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ABSTRACT

This paper is in support of two years of artistic research concerning ideas about light as
the ultimate medium for sculptural expression. Specifically, this paper makes a case for
light as the ultimate expression of movement, space, time, and the notion of infinity.

Curiosity 1s a human condition. We make observations about our environment, embark on
scientific and artistic explorations, and attempt to formulate and answer questions. Of the
senses that we have, vision is the most pronounced, and is prominent in the way that we
make these observations. The paper takes this a step further to show how light is
fundamental to the human visual experience, and is the foundation for information that
we gather about our environment.

The writings go on to discuss man’s fascination with light and movement in the
environment, and how artists and scientists have explored light as a material, a medium, a
signifier of time, and an indicator of space. The paper examines how parallel discoveries
in science and fine art have informed the advancement of technologies used to explore
and articulate light, leading to increasingly minimalist examples of kinetic light-based
artistic expressions. Examples are presented showing the evolution of kinetic art and its
convergence with light-based explorations. In tandem with technological advances, this
convergence and evolution has resulted in an ultimate expression of space, time, and
movement to date, the LASER.

The paper concludes by discussing the evolution of my own work throughout the course
of the program. I outline my transformation as an artist, moving from the creation of
tangible artifacts to the creation of light-based installations, and my own explorations
with various types of light technologies to articulate movement, space, time and the
notion of infinity.
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EPIGRAPHS

a. Isaac Asimov, The Roving Mind

”How often people speak of art and science as though they were two

entirely different things, with no interconnection...that is all wrong. True artists are quite
rational as well as imaginative and know what they are doing; if they do not, their art
suffers. True scientists are quite imaginative as well as rational, and sometimes leap to
solutions where reason can follow only slowly; if they do not, their science suffers.”

b. James Turrell
“Light is not so much something that reveals, as it is itself the
revelation.”

c. Paul Cezanne

“[Art] first of all is optical. That’s where the material of our art is: in what our eyes
think.”

vil



FOREWORD

At the core of our being, we are compelled to explore and understand our environment.
We are universally drawn toward the phenomena in our world that mystify our
imaginations and drive our inquisitions. Through experimentation and creation, we

attempt to build models of our world using both rational and creative modes of thought.

Figure 1 Handful of treasure (Sudarshan, 2008)

Oftentimes these processes begin before we are even able to walk or verbally articulate
our thoughts. A child begins experiencing the world almost all at once; hearing, seeing,
tasting, smelling new things, experimenting with the tactility of the surroundings,
constantly bombarded with new perceptual puzzles to solve. This process is ongoing and
exponential. As we develop and mature, our mental faculties become capable of
processing more elaborate questions about our environment. Just as it is in human nature
to be curious about our external environment, we often project our curiosity inward, and

question how our minds interpret and process the external world.



There is a tendency in popular psychology (and popular culture) to generalize the
function of the brain into left and right parts- that is, the left performing all creative
thinking, the right is responsible for rational thought. Creative endeavours involve
making new ideas while thinking intuitively, while rational occupations involve reducing
the unknown to fragments of simplified data so as to categorize and understand various
relationships at play. One mode of thought attempts to build subjective models of
phenomena, while the other attempts to deconstruct phenomena using pure objectivity.
Such a divide arises in discourse surrounding fine art and science, generally the two are
considered to be quite polar. “The relationship between art and science, being taken for
granted, was preyed upon from the outside until a complete divorce was
accomplished” (Halvey, n.d.). The artist is known as an erratic being, reacting to the
environment in spontaneous outbursts of emotion, flinging paint haphazardly onto
canvasses. The scientist, on the other hand, is seen as cool, calculated and methodical,
reacting to the environment in an objective and meticulous manner with no margins for

human error or spontaneity.

Contrary to what popular psychology might suggest, the artist must often proceed in a
rational manner in order to understand their own conceptual drive to develop sustainable
creative methodologies. The scientist similarly, may allow his or her mind to operate
beyond the confines of method so as to remain open to new interpretations of data. As
recently as the 19th century, it was common knowledge that our best thinkers in science
were also artists, and that artists were also largely interested in the scientific discoveries
of their time. It was not even considered necessary to mention the artist-scientist as a
novelty, as it was a given that both realms were needed for a human being to have a

balanced ability to rationalize and create.

A prime example of the interpenetration of rational and intuitive modes of thought is

Albert Einstein. Einstein believed insight did not come from logic or mathematics, but



that insight comes, as it does for artists, from inspiration and intuition (Einstein, &
Calaprice, 2005, 22, 287, 10). Einstein believed that "All great achievements of science
must start from intuitive knowledge ...intuition and inspiration....” and regarded
imagination to be more important than knowledge. He believed that this was why at times

he felt certain about his ideas while not knowing the why (Einstein, & Calaprice, 2005).

Figure 2 Einstein Playing Violin (Hope, 1921)

Einstein was a keen and talented musician, and was known not only for his scientific

discoveries, but also his ability to play violin and piano. He believed that his discoveries



were the result of musical perception. For Einstein, music was not just a hobby, but the
driving force behind this intuition. His thoughts were directed by music in new and
creative directions. . Einstein attributes his greatest discovery, the theory of relativity, to
musical perception. (Suzuki, 1969, 90). “He never thought in logical symbols or
mathematical equations, but in images, feelings, and even musical
architectures” (Wertheimer, 1959, 213-228); According to Arthur J. Miller, “he preferred
the highly structured, deterministic music of Mozart, and imagined Mozart plucking
melodies out of the air as if they were ever present in the universe. Einstein thought of
himself as working like Mozart, not merely spinning scientific theories but responding to
nature, in tune with the cosmos” (186). "Whenever he felt that he had come to the end of
the road or into a difficult situation in his work, he would take refuge in music, and that
would usually resolve all his difficulties" (Clark, 1971, 106). According to Einstein’s
sister Maja, after playing piano he would get up saying, there, now I've got it (Sayen,
1985, 26). This difference in thinking is what enabled Einstein to make breakthroughs in

science by seeing the world through the eyes of a creator.

Our creative insights can be verified by scientific method, while creativity fuels science.
The scientific method is how we “do” science, and although the scientific method
requires findings to be empirically objectified, it is the artistic method that leads to new
insights and is the very essence of this “doing”. According to astronaut, doctor, art
collector, and dancer Dr. Mae Jemison, “science or art is a ridiculous choice”; our
mission, says Dr. Jemison, is to “reconcile and reintegrate science and the arts”. Both the
arts and the sciences are not merely connected but manifestations of the same thing, “the
arts and sciences are avatars of human creativity — [they] are our attempt as humans to
build an understanding of the world around us, and our attempt to influence things (things
in the universe internal to ourselves and the universe external to ourselves)” (TED: Ideas

Worth Spreading, 2009).



Chapter One: Panta Rhei

The Greek philosopher Heraclitus is attributed with the famous maxim ‘“Panta
Rhei” (everything flows) (New World Encyclopaedia, n.d.). Even before the epoch of
pre-Socratic philosophy, there is evidence that man was aware of and very interested in
depicting motion. Dragging the point of a stick through a surface of wet clay, a hard rock
to etch a line into a limestone cave wall, or a finger tip or hand covered in pigment of
ground rock or blood, Palaeolithic cultures were able to make their mark recording and

expressing the moving world around them.

Many examples of these works—dating back as far as 30,000 BCE, according to
radiocarbon analysis—are located in Spain and France. Cosquer Cave, near Marseille,
France, contains numerous depictions of marine life, including seals and fish (Adams,
2002, 32). Renditions of mammoths and horses, located in the Chauvet cave, in the
Ardeche Valley, France, are also of significance (Adams, 2002, 34). The Hall of the
Running Bulls, located in the Lascaux cave system in Dordogne, France, is perhaps the
most famous example of Palaeolithic art. Depicted are a herd of running bulls rendered in
coloured earth pigments, portraying motion using a number of basic drawing and painting
techniques. These include overlapping shapes, and bold linear outlines to suggest that
movement is occurring, and unstable body positions implying movement is to follow

(Adams, 2002, 37).
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Figure 3 Running Bulls in Lascaux (Perez, 2007)

Throughout the ages, man has also demonstrated an acute awareness and appreciation for
light. Ancient Greek culture celebrated the solstices as well as the equinoxes, using them
as index points to mark the passage of seasons. Ancient Mesoamerican civilizations
developed a calendar based on the 365-day solar macro-cycle and the day and night

micro-cycles, using it to plan many of their agrarian activities (Coe, & Koontz, 2002, 11).



Figure 4 Mesoamerican Calendar (Comondante, 2009)

Numerous ancient architectural forms exist that stand as testaments to man’s interest in
light, particularly the motion of celestial bodies in the day and night sky. It is believed
that Stonehenge may have been an elaborate form of sundial used to predict seasonal
changes and astronomical phenomena. Scholars also believe that Stonehenge, as well as
the other cromlechs throughout Western Europe, were sites of celebration for solstices,
equinoxes, and seasonal changes brought about by the cyclical change of the sun’s angle

of incidence to the sky (Adams, 2002, 47-49).

