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Introduction
How Color Became Code



Arriving in off-the-shelf commercial software in the early 1990s, the appear-
ance of digital color as flexible, intuitive, and user-friendly is actually quite
puzzling. There is no way for users to find out how these colors actually work
or how different people see colors differently in different contexts (even the
same hue fluctuates between monitors). Nor do seductive software interfaces
explain that, on a technical and material level, digital color is in fact a series
of algorithmic codes. While traditional color studies thrive in visual analysis,
with little interest in the industrial or laboratory histories of color, the fact that
digital color is a product of heightened technologization (through cybernetics,
information theory, and mathematics) complicates matters because it is just as
much a part of the history of computing as it is the history of aesthetics.

Chromatic Algorithms responds to this dilemma by analyzing the ways in
which a few brilliant and extremely talented computer scientists and experi-
mentally minded artists in the 1960s and 1970s managed to transform postwar
computing technology and massive number-crunching machines (figure 1)
into tools used to produce some of the first computer-generated color in what
they called “computer art.”' The colors made to appear from these former death
machines were so fantastic that many viewed them as revolutionary, psyche-
delic hues that promised a bigger and better future for humans and machines.
Unfortunately, after the massive shift to personal computing, automated
off-the-shelf software, the graphic user interface (GUI) in the 1980s, which
readily employed icons in place of text commands, and the standardization
of color in the 1990s, this experimental field closed and the wild pioneering
visions dissolved.

By the end of the 1990s, however, personal computing had wedded the
Internet and a different kind of utopianism filled the air. The new frontiers of
cyberspace and the World Wide Web temporality reinvigorated the world of
computing, transforming pixel-pushing knowledge work into a new paradigm
of art and design cool. Computing, it now seemed, paved the road to yet an-
other global village of wired e-commerce and sexy cosmopolitan connectivity.
And then there was the “burst” of the dot-com bubble, after which another
temporary lull befell the new media, until enthusiasm was amplified once again
in the late 2000s, when sleeker hypersaturated computer colors underwent
yet another (re)evolution of sorts. Through increasingly ubiquitous user-friendly
interfaces and social media applications, integrated with cross-platform pro-
duction techniques introduced in the late 1990s, luscious and automated elec-
tronic hypercolors came to “empower” millions of artists, designers, architects,
animators, students, educators, consumers, and children to push, pull, remix, and
mashup media from multiple locations and platforms, using a variety of com-
puter, electronic, cloud, and automated PDA devices. Human-computer interac-
tion became cool and sexy once again, and even a touch utopian, at least on
the surface.



Meanwhile, as amateurs and technophiles were remixing “authentic”
1960s cool, these automated hypercolors and stylized interfaces were further
distantiated from their technical-material base, which became increasingly
difficult to understand and obfuscated from end users. That is to say, sophisti-
cated software learned to conceal its growing complexity behind a simple and
transparent user-friendly facade, also known as the “Web 2.0 look,” marked by
soft rounded edges and big, happy bubble letters. How did such a dramatic gap
emerge between these luminous electronic colors—growing brighter, bolder,
and more visible on screens and in public spaces—and their corresponding
abstraction, complexity, and obfuscation in machine code? How and why did
the interface become more “transparent” just as computing became more
opaque? And moreover, how is this fundamental disparity between the machine
code and the screen interface reflected in contemporary media art and design?

To answer these questions, Chromatic Algorithms places color at the
center of new media studies, focusing on the role of electronic color in compu-
ter art and the development of media aesthetics after 1960. While color has
always been a matter of technics (calculation, automation, and ordering sys-
tems), Chromatic Algorithms argues that this becomes especially pronounced
in the age of digital signal processing, meriting a sustained reconsideration
not only of traditional approaches to color but also of aesthetic theories rooted
in hermeneutics and subjective perception. In this introduction | discuss my
research methods in media archaeology and the philosophy of technology,
which involve an explication of cybernetics, phenomenology, technological de-
terminism, and technogenesis. | also introduce my main argument for a recon-
figuration of color in computational aesthetics from the optic to the algorithmic
paradigm, a shift marked by exceedingly high levels of automation, technical
inscrutability, and stunning digital colors. | conclude the introduction with a
detailed overview of the chapters in the book.
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Media Archaeology

The relatively new field of media archaeology has received a lot of at-
tention in recent years and this will no doubt continue due to its practical,
historical, and critical research methods. Defined as the archival examination of
the materiality of media objects, media archaeology derives from both Michel
Foucault’s concept of archaeology and his and Friedrich Nietzsche’s concepts
of genealogy: a set of relations that run horizontally—and in opposition to—
official chronological histories.? Media archaeology favors alternative counter-
narratives and leaves the markedly dominant, hegemonic accounts of History
aside. Like deconstruction, the field focuses on diachrony over synchrony,
events over structure, the exception over the rule, the periphery over the center,
and the variable over the invariant. Accordingly, the majority of case studies
| discuss concern such exceptions, failures, unacknowledged successes, and
visionary experiments long forgotten.

