first clocks were
sundials that divided the time of day based solely upon the shadow cast.
The slant of the sun supplies critical clues about the time of day, and its
angle of declination can be used to figure out the season of year as well.
Although early Byzantine painters had been familiar with the use of shading,
it had taken the genius of Piero della Francesca to introduce the shadow,
the most important signifier of time, and with it a time sense absent from
early Christian art.

Eratosthenes had connected shadow and time in the third century B.c.
to demonstrate that the earth was round and to calculate its circumference.
Without the use of a single scientific instrument, using his powers of
observation alone, he noted that the sun shone directly upon the deep
surface of a well at noon on the summer solstice in Syrene, Egypt. Learning
that the sun’s zenith cast a slight shadow of 7°30" at that same moment,
five hundred miles north at Alexandria, Eratosthenes deduced the spherical
nature of the earth and calculated its approximate circumference to within
three thousand miles. This fantastic achievement regarding the shape of
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space was possible because Eratosthenes understood how shadows reveal
time. Piero della Francesca’s painterly innovation has much in common
with the intellectual triumph of a Greek scientist fifteen hundred years
earlier.

Having acknowledged the importance of shadow, Renaissance painters
refined the technique of shading and introduced new terms into art to
define light and shade. Chiaroscuro, which literally means “clear-dark” in
Italian, referred to the abrupt change from light to shadow that occurs
whenever an object or a person stands in strong light. Caravaggio, a six-
teenth-century Baroque master, is famous for his powerful use of chiar-
oscuro.

Leonardo da Vinci (1452—1519) refined another feature of shadows—
sfumato, which is the opposite of chiaroscuro. The word literally means
“turned to vapor.” Leonardo noted that shadows of objects seen off in the
distance are not as sharp as those viewed close up, and that distant objects
are not as crisp in outline as those nearer the eye. He recommended that
artists make allowances for these subtle atmospheric conditions so as to
render more accurately the landscape of nature.

The painter’s invention of perspective was coexistent with a new scientific
perspective of the world. Modern science was born in the Renaissance. For
the first time fledgling scientists began to compare ancient Greek philo-
sophical speculations with actual observations from nature. When logic
merged with experimental data, the scientific method was born. Obser-
vation by means of measurement and number became the crux of the new
science. Perspective had already required careful measurement and direct
observation of nature before the major scientific discoveries of the sixteenth
century.

Beginning in the Dark Ages, people believed for a thousand years that
only God could change the world. People in the fifteenth century discovered
that they too could make a difference. Emboldened by the advances in art
and science, the citizen of these times began to feel that his or her unique
point of view could have validity. One of the pivotal works of the Renaissance
was the David of Michelangelo (1501). His monumental freestanding sculp-
ture is notable in that, for the first time in centuries, the principal subject
was not invested with the spirit of God. As David was a young mortal armed
only with courage and a slingshot, so a victory against great odds became
the metaphor of this creative period. The members of medieval society had
lived in a mosaic. Personal opinions had little value. Medieval communities
prized self-effacing team effort so much that individual names are rarely
attached to medieval works of art. Painters and sculptors devoted their
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energy to depicting God and the Holy Family paying little heed to the
vicissitudes of ordinary mortals. In the Renaissance, by contrast, man
emerged as the hero: not Zeus, not Wotan, not God, but the industrious,
creative citizen of the new age. Michelangelo’s David signaled that the
collaborative efforts required to construct a Gothic cathedral were largely
over: Michelangelo had helpers, but he did not have a partner. The science
and art of this age were expected to be the creation of one person working
alone. The age of the solitary hero had begun.

The Renaissance gave new meaning to the axiom of the ancient Greek
philosopher Protagoras: “Man is the measure of all things that he is and
that he is not.” The belief in people’s ability to judge for themselves en-
gendered a new self-confidence and enthusiasm for the integrity of each
person’s singular ideas which coalesced into a philosophy called Humanism.
In the spirit of the age, Leonardo created a symbol of this confidence in
his image of a nude man with outstretched arms circumscribing both a
square and a circle (Proportions of the Human Figure) (1501) (Figure 4.4).
The new self-respect is evident in Alberti’s exhortation to his fellow Hu-
manists.

To you is given a body more graceful than other animals, to
you powers of apt and various movements, to you most sharp
and delicate senses, to you wit, reason, memory like an immortal
god.?

As Humanism encouraged each individual to develop his own unique point
of view, man became both the measure and the measurer of all things.

Once the third dimension of space appeared in art beginning in the
fourteenth century, someone soon had to notice that the third dimension
in the real world was relatively lackluster and undeveloped. The expiring
medieval paradigm had posited a flat disk of Earth situated at the center
of the cosmos, and a vaulted, enclosed heaven full of unchanging celestial
bodies wheeling in stately, predictable movements overhead for all to see.
Every twenty-four hours the sun arose in the east and set in the west. The
moon and stars traveled the same, well-plowed paths; the commonsense
consensus was that the Earth was in the center and everything revolved
about it. Furthermore, the scholars of the Church declared that statements
in the Bible emphatically confirmed this arrangement.

Nicholas Copernicus (1473—1543), a Polish cleric and amateur astron-
omer, had doubts about the Church’s authorized version of the world. He
puzzled over the strange orbits of the planets, which, unlike the other
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heavenly bodies, did not participate in the regular east-west procession.
Mars, for example, after traveling east to west as expected, seems to be
arrested in its motion for several nights and then mysteriously begins to
travel backward from west to east, going against heavenly traffic. Several
nights later, after its enigmatic peregrination, Mars once again resumes
its expected orbit traveling east to west. The question troubling astronomers
since antiquity was: Why does the planet make this strange loop in its
course?

In recognition of their unique place in the heavens, the very word
“planet” is derived from the Latin word for wanderer. Before Copernicus’s
time, many ingenious, convoluted explanations had been offered for these
few troubling trajectories. Ptolemy, a Greek astronomer of the second
century A.D., who made many other significant contributions, unfortunately
is remembered as the perpetrator of the false assessment that the universe
was geocentric. Subsequent thinkers, including Church authorities, ac-
cepted Ptolemy’s design for over a thousand years. His scheme was so
complicated, however, that when King Alfonse of Castile was first briefed
on its details, he suggested that if this were truly a creation of Divine
inspiration, perhaps he, Alfonse, could have given God some better advice.?

Copernicus introduced a radical solution to the age-old mystery of the
planets, which derived from what is essentially an artist’s perspectivist
question. He asked himself, “How would the orbits of the planets appear
if viewed from the vantage of the sun instead of from the earth?” In his
flash of insight, belief in the previous system was doomed. The hub of the
solar system was the sun, he realized. Copernicus, stepping outside the
existing model of the solar system and looking back on it from an imaginary
outside perspectivist point of view, was able to rearrange the planets and
the sun in an entirely new way. His revolution achieved for the space of
science what Giotto’s perspective had done for the territory of art. The
“underdimensional” medieval worldview was expanded to encompass a
larger richer third dimension of depth. Copernicus was a cautious man,
however. Knowing that his theory would produce a major controversy, he
waited until the end of his life before publishing a book about it. The first
copy off the press was handed to him on his deathbed in 1543.1

Had Copernicus proposed his theory in ancient Greece, detractors and
supporters would have sat about in the groves of academe to debate its
merits and weaknesses.* In the Humanist Renaissance, however, scientists
understood that they had to check it against the raw facts.

*In the third century B.c., when Aristrachus of Samos proposed the heliocentric model of
the solar system, his opponents accused him of impiety.
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The most famous of this new breed of scientists was Galileo Galilei
(1564-1642). As a young man, Galileo learned about an astounding new
invention developed by the Dutch. A hollow tube with a ground-glass lens
affixed to each end enabled its user to see distant things as if they were
closer. The military and commercial implications of such a device were
enormous, especially for such rival seagoing states as the Netherlands and
the city-states of Italy. Instead of training his new telescope upon the
Earthbound horizon, however, Galileo raised its sights to the heavens and
began the first investigation of celestial movements with the aid of this
new invention.

When he discovered that Jupiter had four moons that orbited about it,
he happily concluded that Copernicus was right. Many intellectuals had
scoffed at Copernicus’s scheme because the moon obviously circled the
earth. If the sun was at the center of the solar system, why then, they
would ask, does the moon singularly continue to circle the earth instead
of joining all the other planets in their turn about the sun? If other planets
could have satellites circling about them, then the objection about the
earth’s satellite was answered. But when Galileo tried to show the school-
men of Padua the moons of Jupiter through his telescope, they steadfastly
refused to believe the evidence of their senses and claimed that there were
merely too many specks of dust within Galileo’s contrivance.

In the years following the publication of the Copernican theory, many
serious objections continued to be raised. His critics asked, if the earth
hurtled through space, rotating every twenty-four hours, then why wasn’t
everyone and everything flung off its surface? Further, they persisted, why
didn’t everyone fall off when, because of the earth’s rotation, they stood
upside down with the solid earth above and empty space below?

Galileo said no one would fly off the earth for the same reason that a
passenger aboard a ship moving at a uniform speed is not flung off its
decks. If the passenger goes below and stands still with all the portholes
closed as the ship (like the earth) moves at a constant speed, the passenger
could not detect any movement unless he could see out the porthole. Thus
only by comparing his position with a second frame of reference could the
passenger say with assurance that he was in motion. Like the passengers
on the deck of a ship, people, cows, and horses traveled with the earth,
and, therefore, did not fly off. Galileo’s ingenious conception of an inertial
frame of reference was a key feature of what would later be known as the
theory of Galilean relativity.

When Galileo displaced a static earth as the center of the universe and
sent it whirling and twirling about the sun, he replaced the idea of a
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stationary planet with a more universal concept that would become known
as absolute rest.* Later, the Galilean (or inertial) frames of reference would
be applied to any system that contained a series of objects that all moved
at constant speeds relative to one another. The ship in Galileo’s example,
or the earth in the academics’ objections, is each an inertial frame of
reference for any movements within each frame. As far as a scientist is
concerned, each inertial frame of reference is at absolute rest relative to
all the many different motions going on within it. For the purposes of
measurement, each inertial frame’s motion relative to another outside
inertial frame need not be taken into account when measuring motions of
things inside. For example, for the passenger measuring something in his
cabin on a ship moving at a uniform speed or a scientist measuring some-
thing here on earth, both the passenger and the investigator are at absolute
rest within their respective inertial frames of reference.

In order to calibrate the essential new instruments of observation that
enabled scientists to observe the solar system, such as the astrolabe, sextant,
and the telescope, it was first necessary to locate a stationary locus in space:
a universal Ground Zero, if you will, that did not move, and that would
remain exactly the same for all the motions of the planets. In effect, it was
this ideal place to stand that Galileo had invented.

The concept of absolute rest, a subtle idea at the heart of the new science
of mechanics, was precisely the same principle that had enabled Alberti to
formulate perspectivist rules nearly two centuries earlier. The viewer has
to be at absolute rest, standing in a frame of reference that is favored over
all the others, in order to view a perspectivist painting! The idea that one
privileged place to stand might exist, differing fundamentally from every
other place because this one vantage point was at absolute rest, elevated
it to a position of superiority. These profound parallel discoveries in both
art and physics affected the entire mind-set of Western thought for centuries
to come.

No thoughtful Renaissance intellectual found Galileo’s theory of rela-
tivity difficult to accept—indeed the new science embraced his notion of
absolute rest so completely it became new a priori knowledge, so self-
evident that it need not be proven. Although the concept of absolute rest
would later support an entire erroneous edifice of scientific thinking, as
we shall see, at the turn of the seventeenth century Galileo’s radical ideas
improved scientific accuracy enormously.

*Aristotle, too, had proposed the idea of absolute rest, but his was within an erroneous
system of mechanics.
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In a way, the notion of absolute rest is similar to the idea of the straight
line. Just as there are an infinite variety of curved lines but only one straight
line, so, too, are there an infinite variety of motions but only one non-
motion: absolute rest. On this point, science does not differ from religion:
It, too, seeks the unitary principle that hides behind the varieties of ex-
perience. The question—whether such a thing as a straight line or a plat-
form at absolute rest really exists—was beyond asking in Galileo’s time.

Galileo, at the age of seventeen, also discovered the laws of the pendulum.
Elaborating these laws allowed Renaissance craftsmen to build better
clocks. Once time could be chopped into separate pieces, like Euclidean
space before it, time became mechanized, reduced to repeatable units be-
tween events. Harnessing time further led Galileo to investigate the concept
of speed—that is, distance traveled in space in a certain amount of elapsed
time—which had been discovered in the fourteenth century by philoso-
phers at Merton College, Oxford. After Galileo the concept of speed became
a routine part of science. The ability to measure both time and space
accurately allowed a growing number of people to understand more fully
what it meant to live on a spherical globe orbiting about the sun.

In the sixteenth century, cartography became a science and Gerardus
Mercator squashed the image of a spherical earth so that it could be laid
out on a flat piece of paper crisscrossed by ruler-straight lines. This grid
of horizontal and vertical could then be integrated with the new divisions
of time so that sixteenth-century mariners could fix their ships’ location
in space by correlating their ships’ time. Eventually, all mariners agreed
on a planetary standard: Greenwich time. The sextant, an instrument to
measure space, could accurately synchronize time. Latitude and longitude,
the language of space, are measured in minutes and seconds, the language
of time. The beginning integration of these two coordinates became in-
dispensable for Renaissance explorers as they learned to orient themselves
in the here and now of a newly conceived world. The resurrection of Euclid’s
principles of plane geometry to map the round planet according to Mer-
cator’s ideas, and the new feeling of mastery over nature, were evident
when Shakespeare in the early seventeenth century has King Lear pro-
nounce upon the unrolling of a map, “Strike flat the thick rotundity o’ the
world.”

