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Abstract

The Light Show: Mathematics, Mysticism, and the Music of the Spheres

Ezra J Masch, MFA
The University of Texas at Austin, 2012

Supervisor: Jack Stoney
My background in music and visual art has led to an exploration of combined disciplines.
Throughout the past three years of graduate study at The University of Texas at Austin,
my research has focused on the visual representation of music using light and sound. This
area of study has touched upon a wide range of historical developments, from ancient
Greek philosophy to contemporary experimental film. Through my research, I have
examined the ways in which music-visualization has been influenced by shifting social
and philosophical views. In turn, my own artistic practice has come to include the
production of instrument-operated light organs. I'm interested in both the history of the
light show as a cultural phenomenon, and in the development of new approaches to
musical performance incorporating the union of light and sound. The following report
discusses two major projects that I have worked on at UT, reflecting on the influences
behind them, and their potential for growth beyond graduate school.
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Chapter 1: Music of the Spheres
As a self-taught pianist, who does not read music, I understand scales and
harmonies in terms of patterns and intervals. I think in a visual way, making the sound
textures of various musical instruments resemble different colors and shapes. The desire
to represent images of sound in visual media has led me to create Music of the Spheres, a
Fender Rhodes electric stage piano that has been wired to control a matrix of 73 electric
lights. With an individual circuit connected to each of its key levers, the light show
created by this piano illuminates the 6 full octaves of its keyboard. Based on the original
color organ, built by Louis Bertrand Castel in 1720, the instrument draws a correlation
between the seven diatonic steps in an octave and the seven colors of the spectrum.
The "Music of the Spheres" has its origins in the philosophy of Pythagoras, who
believed that everything in existence was related to mathematics and that numbers were
the ultimate reality. In the 5th century BC, Pythagoras discovered a relationship between
the length of strings on a harp and the musical notes produced by them. Using geometry
to describe the harmonies of the triangular harp in terms of numerical ratios, the
Pythagorean system of tuning became the basis for all of Western harmonic theory.
Pythagoras wasn't only interested in music as a physical science. He believed that
mathematics revealed a natural order of the Universe--an order determined by the gods.
Studying the geometry of the stars, he proposed that the movement of celestial bodies
produced a divine harmony of the cosmos, inaudible to the human ear, a Music of the
Spheres.
In the early 18th century, Isaac Newton published Opticks, an essay detailing his
recent discoveries in the study of light and color. Citing Pythagoras, he suggested that a
relationship between the scale and the spectrum might reveal a Music of the Spheres once
and for all. The theory was put into practice by French Jesuit Scientist Louis-Bertrand
Castel with his Clavecin Oculaire, or Ocular Harpsichord. Using the key levers of the
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instrument to raise and lower bands of colorful translucent paper that were illuminated by
candlelight, the device created a light show illustrating a connection between the seven
colors of the spectrum and the seven diatonic steps in a Western octave. Inspired by
Baroque philosopher-scientists Rene Descartes and Benedict de Spinoza, Castel believed
that a deepened spiritual awareness could be achieved through the study of the natural
world. With his color organ he hoped to illuminate the secrets of the Universe. Like
Pythagoras, Castel's notion of a "Music of the Spheres" featured a conflation of Physics
and Theology.
Perhaps the most famous depiction of the color organ appeared in Steven
Spielberg's popular Science Fiction film, Close Encounters of the Third Kind. Portraying
a group of scientists who use a synthesizer-operated light show to make peaceful contact
with alien life, the film depicted the Music of the Spheres as a concept possessing utopian
virtue--the union of light and sound as a Universal language, capable of generating
harmonic correspondence between disparate civilizations. The linkage between
communication and civility in Close Encounters has precedence in the Biblical story of
The Tower of Babel, in which human beings are punished for their arrogance through the
confounding of tongues. Critic Charlene Engel proposes that the color organ in
Spielberg's film presents a source of redemption from this fabled malediction. In her
essay Language and the Music of the Spheres: Steven Spielberg's Close Encounters of the
Third Kind, she writes "Humankind proves it has come of age by re-achieving its lost
unity of language." In the film, a synthesizer light show engages in color-music dialogue
with an alien spacecraft that hovers above a landing strip in the desert of the American
West. The color organ is operated with a high-tech console that resembles a space shuttle
control panel. Like Castel's "Clavecin Oculaire", it champions the utopian ideologies of
science and technology.
My own color organ uses an electrically-amplified instrument from the early
1970's. With its aluminum clamp-lights and exposed wiring, Music of the Spheres is
2