In media archaeology, “perception” is not about looking at images, things
in the world, or even about vision. Rather, it is historically mediated through a
particular set of power and knowledge relations that are often invisible and un-
conscious. As Deleuze puts it in reference to Nietzsche’s genealogical critique:

[Plerception ... is the expression of forces which appropriate nature
... The history of a thing, in general, is the succession of forces
which take possession of it and the co-existence of the forces which
struggle for possession. The same object, the same phenomenon,
changes sense depending on the force which appropriates it.2

If perception can be seen as the result of such successive and disparate yet
historically particular tensions and forces, then so too can technology.

To accept that technology emerges from conflicting struggles and
external forces, some visible and some not, is also to accept what German
media theorist and pioneering media archaeologist Friedrich Kittler terms the
“technological a priori.”* The technological a priori involves a reworking of
Foucault’s notion of the “historical a priori,” a concept that is itself a reworking
of Nietzsche’s critique of Kant’s a priori faculties of the mind, which exist for
Kant prior to experience. In contrast, the technological a priori and Foucault’s
historical a priori (qua Nietzsche), are a priori in history. That is, they are
existentially constituted through specific material relations that range from
but are not limited to culture, politics, aesthetics, psychology, and ideology.
(And by existential | mean the way in which material conditions retroactively
form rules, subjects, concepts, and theories, not the other way around.) The
technological a priori insists that who and what we are emerges from a set
and system of material, technological relations. In this book the historical a
priori is the media a priori, which is to say, as Kittler infamously puts it, that
“media determine our situation.”®

1.1 The ENIAC with men and women at

work, 1946. The ENIAC was the first modern
computer. It contained between 18,000-19,000
vacuum tubes, more than 500 miles of wire,
and weighed more than 35 tons. Courtesy

of the University of Pennsylvania Archives.



My endorsement of media determinism must be taken with a grain of salt.
In addition to Kittler and the above noted lineage, this thesis runs alongside
the work of media philosophers including Marshal McLuhan, Vilém Flusser, John
Durham Peters, Bernard Stiegler, Katherine Hayles, and Siegfried Zielinski, all
of whom view media technologies as systems that resonate through and within
multiple registers and produce real and tangible results not exclusive to pieces
of hardware. There are several reasons why this approach is both appealing
and productive in this book.

First, as Bernard Stiegler has shown through the work of Bertrand Gille,
Gilbert Simondon, and André Leroi-Gourhan, technical innovation and in-
vention are, to a significant degree, determined. That is, we live in a culture
where demands and goals—profit, economic necessity, scientific progress,
efficiency, and rationality—are already inscribed into industrial and post-
industrial practices, production processes, and especially, Stiegler argues, in
“research and development” think tanks. And, as | will argue below, all of these
factors comprise a general theory of “technics.” In this regard, what a technol-
ogy is or will become is already in the works long before a physical technology
appears on the scene. Technological determinism is thus founded on scien-
tific, economic, social, and political determinants (which is also how and why
media archaeology functions as a critique of so-called genius inventor and
champion of history theories). Stiegler summarizes the process of technical
innovation as follows: “[T]here is a reversal of meaning in the general scheme:
no longer is innovation what results from invention; it is a global process
aiming to incite invention, it programs the rise of invention.”® Future technol-
ogy is programmed in the past. For instance, a basic programming language
installed on a mainframe computer in the 1960s already determines the limits
and conditions of possible use, long before the computer system ever arrives
at R&D centers like IBM or Xerox. The same goes for certain hierarchies and
object-groups on your computer’s operating system. To paraphrase Gille,
in technical development, the number of usable combinations is not infinite
because it always emerges from some existing base structure and must there-
fore follow quasi-obligatory paths. There is a “theoretical formalism” that
always “precedes practical operation.” In this sense, any “technology” is to an
increasingly greater degree determined by other technologies and vested
political and ideological interests.” Such frameworks form the backdrop for
the innovative computer art that | discuss in the following chapters.