Despite his many significant contributions, Galileo died beset upon and
saddened. Threatened with the rack by the Inquisition, he was forced to
recant his belief in the Copernican theory in an infamous trial at the Vatican
and lived out his remaining years under house arrest. In an ironic twist
of fate, partly as a result of staring at the sun through a telescope, the man
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who studied the light of the heavens lost his sight in his old age. Writing
to a friend, Galileo lamented:

This universe, that I have extended a thousand times . .. has
now shrunk to the narrow confines of my own body. Thus God
likes it; so I too must like it.1

In his epic poem Paradise Lost, John Milton, who was also blind, covertly
refers to Galileo when he describes the biblical Samson as “Eyeless in Gaza
at the Mill with slaves.” Samson, too, had been struck blind by his tor-
mentors. Yet even in his captivity and infirmity, he was able to bring down
the pillars of the temple. Galileo, though old and blind, destroyed an entire
paradigm that had been built upon the Rock of Ages.

The Humanists, armed with ancient wisdom and new science, faced the
future with confidence. The artist and the physicist, Giotto and Galileo,
played leading roles in bringing about that feeling of mastery. In 1642, the
same year that Galileo died in Italy, Isaac Newton was born in England.
Before presenting the story of this giant’s contribution to physics, we must
consider the insights of Galileo’s contemporary Johannes Kepler and his
relationship to the art of an earlier period.



To make clear my exposition in writing this brief com-

mentary on painting, I will take first from the mathema-

ticians those things with which my subject is concerned.
o Leon Battista Alberti

I have the answer, the orbit of the planet is a perfect ellipse.
Johannes Kepler

A A A A A A A A

CHAPTER 5

CONIC SECTIONS / ELLIPTICAL ORBITS

: opernicus’s heliocentric theory produced a hubbub of arguments
c in universities and taverns all across Europe. In formulating his
theory of relativity, Galileo had done much to silence the Coper-
nican detractors, but there remained another significant problem. Master
mathematician that he was, Copernicus still had to introduce numerous
artificial convoluted constructions in order to force the planets’ observed
orbits to conform to his heliocentric theory. The last and most serious
objection to Copernicus’s heliocentric theory was that it seemed too com-
plicated to be a divine creation. After all, the critics pointed out, Copernicus
had to increase the number of rococo epicycles over Ptolemy’s in order to
match his theory with the observed positions of the planets. In this regard,
his system was not an improvement on Ptolemy’s generally accepted
scheme.
The idea that the cosmos is made of celestial bodies that display perfect
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circular forms both in shape as well as orbit was an echo of earlier Greek
concepts about classic forms. Copernicus was an advanced thinker, but he
was still bewitched by the Platonic belief that the solar system must consist
of perfect geometrical spheres traveling in true circular orbits. It was in-
conceivable to him—or to anyone else at that time—that a divine creator
would have designed the universe using anything other than the purest
geometrical forms. A brief digression to these Hellenic concepts of geometry
is in order now so that Kepler’s insight may be more fully appreciated.
Eytllggggs in the sixth century B.c., was one of the first thinkers to
ask questions of nature rather than of the gods. He was profoundly moved
when the answers nature returned were couched in mathematical and
geometrical terms that in and of themselves expressed an inner symmetry
and elegance. His discovery of the numerical ratios that underlie the aes-
thetic experience of musical harmony, and his theorem that applies to all
triangles anywhere in space and time, reinforced subsequent philosophers’
worship of the beauty inherent in perfect form-Their great passion for
symmetry became a magnificent obsession, Rational numbers*’became the
objects of adoration. When the Pythagoreans discovered irrational numbers,
they considered them “ugly” because they were not perfect. They made it
a condition of their cult that no acolyte would reveal to anyone outside
this mathematical quasi-religious sect that irrational numbers even existed.
Plato greatly admired Pythagoras. He is the one philosopher who most
clearly embraced Pythagoras’s concept of the cosmos, and he urged all
others to do the same. He promoted the idea that a few basic ideal shapes
underlay all the myriad number of shapes of the visible world. At the core
of his philosophy was a set of true circles, perfect spheres, symmetrical
cubes, and equilateral pyramids. The Platonic ideal of perfect forms, and
the elaboration of a coherent scheme to organize space using Euclid’s
axioms, advanced the notion that the cosmos consisted of these ideal forms
that represented Truth, Good, and Equality. The beauty and harmony of
these ideal forms reinforced this system of spatial orientation and increased
the hypnotic hold that perfect forms had upon the early Greek mentality.
( Aristotle agreed with Plato that purity of form is the basis of the universe,
even though he was more practical than his mentor in other matters. When
Aristotle cast his glance at the heavens, what he observed were perfectly
round spheres. Since the sun and the moon were evocative of the Platonic
ideal, Aristotle extrapolated his theories from these obvious features and,

*A rational number is a number or quantity that can be expressed without a radical sign as
an integer.
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in an explanation of how motion entered the world, proposed a complex
system of rotating perfect spheres within spheres, each describing a perfect
circle.

These four thinkers—Pythagoras, Plato, Aristotle, and Euclid—had an
overarching influence on all subsequent thought in the Western world.
Most philosophies begin by quoting either Plato or Aristotle. Euclid’s ge-
ometry is still taught unchanged from the original. Pythagorean mathe-
matics remains one of the linchpins of modern education.

Profound as these early thinkers were, their fascination with the uni-
versal symmetry of geometrical forms led them to make stepchildren of
the ellipse, parabola, and hyperbola: shapes that belong to a branch of
geometry that has to do with conic sections. Euclid did write a book on
the subject of conic sections, but it was lost and all we know of it is through
quotations in the work of Archimedes. We do know that it was not as widely
read or well known as his Elements of Geometry.

Even though there are more ellipses, parabolas, and hyperbolas in or-
dinary visual experience than there are spheres, cubes, or pyramlds the
subject of conic sections lay dormant for fifteen hundred years. Glotto was
the first person to rekindle an interest in this arcane field of geometry. He
intuited that it would be necessary to draw conic sections through cylin-
drical and circular forms in order to render accurately objects seen in
perspective. When viewed from an angle of vision that is not perpendicular
to the center, a circle appears as an ellipse to the eyes of the beholder.
Giotto distorted Plato’s perfect forms in the service of art and made a
stunning contribution to the science of visual perception.

Other artists began to imitate Giotto’s rudimentary method of three-
dimensional projection, but they were less skilled than the Italian master:
They needed guidelines to help them solve complex perspectivist problems.
Albert1 $71435 treatise on the subject was as much about geometry as it
was about art. The next authoritative book on perspective was published
seventy years later in 1505 by Pelerin of Toul, better known as Vlator
Albrecht/Diirer published a comprehensive book on the subject in 1525
The seminal realization of all these artist/writers was that the picture plane
of the artist’s canvas was but a cross section of the cone of vision that
funnels into the pupil of the eye.

Two and a half centuries-after Giotto’s insight about conic sections, the
Danish astronomer Tycho Brahe carefully mapped the precise locations of
the planets in their vagabond courses across the nocturnal canopy. Brahe,
a colorful character, had a golden nose. He lost his own tip in a youthful
dueling accident and had a goldsmith fashion him a prosthetic one made
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out of the only substance fitting for the nobility. Besides his shiny nose,
Brahe was endowed with an acute sense of vision and a dogged and patient
temperament. He spent most of the nights of his life sitting in an obser-
vatory. When he die/d/ he passed on his observations to his astronomer-in-
residence, Johannes Kepler (1571-1630).

Kepler instinctively believed in Copernicus’s heliocentric theory, but
could not explain why it did not fit Tycho Brahe’s careful observations of
planetary positions. After many years of trying alternative explanations,
Kepler finally abandoned the dogmatic belief that God would have designed
His cosmos using only circular and spherical geometric forms. Like Co-
pernicus before him, Kepler used the artist’s technique of perspective. He
imagined himself on Mars and tried to reconstruct the earth’s motion from
that vantage. This effort consumed nine hundred pages of calculations.
Finally Kepler figured it out. He wrote his astonishing proposal to a friend
and fellow astronomer: The orbits of the planets were ellipses. His friend
wrote back that such a proposition was “absurd” and Kepler apologized for
introducing the inexplicably eccentric ellipse into God’s perfect creation.
Nonetheless, he wrote of his insight as “one more cart-load of dung as the
price for ridding the system of a vaster amount of dung.”! Undaunted,
Kepler realized that God also respected parabolas and hyperbolas. By im-
mersing himself in the study of conic sections he gained the knowledge to
solve the problem, and in an ironic twist of history, the scientist had to
refer to books on the subject that had been written by artists!

Kepler’s insight, known as his three laws of planetary motion, exploded
upon the world of science like a thunderclap. When his laws were super-
imposed upon the orbits of the planets, all the complex Ptolemaic ret-
rogressions and filigreed epicycles disappeared. What remained were clean,
clear elliptical orbits around the sun for each planet. Each had two foci
that cause the path of the planets to be not only elliptical but eccentric as
well. Kepler had unlocked the mighty secret of the heavens. With Kepler’s
laws and Galileo’s theories, Copernican advocates swept away all remaining
objections to the heliocentric theory. In exultation; Kepler wrote:

Y g
I care not whether my works be read now or by posterity. I can
afford to wait a century for readers when God Himself has waited
six thousand years for an observer. I triumph. I have stolen the
golden secret of the Egyptians. I will divulge my sacred fury.2

Kepler published all his laws by‘71A641_8‘, three hundred years after Giotto
intuited that the key to the accurate rendering of nature was the conic
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section, and almost two hundred years after Alberti had introduced the
geometric details of perspective, including the rudiments of conic sections.
In a curious testimony to the existence of a zeifgeist, the French mathe-
matician Gérard Desargues)discovered a theorem in(1639, that once and
for all revealed the intricacies of projective geometry. In this new geometry,
which allowed for the precise depiction of perspective, two parallel lines
do meet at a point. The key to his discovery was the theorem that bears
his name, and that clarifies the mathematics of conic sections.

Before Desargues’s discovery, the early Renaissance artists had mutely
called into question the truth of Euclid’s troublesome fifth postulate.
More complex than the other four, it implied that parallel "livri'e‘sWi‘m
meet however far they are extended. To the Renaissance artist it was éb:
parent that two parallel lines in three-dimensional space when projected
onto a two-dimensional plane (such as a canvas) are not parallel but meet
at a point on the horizon called the vanishing point. While this observation
seems obvious and trivial to twentieth-century readers, to artists of the
fifteenth century it was recognized as a critical feature of a painted land-
scape. It also contained the embryo of an idea that had bedeviled Greco-
Roman thinkers—the concept of infinity, which would later become an
essential building block in the edifice of science.

‘The artists’ interest in infinity and. the vanishing point preceded by
several hundred years the proposal by Descartes that space is infinite. Artists
anticipated scientists in recognizing the importance of the stationary ob-
server at absolute rest; in perceiving the importance of conic sections; and
in discerning the vanishing point of infinity. In the Middle Ages and the
Renaissance, as before, the precognition of the intuitive artist foreshadowed
the discoveries of the analytical scientist. '



Art is the Queen of all sciences communicating knowledge
to all the generations of the world.

Leonardo da Vinci

We are to admit no more causes of natural things than
such as are both true and sufficient to explain their ap-
pearances.

A A A A A A A A A

I[saac Newton

CHAPTER 6

ARTIST - SCIENTIST / MYSTIC - PHYSICIST

f Giotto loomed great upon the threshold of the Renaissance,
I Newton was the giant who closed the door upon this era. Imperious

and brilliant, he was endowed with a mind as incisive as cut glass.
He made sweeping discoveries about gravity, motion, and light. Gathering
up the beams and struts of his and earlier scientific discoveries, he con-
structed a seemingly impregnable citadel of thought. What began in the
early Renaissance as a quickening in the understanding of nature culmi- .
nated in( 1687, when Newton published his all-encompassing Principia
Mqthemtz\t’z‘ca,"the Bible of the new scientific paradigm. Newton, continuing
a theme begun by Descartes and Galileo, demoted God to the role of Grand
Designer. In the scientific determinism that grew out of Newton’s insights
there could be no room for miracles. God ceased to be an active participant

69
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in the daily affairs of His subjects and became a passive observer of the
creation He had set into motion.

Newton began with the Pythagorean assumption that nature can be
reduced to mathematical relationships. He was so taken with Euclid’s or-
ganization of the Elements of Geometry that he used a similar format,
starting with definitions and proceeding to formulate his laws upon them.
In doing so, he scaffolded upon Aristotelian logic. He then added Galileo’s
experimental method, always checking theory with observed facts “and
concluded with his own revelations concerning mechamcs gra\ntatlon and
the infinitesimal calculus. Newton presented his insights in the language
of mathematics. Crisp equations and numbers translated the mighty wheel-
ings of the heavens, crowding them onto thin pages of paper. This system
of thought, a thorough and practical method for investigating and describ-
ing the physical phenomena of the world, became known as Newton’s
classical mechanics. It worked magnificently. His intellectual feat so as-
tonished his countrymen that he was compared to Moses come down from
Mount Sinai. Alexander Pope summed up the feeling of the age when he
wrote:

Nature and Nature’s laws lay hid in Night
God said, Let Newton be, and all was Light.!

Classical mechanics addressed objective reality. Space and time were a
tight intersecting grid where the events of science took place. The inves-
tigator (like God) usually sat motionless and observed the external world.
During the rise of Newton’s system, Western European art had also been
concerned with the concrete objects of the external world. Perspective
distinctly separated the “I” from the “it.” Just as perspective was a frame-
work that allowed painters to carry out what the nineteenth- -century English
painter John Constable later called “experiments on nature,” so Newton's
system was to be a map that made possible an exploration to the edge and
beyond. Art and physics each concurred with common sense, which further
enhanced their popular acceptance.