constructed almost entirely from hardware store items. Its lights are mounted to a
structure that stands 10-feet-tall and 24-feet-wide, with a form reminiscent of both the
Rock-and-Roll stage and the pipe organ of a church. Using Newton's theory as a model,
the Fender Rhodes Color Organ references Psychedelia, Science Fiction, Synesthesia,
and the Supernatural. It is a reflection on the line of thought that emerges from a space
between Science and Myth, Mathematics and Mysticism.
In Music of the Spheres, wires trace the path of the electrical current that flows
from each key to each light. Like the vertical chambers of a pipe organ, they serve as
visual connections between high and low, and symbolically establish the instrument as an
intermediary between the heavens and the earth. The notion that music could be used to
communicate with a higher power is rooted in the myth of Orpheus, who charmed his
way into the Underworld in order to rescue his lover from death. Orpheus was said to
have the ability to charm all living creatures with his harp, and could even divert the flow
of rivers with his music. In Western culture, the figure of Orpheus represents the
archetypal artist, and is related to a larger mythology of the artist as a figure with the
ability to engage forces that are beyond comprehension.
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Chapter 2: The Color Organ and the Mythology of the Artist-Prophet
In 1911, the Russian pianist and composer Alexander Nikolayevic Scriabin
commissioned a color organ of massive proportions. Taking the form of a giant
chandelier, his prized project was specially built for the Mariinsky concert hall in St.
Petersburg. Its debut was to coincide with the opening night of his symphonic work,
Prometheus: The Poem of Fire. Scriabin was an exceptionally talented performer who
enjoyed great success during his career. He immediately fell out of favor following his
death, however, when his personal notebook was found to contain the words, "I AM
GOD", along with a great deal of eccentric poetry and references to occult practice.
Scriabin was synesthetic: his brain made an association between musical notes
and specific colors, and he believed this to be a supernatural quality. Steeped in the
writings of Friedrich Nietzche, the composer saw himself as an Ubermensch, a person
who had tapped into abilities that remained latent in most human beings. With the color
organ, Scriabin sought to awaken this extra sense of perception in his audience. The
chandelier design suffered from faulty wiring and was shut down for safety reasons on
the night of the premiere.
Scriabin died young, and never saw his color organ project realized. Among his
incomplete works is a 7-week-long operatic performance titled Mysterium. This
ambitious piece was intended to feature a symphony of fireworks and an orchestra of
perfumes and spices. According to the composer, Mysterium was supposed to "bring
about the dissolution of the world in a state of bliss." Due to the taboo nature of his
beliefs, Scriabin was rejected and his music fell into obscurity for years. The renewed
embrace of his work is a relatively recent occurrence.
Pianist and Jazz composer Sun Ra performed on a color organ in Harlem during
4

the early 1970's. While little documentation exists from these performances, the scene is
described by poet Amiri Baraka: "It was Ra...who introduced the so-called "Light Show" the
rockers ripped off. His "Space Organ" with its Pythagorean connection of Sound to Color. A low
note, a dark hue. A high note, a bright color." Sun Ra's personal mythology blended Black

Nationalism with Mysticism and Science Fiction. Changing his name from Herman
Sonny Blount to Le Sony Ra in 1956, the musician claimed to be from Saturn, and saw
Black liberation through music as his purpose on the planet Earth.
Sun Ra was famous for his elaborate costumed performances. With a look that
was equally cosmic and Afrocentric, he invoked ancient Egypt and urged the Black
Diaspora to join him in a mass Exodus to outer space. The vehicle for transporting this
nation of exiles was to be his music. Employing avant-garde concepts of polytonality and
free improvisation in his compositions, Sun Ra believed that these strange new sounds
had the power to transform the spiritual consciousness of his listeners.
Like Scriabin, Sun Ra hoped that his color organ would enable audiences to
access a transcendent state of perception, engaging in a form of communication that
could reach beyond the limitations of spoken language. The idea that sound and light
could be used to communicate on a pre-linguistic but nevertheless comprehensible level,
was what inspired Castel to create his color organ back in 1720 as well. Scriabin and Sun
Ra viewed themselves as messengers or prophets, interpreters of a primeval language
with otherworldly transformative power. Through the color organ, they sought to unlock
the secrets of human potential, bringing about a new order of life on Earth.
Since its first incarnation, the color organ has promised far more than it could
actually offer. It did not reveal a deeper scientific understanding of the physical
properties belonging to sound and light. It did not herald the initiation of a new messianic
era. And it certainly did not bring about the dissolution of the world in a state of bliss.
The correlation between the scale and the spectrum proposed by Isaac Newton has not
been found to apply consistently in studies of people with synesthetic perception, nor can
5