The great pyramids of Giza, Egypt, are among the largest structures ever made and are
the only surviving “wonder” of the ancient world. An engineer from Belgium, Robert
Bauval, observed that the strange arrangement of the pyramids was almost identical to the

three stars in Orion’s Belt constellation. Egyptian culture believed that Orion’s Belt was



home of the god Osiris and that the constellation bore a resemblance to him. Thus, they
used the light of the stars to align the placement of the pyramids. Bauval also calculated
that in 2500 BCE, the airshafts located on the north walls of the pyramids would have
pointed directly at Orion’s belt, while the South facing vent would have pointed directly
at the star Sirius, which the Egyptians believed to be sacred to Osiris’s consort, Isis. The
Egyptians believed that the pyramids were not only monuments to the pharaohs, but
perhaps gateways through which the souls of the dead pharaohs could travel to the light

of the stars, as well as between Orion’s Belt and Sirius (Bauval, n.d.).

Each of these examples depict man's interest in light and movement at the very early
stages of human history, but more importantly, we make observations about these forms
in the same way that their makers made observations about the world around them. After
more than 30,000 years of human existence, our perception of the world around us
“.first of all is optical. That’s where the material of our art is: in what our eyes
think.” (Paul Cezanne) Our initial impressions of these forms, be they sculpture, painting
or architecture, are made through the eyes. The sense of sight is the most developed and
pronounced of our senses, and is the foundation for a large part of our sensory experience
of the environment around us. Chapter two will examine the figurative and literal
importance of visual perception, and will explain just how central vision is to the human

perceptual experience.



Chapter 2: Vision

The process of visual perception is so basic and profound an experience in human
existence, that we are compelled to articulate important mental activities in terms of
vision. To see is to understand, to have a viewpoint is to take a conceptual position. To

look into something is to investigate. (Sarcone & Waeber, 2011, 21).

Reference to vision is made constantly in everyday language. Of the more literal idioms
that relate almost directly to the sense of vision, the phrase “beauty is in the eye of the
beholder” is a metaphor drawn from the subjective visual perceptual experience. On the
contrary, “seeing eye to eye” implies that individuals can share the same perspective and
have a common understanding of something. An individual with unusual powers of
foresight is often regarded as a person of vision, or a visionary. Even in defining the
notion of a visionary, it is almost impossible to escape the notion of vision; the word
foresight makes direct reference to “seeing” or experiencing premonitions about the

future.

The experience of vision is so engrained in our language that we explain emotional
behaviour using it as a metaphor. “Blind rage” describes absolute anger, whereby actions
arising from emotional over-response are taken without regard for consequences.
Extreme cases are recognized and diagnosed by behavioural specialists as Berserker-
blind rage syndrome. On the contrary, the widely known cliche’ “Love is blind” implies
that love can impair vision. Light and dark, both precursors to vision, are commonly
used to describe contrasting relationships. “Brightness” can imply “intellectually gifted”,
while “Dim” is a term often used to describe sub-par intellectual capacity. The phrase “a
dark place” is often used to describe a period of depression, while “light at the end of the

tunnel” is an idiom for perseverance and hope.



We use many words in our daily vocabulary that imply vision. We use the word “eye”
figuratively to denote central positions in space, for example, bulls eye, eye of the storm.
In Western religion, the notion of vision is used to denote the central position of our
divine creator, god. God is regarded as omniscient, which by definition means “all-

seeing, and all knowing”.

The term “omniscient” is not isolated to Western religions, but is recognized universally
throughout all religions of the world. In the Hindu religion, omniscience is recognized as
the third eye of clairvoyance; a gateway leading to realms and spaces of higher
consciousness whereby perception is heightened, and an ultimate level of enlightenment

1s achieved.

Even the word “enlightenment” is derived from the word “enlighten”, which is a
synonym for both education (the acquisition of knowledge through learning experiences)
and light. Given the definition of “enlighten” and “omniscient”, it is not a stretch to
understand light as a direct metaphor for knowledge, and vice versa. Omniscience is also
related to the notion of “outrospection” or empathetic thought; that is not just looking
outwardly, but directly experiencing the world through the perspective of others. The
philosopher, Plato asked “...why should we not calmly and patiently review our own
thoughts, and thoroughly examine and see what these appearances in us really
are?” (Plato, & McDowell, 1973, 153). Plato was of course referring to the egocentric
perspective of introspection, a term best known for its role in epistemology. Introspection
is defined as “the act or process of shifting one’s perspective inward, looking into

oneself” in order to understand ones own conscious thoughts and feelings.

Through perspective and looking, the term “introspective” is dually rooted in the notion

of vision. Many great thinkers of our time have engaged in dialogue surrounding

10



existentialism from both introspective and outrospective points of view. Psychiatrist Carl
Jung quite beautifully and profoundly describes this dual perspective relationship as
follows: “ [He] Who looks outside dreams; [and he] who looks inside, awakens.” Either
way, Jung believed that “...the sole purpose of human existence is to kindle a light in the

darkness of mere being” (Jung, 1963).

Vision and Light

In absolute terms, vision is defined as having the sense of “sight”, that is the ability to
perceive objects with the use of the eyes. Science has afforded us with an immense
understanding of the sensory and cognitive processes involved in visual perception, but
prior to the understanding that we now have, there was an intuitive understanding that

vision and light are directly associated with one another.

In the fifth century BCE, Greek pre-socratic philosopher Empedocles postulated the

cosmogenic theory of the four Classical elements. He wrote that everything in the world

Figure 5 The Four Elements (Liebermann, 2013)
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was composed of the four ““ ultimate roots” or elements; fire, air, earth and water. He
believed that the human eye was no different than anything else, and had to have been
made of these four elements as well. He postulated that the eye functioned in the same
fashion as a lantern; light emanated from a burning fire within, and illuminated the
darkness. In the case of the eye, Empedocles believed that the fire was the magical flame
of Aphrodite, and thus would burn eternally and without causing injury. Sight was the
consequence of this light reaching out and touching anything that happened to be in its

path (Clegg, 2008, 20-24).

In fourth century BCE, Plato suggested that vision was analogous to the sense of touch;
light originated within, and propagated out of the eye, touching objects and allowing

them to be perceived (Clegg, 2008, 25).

This theory of vision, known as “extramission”, was the accepted scientific explanation
for vision for approximately one thousand years, and was supported by common
observations such as the brightly lit reflections from animal eyes in low light conditions.
The custom of saluting in the military is believed by some to stem from the habit of
Greek soldiers shielding their eyes with their hands from the bright light emanating from

the eyes of their commanders.

Aristotle was among the first to reject the extramission theory of vision. Aristotle
declared that it was unreasonable to hypothesize that seeing occurs by light leaving the
eye; if this were the case, than one should be able to see in pure darkness. Other critics
suggested that it was unlikely that a visual ray emitted from the eye could traverse vast
distances instantaneously, for example, from the eye to the stars. Supporters responded,
suggesting that light from the eye must move at infinite speeds; how else could one see

the night’s stars immediately, between blinking and closing the eyes. In a revolutionary
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fashion, Aristotle proposed an opposite theory of vision called “intromission”. The theory
of intromission speculated that light rays must originate from objects, and that these rays
would enter the eye in order to impart vision. Although Aristotle proposed a logically
sound model of visual perception backed up by common observations, it was not

b

immediately accepted as the “new” model of vision, or even as an alternate model

(Ayliffe, 2013).

Following a millenium of dispute over the emission and Aristotelian intromission theories
of vision, the experiments of the Arabian physicist, Ibn al-Haytham (Alhazen) finally
proved that Aristotle’s theory of vision was correct. In a seven volume manuscript

entitled “Book of Optics” Alhazen outlined a variety of scientifically sound theories

explaining the mechanics of numerous optical phenomena. In the Book of Optics,
Alhazen verified the mechanics of reflection, refraction, lenses, mirrors, the various
structures and inner workings of the eye, pinhole cameras, and a host of other optical
subjects through a battery of experiments. Most importantly, Alhazen was the first
recorded individual to scientifically prove that sight was the consequence of rays of light
reflecting off objects, and entering the eye to form an image. Alhazen offered not
conjecture, but theories backed by experimental verification, reducing the extramissionist
theory of vision to a metaphor for the human gaze (Clegg, 2008, 32-35). Curiously,
though we now hold intromissionist theory as fact, Winer et al. have found evidence that
as many as 50% of American college students believe in extramissionist theory (Winer,

Cottrell, Gregg, Fournier, & Bica, 2002, 417-424).

Visual Processing

Following the invention of the microscope in the 17th century, a vast number of
discoveries were made in the field of biology. Scientists began to understand the presence

and function of cellular structures in plant and animal tissue, and before long, new
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discoveries were made in the field of ophthalmology. As observational technologies
advanced, scientists were able to look deeper, and perform more elaborate experiments.
Scientists asked questions about the various sensory organs of the body, and how these

components worked to create a cohesive perceptual experience.