The laws of physics enabled the knowledgeable user to draw diagrams
of trajectories of missiles and orbits of planets. These diagrams connected
individual objects with imaginary lines that could not be seen in nature.
In art, beneath the paint of the canvas, there also lay hidden the pentimenti
of the invisible lines the artist had drawn while planning the painting. The
dominant perspectivist convention ruled over art from the 1300s to the -
1860s. Classical physics reigned from approximately 1500 to 1900. During
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these centuries, the parallel principles of perspective and Newtonian physics
permeated every aspect of European civilization.

Despite the many brilliant accomplishments of this genius, Newton put
into place a series of flawed notions regarding the essence and relationships
among space, time, and light. Galileo’s idea of rest within an inertial frame
of reference became the starting point of Newton’s system. In Hypothesis
1 of his The System of the World, Newton states: “The center of the system
of the world is unmovable. This is acknowledged by all, while some contend
that the earth, others that the sun, is fixed in that centre.”? Newton ac-
cepted Galileo’s theory of relativity and at first sought a point in space near
the sun that would be at absolute rest. He tried to calculate its position
by taking into account the gravitational fields of all the planets, moons,
and sun.

What would subsequently influence Newton’s ideas on the subject of
absolute rest were two related discoveries. In1676'0le Christensen Roemer,
a Danish astronomer, demonstrated that light traveled across space at a
finite speed. When apprised of thls information, Newton, like other sci-
entists, asked an obvious question: What _yardstick can the speed of light
be measured against if according to Galileo every object in the sky is in
motion relative to all the other objects? The second was Christian Huygens’s
1678 proposal that light traveled through space as a wave transmitted by

“an invisible substance called the luminiferous ether. Although Newton
disagreed with this assessment (he believed light was corpuscular, made
up of tiny particles that shot through space in straight, single-file rays),
he accepted the idea of an invisible insensate ether because he could con-
veniently use the ether to convey his newly discovered gravitation as well
as answer the question raised by Roemer’s calculation of the speed of light.

The momentous mistake that Newton made regarding the ether was to
assign to it the property of absolute rest. He believed that while the fixed
stars, sun, planets and moon executed the choreographic steps in their
stately ballet, the ether provided ke platform that was superior to all other
viewing platforms. A stationary observer parked anywhere in the ether had
a privileged vantage point that remained at all times at absolute rest. From
this followed Newton’s conception of space and time.

Newton carved in stone the absolute immutability of both. His words,
rolling off the mountaintop in sonorous tones, were spoken with the sten-
torian authority of a scientific god:

Absolute, True, and Mathematical Time, of itself, and from its
own nature flows equably without regard to any thing external 2
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Space followed suit:

| Absolute Space, in its own nature, without regard to any thing
external, remains always similar and immovable.*

Although other scientists contemporary with Newton, notably Leibniz and
Hooke, disagreed with this assessment, his enormous prestige eventually
endowed his ideas with the rigidity of dogma—despite the fact that these
ideas were wrong. The medieval misconception that the earth was at rest
and at the center of the world was replaced with an equally problematic
misconception regarding the absolute nature of space, time, and rest.

Newton’s disagreement with Huygens concerning the nature of light
was the beginning of the wave/particle dilemma alluded to in Chapter 1.
Newton’s belief in corpuscular light stood in sharp contrast to Huygens’s
light waves undulating through the ether as water waves break upon a
shore. Although publicly adhering to his published position, Newton pri-
vately was troubled by light’s seemingly dual nature.

The issue appeared to be resolved a century later in 1801 when Thomas
Young argued conclusively that light behaved as a wave. thng’s incon-
trovertible evidence was his demonstration of the interference pattern of
light. Targets and alternating bands of light and dark are interference
patterns and are the signature of waves. After initial resistance to the work
that refuted the indisputable Newton, other scientists hailed Young’s light-
as-a-wave as the major scientific discovery it was.

Newton, Huygens, and Young are featured prominently in any discus-
sions of optics; however, science historians usually skip over the discovery
of Francesco Grimaldi. This post-Renaissance painter noted in 1665 that
in the shadows surrounding an opaque object, there lies a thin layer of
interference fringes. Disagreeing with the positions of Galileo and Newton,
Grimaldi proposed that light was not a stream of particles, but was rather
a fluidlike substance that could flow around objects. He surmised the fringes
he observed were the ripples from the flow. While he did not formulate
his findings in the tight mathematical language of science, this artist did,
nevertheless, propose that light behaved like a wave thirteen years before
Huygens’s 1678 wave theory.

Newton’s mistakes pale before his accomplishments and he emerges as
a colossal figure who instituted a new way to think about the world. His
Principia controverted the authority of the Bible. By the early 1700s, the
Majestic Clockwork replaced the image of a white-bearded God on a heav-
enly throne. Philosophers and theologians influenced by physicists such as
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Newton compared the universe to a huge, mechanized ticking clock, set
in motion by the deity. After God made His timepiece and the laws that
governed its functions, He retreated to observe His creation unconcernedly.
Time, according to this scheme, flowed inexorably at a constant rate
through a uniform and homogeneous space. Light was a mysterious essence
that traveled from here to there like a speedy errand boy. The success of
this metaphor led thinkers to exalt the strung beads of causality, which
were conveniently linked by the Great Chain of Being, another dominant
metaphor extolling the virtues of determinism later in the eighteenth
century.

In the preceding chapters, the physical descriptions of the world put
forth by physicists were paired with an antecedent artist’s visions. In these
comparisons, we have seen that the artist presented society with a new way -
to see the world before a scientist discovered a new way to think about the
world.
~ But what artist’s sensibility could possibly have anticipated the towering,
solitary genius of Isaac Newton? Only one in all of Western civilization:

_~Leonardo da Vinci. Although Leonardo was the outstanding figure of the
fifteenth century and Newton’s genius illuminated the seventeenth, there
are many close parallels in the lives, thoughts, natures, beliefs, and ac-
complishments of these men.

Newton was born a few months after his illiterate farmer father’s death.
When his mother soon remarried, Newton was sent away to be raised by
his grandmother. As a child, he had to compete with a stepfather for his
mother’s affection.

Leonardo was the illegitimate child of an illiterate peasant woman. Like
Newton, he was initially raised by his mother without a father; then, before
the age of five, he was also separated from his mother and brought into
the household of his father, a Florentine lawyer of means who apparently
didn’t care much for the young Leonardo.

Both Newton and Leonardo had few friends during childhood and both
developed highly sensitive, dreamy natures. Each enjoyed his solitude and
treasured his books above friendship. When Newton later in life was pressed
by Edmund Halley to publish his discovery of the calculus, he felt concerned
that publication would bring fame that might erode his privacy. He wrote
in a letter:

I see not what there is desirable in public esteem, were I able
to acquire and maintain it. It would perhaps increase my
acquaintance, the thing which I chiefly study to decline.’
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Two hundred years earlier, Leonardo, echoing a similar sentiment, had
written:

If you are alone you belong entirely to yourself. . . . If you are
accompanied by even one companion you belong only half to
yourself, or even less, in proportion to the thoughtlessness of
his conduct; and if you have more than one companion you will
fall more deeply into the same plight.¢

As young men, both Newton and Leonardo had a penchant for exotic
practical jokes. Young Newton alarmed the Lincolnshire populace one sum-
mer night by launching a hot-air flying saucer that he constructed by
attaching candles to a wooden frame beneath a wax paper canopy. Leonardo,
using a connecting tube, once attached some bellows to the shriveled dried
intestines of a bull and placed the guts in one room while he stood with
the bellows in another. When people arrived in the room they barely noticed
the prunelike coils, but were soon discomfited and then stupefied as a huge
balloon suddenly started to fill the available space, crowding them against
the opposite wall.

Both Leonardo and Newton had fecund imaginations from which poured
forth a stream of discoveries, gadgets, engineering marvels, and farsighted
contrivances. Newton invented the reflecting telescope, Leonardo, the hel-
icopter; Newton, the binomial theorem, Leonardo, the parachute, sub-
marine, and tank. Newton’s discoveries were expressed in equations,
Leonardo’s in drawings. Leonardo made many contributions to science,
both in theory and application, but he is principally featured in art history
classes. Newton wrote lengthy exegeses on alchemy, the mysteries of the
Trinity, and the authority of the Bible, yet he is considered history’s premier
physicist.

Both believed in pure mathematics as the highest expression of the
human mind. Leonardo stated, “There is no certainty where one can neither
apply any of the mathematical sciences nor any of those which are based
upon mathematical sciences.”” Newton, in the introduction to his Principia,
wrote: “I offer this work as the mathematical principles of philosophy, for
the whole burden of philosophy seems to consist in this . . .”8

Both rejected the trinitarian dogma of Christian theology, believing
instead in one God, and neither could express his true beliefs because in
their repressive times men and women were still hanged upon the gallows
or burned at the stake for harboring such heresies.

Each man transformed the science of his day from one that held an
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essentially static view of the universe into one that included motion. The
subject of motion consumed them both and their greatest contributions
to humankind grew out of an intense curiosity about it. Newton’s ambitious
desire to explain celestial movements resulted in the formulation of his
three famous laws of motion and his discovery of the inverse square law
of gravitation. Leonardo’s compelling studies of the muscular movements
of men and horses, exemplified in his cartoons for his Baftle of Anghiari,
are the most detailed anatomical descriptions of men and animals in motion
that have ever been produced. He published a book that still remains the
definitive study of equine anatomy. His interest in the principles of move-
ment carried him far into the field of anatomy so that his contributions
to this field of knowledge changed forever the way future students of this
subject would be taught. The first modern medical textbook, Andreas Ve-
salius’s De humani corporis fabrica, published in 1543, owes an enormous
debt to Leonardo’s earlier anatomical studies.

Leonardo also attempted to understand the concept of inertia and came
astonishingly close to the central clue that allowed Newton to elaborate
his laws of motion two centuries later. Leonardo wrote, “Nothing whatever
can be moved by itself, but its motion is effected through another. There
is no other force.” Elsewhere he proposes:

All movement tends to maintenance, or rather all moved bodies
continue to move as long as the impression of the force of their
motors (original impetus) remains in them.?

Newton’s great First Law of Motion states:

Every body continues in its state of rest, or of uniform motion
in a straight line, unless it is compelled to change that state by
forces impressed upon it.1°

A comparison of these two statements explains why the principle of inertia
was called the Principle of Leonardo until Newton published his Principia.
Thereafter, Newton was routinely granted credit for this discovery, which
overturned a system of mechanics founded by Aristotle two thousand years
earlier. (I have found very few references in scientific history books that
acknowledge Leonardo’s crucial observation two centuries before Newton.)
To Leonardo, “mechanics is the paradise of the mathematical science be-
cause by means of it, one comes to the fruits of mathematics.”!

Both Leonardo and Newton developed a code of laws to explain the
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physical universe, Leonardo through seeing the world, Newton through
thinking about it. Leonardo, the artist, analyzed the visual world with a
scientist’s eye.

In a sampling of his precepts one finds:

When you have to draw from nature, stand three times as far
away as the size of the object that you are drawing. . . . Every
opaque object that is devoid of color partakes of the color of
that which is opposite to it, as happens with a white wall. . . .
The shadows cast by trees on which the sun is shining are as
dark as that of the center of the tree. ... The sun will appear
greater in moving water or when the surface is broken into
waves than it does in still water.!?

Newton, the scientist, reduced the visual world to mathematical rela-
tionships and yet was not satisfied with his formulations until he could
make an easily visualizable geometrical model he could see. He expressed
this feeling when he wrote that “it is the glory of geometry that from those
few principles, brought from without, it is able to produce so many things.
Therefore geometry is founded in mechanical practice . . .”3

Both men were pioneers in the study of light, and both revealed revo-
lutionary insights about its nature. Leonardo understood that images were
reversed upon the retina. He is generally credited with the invention of
the camera obscura, upon which the principle of modern photography rests.
He studied optical illusions and his explanations for them are still applied
today. He sketched an instrument to record the intensity of light that
differed little from the one developed by Benjamin Thompson, an American,
three centuries later. Leonardo was also fascinated by shadows and worked
out the geometrical details of the umbra and penumbra that are still in
use by present-day astronomers. He was familiar with eyeglasses and sug-
gested in the fifteenth century the possibility of contact lenses. He inves-
tigated the phenomenon of the iridescence of peacock feathers and oil on
water. He was the first person in the historical record to make the all-
important surmise that light traveled through space and time as a wave.
Extrapolating from water waves and sound waves, he wrote: “Just as a stone
thrown into water becomes the center and cause of various circles, sound
spreads in circles in the air. Thus every body placed in the luminous air
spreads out in circles and fills the surrounding space with infinite likenesses
of itself and appears all in all and all in every part.”
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Leonardo, the most visual of scientists, waxed poetic when describing
the sense of sight by which we perceive light:

The eye, which is the window of the soul, is the chief organ
whereby the understanding can have the most complete and
maghnificent view of the infinite works of nature.

Now do you not see that the eye embraces the beauty of the
whole world? . . . It counsels and corrects all the arts of man-
kind. ... It is the prince of mathematics, and the sciences
founded on it are absolutely certain. It has measured the dis-
tances and sizes of the stars; it has discovered the elements and
their location. ... It has given birth to architecture and to
perspective and the divine art of painting.

Oh, excellent thing, superior to all others created by God!
What praises can do justice to your nobility? What peoples, what
tongues will fully describe your function? The eye is the window
of the human body through which it feels its way and enjoys
the beauty of the world. Owing to the eye the soul is content
to stay in its bodily prison, for without it such bodily prison is
torture.