Second, | employ media determinism to point to common misunder-
standings with the concept itself. As science and technology scholar Sally
Wyatt has suggested, some proponents of technological determinism argue
that “technological progress equals social change.”® The exact opposite is
the case: media technologies are material systems and environments that
include unmet desires and failures with complex, intertwined and nonlinear
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histories. To include only the attributes of innovation and development is
to portray a one-sided history that supports mythologies of single geniuses
and unidirectional progress. Similarly, | invoke media determinism as a pro-
vocation; to call attention to certain blind spots in new media discourses
preoccupied with ever-changing media effects, content analysis, and analyses
of social media and Internet applications where a single application is used
to stand in for the technology as such. For example, one might use a term like
“the Facebook revolution,” where such a statement clings to the false assump-
tion that “technology” can be reduced to a single application of a system;
remaining blind to the ways in which technology always already intersects with
the social, economic, historical, cultural, psychological, and human dimensions
long before anything like Facebook appears.®

Finally, we live in an age where little if anything is experienced, produced,
known, or felt that is not in some way affected by or connected to technology.
Even the discovery of a “lost” tribe in Africa, Jean Baudrillard noted in 1981, has
been re-mediated to us. Or, as Vilém Flusser put it in 1985, “We live in an illu-
sionary world of technical images, and we increasingly experience, recognize,
evaluate and act as a function of these images.”® Technology—as environment
and system—determines history, consciousness, and culture.” Such is the
holistic, horizontal, and interdisciplinary logic that drives media archaeology,
and it is the primary method employed in this book. In a recent guest lecture at
Columbia University John Durham Peters exclaimed, “Two Cheers for Techno-
logical Determinism.” | here add a third.”? After | address the relevance of media
archaeology for postwar cybernetics, | return to a discussion on the philosophy
of technology.

Cybernetics

Emerging after the Second World War, the advent of cybernetics made
it even more pressing to recognize the ways in which technology determines
our situation. To demonstrate how links between humans, machines, and so-
ciety have grown thicker, if not inextricable since 1945, it is necessary to first
offer a brief history and definition of cybernetics, followed by an explanation
of Heidegger’s and Stiegler’s philosophy of technology and the ways in which
| use and misuse each scholar’s work in this book.

Since 1917, mathematician Norbert Wiener (figure 1.2) had been conduct-
ing military research at MIT. By the 1930s, he was studying servomechanisms
in airplane bombs as a part of Vannevar Bush’s military-industrial complex, or,
“iron triangle” of military, industrial, and academic ties. After the war he pub-
lished his seminal, Cybernetics: Or Control and Communication in the Animal
and the Machine (1948), outlining his highly innovative approach to the new
interdisciplinary field. The book was in part a response to the disastrous effects



CYBERMETICS AMD SOCIETY
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of the atomic bomb in Hiroshima in 1945, a development that he, like Bush, had
played a significant role in. After bearing witness to these harrowing results,
Wiener took an ethical turn and declared a new type of science was needed.
This science was cybernetics.”

Cybernetics is the study of control and communication in the human,
the animal, and the machine, or simply the study of the flow of information,
messages, and signals between human, animal, and machine systems. Wiener
developed the field when studying feedback mechanisms in steam engines—

a field engineered by James Clerk Maxwell in 1865—but it was not until Wiener
implemented these feedback studies with mathematician Claude Shannon'’s
information theory, or mathematical theory of communication, that he was able
to conceptualize all systems in terms of information.* That is, all communication
and cultural processes could be analyzed, viewed, and understood in terms

of data and pattern formation. All humans, animals, and machines were herein
treated “equally”: as media technologies capable of analyzing, storing, transmitting,
and processing information. The new common denominator—information—

was both radical and problematic.

Feedback and Information Processing

Cybernetics turns on the two principles of feedback and information
processing. The term “feedback” is common in English. | may say to one
of my students, “Please come to my office so | can give you some feedback
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on your paper.” This denotes a flow of information from the student who wrote
the paper, handed it in to me, and will now receive new information about it.
In cybernetics, feedback denotes a similar circular and dynamic exchange of
data not restricted to linear or chronological paths. The origin of the term
“cybernetics” derives from the Greek kybernetikos meaning to govern, steer,
or guide.™ When Wiener studied the steering mechanisms in a ship as a system
of communication and control, he noted the way in which its basic capacity
for feedback served as an efficient means of recycling energy and momentum
within the system. Feedback increases output and introduces a degree of au-
tomation within a system. As Wiener puts it, a feedback system “tends to make
the performance of the steering engine relatively independent of its load.”
With the correct amount of feedback, a system can become automated and
learn to “guide” itself.'®