The human brain consists of four main areas; the visual, auditory, somatosensory, and
motor regions. In all mammals, including humans, the visual region is the largest and

most highly developed of the four main subdivisions in the brain. The human
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Figure 6 Neural Pathways (Sandberg, 2011)

visual system is complex, requiring numerous components of the eyes and brain to work
together. It is responsible for our perception of light, colour, and movement, and is
fundamental to our perception of space, and as we will see later, time. The complete
visual system can be divided into regions responsible for the passive sensing and
transmission of visual information, and the active perceptual regions responsible for

creating interpretations of this gathered information.
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In very general terms, the function of the eye is to convert light into information that the
brain can process. When light reflects off of an object and enters the eye, it is focused
through the cornea and lens onto the retina, an area of the eye densely covered with
photoreceptor neurons (photoreceptors). Photoreceptor neurons can be divided into two
distinct groups; cones and rods. Cones are located centrally on the retina, and are
responsible for detecting colors and fine detail, while rods are dispersed throughout the
retina, and allow us to sense motion and detect light in very dim conditions. As light
enters the eye, it bombards the photoreceptors of the retina, resulting in a photochemical
response producing tiny electrical currents. These electrical currents are gathered and

transmitted to the brain via the optic nerve.

The perceptual process of vision begins when these electrical impulses reach a region of
the brain called the visual cortex. Through an active process of selecting, organizing, and
interpreting these impulses, the visual cortex is able to construct images of the
environment comprised of numerous colours, textures, lines and shapes. These images
are updated as we navigate through our environment, providing us with what we
experience as a seamless mental representation of our surroundings. Via a mental
comparative process involving these images, we are able to perceive and differentiate
between our own movements, and movements occurring around us. We are able to make
tactile inferences about our environment that protect us from injury. Our ability to
recognize surface textures visually allows us to assess whether an icy surface or a coarse
gravel bed are impassible. We are even compelled to react involuntarily to sudden
movements that are perceived to be a danger, for example, blinking when an object

passes too close to the face.

The visual cortex is so powerful in its ability to produce an image that it is able to create
a perceptual experience even when details are obscured or out of view. For example,

when we see an apple, we have a sense of its presence as a whole, and even though we

15



are not able to see the apple in its entirety, we are able to experience it in its entirety.
Surprisingly, the visual cortex only processes about one percent of the actual visual
stimulus on the retina, and is able to create very accurate representations of this data by
working in tandem with areas of the brain responsible for memory, interpretation, and
attention. With such a tiny amount of the visual stimulus that we receive actually being
perceived by the brain, it is amazing that we are able to create such accurate visual
representations of our surroundings; however, every once in a while our visual perceptual
system is fooled, and we experience a phenomenon known as an optical illusion. For
centuries, scientists have been studying optical illusions, a phenomenon that results in
dissociation between perception and reality. Although there is much debate in the
scientific community about the perceptual processes involved in optical illusions, one
hypothesis maintains that the visual cortex attempts to combine incomplete visual stimuli
with a variety of conflicting images stored in memory in order to construct a complete

image.
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Figure 7 Optical Illusion (Hester, 2011)

Another hypothesis explains that they may be a result of the cerebral cortex perceiving
the reality of the visual stimulus, and attempting to build a simplified visual model of that
stimulus in spite of conflicting information stored in memory. Optical illusions are
providing us with an ever-increasing understanding of the computational methods that the
brain uses to construct visual experiences, and may one day allow neuroscientists to
understand how to design neural prosthetics for patients with damage to the visual cortex

region.
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Vision is so central to the human perceptual experience that even those with limited or no
visual sensitivity in part experience and process their environment visually at the cerebral
level. In a study published in Neuropsychologia by Frederic Gougoux and Franco Lepore
of the University of Montreal’s Department of Psychology, when there is a deficit in the
visual system that results in impaired vision or blindness, the human brain actually
“rewires” itself so that the visual cortex becomes responsive to non-visual stimuli, and
actively assists other parts of the brain in sensory activities; this re-wiring is known as
neural plasticity. Other creatures are able to decipher their spatial surroundings and
relative location with very limited, and in some cases, non-existent visual perception. In
1938, professor Donald Griffin discovered the existence of echolocation in bats. By
broadcasting high-pitched audio frequencies, and listening to the echoes, bats are able to
“see” in the dark. Zoologists have discovered a variety of other animals that rely on
echolocation to perceive their spatial environment. While these animals have highly
developed auditory cortex regions responsible for audio-spatial perception, studies
indicate that humans are able to echolocate as well. However, echolocation in humans in
part becomes a visual process. According to Dr. Lepore, brain activity measured using
magnetic resonance imaging indicate that the blind use their visual cortex and are
actually better at recognizing the origin of sound than those with sight. Studies indicate
that the visual cortex assists the audio cortex in creating a spatial map based on audio
perception. Furthermore, studies indicate that visual facial recognition is replaced by
voice recognition in blind individuals, and not surprisingly, the visual cortex assists with

this function as well.

Perhaps one of the more profound examples of visual perceptual neural plasticity is the
case of a Turkish artist, Esref Armagan. Born completely blind, Armagan is able to create
visually accurate perspective systems within his paintings, drawings, and sculpture. In
2008, Dr. Amir Amedi and Dr. Alvaro Pascual-Leone, scientists at Harvard University,

undertook to learn more about neural plasticity, and analyzed Armagan’s unique ability in
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detail. Using MRI imaging to analyze Armagan’s brain function during his artistic
activities, Dr. Amedi and Dr. Pascual-Leone made a startling discovery; Armagan’s visual
cortex appeared to be as active as anyone with normal visual function. What they later
discovered was that Armagan’s drawings were actually informed by tactile experiences
that had been in part processed by the visual regions of his brain. Armagan’s tactile
sensitivity had actually developed in place of what would have been his visual sensitivity

using regions of the brain responsible for visual processing (Amedi et al., 2008).

Related to neural plasticity is a neurological phenomenon called synesthesia. In humans,
this is a well-documented condition. Synesthesia is a neurological condition in which
stimulation of one sensory or cognitive pathway leads to automatic involuntary
experiences in a second sensory or cognitive pathway. There are twenty-five documented
variations of synesthesia ranging from the association of letters and numbers with colors
to the association of words with tastes. There is a particular manifestation called sound to
auditory-visual synesthesia, whereby individuals experience sounds visually as an array

of shapes and colours.

Although these individuals are not actually being presented with any visual information,
the visual regions of the brain are being stimulated by auditory senses, and are informing
the individual visually about the environment. Synaesthesia extends the notion of neural-
plasticity to individuals who have full sensory ability, and further indicate that the visual
regions of the human brain are fundamental and central to the ways in which we perceive

and understand our environment (Cytowic, 2002).

Returning to the basic definition, vision is defined as having the sense of “sight”, that is
the ability to perceive forms and movements with the use of the eyes. This perception of

these things is dependent on the presence of light; light must interact with objects in order
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for them to exist in the visual realm. Light is the medium by which we experience visual
perception. What is more, the perpetual movement of light allows us to sense the passage
of time, and therefore light and movement are factors allowing us perceive time and
progression. This sensitivity forces us to feel rhythms subconsciously and synchronizes
us to our world. Our biological, mental, and physical rhythms come in circadian ebbs and
flows, which are directly synchronized to the endless journey of the earth around the sun.
The existence of light is critical to the visual experience, and the next chapter will explore

the phenomenal presence of light, and its relation to movement, space, time and infinity.
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Chapter Three: Light, A Phenomenal Medium

Light is among the absolute essential components of our universe, and is among the
fundamental “materials” of life. “The most astounding fact, is the knowledge, that the
atoms that comprise life on Earth, the atoms that make up the human body, are traceable
to the crucibles that cooked light elements into heavy elements in their core, under
extreme temperatures and pressures. These stars, the high mass ones among them, went
unstable in their later years. They collapsed and then exploded scattering their enriched
guts across the galaxy. Guts made of carbon, nitrogen, oxygen and all the fundamental

ingredients of life itself” Dr. Neil deGrasse Tyson.

Light is the trace of all events in our universe. Because light moves at a finite speed
through space, it allows us to look back in time to distant galaxies to further understand
the absolute roots of our existence, the existence of all life, and the existence of existence
itself. The further away an object emitting light is from us, the longer it takes for that
emitted light to reach us, and thus the further back in time we are observing. For
example, there is a 150,000,000 km void of space between our planet and our sun. At the
speed of light, this journey takes eight and one half minutes, and thus, the light we see
from the sun is from the past. What is more, it actually takes about 17,000 years for the
photons generated in the core of the sun to reach the sun's surface before being emitted
across space; the light that we observe from our sun was produced during the upper
Palaeolithic epoch many millennia ago, and is finally reaching us now. This directly
proportional relationship between distance and time is referred to as space-time. Despite
the fact that we are seeing light from events taking place billions of years ago from
distances that are unreachable, light is, in a sense, fresh; light is the conduit through
which events of the absolute outer reaches of space and time are delivered to the
immediate present. Light allows us to perceive events of the distant past as though they

were occurring in real time. What is more, we can create it with chemical, nuclear, and
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mechanical means. However even as such, the source of all light, directly or indirectly is
shared with the “crucibles” of all fundamental materials required for life. All light and all
material are born of the stars, and are intimately tied to the universe and the beginnings of
time. Light that we “produce”, regardless of the technology used to “create” it, is energy
that was once created by stars and stored in various instances of chemical instability. Our
technologies to “produce or create” light are in reality just methods of relieving these
instabilities created many billions of years ago. When we produce light, we are in a sense,

releasing light from the stars.