O marvelous, O stupendous necessity, thou with supreme
reason compellest all effects to be the direct result of their
causes; and by a supreme and irrevocable law every natural
action obeys thee by the shortest process possible. Who would
believe that so small a space could contain all the images of the
universe. . . .15

His most enduring contributions to our knowledge of light were not
written in words, however, but rather they can be seen in his paintings.
Leonardo was able to coax out of brush and paint a rare quality of light.
No artist before or since has achieved the mysterious opalescence of the
distant atmosphere. His ineffable vistas of faraway mountains, the wordless
interplay of ethereal light upon a woman’s smile, the rippling fasciculations
of a horse in motion, all are bathed in a light that at once is representative
of the visual world and at the same time contains a sfumato that gives his
works an almost other-worldly quality.

Newton, on the other hand, wrote the definitive treatise on light when
he published in "1704 Ris Opticks. Typically, he was not as interested in
seeing the effects of light as he was in understanding its nature. By passing
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sunlight through a series of prisms in a darkened room, he made discoveries
that built upon the scientific inquiries that began with Leonardo. Newton
went much further and explained how white sunlight can be broken down
into different colors by refraction. Before Leonardo and Newton, alchemy
had been the repository of European knowledge about optics. However,
alchemists always resorted to spiritual terms to explain the prism’s rainbow
phenomenon. Newton repeatedly worked out with mathematical precision
what Leonardo had expressed in concise drawings.

Despite Newton’s inventiveness, Leonardo was the more fecund of the
two. I suspect his technical innovations and scientific discoveries are not
appropriately acknowledged by science historians because Leonardo was so
ahead of his time. His imagination so far outstripped the technology of the
fifteenth century that many of his most brilliant inventions and theories
could not even be tested.

Nonetheless, Newton and Leonardo both traveled in the rarefied at-
mosphere of the brain’s highest function, abstraction. Newton’s invention
of the calculus demanded the most difficult level of abstract thinking from
those who attempted to follow him. Leonardo was similarly intere
abstract designs. In his Treatise on Painting (not published unti@
he spoke of a method “of quickening the spirit of invention.” He advised
artists:

You should look at certain walls stained with damp, or at stones
of uneven colour. If you have to invent some backgrounds you
will be able to see in these the likeness of divine landscapes,
adorned with mountains, ruins, rocks, woods, great plains, hills
and valleys in great variety; and expressions of faces and clothes
and an infinity of things which you will be able to reduce to
their complete and proper forms. In such walls the same thing
happens as in the sound of bells, in whose stroke you may find
every named word which you can imagine.®

__ﬁ.—_vA

European artist to draw a landscape. In so doing, he took the important
step away from concrete and symbolic representation toward abstraction.
{ Pure landscapes were utterly unimaginable to Greek, Roman, or Christian
artists because they do not include the usual hierarchy of man-made things
or people; instead they are the beginning of a recognition of patterns rather
than objects. His interest in abstract pattern intensified ‘until Leonardo
became preoccupied with pure geometrical designs. His notebooks are filled
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with pictures that have finally no identifiable image. Later in L/eonardos
life, he did many drawings for his Eruptgon of the Deluge (514 ‘that
second coming of the flood, purifying with water the sins of humankind.
In these drawings, the complex shapes of massive walls of falling water
achieve a level of art-without-an-image that anticipated by four hundred
years the abstract works of Wassily Kandinsky, Kazimir Malevich, and Piet
Mondrian.

Both men were prolific writers who wrote about many subjects, though
neither published the bulk of his writing during his lifetime. John n Maynard
Keynes, whose fame as an economist eclipsed his lifelong studf f Newton )
purchased at auction the remains of a trunk into which Newton had-stuffed
his writings on matters nonscientific. Keynes estimates that “upwards of
1,000,000 words—in handwriting still survive” and goes on to classify the
material:

All his unpublished works on esoteric and theological matters
are marked by careful learning, accurate method, and extreme
sobriety of statement. They are just as sane as the Principia, if
their whole matter and purpose were not magical. They were
nearly all composed during the same twenty-five years of his
mathematical studies. They fall into several groups.

Very early in life Newton abandoned orthodox belief in the
Trinity. . . . He arrived at this conclusion not on so-to-speak
rational or skeptical grounds, but entirely on the interpretation
of ancient authority. He was persuaded that the revealed doc-
uments give no support to the Trinitarian doctrines which were
due to late falsifications. The revealed God was one God. . . .

Another large section is concerned with all branches of-apoc-
alyptic wrltmgs from which he sought to deduce the secret
truths of the Universe—the measurements of Solomon’s Tem-
ple, the Book of David, the Book of Revelations, an enormous
volume of work of which some part was published in his later
days. .

A large section, judging by the handwriting amongst the
earliest, relates to alchemy, transmutation, the philosopher’s '~
stone, the elixir of life. The scope and character of these papers
‘have been hushed up, or at least minimized, by nearly all those
who have inspected them. . . .

Newton was clearly an unbridled addict. . . . It is utterly im-
possible to deny that it is wholly magical and wholly devoid of
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scientific value; and also impossible not to admit that Newton
devoted years of work to it.\”

Although Leonardo never published a single book, his writings were as
extensive. The scattered and uncollated pages of notes he left behind have
been indexed somewhat haphazardly over the ensuing centuries, resulting
in the Codex Atlanticus, which contains 1,222 pages bundled together,
evidently not in the order Leonardo wrote them. In these pages are some
of the astonishing revelations of the Renaissance’s most incisive mind. In
one line Leonardo states with conviction, “The sun does not move,”8
thereby anticipating both Copernicus and Galileo. The many pages of notes
include an astonishing array of drawings of aerial maps, swirling water,
plants, grand irrigation schemes, anatomical studies, and the ever-present
profiles of faces of every physiognomic variation.

In addition to their other parallels, as an interesting aside, both of these
titanic figures had to contend with rivals of almost equal stature. In the
case of Newton, it was the German mathematician Gottfried Wilhelm von
Leibniz; for Leonardo it was Michelangelo. The living presence of intellects
that could challenge Newton’s and Leonardo’s led, as one would expect, to
confrontations with their respective foils.

Leibniz had had a chance to see Newton’s notes concerning the calculus
by iﬁéans/of a third party in 1676. Using Newton’s equations, he claims to
have invented the calculus independently and when he published his
method the German intellectuals were quite proud that one of their own
had made such a significant contribution to human thought. Edmund
Halley, an Englishman, was aware that Newton had discovered his “flux-
ions” (which is what Newton called his calculus) twenty years earlier but
had failed to share them with anyone else because of his secretive nature.
Concerned about the claim of primacy, Halley made a patriotic appeal to
Newton and urged him to come forward to receive this honor. Newton
detested Leibniz and did finally unveil his calculus by publishing it in the
proceedings of the Royal Society.

He then wrote letters to the society under assumed names impugning
Leibniz’s honor and advancing his own claim of primacy for the discovery
of the calculus. Newton hid behind another scientist, John Keill, surrep-
titiously instructing him how to question Liebniz’s integrity. On one oc-
casion, Newton suggested to Keill which exact phrases to use and then
added, “Compare them with your own sentiments & then draw up such
an Answer as you think proper. You need not set your name to it.”** Thus,
by character assassination and subterfuge, Newton persisted until the Royal
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Society properly accorded him the official honor of discovering this much-
valued mathematical tool even though Leibniz published first.

Leonardo’s confrontation with Michelangelo is equally revealing about
how different Leonardo’s character was from Newton'’s. According to Vasari,
Leonardo and Michelangelo strongly disliked each other. Leonardo, who
enjoyed dressing immaculately and wearing the latest fashions, had fre-
quently made snide comments about the coarse and peasant-like appearance
Michelangelo presented in his sculptor’s working clothes and his ever-
present pale patina of marble dust. Michelangelo had heard of Leonardo’s
remarks and they did not endear the painter to him. When Michelangelo
learned that the Duke of Sforza, the ruler of Milan, had commissioned
Leonardo to cast an equestrian statue, he sneered contemptuously, believ-
ing that the dilettante painter could never bring such a project to com-
pletion.

Leonardo, of course, was up to the task. There had been many man-on-
a-horse monuments and Leonardo was determined to create something the
likes of which the world had never seen. He set out to create an object not
only of great beauty, but also the largest, most daring equestrian statue
ever conceived.

When Leonardo finished making a model in plaster, it was so magnificent
the townspeople urged him to place it outside in the piazza for all to behold
in the sunshine. Meanwhile the artist busied himself with the engineering
details of the proposed casting and informed his patron, Sforza, he would
need two hundred thousand pounds of bronze. Sforza dutifully began to
accumulate such a staggering quantity of the expensive metal, but not
without a nagging doubt about the wisdom of commissioning such a large
and expensive statue. Shortly thereafter Sforza found himself pressed by
the armies of the French at his gate. He diverted the bronze he had put
aside for Leonardo’s statue and directed that it be cast into cannons instead.
Depressed, Leonardo prudently departed for Florence.

The horse suffered the fate of the martyrdom of St. Sebastian. When
the French mercenaries forced the gates, they were confronted by a piazza
deserted save for a towering clay horse, which must have appeared to them
as a Trojan horse in reverse. In the victory celebration that followed,
drunken soldiers began shooting arrows at the vulnerable cavallo, and
continued to do so into the night. In the morning, the arrows were removed
and the mortally wounded horse was exposed to the elements. Rainwater
seeped into the arrow tracks, and within a few months the erosive effect
caused the horse to disintegrate.

One day soon after in Florence, Leonardo passed a group of young men
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in the piazza who were discussing Dante’s Inferno. They asked Leonardo
for his interpretation just as Michelangelo, who was also living in Florence,
deep in thought, rounded the corner. Michelangelo was known to have
studied Dante zealously. Leonardo, in a gentlemanly fashion, said, “Here
is Michelangelo; let us ask him as he will know.” Michelangelo, however,
misunderstood and thought Leonardo was making fun of him. Michelangelo
exploded:

Explain them yourselves! You made a design for a horse to be
cast in bronze, and, unable to cast it, you have in your shame
abandoned it. And to think that those Milanese capons be-
lieved you!2°

Leonardo flushed deeply but made no reply, turned on his heels and strode
away. These two titans never spoke to each other again, but Leonardo, as
best we know, never disparaged or wrote ill of Michelangelo. Newton, on
the other hand, continued to malign Leibniz even after his enemy had died.

In the voluminous writings of both men, personal statements are cu-
riously absent. Upon learning of his father’s death, for example, Leonardo
made the following dispassionate entry in his journal:

On the ninth of July 1504, Wednesday at seven o’clock, died
Sen Piero da Vinci, notary at the palace of the Podesta, my
father, at seven o’clock. He was 80 years old, left ten sons and
two daughters.2!

Newton likewise tells us almost nothing about the seething passions that
might lie beneath his granitelike exterior. His quarrels with Hooke, Flam-
steed, and Leibniz provide indirect insights into his nature, but of his own
thoughts, he offers very little.

These solitary geniuses shared a penchant for secrecy and loved to decode
and write in cryptograms. In correspondence with Leibniz, Newton en-
shrouded his calculus in a cryptogram. During the time that he formulated
the laws that guide our understanding of celestial mechanics, he was im-
mersed in trying to decipher the cryptic verses of ancient alchemists. Le-
onardo, whose handwriting was barely decipherable, also engaged in writing
in code and enjoyed trying to decipher occult messages from the past.

In some ways, of course, Leonardo and Newton were entirely unalike.
On the one hand, Newton was a caricature of a one-sided, scientific genius.
Aldous Huxley wrote that “as a man he was a failure, as a monster he was
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superb.” Later in his life when Newton became head of the Mint, he seemed
to take an inordinate pleasure in interrogating counterfeiters and attended
their hangings with a ghoulish, avid interest. His attitudes toward the
leavening aspects of life were bleak. Timothy Ferris writes that “Newton
turned a deaf ear to music, dismissed great works of sculpture as ‘stone
dolls’ and viewed poetry as ‘kind of ingenious nonsense.” "2

Leonardo, on the other hand, was the exemplary Renaissance man. By
reputation, he was gentle and generous, and although he was a solitary
man, he was an accomplished musician and a pleasant, witty conversa-
tionalist. Leonardo developed a philosophy akin to that of St. Francis of
Assisi. He had a reverence for all living things and frequently bought caged
birds just so he could set them free. He became a vegetarian because he
did not believe one should ever kill a living creature.

It is a paradox without parallel in Newton’s life that Leonardo, who was
reputed to be unable to harm a fly, developed a peculiar detachment toward
his engines of war. In the course of his career, he invented the most
gruesome devices to grind and rend the flesh of enemy soldiers. Without
the faintest moral compunction, he solicited employment from the infa-
mous Cesare Borgia and left his post as Borgia’s military engineer only
when he discovered that a fellow worker of his, also in Borgia’s employ,
had been strangled to death for some unknown reason by their mutual
patron.

It is probable that historians have failed to pair these two geniuses
because we learn history as a record of accomplishment. Newton's legacy
completely altered the way Western civilization thought about the world,
while Leonardo has been called a genius who did not leave to posterity any
idea that changed the way we think. But that sort of criticism misses the
point. Using both brush and pen, Leonardo changed the way we see the
world and this subtle shift in mind-set prepared people to be receptive when
Newton introduced a new way to think about the world. Once again, the
artist’s revelation preceded the physicist’s. In one of Newton’s most famous
statements he deferred to the scientists who preceded him: “If I have seen
further than other men, it is because I stood on the shoulders of giants.”?
Traditionally, these other giants were thought to be Copernicus, Descartes,
Galileo, and Kepler. To this illustrious group I would add Leonardo.



Although all knowledge begins with experience, it does not
necessarily all spring from experience.

Immanuel Kant

Art degraded, Imagination denied.
William Blake
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CHAPTER 7

RATIONALITY/ IRRATIONALITY

optimism about the human mission. Their confidence derived from
advances taking place all around them in technology and science.
Building upon Newton’s authoritative work, scientists proposed theories
that subversively supplanted religious notions of how the world worked,
and by about 1725, science had replaced religion as the dominant social
force in Western culture. Julien de La Mettrie, exulting in this triumph,
declared in his 1747 essay L’Homme machine that all mental activities
were capable in principle of being explained mechanically.