it be effectively translated to systems of harmony in Eastern musical traditions, making
any claims of its universality unequivocally false. Despite radical advancements in
science and technology over the past 300 years, the color organ has persisted as a cultural
phenomenon, proving that our attraction to the inexplicable will never quite disappear.
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Chapter 3: The Big Bang
Throughout my work with the color organ, I was torn between two impulses: to
create a sculptural object that conveyed the ideas associated with the color organ, its
historical development, and cultural importance, and to make music with the audio-visual
device in a way that responded to it's unique capabilities. Through playing Music of the
Spheres, I began to develop ideas based on visual patterns. Some of these ideas led to the
creation of real musical compositions. I was enthusiastic about the idea that this system
of visual notation could be used to guide the process of composition, but the association
between the scale and the spectrum was something I struggled with continually. When
designing Music of the Spheres, I used the pattern of colors established by Castel as an
historical reference. I wanted to see an approximation of what it would look like to play
an early color organ, since such little documentation of them could be found today. But in
the end, this antiquated association between color and tone did not represent the way that
I personally visualized music. For my next project, I would try a different approach.
In February of 2012, I developed a system for operating a matrix of lights using
electronic audio input from contact microphones on a drum set. With 70 fluorescent
lightbulbs mapping the dimensions of a portable structure on the UT campus, this system
of intersecting axes was used to represent the instrument's range of tone and amplitude.
The project attempted to measure the volume of sound with the dimensions of an
architectural volume as a way of mapping time and space.
A drummer played the system from a separate structure that was located about 10
feet away. From there, he could clearly see the visual effect that his actions on the
instrument produced. I was curious about the way musicians would respond to visual
patterns created by the lights. I thought of this process as a form of visual feedback; one
in which the light matrix would both illustrate, and influence, what the performer played.
It was important to see how different musicians would interact with the system, how their
varying musical styles would translate to 3-dimensional form, and the ways in which
7