When considering the notion of infinity relative to spatial perception, one will typically
consider the vast expanse of the universe. in 1928, Edwin Hubble demonstrated that the
universe is expanding from a finite origin, a finite time ago. According to Stephen
Hawking, the foremost expert on the origins of the universe, the universe is actually not
infinite in volume, nor does it have an outer boundary because it appears to be forever
moving away from an origin. This is known as the “no boundary condition” of space-
time. That is to say that although it is believed that the entire universe originated from a
point of singularity and appears to be expanding forever, at any point in time, space is

finite. Spatial infinity is therefore a concept that is directly related to the passage of time.

Hawking explains that the speed of light is a very good demonstration of the concept of
infinity. Although the speed of light is measurable and finite, “it would take an infinite
amount of energy to accelerate an object with mass to 100% light speed. Because mass
contributes to an object's inertia (resistance to acceleration), adding a fixed amount of
energy has less of an effect as the object moves faster. This effect is only significant to
objects moving at speeds close to the speed of light. At 10 per cent of the speed of light,
if it takes only 0.5 per cent more energy than normal to achieve a given change in
velocity, at 90 per cent of the speed of light it would take twice as much energy to

produce the same change. As an object approaches the speed of light, its inertia rises ever
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more quickly, so it takes more and more energy to speed it up by smaller and smaller
amounts. It cannot therefore reach the speed of light because it would take an infinite
amount of energy to get there.” (Hawking, 1998, 21). The speed of light, although
measurable and finite, is for all intents and purposes infinite, and light itself is the most

readily observable instance of infinity.

Directly related to the notion of infinity as defined by Hawking, Einstein's theory of
relativity deals with the nature of the progression of time. Depending on the relative
motion of observers and the strength of the local gravitational field, Einstein wrote that
time can progress with different speeds. In particular, time effectively stops for objects
traveling at the speed of light, but just as nothing can travel faster than light, time will not

run backwards. Physicists call this phenomenon the arrow of time.

A difficulty with the arrow of time is that it is only observable in theory. For example,
Maxwells laws of electromagnetism which describe propagation of electromagnetic
waves including light, allow for solutions in which time runs backwards as well as
forward. In reality, we can only observe those in which time runs forward; that is to say
that all of the light we see comes to us from the past, and none from events that have not

yet taken place.

So far, the most successful effort to explain the direction of time comes from
thermodynamics. This area of physics attempts to explain the direction of time by
analyzing the level of order and chaos in physical systems. If an isolated object changes
its physical state on its own, it is much more likely that the next state will be less orderly
than the previous one. If a crystal vase is dropped onto a concrete surface, it will shatter
into thousands of pieces. Even though the vase will shatter predictably according to the

laws of motion, the fragments of crystal will not spontaneously reconstitute into a vase
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from the floor, despite the fact that the formulas describing the catastrophic event are
reversible. The 19th-century physicist Ludwig Boltzmann proposed an explanation of
this thermodynamic arrow of time based on probability of all configurations of atoms that
constitute a physical body. Of all possible configurations, there are significantly more of
those that appear to us as disorderly, than those that appear orderly. Boltzmann thus
provided a probable explanation of the second law of thermodynamics stating that

entropy, or the measurable disorder of an isolated system, can only increase.

Figure 8 Slowing Time (Goge, 2011)
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Einstein's general theory of relativity describes another space-time phenomenon called
time dilation. Time dilation is a discrepancy between elapsed time measurements taken
by observers either moving relative to each other or differently situated from gravitational
masses. As an object approaches the speed of light, time relative to that object actually
slows down. At the speed of light, time ceases to advance completely. According to
Astronaut Ed Lu, these effects, although minuscule, are present when circumnavigating
the earth in space on the International Space Station. When traveling in space at 28,968
kilometers per hour, over the span of six months, time is dilated by 0.007 seconds relative
to the advance of time on earth. This means that astronauts are 0.007 seconds younger
when they return to earth than they would be if they had remained on earth for six
months. If an astronaut were to circumnavigate the earth at the speed of light for one
hundred years, the individual would experience no advance in time, and would return to
earth the same age as he or she was at launch. Time on earth however would have
continued to advance, and one-hundred years would have elapsed. According to
Einstein's famous mathematical equation for entropy: e=mc2, the energy requirements to
completely stop time become infinite and unavailable, and traveling through space-time

to the future will remain in the realm science fiction.
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Chapter Four: Light, A Catalyst for Exploration

Scientists have pondered the nature of light for millennia, and have created many
different forms of artificial light. Several such technologies include the electric light bulb,
invented in 1880, the motion picture following five years later, and the discovery of neon
and later florescent light in the early twentieth century. Scientific discoveries following
the 1950s resulted in some technologies that are of great interest in more recent Lumino-
Kinetic art explorations, including the laser and the computer (Bellis, n.d.). Because
technologies that afford artists with new modes of expression are dependent on advances
made in various scientific fields, many argue that art and science are interdependent.

Isaac Asimov wrote about this relationship in his book, The Roving Mind:

"How often people speak of art and science as though they were two entirely different
things, with no interconnection...That is all wrong. True artists are quite rational as well
as imaginative and know what they are doing; if they do not, their art suffers. True
scientists are quite imaginative as well as rational, and sometimes leap to solutions where

7878reason can follow only slowly; if they do not, their science suffers."

Running parallel to the technological discoveries of scientists, artists of this period were
making discoveries of their own. Artists were not only finding ways to represent the idea
of light, but also using light in their works. Predating the use of light as an artistic
medium, there were many artists who were occupied with solving the very complex

problem of how to represent light with paint.

Monet was busy observing and recording the various qualities of light and its interaction
with form at various times of day. In his famous Haystacks series, Monet used paint

pigment to represent the mirage-like illumination around haystacks in a field. Monet
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recognized the oscillation of form brought on by this aura of light, suggesting this
through his technique of painting many discontinuous waves that appeared to ripple
around the haystacks and through the surrounding landscape. Within the 1890s, a Scottish
physicist and mathematician was developing his own scientific theories to explain the
very nature of light. James Clerk Maxwell developed a number of mathematical
equations and conjectures, which supported discoveries made by other scientists and

proved that light had wave-like properties (Roberts, 2008).

Scientists soon realized however, that the wave model for light was inadequate, and did
not explain certain properties of light. Einstein shook the scientific world with his
demonstration of the photoelectric effect in which he proposed that light was composed

of tiny particles of matter called photons.

Pre-dating Einstein’s publications about the photoelectric effect by approximately twenty
years, Seurat was working with painting techniques that divided light and colour into an
array of pixels or particles, the sum of which created an image with an abundance of

tones and values when viewed from an appropriate distance.

27



Figure 9 Seurat, Sunday afternoon on the Island of La Grande Jatte (Seurat, 1884)

Seurat was interested in the science of optics as well as how colors and values of light

could be mixed in the viewer’s eye (Roberts, 2008).

In an effort to settle an argument about the nature of a horse’s gait, Eadweard Muybridge
invented the motion picture in 1879 (Bellis, n.d.). Up until this time, it was commonly
believed that when a horse galloped it would have at least one hoof still on the ground.
Muybridge used a series of cameras along a horse—race track to capture twenty—four
sequential static images. He then affixed these images to a rotating glass disc, which
allowed the images to be viewed in rapid succession and demonstrated the true nature of
the horse’s gallop (Kingston Museum and Heritage Services, & Kingston University,

n.d.).
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Figure 10 Muybridge Horse Race (Muybridge, 1904)

Muybridge certainly settled the dispute, but more significantly in doing so he invented a
new technology. His invention, called the zoopraxiscope, is considered the first movie
projector, and could be described as the first merger of light with motion to produce a

two—dimensional kinetic light system.

As technology and science advanced, artists developed more sophisticated methods of
exploring movement and light. While artists of the earlier periods of modern art were
concerned with portraying movement within the artwork from a single vantage point, the
Cubists of the early 20th century were very interested in movement, but not in the
traditional sense. Cubism was more concerned with the movement of the viewer’s own
vantage point, while depicting an object, person, or space from as many different surfaces
as possible. Picasso, Braque, and later Juan Gris were able to reduce multiple vantage
points associated with three-dimensional objects and space to a two dimensional pictorial

plane (Popper, & Bann, 1968, 37-39).
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Orphism was a short-lived artistic movement stemming from Cubism. Delaunay was
considered the pioneer of this movement, and his research was primarily concerned with
colour and chromatic light. In an abstract fashion similar to Cubism, Delaunay was
producing work that demonstrated a correlation between light, colour, and movement
(Popper, & Bann, 1968, 40). Delaunay was interested in the use of colour to imply
rhythm, form, and space, employing a number of interesting ideas stemming from the
colour theories of the time. He believed that colour interactions produced rhythms and
that using complementary colours implied slow rhythmic transitions, while dissonant

colours implied rapid vibration (Popper, & Bann, 1968, 42).