D uring the late eighteenth century, Europeans expressed a general

The term “soul” is therefore an empty one, to which nobody
attaches any conception, and which an enlightened man should
employ solely to refer to those parts of our bodies which do the
thinking. Given only a source of motion, animated bodies will
possess all they require in order to move, feel, think, repent—

84
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in brief, in order to behave, alike in the physical realm and in
the moral realm which depends on it. . . . Let us then conclude
boldly that man is a machine, and that the whole universe
consists only of a single substance [matter] subjected to different
modifications.!

Painting during the Age of Reason was extraordinarily realistic. Per-
spective had reduced the format of art to geometry, to the extent that
measurements and theorems were more esteemed than intuition by many
artists. Artists organized space mathematically, like physicists, and “neo-
classicism,” the term used to describe the works of Jean Auguste Ingres,
Jacques Louis David, and others of this period, afﬁrrdr}ed_the rectitude of
rectilinear space and of clear, precise logic. Earlier, An reEellblen theorist
of the French artistic academy, proclaimed, “Perspective is so so vital that
one may go so far as to say it is the very essence of painting . . .”? Painters
presented social realism, the obvious message in neoclassical works, alle-
gorically. Social realism was based on }hL@tlmlstlc belief that art, like
science, could shape and change society. Constable;- the English landscape
painter of this era, wrote: “Painting is a science and should be pursued as
an inquiry into the laws of nature. Why, then, may not landscape painting
be considered as a branch of natural philosophy, of which pictures are but
the experiments.”

“Realism, the zenith of perspective in art, ruled when reason held the
reins of thought. Formal gardens, such as those at Versailles, were laid out
in paeans of homage to Euclid’s postulates and the strict mathematics of
Newton’s Principia. Neoclassical realism and Newton’s classical mechanics
became the only comprehensible ways to see and think, and no one seriously
challenged the basic rules of their respective canons.

Realism, the depiction of real objects as viewed in perspective, and
determinism, the doctrine that every effect had an antecedent cause, divided
the European psyche from the mysticism and intuition that had until
recently maintained it. As we have seen, Leonardo and Newton, the preem-
inent representatives of art and physics, complemented each other in many
regards, sharing a profound respect for reason and mathematics. In this
chapter two other figures will be juxtaposed to illustrate how science and
art were beginning to diverge. Immanuel Kant and William Blake epito-
mized the schizoid condition resulting from the hypertrophy of just the
rational side of the European psyche. Kant, the philosopher-critic, using
words instead of equations, did for philosophy what Newton accomplished
for science, elevating reason to a position coequal with Newton’s mathe-
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matics. Kant and Newton created instruments of Western thought that set
it apart from other world cultures. William Blake, on the other hand, was
a mystic-artist, much denigrated by his contemporaries as he tried to
awaken the West from the trance cast by linear perspective in the arts and
determinist logic in the sciences. As background to their storles, a brlef
rev1ew of both European Khllosophy and poetry is in Corder.

In the early sixteenth century; eason resuscitated philosophy from the
moribund state into which it had fallen during the early- and mid-medieval
period. Envying scientists’ certainty, philosophers strove to bring equivalent
organization to their own field. They confronted a special problem, however.

"Wherea$ Newton’s world consisted of only five essences: space, time, mo-

tion, mzmllosophers had to contend with/a 51xth ' the entlty
called mind. When Newton stated, “I frame no hypotheses,”* he meant that
his science dealt only with matters susceptible to proof by reason and
experimental evidence. Mind, the entity that reasoned and evaluated the
evidence, was of no concern to him. It could not, however, be ignored by
the post-Renaissance philosophers.

Rational discourse, unlike religious dogma, allows its practitioners to
doubt. René Descartes/‘;‘(1596—1650) took doubt to its logical extreme.
Emerging at thehinge point between the fall of the Vatican’s hegemony
and the rise of European philosophy, the young Descartes systematically
began to doubt every one of his beliefs. He said, “In order to reach the
Truth, it is necessary, once in one’s life, to put everything in doubt—so
far as possible.”> When he asked himself what was the absolute bedrock
truth he could be certain of, he concluded that since he doubting, he
was thinking, and since he was thinking, he must exist. In@\e declared,
“Cogito ergo sum” (“I think, therefore [ am”).

By doubting everything except doubting, Descartes believed he had dis-
covered the starting point for a new philosophy. He went on to divide the
world into the mental operations of the mind versus the material stuff of
the body and said that each was separate and distinct. He introduced a

_strict dualism between mind and matter that was conducive to scientific

advances in the short run, but bedeviling to Western thinkers for the next
three hundred years. He was deterministic, believing there had to be reasons
for everything. His philosophy depended upon a mechanistic cog and gear,
and described a universe of cause and effect. He saw the body as a machine;
scientists still examine it “to see what makes it tick.”

Descartes’s system of thought certainly diminished the role for an in-
terventionist God. Nonetheless, Descartes was a prudent fellow. When ap-
prised of Galileo’s run-in with the Inquisition, Descartes wrote in his private
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journal, “I now ascend the stage of the world of which previously I have
been a spectator but I come forward wearing a mask.” In his writings,
Descartes rendered unto God what was God'’s for the benefit of the Vatican
censors; but with his cleverly crafted arguments he subversively edged God
away from the central role He had played in the previous historical period.
Descartes granted the theologians an inviolable realm immune to the en-
croachment of science, but in exchange demanded that they no longer
interfere with the workings of the world, which henceforth would be the

. . N ~ A
sole domain of science. 1220 ephra

Among his many contributions tg philosophy and science, the most , ‘

enduring was his discovery of analgti?/geomctry. He proved the isomorph- ‘
ism between the two maths, algebra and geometry. Analytic geometry
translates the purest abstract mental functioning (algebra) into a concrete
visual mode (geometry). In discovering this connection, Descartes bridged

pure thought (res cogitans) and visual space (res extensa). This has proved
vital for the subsequent progress of science. This gift came, paradoxically,
from the one philosopher who more than anyone else decisively split mind
from matter.

Voltaire and Diderot were other advocates of the Enlightenment, exalting
the power of reason over\he excesses of blind faith. The apotheosis of this
adulation occurred in 1789, Jwhen, at the climax of the French Revolution,
fervent citizens paraded a float through the streets of Paris on which stood
the “Goddess of Reason” (who happened to be a prostitute dressed up in
a toga fi occasion).”

Johq Locke (1632— 1704) was another post-Renaissance philosopher who
ardently ac “addressed the issue of mind. Locke wanted to know exactly who
was doing the reasonmg He proposed that all knowledge about the world
came from experlence ‘and that mind arose phantasmagorlcally from the
fevered emanations of matter. In describing the basis for his philosophy,
which favqred materialism, he wrote:

all our knowledge comes from experience and through our v
senses . . . there is nothing in the mind except what was first
"in the senses. The mind is at birth a clean sheet, a fabula rasa;
and sense-experience writes upon it in a thousand ways, until
sensation begets memory and memory begets ideas.?
According to Locke, sensations were the primitive stuff of thought, and
since sensations were excited by matter from the outside world, matter
was therefore the raw material for the mind’s completed thoughts. Locke

N
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said the mind is like a dark room into which our senses let in pictures of
the outside world. Using this line of reasoning, Locke hoped to connect
mind and matter and thus create a solid scientific footing for philosophy.
His ultimate ambition was to affix his philosophical conception upon the
rock-solid equations of Newtonian science.

Bishop Georgé Berkeley (1685-1753), in an ironic twist of Lockean
analysis, derived an opposite conclusion from Locke’s premises. Berkeley
said, in essence: Locke has told us that all knowledge is derived from
sensation; therefore all knowledge is only sensation. If a tree falls in the
forest and there is no sentient being to hear it, then it cannot make a
sound. Since trees and the manifest world cannot exist anywhere but inside
our minds, the bishop concluded, therefore, sensations occur only in our
minds, and “All those bodies which compose the mighty frame of the world
have no subsistence without a mind.”

Confronted by the problem of trees popping in and out of existence
depending solely upon the presence of a thinking mind, Berkeley, not
unexpectedly, used this apparent contradiction in his arguments to prove
the existence of God. He was, after all, a bishop. Berkeley proposed that
the omniscient mind of God perceived everything all of the time, and thus
conveniently relieved simple mortals of the responsibilities for thinking
about all those trees out in the forest. To Locke’s proposal that the mind’s
concept of reality was rooted in-external-matter, Berkeley riposted that
reality was all in the mind: "‘Esse est perczpz, ”he sald—“To be is to be
perceived.” -

“Berkeley’s rigorous arguments for the superiority of mind over matter
riled many philosophers. Samuel Johnson’s biographer, James Boswell,
reports:

We stood talking for some time together of Bishop Berkeley’s
ingenious sophistry to prove the non-existence of matter. . . . I
shall always remember the alacrity with which Johnson an-
swered, striking his foot with might force against a large stone,
till he rebounded from |t—“I refute it thus.”°

————

At the age of twenty-six, the Scottish skeptic Davi@lﬂl—%)
metaphorically stepped in between Locke and Berkeley and annéunced that
both were wrong. Mind, according to Hume, is only an abstraction that
knits together perceptions, memories, and emotions to become the “I” of
each individual person’s identity. The self is nothing but a collection of
experiences that are not solely dependent on either sensation or matter,
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but rather on both. Therefore, neither Berkeley’s mind nor Locke’s matter
could be the sole source of thought. Hume wrote:

When I enter most intimately into what I call myself 1 always
stumble on some particular perception or other, of heat or cold,
light or shade, love or hatred, pain or pleasure. I can never catch
myself at any time without a perception, and never can observe
anything but the perception.m

Initially, Hume’s book A Treatise of Human Nature was not widely read,
but eventually it inspired advocates who proclaimed that Hume proved that
experience and reason have no explicit connection to each other. One wit,
advised that the controversy between the materialist Locke and the men-
talist Berkeley had been put to rest, said, “No matter, never mind.”

With a certain irreverence, Hume also proclaimed that ultimately the
laws so painstakingly discovered by the vaunted discipline of science were
not an inherent part of the world but only artifacts of the scientists’ minds.
“Note,” said Hume, “we never perceive ‘causes’ or ‘laws.” We only observe
events that occur in space in a certain sequence. Sequence, however, should
not be confused as a ‘law’ of causality.”?® Just because B follows A, it does
not mean that A caused B. The twentieth-century philosopher Bertrand
Russell expressed Hume’s views when he wrote:

The “law of universal causation” . .. [is an] attempt to bolster
up our belief that what has happened before will happen again,
which is no better founded than the horse’s belief that you will
take the turning you usually take.!

For Hume, the foundations of science were nothing more than “cus-
toms” agreed upon among scientists, and there was no “necessity” of cause
and effect in any long sequence of events. Our minds imposed something
we called continuity on these events generated by our unshakable belief in
cause and effect. There was, however, one certainty, one exception. Math-
ematical equations, he said, have necessity; they alone are inherently true
and immutable: Two plus two will always equal four. Thus he sentenced
philosophically inclined scientists to house arrest, forcing them to refrain
from speculative excursions. Henceforth they would have to remain within
the restrictive confines of abstract mathematics, which his colleagues pro-
tested would be like a sterile echo chamber. Hume threw into doubt the
basic premise that individuals could communicate anything meaningful to
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each other because he skeptically proposed that we all live within our own
worlds of belief and therefore cannot prove the independent existence of
anything outside each of our frames of reference.

In addition to weakening the chain of causality, another casualty of
Hume’s tight logic was the idea of the “soul,” which was essential to any
sort of religious belief. But Hume reserved his most ferocious attack for
his fellow philosophers:

When we run through libraries, persuaded of these principles,
what havoc must we make! If we take in our hands any volume
of school metaphysics, for instance, let us ask, “Does it contain
any abstract reasoning concerning quantity or number?” No.
“Does it contain any experimental reasoning concerning matter
of fact and existence?” No. Commit it then to the flames, for it
can contain nothing but sophistry and illusion.!

At this juncture, some philosophers were not sure whether being rescued
from the dogma of the Church was any great emancipation. Earlier meta-
physicians had hoped to design a new philosophy that would be in synchrony
with the art and physics of the age. Hume had shredded their carefully
composed blueprints and then lit a match. |

Upon this scene arrived an unlikely hero, Immanuél K;@M—ISM).
The little German professor rescued philosophy from Hume’s arguments
and set it on a solid enough foundation that it could indeed coexist with
realistic art and Newtonian physics. He began the construction of his grand
edifice of thought by focusing on the Achilles’ heel of Hume’s entire
argument—mathematics. Kant wrote, “How far we can advance indepen-
dently of all experience, in a priori knowledge, is shown by the brilliant
example of mathematics.”6 As a result of this observation, he made a simple
declaration that had previously been missing from the earlier European
philosophers: Our knowledge of the world is not completely derived from
our experiences.

Kant proposed that there is a substrate of knowledge about ourselves
and the world that is built right into our minds the moment we form in
utero. He asked, What if we have knowledge that is independent of sense-
experience, knowledge whose truth is certain to us even before ex-
perience—a priori? If this were possible, then for Kant, absolute truth and
absolute science would be possible. Kant posed these questions because he
observed that experiences never give us the complete truth about the world.
There are things we are sure have always been and will always be true
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everywhere in the universe, such as “two plus two equals four.” We do not
need to return to our experience each time we run into such examples of
simple addition in order to verify that they are true. Since the ability to
add arises logically from human judgment’s capacity to discriminate objects
in space and time, Kant reasoned that some truths must be independent
of experience—clear and certain in themselves. According to Kant, the
axiom that “the straight line between two points is the shortest” is a priori
because “it carries with it necessity, which cannot be derived from expe-
rience.”""’