their playing would adapt to this new visual stimulus.
On March 2nd, I invited two drummers to play The Big Bang: Adam Groh, a
graduate student in percussion at The University of Texas at Austin, and Chris McBride,
a Gospel/R&B musician from Dallas who had dropped out of music school in the
previous year in order to pursue professional opportunities. Each drummer displayed a
unique approach to the light organ. While Adam seemed to be interested in testing the
limitations of the system by playing very soft or very fast in an attempt to explore the
tonal dynamics and textures that the instrument could achieve, Chris responded quite
differently, creating complex visual poly-rhythms and producing waves of light that
pulsated from high to low in the visual/tonal register.
The audience stood, or sat, in between the musicians and the light matrix. Some
of them even stood behind the drummers as they played. Rather than watching the
musicians perform, as they would at a typical concert, the audience watched the visual
display that the musicians were creating and responding to. It was as if they were viewing
a physical manifestation of the drummer's thought process in action. The result was quite
interesting. Instead of performing in a space, the musicians were making space perform.
In comparison with my previous effort at visualizing music, I considered the drum setoperated light organ to be a significant step forward. Not only did it yield a representation
of tone and amplitude that was far more visually dynamic than that of the color organ, but
it altered the relationship between performer, audience, and performance space as well.
The union of light and sound has proven to be an effective method for combining
my interests in music, art, design, and architecture. Through studying the history of the
color organ, my research has touched upon a connection between social philosophies and
strategies of creative production. As my investigation of this subject has progressed, my
artistic practice has evolved as well. Recently my work has been informed by the study of
intermedia and experimental film. The following chapter discusses a number of examples
that have been influential on my creative process while developing The Big Bang Project.
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Chapter 4: The Visualization of Music and Experimental Film: A
History
Little documentation existed of Castel's color organ, and when a group of artists
created electric color organs in the late 1800's, they believed that they were stumbling
onto something entirely new. Among them was Alexander Wallace Rimington. Unlike
Castel before him, Rimington was primarily interested in "painting with light" and
viewed the color organ as a new form of art that would liberate painting from the
limitations of static imagery. Alexander Rimington's color organ was patented in 1895,
the same year that cinema was introduced. While the visualization of music may have
originated with Castel's color organ and its presumed correspondence between specific
colors and tones, it later expanded to encompass a wide array of strategies. The medium
of film presents a history of music visualization with light and sound that diverges from
that of the color organ entirely.
Whereas early film was silent, depending upon a live performer to provide a
musical soundtrack, the advent of recording technology in the early 20th century led to
pre-recorded sound becoming a prominent feature of the cinematic experience. For some,
this technological development presented the new and exciting possibility of composing
music and visual art simultaneously. In 1921 Walter Ruttman premiered Lichtspiel, Opus
1, a hand-painted abstract film with a meticulously-composed musical score designed
specifically to accompany the visual play of light and color that danced across the screen.
Oskar Fischinger produced similar projects in the early 1930's. While most of his films
were intended as visual representations of popular works of music, an experimental
project, Ornament Sounds, explored the possibility of generating sound from the medium
of film itself. Recognizing that abstract optical patterns could be used to create different
sonic qualities, Fischinger developed a visual vocabulary that could actually be used to
compose audio sequences. Although the sound generated by these experiments was not
recognized as music at the time, Fischinger's accomplishments would later be appreciated
for influencing Noise and Electronic Music strategies of the late 20th century.
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Artist Peter Kubelka also explored a connection between filmic frame sequence
and the periodicity, or frequency, of light and sound. His film Arnolf Rainer from 1960
used alternating frames of blank film, black film, perforated magnetic tape, and
recordings of white noise to compose an audio-visual sequence consisting of the 4 basic
filmic elements: light, dark, noise, and silence. This approach of reducing a medium to its
essential elements echoed the Materialist and Structuralist tendencies of Post-War
modern art. More importantly, Kubelka's film merged musical composition with the
visual process of sequencing images. It was a true union of light and sound--not only in
the combination of media, but in the creative process as well.
Tony Conrad's The Flicker used a Minimal approach in 1965, alternating between
horizontal and vertical lines at various combinations of intervals. Paired with a
soundtrack by Terry Riley, the film produced a disorienting optical experience, inviting
viewers to focus on the physiological effects of perceptual phenomena. Also noteworthy
was Conrad's work with The Dream Syndicate, a collaborative group of artists and
musicians including Minimalist composer Lamonte Young, light artist Marian Zazeela,
and musician John Cale of the Velvet Underground. Together, the group organized
performances in alternative art spaces incorporating experimental music and film
projection. One of their projects, The Theater of Eternal Music, featured several days of
continuous sound and light performance. By resisting conventional venues, The Dream
Syndicate expanded the boundaries of creative form and altered the relationship between
performer, audience, and performance space. The Group's multi-media approach was
heavily influenced by the Fluxus movement, an international network of artists,
composers, and designers who blended a variety of creative disciplines throughout the
1960's. Fluxus founder and composer John Cage famously defined theater as "anything
that involves seeing and hearing at the same time."
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The Dream Syndicate engaged 60's counter culture, exploring altered states of
consciousness through audio-visual stimuli and encouraging the use of mind-altering
substances at their performances. Their work with sound and light paralleled the
Psychedelic light shows that were emerging at Rock and Roll concerts in San Francisco
and New York City at the time. Figures such as Glen McKay and Tony Martin gained
notoriety during this period for their projections of colored mineral oil and alcohol.