The synthesis of feedback and information theory is also what makes
cybernetics so much unlike other theories of communication. Defined as the
science of quantizing data, information theory emerged from Shannon’s work
at AT&T (then Bell Laboratories) in telephonic communications. Information
theory quantizes data in order to make communication processes more effi-
cient. This is accomplished by separating redundancy, repetition, and as much
noise as possible from an encoded signal so that it may travel swiftly and
efficiently through numerous interchangeable channels. John Durham Peters
explains that Shannon’s information theory gave a “technical definition of
signal redundancy and hence [provided] a recipe for ‘shaving’ frequencies in
order to fit more calls on one line.”” Because information theory quantizes data
and information flows, concepts like “meaning” or “purpose,” normally given
great weight and significance in cultural and historical analysis, are abstracted
and transformed into statistically calculable “units of measure.” Katherine
Hayles has argued that information herein “lost its body.”*® Or, as Shannon put
it in 1949, information “must not be confused with meaning ... In fact, two
messages, one of which is heavily loaded with meaning and the other of which
is pure nonsense, can be exactly equivalent.” In information theory, the
system only knows what it parses, processes, and orders as information, all
else is “noise.”®

The radicality of the integration of cybernetics with information theory
was the abstraction of communication but also, precisely by virtue of this
abstraction and quantification, a new and unforeseen potential for messages to
travel through universal channels and nonparticular circuits. Before cybernetics,
machines were understood in terms of hard mechanics and singular system
functions, but afterward, machine systems became flexible, nonlinear, dynamic,
and malleable. Information was no longer simply “raw data, military logistics,
or phone numbers,” Peters writes, but instead the newfound flux and flow of
the cosmos; the new “principle of the universe’s intelligibility.”?'

1.2 Book covers for Norbert Wiener’s These texts were foundational in the science
Cybernetics: Or Control and Communication of cybernetics, information theory, and

in the Animal and the Machine (2nd edition, disparate branches of media theory and

MIT, 1965) and The Human Use of Human practice.

Beings (2nd edition, Doubleday/Anchor, 1954).



The Macy Conferences

At the Macy Conferences, a set of conferences initiated by Warren
McCulloch and held at the Josiah Macy, Jr. Foundation in New York from 1946
through 1953, cybernetics moved beyond the confines of engineering and
mathematics. The meetings brought together researchers from such disparate
fields as psychology, science, mathematics, anthropology, information theory,
engineering, and cognitive science. One of the primary goals of the confer-
ence was to build and develop a “science of the workings of the human mind”
by bringing machine metaphors, logic, and functions into an analysis of
the human. The meetings marked the beginning of interdisciplinary work and
research in the arts and sciences and the ongoing efforts to move across
disciplinary boundaries. Cybernetics has since become a relatively under-
acknowledged model central to analyzing multiple aspects of cultural life
including economics, game theory, financial markets, ecological movements
and systems, aesthetic theories and practices, business management styles,
and the construction of interior and exterior spaces, all of which are increas-
ingly reliant on optimization-seeking algorithms and information systems.
One reason cybernetics remains unremarked yet prevalent in so many of these
applications is precisely because it is so integral and pervasive. Of all of these
uses, however, the one that is most apropos to this book is the way in which
cybernetics was appropriated in computer art and new theories of the subject
in the late 1960s.

Cybernetic Subjectivity, or, the Posthuman

Looking back on its first few decades, in 1999 Katherine Hayles argued
that cybernetics led to a fundamental shift in human ontology marked by
a move away from the liberal humanist subject into what she terms the post-
human. The liberal humanist subject, according to Hayles, is rooted in C. B.
Macpherson’s analysis of the possessive Western individual who is essentially
“the proprietor of his own person or capacities, owing nothing to society for
them.” According to Macpherson, “human essence is freedom from the wills of
others, and freedom is a function of possession,” which is to say, the myth
of the private, proprietary self.?? Such a view was challenged in cybernetics,
alongside theories of the autonomous subject introduced to philosophy from
Descartes through Kant, which | return to below.

But to be clear: the posthuman does not mean the end of the human
or that the human is now a computer. Instead, the posthuman denotes the end
of the isolated and private subject, and thus, the end of individual autonomy
and domination over other forms, whether mechanical, electronic, or otherwise.?®
Posthumanism reaffirms the crossovers fundamental to cybernetics: humans
can be understood through metaphors of computation, while computers and
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animals may be analyzed through an anthropocentric or humanistic lens.*