For Kant, the mind must use a selection process to impose order on
what Plato called the “rabble of our senses.” Kant proposed that this process
depended first and foremost upon two categories of appearance—space and
time. Kant believed that these two coordinates, the basic constructs of
Newton’s external system of the world, were built directly into the structure
of our thought. Space and time, according to Kant, were organs of per-
ception.

Since in his century causality, the premier agent of reason, depended
exclusively on the notion of absolute space and invariant time, Kant pro-
posed that our ability to analyze the world in terms of causal relations was
an innate skill humans used to organize thought. We “know” how to use
causality because it is a priori knowledge existing before experience and
without the need of sensation.*

Newton had constructed his Principia on the sturdy crossbeams of ex-
ternal absolute space and invariant time. Kant, in essence, extended the
length of those absolutes from the outside material world and thrust them
through the brain-mind barrier until their ends protruded into the base-
ment of Kant’s hypothetical human consciousness. After bringing these
“outer” absolutes “inside,” Kant founded his philosophical edifice on them
as he explained how the mind works.t Space, according to Kant, had to
be Euclidean and it could have only three dimensions. Euclid’s axioms were
a priori truths on the same order as two plus two equals four. Further,
Kant argued that “time is nothing but the form of inner sense, that is, of
the intuition of ourselves and of our inner state.”'® Nevertheless, he implied
that time flowed in one direction at a constant rate and that we were born
with the knowledge of its features. He answered Hume’s skepticism by

*The two senses most important for the appreciation of space and time are sight and hearing.
The blind and deaf Helen Keller’s ability to reason affirmed Kant's theory of the mind’s a
priori ability to use an internal sense of space and time to think.

tKant did attempt, albeit halfheartedly, to reconcile Newton's absolutist views with the views
of his own countryman Leibniz, who believed that space and time could be relative.
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proposing that space, time, and causality are conceptual and intuitive cat-
egories inherent in the human mind. This a priori knowledge allows us to
agree that our inner worlds are similar enough that we can believe we each
think and see the world the same. He thus rescued philosophy from the
isolating arguments of Hume.

The community of philosophers eventually was impressed by the lucidity
of Kant’s arguments and most embraced his philosophy of Transcendental
Idealism. Art, then science, then wisdom—it all seemed to fit so perfectly.
Unfortunately, it was not quite correct.

Beginning early in the seventeenth centur@ were the principal
group who tried to resist the juggernaut of scienti ?causality and logic.
As science began to triumph over religion, they saw reason ascending as
well over art and intuition. Their concerns were well founded, for Newton’s
authority soon became so immense that his Principia made determinism
seem irrefutable.

Anticipating science’s domination of thought, Johri Donne, in 1611,
expressed apprehension over what he perceived to be the installation of a
new overlord—scientific determinism—that reflected the inevitability of
causality. He grappled with this depressing philosophy in his poem An
Anatomy of the World.

And new philosophy calls all in doubt,

The element of fire is quite put out;

The Sun is lost, and th’earth, and no man’s wit
Can well direct him where to look for it.

And freely men confess that this world’s spent,
When in the planets, and the firmament

They seek so many new; then see that this

Is crumbled out again to his atomies.

'Tis all in pieces, all coherence gone;

All just supply, and all relation:'*

Alexander Popé’s 1728 “Dunciad” also lamented science’s triumph:

In vain, in vain,—The all-composing Hour
Resistless falls: The Muse obeys the Pow’r.
She comes! she comes! the sable Throne behold
Of Night Primaeval, and of Chaos old!
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Before her, Fancy’s gilded clouds decay,
And all its varying Rain-bows die away.

Wit shoots in vain its momentary fires,

The meteor drops, and in a flash expires.

As one by one, at dread Medea’s strain,

The sick’ning stars fade off th’ethereal plain;
As Argus’ eyes by Hermes’ wand opprest,
Clos’d one by one to everlasting rest;

Thus at her felt approach, and secret might,
Art after Art goes out, and all is Night.20

Later, at the outset of the Enli ment, the romantic, poetically in-
clined philosopher Jean-Jacques| Rousseau’(1712-78) tried to stem the
rising tide of logic by proposing tha@t;u/lggn and feeling were guides
superior to reason. He came to this conclusion because “I realized that
our existence is nothmg but a succession of moments perceived through_
the senses.”! Rousseau reframed Descartes’s “I think, therefore I am” to
Zf [ feel, therefore I am.™ Yet, he could not turn back the waves of reason.
Rousseau’s voice was washed away by the the success of science.

As scientific determinism gradually replaced the Church’s doctrine of
fate, people who still believed in free will found themselves intellectual
prisoners bound within the iron-clad cage of Newton’s arguments, which
demanded that every effect have a cause. Even so free a spirit as Voltaire
was forced to conclude, “It would be very singular that all nature, all the
planets, should obey eternal laws, and that there should be a little animal,
five feet high, who, in contempt of these laws, could act as he pleased.”?
And yet, free will had always been the problem the logician could never
adequately explain. Dr. Johnson put his finger on it when he said, “All
theory is against the freedom of will; all experience for it.”2 John Milton,
in a well-parsed phrase in Paradise Lost, summed up the paradox, “But
God left free the Will; for what obeys Reason is free.””2

The most outraged prophet, raili ainst the Western soul’s anesthesia,
was the artist and poet William/Br}fl‘:eg (1757-1827). Blake was a mystic
who routinely experienced otherworldly visions. He wrote to his patron,
Thomas Butts, “I am not ashamed, afraid, or averse to tell you what Ought
to be Told. That I am under the direction of Messengers from Heaven, Daily
& Nightly.”> He even set aside regular hours during the day, not unlike
lawyers and doctors, to receive these ‘‘visitors.” Edith Sitwell said that
Blake was “cracked,” but she believed it was through this crack that his
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light shone. When, in one trenchant line of poetry, Blake warned against
“Single vision and Newton’s sleep,” he accused Renaissance perspective
and Newton’s mechanics of mesmerizing the human spirit.

The opposite of Kant, Blake was an unabashed proponent of antiration-
alism. In his 1793 Marriage of Heaven and Hell, he asserted, “The road of
excess leads to the palace of Wisdom” and “The tigers of wrath are wiser
than the horses of instruction.” “Sooner murder an infant in its cradle
than nurse unacted desires,” Blake advised.26 Blake believed “Antichrist
science” destroyed the soul of art and religion; for “Art is the Tree of life”
and “Science is the Tree of Death.”?” When he wrote, “Reason is the bound
or outward circumference of Energy,”?® he attempted to return humanity
to a more even balance between reason and intuition. He warned:

The Spectre is the Reasoning Power in Man, & when separated
From Imagination and enclosing itself as in steel in a Ratio
Of the Things of Memory, It thence frames Laws & Moralities
To destroy Imagination. . . .*

He believed that we are all divine beings and that God shines through our
imagination which “. .. manifests itself in the Works of Art (In Eternity
All is Vision).”30

He saw with clarity that Western man had fallen under the spell of his
own creations. In Psalm 115, the biblical writer long ago cautioned against
making stone idols, for, “They that make them shall be like unto them;
Yea, everyone that trusteth in them.” Blake now warned that realistic art
and scientific causality were the new stone idols, and that Western man
shared the ancient idol maker’s danger in that “they become what they
behold.”3

Blake was one of the few poets who was also a visual artist. In the long
reign of perspectivist art, his refusal to draw figures in their exact per-
spectivist relationships was conspicuous. Until the modern era, most critics
dismissed Blake’s paintings and engravings as childlike and primitive,
claiming that his technique was crude. The one critic to ever review his
only one-man exhibition (which Blake himself had arranged) said he was

... an unfortunate lunatic whose personal inoffensiveness se-
cures him from confinement, and consequently of whom no
public notice would have been taken. . . . Thus encouraged, the
poor man fancies himself a great master, and has painted a few
wretched pictures. . . . These he calls an Exhibition, of which
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he has published a catalogue, or rather a farrago of nonsense,
unintelligibleness and egregious vanity, the wild effusions of a
distempered brain. . . .32

Blake made Newton the subject of one of his works. He portrayed the
distinguished physicist naked, sitting hunched on the sea’s floor, totally
immersed in his ocean of space and time. In Blake’s version Newton ap-
peared to be lost in concentration, reducing the world to a set of calculations
with a compass and calipers.

Blake, of course, had a very different view of space and time than either
Newton or Kant had. They saw space as Euclidean and time as sequential;
in Auguries of Innocence, Blake wrote:

To see a World in a Grain of Sand
And a Heaven in a Wild Flower,

Hold Infinity in the palm of your hand
And Eternity in an hour.®

Northrop Frye, one of the twentieth century’s principal literary historians
to rescue Blake’s work from obscurity, wrote that for Blake, “every act of
the imagination, every union of existence and perception, is a time-space
complex, not time plus space, but time ¢imes space, so to speak, in which
time and space as we know them disappear.”* In the coming chapters we
will see just how prescient Blake’s views were. “If the doors of perception
were cleansed,” Blake wrote, “everything would appear to man as it is,
infinite. For man has closed himself up, till he see all things through
narrow chinks of his cavern.’3s

Blake dismissed Locke’s “in here”/“out there” logic, which formed the
underpinning of philosophy and science in his day, as “Two Horn’d rea-
soning, cloven fiction.”3s Further, Blake believed that academic artists had
sold out to science and that realistic art was dead and inert. He especially
targeted for his contempt Sir Joshua Reynolds, the leading academic painter
in England, characterizing him and his rule-laden disciples as “Sir Sloshua”
and his “gang of hired knaves.”? He held that the way to truth and higher
consciousness was through the contemplation of art. He proposed that by
immersing oneself in art, a person could experience it not just as an
aesthetic but more akin to the meditative exercise a mystic performs in
preparation for achieving a higher state of spiritual enlightenment. Blake
declared that every man who is not an artist is a traitor to his own nature.
Blake was uncompromising in this belief.
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You Must leave Fathers & Mothers & Houses & Lands if they
stand in the way of Art.

Prayer is the Study of Art.

Praise is the Practice of Art.

Fasting &c., all relate to Art.

The outward ceremony is antichrist . . .

The Eternal Body of Man is The Imagination.3’

And in the introduction to Jerusalem, he wrote, “Poetry fetter’d Fetters
the Human Race. Nations are Destroy’d or Flourish in proportion as Their
Poetry, Painting and Music are Destroy’d or Flourish: The primeval state
of Man was Wisom [sic], Art and Science.®

In his time, Blake resembled Cassandra, King Priam’s daughter from
Homer’s lliad, who could accurately foretell the future. The gods’ gift to
Cassandra, however, was not without a curse: Even though her predictions
were correct, no one would believe her. Blake was Western civilization’s
Cassandra.

The coughing and sputtering to life in the early nineteenth century of
the Industrial Revolution reinforced Alberti’s realistic perspective, Newton’s
mechanistic ideas, and Kant’s reasoned explanations. The translation of
airy equations into brutish engines that replaced beasts of burden led all
scientists and most artists, philosophers, and common men to glorify the
mechanistic mode. Even the rebellious artists of the Industrial Revolution’s
counterrevolution, the Romantic Period, still conformed to perspective’s
laws and logic’s rules while fighting a futile rearguard action. The cyclopean
eye and clicking cogs of the automata’s mechanism held Europe in a
tyrannical grip. Unnoticed by anyone at the time, however, a true revolution
was in the making that would overthrow these paradigms. A century later,
Alberti’s perspective, Newton’s mechanics, and Kant’s arguments would
come to be viewed as interlocking schemes within a grander design.



Great art can communicate before it is understood. Gen-
uine poetry can communicate before it is understood.
George Steiner/T. S. Eliot

The artist is always engaged in writing a detailed history
of the future because he is the only person aware of the
nature of the present.

A A A A A A A A A

Wyndham Lewis

CHAPTER 8

MODERN ART/ NEWTON TRIUMPHANT

thaw in the middle of the nineteenth century. Where cracks ap-
peared, inflows began to erode the reigning Newtonian mind-set
and the tyrannical system of perspective. At the time, these innocent-
looking freshets issued forth from so many different quarters that they
would not have appeared to an observer to be the beginning of a flash
spring flood. Yet they were interconnected in an indiscernible pattern that
would eventually profoundly change both art and physics.

The invention of photography was one such current that affected people’s
common notions of space, time, and light and also had a major impact on
art. Through knowledge gained in the fields of optics and chemistry the
scientist built a little machine that could create in an instant what it took
an experienced artist days and sometimes months to accomplish. The ma-
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T he wintry ice sheet blanketing Western art and thought began to
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chine’s product was a piece of paper that reproduced a single moment
frozen from the space of visual reality. It would come to be called, appro-
priately enough, a snapshot. With the click of a shutter and the flash of
magnesium, the camera could record the here and now with stunning
accuracy. By the middle of the nineteenth century, photographs were ubiq-
uitous throughout Europe.

The new contrivance was named a camera because of its similarities to
the camera obscura invented in the fifteenth century. Camera obscura
means “dark room” in Italian. Leonardo described its principles in his
unpublished notes, and they remain the same today. If, on a sunny day,
you sit in a darkened room with only a pinhole open on one side, images
of the outside world will be projected upon the opposite wall. Trees, passing
vehicles, pedestrians strolling, all appear in lifelike detail—except they are
upside down. If, next, you place lenses in the pinhole, the images are
righted. The room is already something of a small box; if you reduce its
size still farther, to that of a portable box, the camera obscura becomes an
instrument you can aim at a group of people at a lawn party. In the sixteenth
century in Europe magicians did just that to the pleasure, amazement, and
mystification of the well-to-do.

The miniaturized camera obscura quickly became an indispensable aid
for painters to solve problems of perspective. Some found it easier simply
to trace the lenses’ two-dimensional image on the camera’s glass than to
work out the geometrical details of depth. The idea of preserving images
had to wait for advances in chemistry.