Overlapping multiple projections from various light sources in an improvised manner, the
Psychedelic Light Shows of the late 1960's embraced the live manipulation of light and
color as an abstract performative art form. Visually disorienting and loosely structured,
these revolutionary displays reflected the atmospheric sounds used in Psychedelic music.
The explosion of electronic music in the 1970's was accompanied by significant
advancements in audio-visual technology. Filmmaker James Whitney put them to use in
1971 with a light show utilizing a video synthesizer. The device generated video signals
from any electronic input, including musical instruments, to create abstract visual
patterns that responded to music being played in real time. The graphics of the video
synthesizer were limited to the function of its display system, and it would often display
designs that were incongruous to the sounds being produced. But the direct link between
instrument and image opened up great possibilities in the realm of improvised audiovisual performance, enabling musicians to both influence, and be influenced by, visual
patterns simultaneously.
Although the light show declined in popularity throughout the 1980's, it
experienced a resurgence in the 90's with Rave culture. These massive dance parties often
featured "VJ's" who used video synthesizers to create rapid digital video manipulations
paired with fast-paced electronic music. Rave-goers used an array of drugs and embraced
the speed of new technology, inducing trance-like states with light and sound in a
celebration of sensory overload.
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The light show has largely been consumed by mass culture since the 1960's, and
is now associated with commercial enterprises and various forms of popular
entertainment. But there are still artists and musicians working to fuse the visual and
musical disciplines in a serious and creative way. Composer Stephen Malinowski has
developed software that translates harmonic frequency into color based on the tension of
composite waveforms found in musical chords. Known as the Music Animation Machine,
Malinowski's program has been applied to several works from the Classical and
Romantic canons, and has been used to guide his own creative process as a composer as
well. Austrian composer Georg Friedrich Haas also draws inspiration from visual
patterns, creating musical scores to be performed by technicians operating thousands of
lights. In 2006 he premiered Hyperion: A Concerto for Light and Orchestra at the
Donaueschinger Musiktage. For the performance, the walls of the concert hall were
covered with a matrix of light fixtures. While the score for this visual display contained
detailed instructions regarding when visual action was to take place, it did not specify
exactly what was to take place, leaving a great deal of formal decision-making in the
hands of the light-operator. With Hyperion, it was Haas's goal to treat light and sound as
two separate instruments that could be brought together to form a unified whole.
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Chapter 5: Instrument and Architecture
As my research into the history of the light show has progressed, I have become
increasingly interested in creating abstractions of sound in sculptural space, and in
developing new visual languages of musical notation that can be used to guide the
process of composition and improvisation. I have also begun to explore a connection
between instrument and architecture through structural light matrix design that responds
to the specific measurements of a performance space.
The system used in The Big Bang Project translates measurements of sound and
space to generate an audio-visual dialogue between the two. This formal expression of
light and sound both illustrates, and influences, the actions of the performer, making
visible an interaction between the drummer and the building. I think of the musical organ
as an extension of the human body, a prosthetic instrument that enables its user to
magnify minute physical actions on a very large scale. It is an apparatus that connects
instrument to architecture and turns the building into a body.
One inspiration for this line of thinking has been Tim Hawkinson's Uber Organ, a
massive bag-pipe instrument that generates tones by means of a photo-optic player-piano
scroll. With its gigantic inflated chambers and tubes that snake in and out of rooms,
through the doors and windows of museum spaces, The Uber Organ resembles a
circulatory system. The sound of the instrument reverberates through buildings, turning
architectural spaces into extensions of its resonant chambers like the the pipe organs of
great churches. Artist Mark Leckey also suggests a relationship between sound systems
and biological systems, creating audio installations with custom-built speaker boxes that
function as sculptural objects. According to Leckey, the internal components of his sound
systems work together like the various bodily speech organs that make it possible for
humans to vocalize.
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Working with local drummers on The Big Bang Project, it has been rewarding to
see how the stylistic differences of individual musicians translate to the experience of an
audio-visual performance. This is something I plan to explore further as opportunities for
additional installations of the project present themselves. I look forward to gaining access
to exhibition spaces that will provide new and interesting challenges regarding the
structural design of this work. The layout of The Big Bang will change according to the
dimensions of every new location in which it is installed. Each performance will be
unique to the place where it is built, a constantly evolving project.
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Illustration 1: Music of the Spheres

15

Illustration 2: Steven Spielberg’s Close Encounters of the Third Kind
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Illustration 3: The Tower of Babel , Pieter Bruegel, 1563

Illustration 4: Orpheus, Roman Mosiac, 4th c. AD
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Illustration 3: Alexander Scriabin
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Illustration 4: Sun Ra
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Illustration 5: Chris McBride plays The Big Bang Project

Illustration 6: The Big Bang Project, stills from digital video
20

Illustration 7: Oskar Fischinger, Ornament Sounds

Illustration 8: Peter Kubelka, Arnolf Rainer
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Illustration 9: Tony Conrad, The Flicker

Illustration 10: Tony Martin, liquid light show
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Illustration 11: John and James Whitney, Matrix iii, 1972

Illustration 12: Lazer Light Show, rave, circa 1995
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Illustration 13: The Big Bang Project, detail

Illustration 14: The Big Bang Project, detail 2
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Illustration 15: Tim Hawkinson, Uberorgan
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