At the dawn of the twenty-first century we—*“we” being people who encounter
technology on a daily basis—willingly accept that “feedback loops between
culture and computation create a co-evolutionary dynamics in which computa-
tional media and humans mutually modify, influence, and help to constitute
one another.”? In and through our technology we create and sustain the post-
human. Technology determines our situation and what this technology is,

was, or will be is equally contingent on use, choice, and innovation (which is,
as | have already noted, predicated on broader systems of technics, politics,
and historical narratives). We are all cybernetic beings to the extent that we

are already a part of larger systems and processes, what Neil Postman called

a “media ecology”in 1968,2¢ what Hayles in 2010 described as “datasets within
broader computational environments,” and what Bernard Stiegler theorized

as “technogenesis” in 1994.77 “If we humans are simply parts of systems,” Noah
Wardrip-Fruin writes, “our skins are not boundaries but permeable membranes,
our actions measured as behavior rather than by introspection—the autono-
mous, sufficient ‘self’ begins to seem an illusion.”? In chapters 5 and 6 | will
return to these theses in my analyses of “hyperdividuation” and the “algorith-
mic lifeworld,” respectively.

Cybernetics then is not just about computers. It is also a historical and
cultural phenomenon that signifies nothing short of a paradigm shift eroding
deep seeded liberal humanist ideas of subjectivity.?® In the age of cybernetics
and networked everything, posthumanism can no longer be denied or ignored.
But what would Western history have been like if we had always conceived
of life and machines in this symbiotic fashion? What if we had always exalted
and praised technology, automation, and synthetic prosthetics as equal, if not
superior or prior to the “authentic” and spiritually drenched human? Technics,
as Mark Hansen put it in 2010, is not something external or contingent, but
rather, “the essential dimension of the human.”*° This is precisely the direction
| want to go in the next few sections, to argue that human-technical systems
are not only fundamental to Western culture in the wake of postwar cyber-
netics but also that algorithms and mathematics have, from the start, been
inextricably bound to what it means to be human. To unpack this—and to
do so as a primer for the chapters that follow—I detour through classical phe-
nomenology and the philosophy of technology, as offered by Martin Heidegger
and Bernard Stiegler.

Phenomenology’s Critique of Technics

Counterbalancing media archaeology, phenomenology also informs
my theoretical methods. Defined as an investigation of being and appearing
in the world, phenomenology is committed to finding new models of human
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experience, perception, and freedom that resist rational and normative conven-
tions. Pioneering phenomenologist Edmund Husserl introduced the notion of
the transcendental bracketing of subjective “intentionality,” or “eidetic reduc-
tion” (epoché), to access what he termed the “lifeworld” (Lebenswelt). The life-
world is an interrelated and immediate universe of “givenness”; a “presence in
the world” that appears to transcendental consciousness when one is aligned
with others: “in living together, [we] have the world pre-given in this together . ..
the world as world for all.”'

Broadly speaking, Heidegger’s phenomenology follows from Husserl’s
but also strongly veers from it. For Heidegger authentic being in the world is
revealed through the figure of Dasein, literally meaning there-being (da-sein),
defined as the “entity which we are ourselves.”? However, Dasein exists most
authentically in the disorientation of being in time, not in the immediacy of an
atemporal transcendental reduction.® As with cybernetics (though Heidegger
would very much dislike this superficial comparison), Dasein’s “subjectivity”
runs orthogonal to Western notions of subjectivity that begin with classical
metaphysics, namely with Plato and Aristotle. In classical theories of the sub-
ject, being is interpreted as an “ontic” substance-thing, divorced and separate
from the world. When being and the world are reified, metaphysics is born.
This split is ultimately a false one for Heidegger, but one that nonetheless
builds momentum throughout the Enlightenment and in modern science,
through Descartes’ cogito—*I think therefore | am”—and Immanuel Kant’s
theory of the autonomous and self-legislating subject in particular.* For
Heidegger, originary and authentic being in the world are co-productive and
dynamic systems of exchange between past and future; being and world;
and therefore world as being.

Similarly, for phenomenologist Maurice Merleau-Ponty it is only through
qualitative and embodied sensory consciousness that existence known. In his
1945 Phenomenology of Perception he writes: “There is no inner man, man is
in the world, and only in the world does he know himself.”3* Being is “always
already” a question of embodied perception in the world because being begins
on the material ground of anonymous and depersonalized sensation. Again, the
“facticity” of matter Chyle) is privileged over theoretical abstraction. Identity
emerges a posteriori, after the world moves through being, not the other way
around. In this way, for both Heidegger and Merleau-Ponty phenomenology is a
form of existentialism.