The vast numbers of images this instrument has produced has made it
difficult to remember that, like the telescope, microscope, and sextant
before it, the camera is a scientific instrument that measures space-and
time. The crucial element necessary to conduct these measurements is
llght, “Photography” literally means “writing with light”: photo-graphy.

Most paintings executed at the dawn of fixed-image photography were
versions of what the artist thought he saw. The new space/time/light ma-
chine confirmed the validity of most visual data. The images provided by
the camera, however, also included distortions that were routinely filtered
out by the brain. The camera had no brain, and so short-circuited the
aesthetics of the interpretive process. Since a photograph contains precise
information about the visual relationship of parts to a whole, whlch is the
basis for the science of perspective, the camera allowed artists for the first
time to compare their own observations about nature against an objective
standard.

Much to many people’s surprise, the photographic record and that of
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the artist were not always the same. For instance, the peculiar distortion
of a hand that is made gigantic when photographed too close to the camera
lens created an optical oddity that was not apparent when someone put a
hand up close to the beholder’s eye. The fact that such deformations existed
at all threw into question the truth of the proverb “seeing is believing”
and replaced it with “the camera doesn’t lie.” This shift in platitudes actually
reflected a more important shift—the relocation of optical truth from the
visual center of the brain to a piece of silver-impregnated paper—and did
not go unnoticed by a few of the new generation’s artists.

Besides reassessing some rules of perspective by accurately measuring
space, the cameracinterrupted the flow of time, bringing it to an abrupt
halt. The camera could freeze oné moment, thus allowing an observer to
inspect it at leisure. The first major dispute to be settled with the camera
was the age-old question, How does a horse run? A trotting and galloping
horse’s legs move too quicmﬁé'l‘ﬁl?ﬁéﬁ“é‘ye to perceive their exact
sequence. Some people believed that at any given moment all four hooves
could be off the ground; others believed that the horse’s gallop did not
include a moment when the horse was airborne. Artists portraying galloping
horses could not afford the luxury of indecision: They had to choose one
position or the other. Before the camera, the academic convention was to
depict a galloping horse with both forelegs extended forward at the moment
that both hind legs were extended backward.

The camera ended this uncertainty. In 1872 two horsemen placed a
wager on the question and one of them, Leland Stanford, hired Eadweard
Muybridge to settle it. Muybridge set up a series of cameras along a track
and, using a complicated system of trip wires, recorded a running horse
on multiple film exposures. The gambler who bet that all four hooves were
off the ground at once won the wager.

The results, however, were not anything anyone could have anticipated.
Instead of the elegant idealized motions envisioned by generations of artists,
the gallop seemed an awkward way for a horse to propel itself forward.
When painters began to represent this new information in their canvases,
critics were disturbed and condemned these works because “something
didn’t look right.” Rocking horses still depict the gallop the old way.

Having measured the space within the moment of stopped time, Muy-
bridge devoted the rest of his life to studying time and motion of objects
passing through space. His studies had a seminal influence on the artists
of the next generation. He also invented the basis of an entirely new art
form—the motion picture.

The rapid proliferation of photographs caused artists to wring their hands
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in despair. The academic painter Paul Delaroche declared, “From today,
painting is dead!”! Artists were concerned that the camera would compete
unfairly in the business of image reproduction, threatening their economic
bases because a principal source of the nineteenth-century artist’s income
was the portrait. Everyone of note had to sit for a portrait at one time or
another. But with the advent of the camera, the time required for this
tedious task was dramatically reduced.

Concurrently with the development of the camera, mathematicians be-
gan a long-overdue reassessment.of Euc g{? assumptions about space. Eu-
clid began his original work by declarifig that his new science of space was
rooted in ten axioms so self-evidently true that no sound mind would
question them. These were then used to formulate five equally self-evident,
seemingly indisputable postulates. The first four were obviously true. The
fifth, which states that through a given point on aline can be drawn only
one parallel line to a given line that intersects the first, was more complex.
Throughout the centuries mathematicians attempted unsuccessfully to use
the other axioms, definitions, and theorems to demonstrate that the fifth
postulate while true was not independent of the other four and should not
have the status of a postulate. If this could be accomplished then the fifth
postulate could be reduced to just another theorem, leaving but only four
basic postulates. The amount of candle wax that has melted in this futile
attempt is incalculable.

It was not until the nineteenth century, however, that any mathema-
tician could prove that Euclid was wrong. If the fifth postulatq was not
true, then the way was opened to construct an alternate space to the f flat
one so ingrained in our psyches by almost twenty-three hundred years of
believing-that Euclid was sacrosanct.

In 1824 Karl Fredrich Gauss, a mathematician, tentatively proposed that
perhaps an alternative to strict Euclidean space might be possible. He never
published his thoughts, probably for fear of ridicule by his colleagues, and
so the honor of being the first to publish went to the Russian Nikolai
Ivanovich Lobachevski, who, in (1840, brashly announced an imaginary
non-Euclidean geometry based on the assumption of the fifth postulate’s
incorrectness. Gauss’s prudence proved justified: The Russian professor
indeed lost his job because of his blasphemy against Euclid. But unbe-
knownst to him, and virtually to anyone else for that matter, a young
Hungarian, Janos Bolyai, had buried a description of non-Euclidean space
as an afterthought in an appendix to his father’s mathematical treatise,
Tentament, in 1830. Like Lobachevski and Gauss, Bolyai questioned the
sacred fifth postulate. All of these non-Euclidean geometries seemed un-
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imaginable because the sum of the angles of the triangles in their systems
had to be less than 180 degrees and as every schoolchild knew, that was
impossible.

Ih 1854 Georg Riemann, a twenty-eight-year-old German mathemati-
cian, unaware of the earlier publications on this subject, delivered a lecture
at Gottingen in which he proposed another non-Euclidean science of space,
one in which the sum of the angles of the triangle would be greafer than
180 degrees. In Riemann’s peculiar geometry, there are no parallel lines
and the shortest distance between two points is an arc, not a straight line.
Riemann’s lecture was not published until 1867, the year after his death.
During the interval between Gauss’s first tentative proposal for an alter-
native space and the publication of Riemann’s speech, no one outside a
small group of mathematicians took note of the importance of these ad-
vances in abstract thought. This apathy was in no small part due to the
arcane nature of the subject.

In Euclid’s system, space was unbounded and infinite. If an adventurer
headed off in a straight line upon a Euclidean planar surface it was certain
that he would never be seen or heard of again, and that his journey would
be endless. Not so on Riemann’s non-Euclidean system; sooner or later,
whichever direction an explorer traveled on a Riemannian surface, the shape
of Riemann’s space ensured that he would arrive back at the place from
which he started.

The possibility of curved space was incompatible with the rectilinear
axioms of Euclid. In Riemannian non-Euclidean space objects within this
curved space could not maintain their absolute form and changed de-
pending upon their location in space. For someone to imagine the shape
of objects existing in such a non-Euclidean world, he would have to ac-
knowledge distortions not present in the visual Euclidean world of Western
sensibility.

Concurrent with the photographic revolution and the mathematicians’
speculations, warnings to the public that the Western paradigms about
space, time, and light were about to change came, as they usually do, from
perturbations in the field of art. In the 1850s, France in general and Paris
in particular was the center of the art world. The Academy of the Beaux
Arts on the Rive Gauche comprised a dictatorial committee of elderly paint-
ers and politicians who set the standards for what constituted good art and
ruled the art world with an autocratic hand. Critics, for the most part,
were the minions of the academy and they enforced official policy with
such slashing, acid-tongued diatribes against apostates that their vituper-
ation has rarely been duplicated. An example is the deadly attack by Alex-
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andre Dumas’s son upon Gustave Courbet, the popular leftist realist painter
of the time:

From what fabulous meeting of a slug with a peacock, from
what genital antitheses, from what fatty oozings can have been
generated this thing called M. Gustave Courbet? Under what
gardener’s cloche, with the help of what manure, as a result of
what mixture of wine, beer, corrosive mucus and flatulent swell-
ings can have grown this sonorous and hairy pumpkin, this
aesthetic belly, this imbecilic and impotent incarnation of the
Self??

Most artists paid servile obeisance to the dictates of the academy and
slavishly accepted its criteria. To be singled out by the academy’s jury for
an exhibition in the official salon was the key to the commercial success
of an artist. It was not immediately apparent to the juries that, after almost
six hundred years, the illusionist perspectivist art favored by the academy’s
traditions had lost its vitality. Many of the paintings submitted to the salon
were trivial exercises in draftsmanship. Despite the importance of the jury’s
imprimatur for any ambitious young artist, the time was ripe for someone
to announce that the emperor had no clothes.

The unlikely rebel who performed this mission was the urbane, sophis-
ticated Edouard Manet. In his youth Manet trained with the academic
painter Thomas Coutre. When he reached the age of twenty-seven, however,
he destroyed virtually all his paintings in a fit of disgust and announced
to his close circle of young artist friends, “From now on I will be of our
times and work with what I see.”

Manet went on to unveil several paintings that created an uproar in the
art world. Ir(/lgé?i\he exhibited his large composition Le Déjeuner sur
l’herbe (Luncheon on the Grass) (Figure 8.1) in the Salon des Refusés, an
unofficial exhibition organized by artists to protest their rejection from the
official salon. Many art historians mark this event as the beginning of
modern art.

Within the conventions of any period, artists can choose both their
subject, and the manner in which they depict their subject; their particular
interpretations embrace the ways they see the world. Since the beginnings
of art thousands of years ago, this vision has almost always been deci-
pherable. The spectator could use the rules of common sense to figure out
the work of art. In the academy, there was a veritable mandate that art
had to be understood. '
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Figure 8.1. Edouard Manet, Le Déjeuner sur 'herbe (1863) MUSEE D'ORSAY,
PARIS

In a flurry of brushstrokes Manet challenged this fundamental dictum
by composing a painting that had rlg_l_ogjgll_c_gpw. There was no
story, the allusion to myth was tenuous, and it was not picturesque. In
short, no easy interpretation was possible. The four characters in Le Dé-
Jjeuner sur l'herbe were all disconnected and were not even looking at one
another. The juxtaposition of an undressed woman staring at the viewer
while two fully clothed boulevardiers discoursed on some subject, oblivious
to her proximity, outraged Parisian critics. Unlike all previous art, this
painting made no sense and they considered it immoral. Most critics be-
lieved that Manet was either mad, incompetent, or a prankster.

Besides the obvious incongruities regarding the painting’s theme, Le
Déjeuner sur l'herbe contained other, subtler, revolutionary peculiarities.
Manet purposefully violated the reified laws of perspective. He disconnected
the foreground from the background by eliminating the middle ground.
The woman who is bathing in the pool in the rear of the composition
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would have to be a nine-foot-tall giant if her size were corrected for per-
spective. Previously, when a painter tampered with perspective, it enhanced
the composition. Manet’s bathing giant serves only to trouble the viewer.
Further, Manet treated shadow irreverently. He purposely confounded the
critics by lighting up the canvas from two different directions. The work
looks as if it were painted using floodlights in front of the subjects, in
addition to the natural light filtering through the trees. (Even here, Manet
paradoxically arranged these shadows as if the light from the sun were
coming from several directions simultaneously.) The painting’s inflam-
matory content and strange construction tacitly challenged Aristotle’s logic
and Euclid’s space, and called into question an entire paradlgm Bﬁm
reason and perspective.

The critics excoriated Manet for his composition as well as for the crude-
ness of his technique. They could not understand how so promising a
young artist could be so clumsy and inept about the rules of perspective.
They derisively called Manet’s figures flat playing cards.* But Manet was a
master draftsman. If he chose to violate perspective’s sacred canons, it was
because he knew the old style of painting was exhausted. His subsequent
paintings introduced his viewers to many fresh ways of seeing the world.

In his Music in the Tuileries (1862) (Figure 8.2), painted about the same
time as Le Déjeuner, he presents a chaotic scene without a focus. The
vanishing point is smeared across the rear of the canvas. No central char-
acter emerges around which a viewer can begin to build a coherent view,
so the hierarchy of subjects evident in previous art is missing. To add to
the visual stress, Manet eliminates the perpendicular line.

As I have mentioned, the only two naturally occurring vertical lines (of
consequence) in nature are the perpendicular alignment “of the human
form and tree trunks. These two verticals intersect the equally stralght
horizon line to form the right angle of experience. This convention is so
ingrained that all amateur photographers, when lining up the camera to
take a snapshot, first align the frame of the picture with the vertlcal and
horizontal. In Music in the Tuileries Manet obscures the guiding verticals
and camouﬂages the horizon. Every tree trunk is curved; every man’s hat
tilts. All is askew even though anyone who has visited the Tuileries knows
that the tree trunks there are not curved. In fact, the gardeners who
carefully tended these trees made sure that they were straight as arrows
in keeping with the geometric designs favored by the Age of Reason. While
many other artists had created canvases that did not contain any perpen-
dicular verticals, theirs were for the most part done to enhance the com-
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Figure 8.2. Edouard Manet, Music in the Tuileries (1862) LONDON NATIONAL
GALLERY

positions’ emotionality. Manet’s Music, on the other hand, has more to do
with revising the viewer’s notions of space.

If Manet tampered with the vanishing point and challenged the rectitude
of verticals, it should come as no surprise that he was also the first artist
in Western history to curve the hallowed horizon line. The horizon, the
orlentmg line of all perspectivist-art;-is the-most crucial strlpemanvas
Anyone who has attempted to draw a picture using perspective knows that
the first decision regarding the composition must be the location of the
horizon line. T % _ " I

Before Manet, virtually all paintings were created so that this line was
visible, or if hidden, implied.* The Western tradition’s unquestioning faith
in the veracity of a straight horizon line is reminiscent of the stylistic

*The one major exception to this rule was the trompe I'oeil ceiling paintings by the eigh-
teenth-century Italian master Giovanni Tiepolo. Trompe l'oeil is a style that stuns the viewer
with illusionary tricks. However, although his paintings lacked a horizon line, Tiepolo sub-
stituted an overheard vanishing point and always maintained the integrity of the concept of
perspective.