Futurism, another movement that was inspired by Cubism, was interested in the
dynamism of modern life. Boccioni, a key figure in the Futurist movement, is credited
with discovering the artistic equivalent of speed and movement (Popper, & Bann, 1968,
43). Boccioni’s work “Dynamism of a Cyclist”, 1913, indicates the movement and energy
of a cyclist pedaling rapidly across time and space (Janson, Davies, & Janson, 2004,
815). Boccioni’s famous 1913 sculpture “Unique Forms of Continuity in Space” was an
attempt to reproduce not the movement of a running human figure, but rather the
movement of the atmosphere surrounding the figure (Janson, Davies, & Janson, 2004,
871). During this time, Marcel Duchamp was also producing works that attempted to
demonstrate movement in successive phases. Duchamp described his own 1912 painting
“Nude Descending a Staircase, No 2” as an “Organization of kinetic elements—an
expression of time and space through the abstract presentation of movement” (Popper, &

Bann, 1968, 56).
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Figure 11 Duchamp, Nude Descending a Staircase, No 2 (Duchamp, 1912)

Artists working in the two-dimensional realm during the late nineteenth and early
twentieth centuries had focused on depicting motion and light in a variety of ways, and
eventually, a number of these artists moved on to explore motion in three-dimensions.

The exploration of motion using sculptural forms led to the birth of kinetic sculpture.
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Figure 12 Duchamp, Bicycle Wheel (Duchamp, 1913)

Marcel Duchamp was the first ever to create a kinetic sculpture with his 1913 piece
entitled “Bicycle Wheel”. In the tradition of the “ready-made” object whereby mundane
non-art objects were appropriated into art institutions and elevated to the status of fine
art, Duchamp affixed a bicycle wheel to the top of a stool. Although the object was
intended to be a comical piece, Duchamp was concerned with the juxtaposition of the
static stool, implying a body at rest and the spinning bicycle wheel, implying a body in
motion (Popper, & Bann, 1968, 123). Duchamp carried on with his experiments using
ready-made objects in a variety of ways and eventually began creating more abstract
spatial constructions, with his 1925 “Rotative Demi-Sphere” being of particular

importance (Popper, & Bann, 1968, 122). Duchamp rendered a number of progressively
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growing circles aligned in an off centre manner onto a larger disc. When the disc was
turned, the circles created the illusion of an ever-changing spiral (Popper, & Bann, 1968,

124).

The “Clavilux”, 1919, is another very intriguing discovery of this time. Thomas Wilfred,
who had most likely been inspired by the colour organs built in the mid to late eighteenth
century, invented a way to create kinetic visualizations of sound using light. Although
Luis-Bertrand Castel had been experimenting with this idea almost 150 years before
Wilfred’s time, Castel was limited by the available technology (Popper, & Bann, 1968,
156-157). Electric light had not yet been invented, and candlelight, which Castel’s system
used, was simply not bright enough. Working from Castel’s concept, Wilfred perfected
the idea, and a Lumia system was permanently installed at the Lumia Theatre in New
York, making its public debut in 1922 (Popper, & Bann, 1968, 161-162), (Weibel, &
Jansen, 2006, 426). The system consisted of a keyboard, which controlled a series of
mirrors and reflectors, which in turn controlled light from 32 independent projectors.
Performances were composed much in the same way that music is (Weibel,& Jansen,
2006, 426). The movement and colour of light were arranged in sequences to evoke
images that referred to the world, emotion, or as purely abstract patterns that appeared as

kinetic interpretations of numerical sequences and geometric shapes.

In the 1920s, Alexander Archipenko was predominantly interested in demonstrating
motion and change, and regarded subject matter as somewhat inconsequential (Popper, &
Bann, 1968, 123). Archipenko was creating machines intended to evoke the illusion of
movement in pictorial space but using mechanical systems of horizontal metal bands,
which turned along a horizontal axis. Although Archipenko considered himself the
pioneer of movement in the three-dimensional arts, his works were more concerned with

the exploration of movement on the picture plane (Popper, & Bann, 1968, 123).
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The Russian Constructivists began exploring movement in a different way. Brothers
Naum Gabo and Antoine Pevsner reflected on the notion of real movement in art and
summarized their thoughts in the Realistic Manifesto, published August 5th, 1920. The
manifesto “announced the existence of a new element, kinetic rhythm which is to be the
basis of a new perception of real time” (Popper, & Bann, 1968, 124). Gabo, Pevsner,
Tatlin, and several other constructivist artists went on to produce kinetic works that
explored a variety of simple mechanical systems. Of particular importance are the
explorations of Gabo, involving the creation of illusory volumes of space using rapidly

rotating components set into rhythmic vibrations (Popper, & Bann, 1968, 125).

Laszlo Moholy-Nagy, inspired by Gabo’s works and theories, began his own
explorations, and in 1922, published with Alfred Kemeny his own manifesto on the
system of dynamico-constructive forms (Popper, & Bann, 1968, 125). Moholy-Nagy
proclaimed, “Constructivism represented the activation of space by means of a dynamico-
constructive system of forces", and declared that “the static principle of classical art
should be replaced with the dynamic principle of universal art” (Popper, & Bann, 1968,
125). Moholy-Nagy was interested in exploring the relationship between man, materials,
force, and space, and began researching ways in which to activate space with light and
movement. After some experimentation, Moholy-Nagy completed his piece entitled
“Lichtrequisit einer Elektrischen Biithne” (Light prop for an electric stage) and exhibited
it in Paris in 1930 (Popper, & Bann, 1968, 125).

The work was an assemblage of a variety of different metallic surfaces, textures, and
shapes formatted in a quasi-synthetic cubist and constructivist style atop a rotating

surface.
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Figure 13 Moholy-Nagy’s Lichtrequisit einer Elektrischen Biithne (Moholy-Nagy, 1930)

The piece was placed in the gallery space, and lights were shone on it from various
angles, resulting in a countless array of moving light patterns and shapes on the gallery
surfaces. The artwork was a demonstration of the ability of a sculpture to manipulate light
and concurrently its environment. “Lichtrequisit einer Elektrischen Biihn” is considered
the first sculpture to explore the relationship between light and movement, earning
Moholy-Nagy credit as the father of the Lumino-Kinetic movement (Popper, & Bann,
1968, 125).
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American artist Alexander Calder, like Moholy-Nagy, was particularly interested in the
dynamic relationship between artworks and environment as well, but rather than allowing
the artwork to manipulate the surrounding environment, Calder used the environment to
modulate the movement of his works. In 1930, Calder was experimenting with
relationships between air currents and movement. Calder demonstrated this movement in
his works by allowing air currents to directly influence them. He is credited with the
invention of the Mobile, a term coined by Duchamp after viewing two of Calder’s pieces

in 1932 (Popper, & Bann, 1968, 145).

Light: The principal medium

Although Moholy Nagy is credited with creating the first Lumino-Kinetic art work
(Popper, & Bann, 1968, 125), the most important breakthroughs in the movement were
not made until the 1950s. Developments in material science made a variety of fascinating
light-conductive and reflective materials available that did not exist at the time of the first

artistic experiments with light.

Frank Malina, one of the first artists in this field to experiment with a variety of materials
and light sources, was particularly interested in the Moir¢ effect (the perceived movement
that occurs when simple mathematically derived patterns printed on translucent material
are superimposed on one another) (Weibel, & Jansen, 2006, 428). He produced a number
of kinetic paintings based on the effect, which he called his Lumodyne series (Popper, &
Bann, 1968, 166). Colour transformations and movement on a screen were informed by
backlit mechanical systems. Victor Vasarely was able to create the illusion of movement
on a two-dimensional surface without the aid of mechanical systems by manipulating the
eye’s perception of tonal values. The pieces were so effective that Vasarely is now

regarded as the father of Optical art, an artistic movement notably concerned with the
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creation of illusory spaces and movement and the viewer’s perception of these

phenomena (Popper, & Bann, 1968, 101)

In the 1960s, a number of artists were experimenting with the interaction between light
and material. Among leading figures, the work of Gerhard von Gravenitz is notable.
Gravenitz was producing shadowbox reliefs that contained numerous mirror fragments
that rotated along an axis perpendicular to the picture plane. A light source was focused in
a beam across the rotating mirror surfaces, and a highly effective display of kinetic light
was produced that in many cases escaped the confines of the shadowbox and projected
into the gallery space (Weibel, & Jansen, 2006, 230). Working on similar ideas at about
the same time, Alberto Biasi was producing his Light Prism works. Biasi’s light prism
pieces were constructed much in the same way Gravenitz’s works were, although rather
than using an array of mirrors, Biasi used optical prisms (Weibel, & Jansen, 2006,
246-247). Whereas Gravenitz was interested in directing light through his piece as a
beam, with the mirrors constantly reconfiguring the beam’s path to show movement,
Biasi was interested in the deconstruction of the beam itself. Using a simple array of
rotating prisms, Biasi was able to demonstrate how light can be broken down and
reconfigured to produce a variety of movements, tonal values and colours (Weibel, &

Jansen, 2006, 246-247).