For Husserl, Heidegger, and Merleau-Ponty alike, phenomenology thrives
in the lifeworld, an alternative to what they perceive to be the objectifying
and reifying practices of mathematics (mathesis), science, and technology.
For Husserl the advent of calculation and the technization of mathematical
thought, which he traces back through Galileo, marks a turning point after
which all Western knowledge goes “down a path that leads to a forgetting of its
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origin,” which is to say “being in the world.”¢ To a large degree, phenomenology
exists as a critique of the rational and quantified methods of calculation, intrin-
sic to technics, and in this regard it is the absolute antithesis to cybernetics.
In his unfinished critique of the European sciences, cited above, Husserl writes,
in “calculation, one lets . .. signification recede into the background as a matter
of course, indeed drops it altogether; one calculates, remembering only at the
end that the numbers signify magnitudes.”’ Because arithmetic math consists
of abstraction, it is without contextualization or “world” as Heidegger would
put it. Without the context of a nuanced lifeworld, the results of mathematics
or calculating methods hold little value for these philosophers. In sum, precisely
what counts as information in cybernetics is that which is renounced in phe-
nomenology. And thus, despite superficial similarities in “systems approaches”
to being, cybernetics and classical phenomenology could not be more different:
the former is pure techné, the latter pure poiesis.

Where the classic phenomenologists argue that an essentially ahistori-
cal bracketing (Husserl) of authentic human experience (Heidegger) and
pure subject perception (Merleau-Ponty) is possible, in Chromatic Algorithms,
| update these arguments to the present to argue that human and machine
perceptions are inextricably fused in what | term an “algorithmic lifeworld,”
where science and technology are integral to all forms of knowledge, percep-
tion, and experience.*® Media and technology do not merely determine our
situation; they are constitutive of it and of what it means to be human. There-
fore, while | borrow from classical phenomenology, | in no way refute science
or math, yet | do remain critical of them, just as | remain critical of art and
aesthetics.

Heidegger’s Philosophy of Technology?*®

Heidegger’s philosophy of technology is largely concerned with an analy-
sis of the pre-Socratic relationship between techné and physis (originally phu-
sis).*° Techné denotes technology as practice: it is the “name not only for the
activities and skills of the craftsman, but also for the arts of the mind and the
fine arts.” Physis is translated as nature, denoting for Heidegger a special pro-
cess of revealing and concealing from within itself, where physis is “the arising
of something from out of itself, it is a bringing-forth a poiesis. Physis is indeed
poiesis in the highest sense.”*' A tree emerging from a seed would be a perfect
example. But more significantly, he continues, “Techné belongs to bringing-
forth, to poiesis; it is something poetic.”2 In its original sense then, techné, like
physis and poiesis, involve a fundamental—essential —revealing that gathers
all of the four causes (the material, formal, final, and efficient) into itself, in the
process of bringing itself forth from within itself as kind of self-presencing of
being in time.*® These are, and this is significant, premetaphysical definitions of
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the terms, which is to say, before Plato; when techné was organically and au-
thentically bound to poiesis and physis in the lifeworld.

Moreover, Heidegger shows that techné in its origin is linked not only
with physis, but also to knowledge: “From the earliest times until Plato the word
techné is linked with the word episteme. Both words are names for knowing
in the widest sense. They mean to be entirely at home in something, to under-
stand and be expert in it. Such knowing provides an opening up.”** Once being,
building, thinking, and world are forced apart and theorized as separate, non-
coextensive entities, however, these holistic links are broken. What we have
in this picture is typical of Heidegger’s romantic thinking: an originary Greek
world wholly and organically unified, mysterious, totally authentic, and long for-
gotten in a broken and degraded modernity. What happened?

When Plato and Aristotle came along, they introduced the beginning of
the end of being, or simply metaphysics, though ultimately the real culprits for
Heidegger are Descartes and Kant. Henceforth new goals and desires came
into play, appetites to “master” the world and “set it in place,” whether through
abstract, theoretical knowledge (Plato’s mathematical Forms), scientific anal-
ysis and classification, technical prosthetics, or the metaphysics of being,
which, as noted above, phenomenology exists in response to. Throughout the
Renaissance and Enlightenment, these metaphysical impulses and ordering
systems intensified, and techné was divorced from poiesis for good. Any mod-
ern science, Heidegger explains, could be conducted only within the bounds
and parameters of what that science already set in place:

Modern science’s way of representing pursues and entraps nature as a
calculable coherence of forces. Modern physics is not truly experimental
because it applies [an] apparatus to the question of nature.

The theoretical methods of calculation,as employed by physics, can only know
what it has previously determined to exist.*s Physics can only ever “observe
nature (physis) insofar as nature exhibits itself as inanimate,” which is to

say, dead and reified because abstracted and separated from the (life)world
in advance.