A
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conventions of Egyptian artists who for three thousand years represented
the human figure in the same configuration: face in profile, torso full view,
and legs in profile. But Manet was a true revolutionary. In his work Boats
(1873) (Figure 8.3) as well as in many others, he tampers with the one
razor-sharp straight line of consensus reality and bends it ever so slightly
into a gentle arc. The elucidation of the concept of “curved spacetlme and
its place in the physical world was still fifty years away, but in the 1860s
this prescient artist anticipated the idea and tantalized his puzzled viewers.
By defiantly presenting arabesque verticals and a curved horizon, Manet
challenged a mind-set about space . that had been born in antiquity and
(except for a hiatus during early Christianity) had remained essentially
unchanged until it became, petrified.

The horizon we see appears straight, but in fact we know it is curved.
Each visible straight segment is but an exceedingly small arc of a circle
twenty-four thousand miles in circumference. Manet had a larger view than
the rest of his colleagues, and at some deep level he knew that the flat,
pancakelike space of Euclidean appearance was in need of revision.

In addition to obscuring the vanishing point and curving the horizon,

Figure 8.3. Edouard Manet, Boats (1873) THE CLEVELAND MUSEUM OF ART,
PURCHASE FROM THE J. H. WADE FUND (40.534)
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Manet began to move the horizon up off the picture plane. In a series of
paintings executed in 1864 concerning a battle at sea involving the ship
Kearsage, this orienting line continues to rise, getting ever higher, until
finally, in 1874, it floats off the canvas. In that year Manet painted his
remarkable work Boating (Figure 8.4). This innocent-looking work does
not seem very revolutionary to the eye of a twentieth-century viewer. In
it, however, Manet elevated the perspective of the point of view so that the
horizon was left out of the picture frame altogether. In this, he joined his
contemporary Edgar Degas, who also presented many of his subjects, prin-
cipally ballet dancers and women at their bath, using an angle of vision
that did not contain within the work the horizon or vamshmg point. Manet
tried to capture the offhand, random, candid moment. The pervaswe m—
fluence of the camera is evident W

et

-s '.:.’.‘

Figure 8.4. Edouard Manet, Boating (1874) THE METROPOLITAN MUSEUM OF
ART, BEQUEST OF MRS. H. 0. HAVEMEYER, 1929, THE H. 0. HAVEMEYER COLLECTION
(29.100.115)
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While Manet was questioning some very fundamental assumptions re-
garding the perception of space, his contemporary and equally revolutionary
colleague Claude Monet became the first artist since the Renaissance to
investigate the dimension of time. Monet realized he could not re-create
the essence of m painting it in only one frozen moment. To
convey that essence fully, Monet needed to show how the object changed
in time.—

In 1891 ‘Monet began to paint the same scene repeatedly viewed from
the identical position in space, but at different times of day He portrayed
the entrance of the cathedral in Rouen in forty separate te works (Figure 8.5).
Viewing these paintings when they are placed in sequence creates a ca-
thedral that begins to exist in time, as well as in the three dimensions of
space.

Monet, a simple man with a child’s outlook on life, and no formal
academic training, had seized upon a great truth about time before anyone
else: An object must have duration bemdes three extensions in space. Monet
did not write down any theories or express one as an equatlon rather he
illuminated this truth in the limpid colors of his silent images.

Monet’s ideas about time were as subtle as they were radical. Uninten-
tionally, he became the herald of change. Ixﬂ\l§95_,, a few years after Monet
had discovered a way to introduce this notion in paint, H. G. Wells raised
the same issue in literature. At a dinner party, Wells’s p‘f(-)’t:avéb”rﬁst in The
Time Machine playfully attempts to controvert some ideas that are almost
universally accepted. He begins by stating that a mathematical line, a line
of nil thickness, has no “real” existence in the prosaic, as opposed to
abstract, sense. All present agree. Nor, he says, has a mathematical plane
any existence. Again, all agree. Neither, then, can a cube with only length,
breadth, and thickness have a real existence, he says. At this, of course,
his dinner companions all protest. But the Time Traveler counters, can an
instantaneous cube exist?

Clearly, any real body must have extension in four directions:
it must have length, breadth, thickness and duration. . . . There
are really four dimensions, three of which we call the three
planes of space, and the fourth, time.’

By introducing series painting Monet incorporated the concept of chang-
ing time into the frozen moment of art. The word “series” itself is not an
art term but rather is borrowed from mathematics and connotes sequence.
Sequence is the backbone of time. Monet painted twenty separate moments



Figure 8.5. Claude Monet, Rouen Cathedral (1894) THE METROPOLITAN
MUSEUM OF ART, BEQUEST OF THEODORE M. DAVIS, 1915, THEODORE M. DAVIS
COLLECTION (30.95.250)
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of haystacks because he wanted to demonstrate how they changed with the
seasons. It is as if Monet were saying, “If you want to know the complete
nature of haystacks, you must see them through time as well as in space”
(Figure 8.6 and Figure 8.7).

In his concern for time, Monet enlarged the moment of the present by
capturing the fugitive impression of now. He even invented a name for his
style: He called it@t}f’ This word comes not from the visual
world of space, but rather from the abstract notion of time. Monet was not
at all scientifically informed. He would have been surprised had anyone
told him he had invented a radical new way to see time before anyone
devised a correspondingly totally new way to think about time.

Besides time, Monet’s paintings introduced other innovations concern-
ing the nature of space and light. He was one of the early artists in the
post-academic tradition to dispense with the all-important direction of
Euclidean vectors of orientation. A painting is a flat surface that holds an
assortment of colored pigments. Visual clues are needed for the viewer to
decipher the basic orientation, or direction, of a painting. Euclid’s space
depends upon the descriptive words “top,” “bottom,” “right,” and “left,”

Figure 8.6. Claude Monet, Haystacks, End of Summer, Evening (1891)
MUSEE D'ORSAY, CLICHE DES MUSEES NATIONAUX, PARIS
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Figure 8.7. Claude Monet, Haystacks, Snow Effects (1891) SHELBURNE
MUSEUM, SHELBURNE, VERMONT

the vectors of plane geometry. Solid geometry adds the notion of near and
far. Artists refined this latter vector when they discovered perspective.

From the fifteenth to the twentieth centuries, Western civilization was
restricted to using Euclidean coordinates. Then the seeds of doubt about
the inviolability of the Euclidean conception of geometry began to sprout
in the field of mathematics. The artist, unaware of these doubts, never-
theless found a way to express them visually. -

After Monet retreated to his garden at Giverny m 1881 he began to
concentrate on representing the surface of a pool of water (Figure 8.8).
Building on Manet’s manipulation of the horizon line, Monet raised the
viewer’s angle of vision until the horizon was somewhere off the canvas.
Then, unlike Manet, he reduced the variety of elements on the canvas to
two: water lilies and water. His paintings in these later years became in-
creasingly diffuse. The distinction between what was in the water, on the
water, or reflected upon the water became ever more difficult for the viewer
to discern until they became a continuum of elements and color. Finally,
in compositions that tested the limits of realism and bordered on abstract
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Figure 8.8. Claude Monet, Water Lilies (ca. 1920) COLLECTION OF THE
MUSEUM OF MODERN ART, NEW YORK, MRS. SIMON GUGGENHEIM FUND.

art, Monet’s image became so blurred that all orienting visual clues dis-
appeared. Along with work by the early abstract painters, Kandinsky, Ma-
levich, and Mondrian, Monet could claim the dubious distinction that it
was accidently possible to hang some of his late paintings upside down.
His innovation, however, challenged the veracity of Euclid’s vectors.

Unlike previous painters, he was not as interested in the geometry of
shapes and forms as he was in the massing of colors. In trying to capture
his “impressions,” he blurred the outline of objects and his smudged
straight line was no longer the sharp boundary restraining an object’s color.

Given his work with color it is not surprising that Monet is most re-
membered for his contributions in the field of light. By trying to capture
the nature of light en plein air instead of reproducing it in the artificial
confines of his studio, Monet released the brilliance inherent in the color
of everyday natural objects until the identity of the objects in his com-
positions became less important than their color.

Monet once said that he wished he had been born blind and later gained
sight. That way he would be able to look at the world freed of the knowledge
of what the objects were so that he could more fully appreciate their color.
The archaic Greeks, as I have mentioned, used the same word for “eye”
and “light.” In a similar vein Paul Cézanne remarked, “Monet is only an
eye, but—oh, what an eye!”® Monet proposed that color, which is light,
should be elevated to the throne of art. =

The third master of the modern era, Paul. Cézanne, Jdevoted a lifetime
to studying the relationship of space, light, and matter To consider these

in isolation he adopted an opposite approach from that of Monet, finding
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it expedient to eliminate the variable of time. Cézanne said of his own
work:

A minute in the world’s life passes! To paint it in its reality, and
forget everything for that! To become that minute, to be the
sensitive plate ... give the image of what we see, forgetting
everything that has appeared before our time. . . .7

His early works contained some elements of motion, but as Cézanne’s
oeuvre developed, time slowed and finally sto ‘p\ed In his cardplayer series,
for example, executed between ¢ I/85 and 1890,)the players sit motlonless
there is a minimum of action. His interest in the architectonics of com-
position led Cézanne to turn away from transient effects and beginning in
1878 concentrate on still lifes and landscapes, both of which are entirely
devoid of action. The sense of timelessness in Cézanne’s later works is
enhanced by his abandonment of the convention of linear light. This in-
novation proved to be precognitive indeed, when later physicists revised
human understanding of the whole compound subject of space, time, and
light.

As part of the resurgence of Euclidean thinking during the Renaissance,
artists when expressing light had it traveling in rays, sheets, or beams, but
always in the straightest of lines. To emphasize this apparent truth artists
had faithfully employed the stylistic convention of shadow.)Shadow in
nature almost always results from the slant of the sun. By using shadow,
in addition to defining depth the artist gives to the viewer a crucial visual
clue about the time of day or, for that matter, time of year in which a
particular painting is set. In the art of the frozen moment that predated
modern painting, this convention was so important to the correct “reading”
of a painting that from the time Piero della Francesca worked out the optics
of shadow within the rules of perspective, no artist ever asked whether it
could be any other way. With the exception of a few trompe 1’oeil paintings,
this convention was not violated—shadows always fell to the side opposite
the light source.

The light in Cézanne’s late work became increasingly diffuse because
the source and direction of light became ever less discernible. In his later

paintings of Mont Sainte Victoire in Provence (1888—-1904) (Figure 8.9),
light suffused the painting rather than shone across it. In many other of
Cézanne’s landscapes, linear light became so scattered that there seemed
to be no distinct direction of origin. Shadow failed to provide the viewer
with the critical clues necessary to tell time.
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Figure 8.9. Paul Cézanne, Mont Sainte Victoire (1902—4) PHILADELPHIA
MUSEUM OF ART, GEORGE W. ELKINS COLLECTION

John Canaday, a contemporary art historian, said of Cézanne’s innova-
tions concerning time and light:

i Cézanne discards the idea of capturing transient effects. In the
world he paints there is no time of day—no noon, no early
morning or evening. There are no gray days, foggy days, no
“effects” of season or weather. His forms exist in a universal
light in the sense of directed rays from a single source, not even
the sun. It is not light as an optical phenomenon to be inves-
tigated and experimented with. It is a uniform and enduring
light, steady, strong, clear and revealing, not a light that flows
over objects and not a light that consumes them. It is light
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integral to the canvas; it is “painted in” with every stroke of
color. It is a static and timeless light.?

Cézanne challenged in an image Western culture’s assumptions regard-
ing the nature of light by eliminating the angle of declination that had
prevailed in previous art. In doing so, he also called into question the a
priori assumptions about the other two constructs, space and time. As we
will see later, Cézanne’s ideas fit in exactly with the new conceptions of
space, time, and light that were to be elaborated by a physmst in the early
years of the twentieth century.

“Cézanne’s investigation of space produced several profound revelations
that inspired many of the art movements that were to follow. One of the
most important of these was the discovery that space was not empty. For
centuries space was a negative container within which artists and physicists
could arrange objects without affecting the space that surrounded them.
The corollary was also held to be true: that space did not affect the move-
ment of objects. In his powerful works, by interlocking broad planes of
space with equally broad planes of mass, Cézanne demonstrated that the
objects in a painting were integral to the space of the work and were
therefore affected. Later in Chapter 22 we will see just how interconnected
are space and mass.

Cézanne also eroded single-point perspective by introducing the
unheard-of notion that a painting can have multiple perspectivist points
of view. In his Still Life with Fruit Basket (1888-90), he portrayed the
various objects in the painting as if each were seen from a separate angle
of vision (Figure 8.10 and Figure 8.11). Cézanne’s innovative quirk threw
into question the validity of a nexal vanishing point that was behind the
all-important idea of the relative hierarchy of the visual world as well as
the notion of a privileged place to stand.

Cézanne viewed his objects as if seen from the entire periphery of vision
instead of restricting them to a detailed scrutiny by the retina’s focal point.
In doing this, he modernized a more primitive way of viewing the world
that had been naively present in pre-Renaissance art and in the art of all
preliterate societies. In his early paintings, Cézanne was less interested in
imitating the features of a landscape than 'he was in revealing how our
visual perceptlon of the world is composed of interlocking planes. In his
later landscapes, Cézanne became increasingly fascinated with one moun-
tain situated in Provence: Mont Sainte Victoire (see Figure 8.9) It became
for Cézanne a stationary studio model upon which he could carry out his
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