From 1900 to 1930, scientists were developing fluorescent light as an alternative to
incandescent light. Incandescent bulbs produced a lot of heat, were unreliable, and were
highly inefficient. It was not until the 1960s that the florescent light was perfected and
was used as an artistic medium (Weibel, & Jansen, 2006, 528). After mounting a
florescent tube to his studio wall, Dan Flavin was inspired by what he called “the merry
and restless image of gas” (Weibel, & Jansen, 2006, 528). Flavin began using the
florescent tube in his minimalist works as an “expression of line transposed into

light” (Weibel, & Jansen, 2006, 528).
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Figure 14 Dan Flavin, untitled (to Piet Mondrian through his preferred colors, red, yellow

and blue) (Flavin, 1986)

Flavin was particularly interested in the viewer’s perception of the interaction between
light and space, creating installations that evoked a sense of rhythm and space. Although
Flavin’s work did not literally demonstrate movement, it can be argued that the visual

rhythms that Flavin created evoked a sense of movement and time.

American artist James Turrell began producing light works in 1968 and, like Flavin, he
was concerned with the perception of light and space. Although Flavin and Turrell were
developing similar ideas, Turrell hid his light sources from the viewer to create the
ultimate illusion that light has a material presence. Spanning a variety of scales, Turrell’s
pieces range from simple projections of intense light that create the illusion of floating

geometric forms to massive open spaces that appear to be divided by a plane of intense

38



light (Collins, 2007, 260). In all cases, it could be argued that Turrell’s works are kinetic.
As the viewer approaches a piece, his or her perspective changes, and the floating
geometric forms, which appeared to be perfect from a distance, appear to change.
Similarly, Turrell’s large installations sometimes challenge viewer’s perception by
attempting to deny the viewer access to a space. Turrell’s large room installation works
appear to be flat and two-dimensional planar surfaces, but from the correct vantage point
they morph into three-dimensional voids of space, which are actually physically

accessible to the viewer (Collins, 2007, 260).

Figure 15 James Turrell, Dhatu 2010 (Turrell, 2010)
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Laser: The Fundamental Articulation of Light, Space, Movement and Time

Constantin Brancusi’s “Bird in Space” was an effort to capture the essence of a bird in
flight. The form was a radical departure from traditional representational approaches, and
was concerned with reducing the idea of a bird in flight to its essential components.

Brancusi’s work so ambiguously depicts a bird in flight that it can even be considered a

Figure 16 Constantin Brancusi, Bird in Space (Brancusi, 1923)

metaphor for the pure notion of movement, allowing us to feel rhythms subconsciously
and experience movement in a static object. Flavin revisited Brancusi’s ideas, producing

an homage to Brancusi’s “Bird in Space” entitled “Diagonal of Personal Ecstasy (the
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Diagonal of May 25, 1963)”. Working with a single fluorescent light tube, Flavin’s
rendition was a minimalist representation of a bird’s flight path through the air. Flavin
explained the use of the fluorescent tube in his minimalist works as an “expression of line
transposed into light” (Weibel, & Jansen, 2006, 528). Gone were Brancusi’s graceful
soaring lines and delicate balance of mass and geometric form in three dimensional
space; for Flavin, the most fundamental way to articulate a space between two points is
with a line on a two dimensional surface. Also absent was the elegant curvature that
suggested the trajectory of flight; Flavin reduced this by affixing the fluorescent tube to
the gallery wall at a 45-degree angle.

Figure 17 Dan Flavin, Diagonal of Personal Ecstasy (Flavin, 1963)

41



“[Art] first of all is optical. That’s where the material of our art is: in what our eyes
think.” In light of this, the very medium that Flavin used demonstrated form and space

could be reduced to light, and movement to line.

Flavin was limited by the technologies of his time, and although he was concerned with
the use of light to create line, he was unable to accomplish this in the purest sense— this is
why the fluorescent tube was used as an “expression” of line transposed to light rather
than light itself. Although Flavin was using light to articulate form, he was unable to
escape the fact that the physical components used for light making were also inherently
part of the work. Despite Flavin’s massive success as a minimalist artist, his work was
dismissed on numerous occasions as being nothing more than a commercial display of

light fixtures.

The laser is a product of science, and has furnished the lumino-kinetic artist with the
ability to articulate space, light and time. The focused beam of light produced by the laser
is a pure demonstration of light as line in space, but perhaps more importantly serves as a
metaphor for the linear passage of time. On May 16, 1960, Theodore Maiman operated
the first functioning laser at Hughes Research Laboratories in Malibu, California
(Garwin, & Lincoln, n.d.) The initial examples of the laser were highly experimental, and
were not readily accessible to artists; perhaps had it been more readily available, It would
have been Flavin's medium of choice. It was not until the late 1960s and early 1970s that

scientists began collaborating with artists to explore the technology in creative ways.

In the mid-1960s, Lowell Cross, a fine art graduate student at the University of Toronto,
began experimenting with music visualization using televisions and radio frequency
modulators. In 1969, Cross and laser physicist Carson Jeffries of the University of

California at Berkeley collaborated on a visual project. Using a laser, they created
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visualizations of sound and music at Mills College in Oakland, California. Their work
was an extension of Wilfred's clavilux explorations, but using more contemporary

technologies.

During the late 1960s, a sculptor named Rockne Krebs purchased a helium-neon gas
laser; working at the University of Maryland, he designed an exhibit consisting of one
laser and two mirrors. Kreb’s work was so well received that he was commissioned to
work with Hewlett-Packard scientists on a display for the six-month-long 1970 World
Fair near Osaka, Japan. The 1970 event drew an enormous number of artists and
scientists interested in the emergence of the fantastic new laser technology, and inspired
the formation of in interdisciplinary artist/scientist group called "Experiments in Art and
Technology", or E.A.T. for short. Members of the E.A.T. collective were interested in
exhibiting optical experiments produced by artist-scientist collaborations. E.A.T. later
worked to create an installation at the Pepsi Pavilion located at the World Fair, and
commissioned Cross and Jeffries to work together to design a massive-scale, clavilux

inspired laser performance.

Around the same time, a post-doctoral student at California Institute of Technology
named Elsa Garmire began experimenting with ways to use lasers to bring art and
technology together. Garmire received her doctorate at MIT, studying laser physics, and
during her post-doctorate work, found that her research had become stalled. Looking for
intuitive reactions that would help resolve her research dilemma, she began

experimenting with the laser in ways that she believed a “pure artist” would.

In 1969, Garmire created a laser light “wall” that participants could walk through, as part
of Caltech’s celebrations of the first lunar landing. She later used a laser outdoors to

create a massive light performance from the top of the campus library. Inspired by
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Malina, Garmire began experimenting with the reflective and refractive qualities of a
variety of materials, and found that she could produce very interesting abstract
projections through plates of glass with bubbles of dried contact cement. Garmire’s
minimalist experiments attracted the interest of E.A.T., and Garmire spoke at a
conference at the University of Southern California in November 1970. At the
conference, film-maker Ivan Dryer took a keen interest in Garmire's work, and set out to
visit her studio/laboratory to create a film documentation. After observing the brilliant
patterns and intensely saturated colours on the wall, he realized that film could not
adequately capture the experience of the laser performance, and was immediately
convinced that a live laser performance would be better than any conventional motion

picture.
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Figure 18 Elsa Garmire’s Dried Contact Cement Patterns (Garmire, 1970)

Dryer had been an astronomy major at university, and had volunteered sporadically as a

guide at a public science centre in Los Angeles, called Griffith Observatory. Dryer
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worked with Garmire and her hand made glass lumire plates, and prepared a
demonstration show for Grifith Observatory officials of an “undulating, kind of organic

image among the stars.” The duo called the show “Laserium”, or “House of the Lasers”.

In 2003, a group of artists formed a collective called the United Visual Artists (UVA).
The UVA produces works that are concerned with the intersection of sculpture,
architecture, live performance, moving image, and digital installation, and they have

produced a variety of interactive sculptures and installations whose primary medium is

laser light. UVA’s installation The “Speed of Light”,

Figure 19 UVA, Speed of Light (UVA, 2010)
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produced in 2010 for Virgin Media, was an intensely active piece that reacted to pre-
recorded sounds and the movement of the audience throughout the space. In this piece,

UVA intended to demonstrate that speed, movement, and light are universally the same.

Experimental laser technology has progressed to where it is now possible to create
holographic images in free air. In February 2006, the Japanese National Institute of
Advanced Industrial Science and Technology (AIST) collaborated with Keio University
and Burton Inc. to produce a laser device capable of projecting three-dimensional images
into empty space. The projections consist of dot arrays, and although fairly rudimentary,
this technology will certainly be of interest to artists working in the realm of kinetic light

art.
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Chapter Five: An Evolving Fascination

For as long as I can remember, I have had a fascination with the way things work; in fact,
one of the first books that I recall owning was David Macaulay's “The Way Things Work”.
Macaulay’s book explored simple mechanical systems through a variety of comical
situations with cartoon wooly mammoths. From staple guns to printers, the book offered
an explanation of the inner workings of machines that otherwise appeared to me to work
magically. For the first few years of grade-school, I carried the 384 page hardcover book
everywhere. I studied the book meticulously during school lunch hours and the bus ride
home. The writings inspired me to explore and ask questions about the workings of
various household items. On occasion I was motivated to disassemble toasters, blenders,
telephones and mechanical pens; however, to my parents' dismay I was not always able
to recall how to reassemble them. Nonetheless, my parents understood my ways, and
never got mad at me. Soon after they realized that [ seemed to have an interest in this sort
of thing, they would bring things home for me to take apart, and challenge me to put

them back together.