Modern science is of course directly linked to modern technology (what
Stiegler refers to as “technoscience”), which has also been so dramatically
removed from poiesis, for Heidegger, that it has become instead a kind of per-
version of itself, characterized by a “challenging forth” of the earth, forcing
nature out of itself, making our Chuman) relationship to authentic and mysteri-
ous being that much more inscrutable and opaque.“*® Modern technics “does
not unfold into a bringing-forth in the sense of poiesis,” Heidegger writes, “The
revealing that rules in modern technics is a challenging, which puts to nature the
unreasonable demand that it supply energy which can be extracted and stored
as such.”# The challenging forth of nature by modern technology occurs within
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a complex and obfuscated edifice that Heidegger terms “enframing” (GestelD,
which, in the wake of cybernetics, arrives at a dangerous point of completion.
Gestell is a useful term because it involves multiple valencies. First, it
denotes a literal setting, framing, or putting in place (stellen); a kind of order-
ing and arranging that becomes progressively forceful. A windmill on the Rhine
River for example is structured to allow air to be gathered and transformed
to generate energy. This is a fairly benevolent setup. In contrast, a power plant
on the Rhine “unlocks” energy from the earth, transforms it, and stores it in a
“standing reserve.” Unlike the windmill, the power plant aggressively orders and
“enframes” the earth, treating it as a resource to mine from, not as a part of
an already (divinely) ordered world with its own mode of revealing (physis).*®
Because the power plant does not work with or for the world but instead against
it, its enframing is more severe as it locks and conceals earth from world. For
Heidegger then, as it is for media archaeology, “technology” is never a single
tool or object, but rather, a system and context of innovation, application, aware-
ness, and use that is more often than not regulated and controlled by external
and often invisible forces. This is precisely what Heidegger means when he
declares the “essence of technology is by no means anything technological.”®

The Algorithmic Lifeworld

There is a significant problem with Heidegger’s philosophy of technology,
one that may be leveraged against classical phenomenology in general. This
is an obsession with authenticity. For Heidegger, the authentic human, the
mysteries of nature (physis) are privileged over the artificial and the synthetic.
| propose instead a counterdiscourse that proactively uses the marginalized
terms—the synthetic and artificial—as a means of reframing and reconcep-
tualizing our relation to technology and its history. To be clear: this is not a
negation but a reconfiguration that honors both terms. “At its very origin and
up until now,” Stiegler writes, “philosophy has repressed technics as an object
of thought. Technics is the unthought.”®® What then if technics were thought,
not only as a part of being, but as its genesis; intrinsic to the very notion of the
human? Suppose that technics is and has always been at the center of what
it means to be human, and thus of thought and how we think?

Stiegler demonstrates this thesis throughout the volumes of Technics
and Time. He proposes the notion of technical evolution, or “technogenesis,”
implying that humans and technics have coevolved together over time. More-
over, “techno-genesis is structurally prior to socio-genesis,” as he puts it,
because “humanity’s history is that of technics as a process of exteriorization
in which technical evolution is dominated by tendencies that societies must
perpetually negotiate.”s' He draws evidence for this by tracing the link between
techné and phusis back through the Greeks to show how the origin of technics
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is embedded in the origin of mortality, or thanatology, given that life always
anticipates death (finitude), and thus factical being—the precondition for
being-in-the-world in Heidegger’s existential analytic—is at root a form of
calculation (mathesis). In this way, Dasein’s fundamental facticity merely
reinforces the way in which any phenomenology of being is first and foremost
grounded in calculation, which is to say, a form of technics. Stiegler writes:

The technical world, the technicity of the world is what reveals the world
“firstly” and most frequently in its facticity. Facticity, understood as
what makes possible the attempt to determine the indeterminate....
forms the existential root of calculation. Calculation, the existential rooting
of which is organized by facticity as an essential trait of technics.5?

If “technicity” is “what reveals the world firstly’ and most frequently,”
then the distinction between being as originary and technology as a secon-
dary prosthetic or derivative is a “false one.” As he writes in Volume 1, “[IIf
the technicization of knowledge remains at the heart of the Heideggerian
reflection on the history of being, ratio appears, in its essence, to be given
over to calculation; ratio is a technical process that constitutes the Gestell
(ar-raisonnement) of all beings.”s® Authentic Dasein is always already techni-
cal and synthetic. It is “calculation,” Stiegler argues, that “makes heritage
possible, constituting from the start, the originary horizon of all authentic
temporalization.”s* By exteriorizing and ordering ourselves in and through our
tools, artifacts, and various forms of technical memory, we always have a
relation to calculation and thus to technology that is not merely “external or
contingent,” i.e., based on difference, but rather essential and intrinsic. Because
the postcybernetic era is overwhelmingly governed by the logic of automa-
tion, optimization, and informatic reduction, what results is a generally inscru-
table and opaque lifeworld. | will expand on this in chapter 6, though it is
crucial to observe here that | do not analyze algorithms from a technical or
business perspective but rather as an umbrella philosophical concept to
denote this emergent ontology.