My parents enrolled me in a youth development program called “4H”, where I learned to
service, repair and restore small engines and other mechanical systems. As I explored
mechanical devices, I discovered that although they appeared complicated, they could be
understood as a series of simple components working in unison to achieve a complex
task. Finely tuning the various components to work with one another would result in
flawless operation, while tweaking one component too much would result in catastrophic
failure. Another critical factor in my developing interest in mechanical systems was the
study of music. My parents enrolled me in piano lessons, and although I never mastered
playing the piano, I did learn to read and write musical notation. I soon realized a strong
parallel existed between the rhythmic patterns in music, and the mechanical patterns of

movement in machines. The small engines and machines that I restored resembled
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concert orchestras; each component contributing to a coordinated symphony of
combustion, kinetic movement and exhaust fumes. I continued to explore music, playing
various instruments— including the bass guitar and tenor saxophone, and began to

understand the world as Einstein said— musically.

In my first years as an undergraduate student at the University of Calgary, I had the
opportunity to take electives in Geology, Astronomy, and Anthropology. These courses
introduced new concepts to me, but also confirmed the rhythmic nature of things that I
had suspected. Furthermore, the rhythms and patterns present in cellular functions, the
various ecological systems on earth, and the birth and death of stars are all kindred.
Although I was interested in understanding the operation of the various systems within
and beyond the world, I became fascinated with exploring the recursive relationship of
these systems. Before long, I was looking for ways to articulate this “recursiveness”

visually.

A particular sculpture class introduced two fitting visual parallels that I was looking for:
tessellations and fractals. A tessellation is the systematic tiling of two dimensional space
using one or more geometric shapes, called tiles, with no overlaps and no gaps. A fractal
system is “a rough or fragmented geometric shape that can be split into parts, each of

which is (at least approximately) a reduced-size copy of the whole” (Mandelbrot, 1983).

Through sculpture, I discovered ways to explore and express these systems in ways that
related to my interest in the physical and rhythmic structure of things. As I studied
tesselations and fractals, I began exploring ways to express them mathematically as
numerical patterns and simple algebraic relationships. Mathematics is powerful, elegant,
and essential to the way that we describe everything from the quantum scale to the
astronomical. It is the universal language; the fundamental access point to the

architecture of everything. According to American theoretical physicist Richard
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Feynman, in order to learn about and appreciate nature, “...it is necessary to understand

the language that she speaks in.”

I found that understanding these systems as mathematical constructs allowed me to
access and understand them in a musical way, as music itself is essentially a
mathematically derived system. Using mathematics, I could create proportion and pattern
that were controlled by a limited set of variables inspired by the rhythms and harmonies
present within and beyond the world. I became interested in articulating these systems
through constructivist sculptural practices, setting up mathematically derived and
controlled relationships between each component within a construction. Each
construction was a metaphor for the relationship between a complex system and its
numerous simple components— a sculptural parallel to the recursive and rhythmic

architecture that seems to govern everything.

Following my undergraduate studies, I entered the Southern Alberta Institute of
Technology’s Machinist Technician program. The program provided me with the
technical skills required to create sculptural forms with mathematically absolute
dimensions. From a conceptual point of view, machinist procedures and tools allow
dimensional and proportionate relationships to be controlled to a high degree of accuracy.
Such control allows the produced work to exist almost purely as a physical analog of a
mathematical system. Additionally, the program unveiled opportunities for sculpture

forms that were impossible to produce with conventional sculpting techniques.

The following year, I studied industrial design at the Academy of Art University, in San
Francisco, California. Of particular interest to me were the design theory courses. The
courses introduced a variety of design philosophies through case studies of numerous
contemporary automotive, furniture, and product designers. French-Italian Automotive

designer Ettore Bugatti believed that the pinnacle of fine design, and by extension, fine
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art, could be found not by adding elements, but by removing unnecessary ones. Jony Ive,
the current senior vice president of design at Apple, also has a similar mandate; he wrote
that “simplicity is not the absence of clutter, that’s a consequence of simplicity.
Simplicity is somehow essentially describing the purpose and place of an object and
product. The absence of clutter is just a clutter-free product. That’s not simple.” At the
time that I recorded these quotes in my notes, I had no idea that they would inspire and

transform the fundamental premises of my own artistic concerns and practices.

Enter the MFA

When I entered the Master of Fine Art program, I was looking for ways to express and

explore my fascination with the structures and rhythms of the world.

My research in my first semester lead me to create “Polar Curves”. Inspired by my
interest in the abstract analysis of natural systems, “Polar Curves” was an attempt to
articulate my understanding of the mathematical human construct that we use to
understand the world around us. Using square aluminum tubing, I created a three by three
by six foot rectangular prism. Strands of electro-luminescent wire were stretched along
the prisms length within the volume of space defined by the prism. The strands of wire
were positioned relative to one another to produce mathematically derived curvature from
a number of vantage points, relating to the Cartesian method of mapping linear curves,

hence the work’s title.
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Figure 20 Polar Curves, 2011

The prism was intended to represent metaphorically the various rationales that we use to
interpret our world, for example: science, technology, design, etc. The strands represented
the various relationships that we define within the boundaries of rational thought. The
curvatures defined by the strands collectively represented the beauty of natural
phenomenon, in conjunction with the underlying architecture— the complicated

relationships that must exist in order for natural phenomenon to exist.
Initial maquettes for the piece called for light-weight monofilament line, or small-gauge

braided steel cable stretched within the boundaries of the prism. As the work developed, I

was looking for ways to articulate the linear forms within the prism in a non-tactile way,
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Figure 21 Detail of Polar Curves, 2011

or at least create the effect of an intangible presence. Because the strands represented
linear rational thoughts and ideas, it was necessary to articulate them in as much of an
intangible way as possible; an idea or thought is a mental construction, as much as the
perception of light is. A thought rationalizing a phenomenon is as intangible as a beam of
light, but both are capable of articulating the space between points of observation. My
explorations led me to use the electroluminescent wire, which glowed a brilliant pink
colour when an electric current was passed through it. The wire— a tactile object— was for
the most part enveloped and hidden in brilliant light. Laser would have been the ideal
medium for this, but required technical expertise beyond my skill level.

Inspired by explorations during my first semester, I became fascinated with the
phenomenal nature of light. It was at this time that I discovered Cezanne’s quote,

describing visual art as first and foremost an optical experience. Stemming from my
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interest in mechanical systems, and inspired by Cezanne’s quote, I began experimenting
with ways to create movement with light. The eyes are highly sensitive, and are capable
of detecting the most minute changes in light and colour. The visual cortex is constantly
processing and interpreting these changes, and as a result, we are able to perceive
movement visually. Because light is fundamental to our perception of movement, it must

be the essential expression of kinetic systems.

Experimenting with light projections using coloured light sources, I made a series of
small light-conductive sculptures using borosilicate glass rods. The rods, approximately
the size of ballpoint pens, were heated and bent into a variety of simple zigzags and
kinked sections, and inserted into holes drilled in a piece of thick black nylon. In a
moment of inspiration, I was viewing a music video over YouTube on my iPhone, and I
set one of the glass rod sculptures on top of the screen. The screen projected the video
image through the glass rods, and imparted a stunning visual experience of dancing
vibrant colours and light. I was particularly intrigued with how the luminous flickers of
colour reflected the tones of sound and musical rthythms coming from the phone. Inspired
by the relationship between light, movement and sound, I began to work on my Winter
semester project entitled “I hear what I see: I see what I hear” (ISWIH) The work was
concerned with a particular manifestation of synaesthesia involving sound, colour and
movement. Since colour and movement are visual components of light, it was fitting to
explore synesthesia with a kinetic light system. Although true synesthesia cannot be
experienced without a specific neurological condition; “ISWIH”, was an attempt to

simulate the effect.

Working with audio visual processing software, a visualization of sound from pre-
recorded sources was produced. Harsh, abrupt sounds would produce explosions and
flashes of colour and light, while soft rhythmic sounds would result in a display of

flowing transformations of colour, saturation, and intensity. The resulting video feed was
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projected into a series of large acrylic rods, which were cut to lengths that corresponded
to numerical values derived from musical scales and patterns. The projector and audio
visual equipment were hidden from the viewers within a large base, and the acrylic rods
were mounted on top. The viewers experienced kinetic light, suggestive of rhythms and

tonal ranges corresponding to the muted sounds informing the work.

Conceptually, the piece functioned inversely to Thomas Wilfred’s 1919 invention the
“Clavilux”. Wilfred’s intention was to produce a visual equivalent to musical
performances without direct association to sound, whereas my work attempted to

demonstrate a connection between light and sound.

Figure 22 I hear what I see: I see what I hear, 2012
Artist Jonas Friedemann Heuer created a contemporary version of Wilfred’s system in

2009 called the Clavilux 2000 (Heuer, n.d.). Unlike Wilfred’s concept, Heuer’s work was

directly concerned with the crossing of auditory and visual senses. Clavilux 2000 directly
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translated live musical performances to kinetic light performances (Heuer, n.d.). Heuer’s
piece allowed the audience to experience the synergistic relationship between light and

sound directly.

“ISWIH” explored the territory between Heur’s Clavilux 2000 and Wilfred’s Clavilux.
Similar to Wilfred’s work, my piece was presented to the audience in complete silence,
but similar to Heur’s work the light movement and colours were informed by a variety
sounds within the base. The work’s title, “I see what I hear : I hear what I see”, in
conjunction with the sound-informed lighting system challenged the audience to realize
the relationship between light and sound without allowing access to the auditory
component of the piece. My intention was to create an opportunity to experience internal
mental projections of sound within the mind associated with the movement, brightness,

and colour of the light within the work.

Realization

Thematic tradition is one of the underpinning elements in the history of art. There are
numerous examples of artists paying tribute to an idea or theme by revisiting a pioneering
artist’s work and producing their own version. This exercise is a way of keeping a
thematic tradition alive, while paying tribute to the work(s) of the preceding artist(s).
More importantly, these types of works bring thematic traditions into contemporary

contexts, allowing them to be affected by contemporary concerns and practices.

For my Spring semester directed study, I took the opportunity to research ways in which
a laser could be used to articulate space and movement. My research was based on the
evolution of minimalist expressions of movement and space, and in the spirit of thematic
tradition, I decided to create a tribute both to Brancusi and to Flavin, and his own homage

to Brancusi, “Diagonal of Personal Ecstasy (the Diagonal of May 25, 1963)”. While
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Brancusi’s “Bird in Space” was an effort to capture the essence of a bird in flight as a
sculptural form, Flavin managed to create an even more fundamental expression using
practices that were unavailable to Brancusi. At the time, Flavin’s fluorescent tubes were
the ultimate “expression of line transposed into light” (Weibel, & Jansen, 2006, 528), and

thus movement in space.

Working from the point where Flavin left off, I created an installation called “Bird in
Finite Space: Infinite Flight”. Using Flavin’s “expression” of line transposed to light as a
starting point, I set out to create an articulation of light as line in space using lasers, a
medium that was unavailable to Flavin. The work was absolutely minimalist— an electric
blue laser beam cutting through the void of space within the gallery, creating a triagonal
line. While a diagonal line divides a two dimensional rectangular shape from one corner
to the opposite, a triagonal is effectively the three dimensional equivalent. A triagonal

connects opposite corners of a three dimensional form, while delineating the centre of the

Figure 23 Bird in Finite Space: Infinite Flight
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form’s volume. In geometry, a triagonal holds all of the mathematical data required to
define the absolute dimensions of a cuboid; it is the essential expression of cuboidal

space.

The focused beam of light produced by the laser was a pure demonstration of light as line
in space, and by extension, movement through space. In addition to thematic concerns
surrounding the ultimate expression of a bird in flight, the work was an exploration of
how the movement of light allows us to sense the passage of time, progression, and our
perceptual awareness of rhythm and space. Ultimately, the installation served as a
metaphor for the linear passage of time. Given the infinite nature of light, and the finite
nature of the space in which the work was installed, the installation was intended to
demonstrate infinite movement between two points in three-dimensional space,
accounting for the work’s title, "Bird in Finite Space: Infinite Flight". It also intended to

demonstrate the intangible parallel between light and time and the infinite nature of both.
The work was thematically tied to Brancusi's original concerns, built on the minimalist
concerns of Flavin, and explored additional thematic elements that could only arise with
the use of contemporary technologies.

The Final Year

In the second year of the Masters program, I became increasingly interested in the use of

laser light as the ultimate expression of movement, space and time and light itself. During

the beginning of the second year, I read Stephen Hawking's book, 4 Brief History of
Time. 1 was intrigued by the relationship between space, time, and the speed of light the
fact that the further into the observable universe we look, the further back in time we are

actually seeing.

58



It occurred to me that the further away we are able to see, the less certain the present of
that space becomes, and the more speculative the “observations” become. What is
defined as the “known universe” actually becomes more unknown in proportion to the
distances between us and what is observed. I personally find this conflicting relationship
to be absolutely sublime; the notion that our present is defined by our immediate
surroundings, and yet even though the night sky is part of that immediate surrounding, it
is a relic of the past and bears no resemblance to the reality of that space. Even our
observations of the sun are in a constant state of past-tense (the reality of the sun is
blocked by a space-time void). As a pure abstraction from this idea, our immediate
surroundings are not represented in absolute real time either. Because it takes a finite
amount of time for light to move through a finite amount of space, our visual perceptual
awareness is always behind what is actually occurring; luckily, this differential is
infinitely small, and for all intents and purposes, only exists within the realm of

subatomic physics.

Working with these ideas, | made an installation for the winter semester called “As Far
As We Know”. I built a device capable of transforming an audio feed to laser movement,
and an audio recording of Hawking’s book, 4 Brief History of Time, was played endlessly
through the work. As the audio played on, a beam of laser light transmitting from the
device reverberated in space, much like a guitar string. The sculptural component of the
installation was made to resemble a device for radar transmission, and reenforced the

notion of light as a conduit for information.
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Figure 24 “As Far As We Know”, 2012

An interesting thing about the word “RADAR?” is that it is palindromic, as the same
forward or backward. The palindromic nature of the word parallels our constant state of
reception and transmission of information. On a daily basis, we scan the sky for clues
about the nature of our existence, while at the same time broadcasting information about
our own existence into space. From the lights of our cities, our television signals, and
radio broadcasts, we are constantly participating in an information exchange with the

universe.
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Figure 25 “Detail of As Far As We Know”, 2012

Following my fall semester research, I spent the remaining half of the year exploring
modes of articulating space, time and movement with other forms of light. My research
for the winter semester was concerned with how light informs not only space, but our
perception of surfaces and objects. Working with projectors, I learned how to project
images onto the surfaces of objects using projector mapping software. Within the
software environment, virtual spatial maps of an object are created, mimicking the
surfaces of the real environment. The software is then able to process images and video
feeds, wrapping them around the surfaces of the real environment. Projector mapping

effectively creates a dissociation between perception and reality; a spatial optical illusion.
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Real Eyes: Realize: Real Lies, was the title for a series of explorations surrounding the
use of projector mapping in sculptural applications. Using a variety of simple cuboidal
geometric forms, I presented a number of mapping explorations that appeared to

transform their surfaces through the perception of light projections. Although the

Figure 26 Real Eyes: Realize: Real Lies, 2013

cuboidal forms were actually just painted white, the projections made them appear to
change colour and shape. In some instances the surfaces of the objects were animated.
The work explored the dissociation between the reality of an environment, and the
perceptual experience of that space, the tension between reality and the mentally
constructed image. The work also explored the relationship between delineation and
displacement; the intangible and tangible modes of spatial articulation. While the objects
displaced the gallery space, the beams of light transmitting from the projector delineated
the gallery space in the same way that a perspective drawing delineates a two-

dimensional surface.
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Concluding Graduate Exhibition

My final graduate work, “Delineate and Displace”, is a culmination of my graduate
research. Working with both laser and projection technologies, the piece explores light

relative to communication, space, time and movement.

Figure 27 Delineate and Displace, 2013

Set up within the University of Calgary Department of Art’s Wunder Gallery is laser

capable of
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producing all colours within the visible spectrum of light. Through a system of mirrors
and simple mechanical devices, the laser's beam can be manipulated in the same way as
with “As Far As We Know”, however it’s movement is imparted by an application that
can read text messages from cell phones. The movement and projections created by the
laser are captured via a closed circuit video system, and broadcast live within the
graduate exhibition space of the Nickel Gallery. A scrolling marquee located under the

live

Figure 28 Delineate and Displace, 2013

broadcast projection prompts the audience to send text messages to the work through a

dedicated phone line. As audience members send their text messages, the movements of
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the laser are controlled remotely. This movement is projected live on the gallery wall
before them, providing a spatial visualization of speech, and a virtual representation of

space.

Figure 29 Delineate and Displace Projection in Nickel Gallery, 2013

This work is an expression of space in a number of ways. The most obvious is the use of
a laser within the Wunder Gallery as an articulation of space, similar to the “Bird in
Finite Space; Infinite Flight”. The live video feed and dedicated phone line are
articulations of technological space, the technological infrastructure required to allow for
interaction and observation of the work. Through this technological space, the actual
physical space between the Wonder and Nickel galleries are defined in the same manner
that line defines the space between two points. There is a recursive component to the
work that parallels the recursive and fractal nature of the world around us; the delineation

of space. The laser beam is a delineation of three-dimensional space within the Wunder
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gallery, and the resulting patterns of movement on the gallery surfaces are articulations
defining those two dimensional spaces. The subsequent projection of the laser installation
on the wall of the Nickel Gallery is also a delineation of space, and articulation of two

dimensional surface.

Through the use of telecommunication devices to inform laser movement within the
Wonder Gallery, the work alludes to the notion of light as a conduit for information. This
parallel relationship serves as a metaphor for the constant light-speed projection of

information about our existence into the universe.
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