In a sense, Stiegler’s elaborate theory of technics is akin to what Friedrich
Kittler was getting at with his notion of the “technological a priori,” though
the latter puts a more provocative spin to it. “Unlike Marshal McLuhan,” Eva
Horn writes, “who saw technical media ‘as extensions of man, Kittler saw. ..
man as an extension of media.”®® So too it is for Stiegler. Who we will become is
determined through the technology we use and create today. Therefore, while
Stiegler’s philosophy of technology has a markedly phenomenological bent,
it is in some ways sympathetic to Friedrich Kittler’s in that both employ anti-
anthropocentric lenses to the history and philosophy of technology and both
argue that technics and technology are temporally prior to the human, and
therefore, to any form of “humanism.”s¢
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Finally, technogenesis, very much like media archaeology, is unconcerned
with “progress” narratives. As Katherine Hayles argues, Stiegler’s concept of
technogenesis lends itself to theories of “epigenetic” evolution, which posit
that changes in human thought and experience are “initiated and transmitted
through the environment rather than through genetic code.” She writes:

[Technogenesis] offers no guarantees that the dynamic transformations taking
place between humans and technics are moving in a positive direction. Rather,
contemporary technogenesis is about adaptation, the fit between organisms
and their environment, recognizing that both sides of the engagement (humans
and technologies) are undergoing coordinated transformation.’

Life as technics, which is also to say mathematics, means that experience
and “consciousness,” to use Stiegler’s terminology, are inscribed and programmed
in and through our technical systems. And while this has always been the
case, these inscriptions and encodings, as | argue above, have been amplified
and exacerbated in the age of the algorithm, where advanced cybernetics,
information-intensive modes of production and consumption, and automated
hypertechnical realities have become impossible to deny or ignore.

To claim that humans and machines are inextricably fused in a techno-
logical lifeworld, one that currently privileges the algorithm, is merely to update
the claims of theorists like Marshall McLuhan, Norbert Wiener, and Gregory
Bateson, who argued in the 1960s for the dawn of a new cybernetic cosmos
and media ecology; what Gilbert Simondon, Bertrand Gille, and André Leroi-
Gourhan described as technical systems; or what Buckminster Fuller, Harold
Innis, and Lewis Mumford argued for communications and the built environ-
ment a generation prior. These attitudes have come back into intellectual fash-
ion, primarily through the pioneering work of media archaeologists like Kittler,
Zielinski, and Flusser, and more recently in the work of Bernard Stiegler, Kather-
ine Hayles, Erkki Huhtamo, and Jussi Parikka among others. When | return to
the notion that the algorithm has become a primary actor in our social, political,
and cultural landscapes in chapter 6, | also address how new forms of experi-
ence and desire are engendered in this algorithmic lifeworld.

In sum, our so-called tools are partly psychic and partly social, but always
historical. Any technology or ordering system may be used to deny and cover
over these connections or to reveal the inextricable links and relations between
them. To show that this is a choice, and one that remains solvent in algorith-
mic culture, is to argue for the persistence of and ongoing capacity for critical
thought. In this book my theoretical methods, outlined above, draw primarily
from media archaeology and a technologically infused phenomenology. | also
use interpretative analysis of artworks, textual analysis of archival materials,
primary and secondary sources in the history of color studies, aesthetics, and
computing, and interviews and correspondences with key scientists and artists

15



16

involved in these histories. Together these methods allow me to demonstrate
how electronic color experiments have contributed to a reconfiguration of
media aesthetics after 1960.

Book Overview and Chapter Breakdown

The chapters unfold in a general chronological order, moving from a set
of historical chapters in parts 1and 2, to a set of stylistic ones in part 3. My
goal is to use electronic color to chart the material-historical development of
computational aesthetics after 1960. As periodization arguments go, dates and
styles may overlap, occur out of order and in a nonchronological fashion. For
instance, Andy Warhol’s cold use of Day-Glo color in the mid-1960s, noted in
chapter 1, or the hyperrational information aesthetics developed by Max Bense
in Germany in the 1960s (discussed in chapter 3), stylistically fits more with
the cool, tongue-in-cheek color sensibilities of new media art and design circa
2009 than with the otherwise predominantly mystical and cosmological ap-
proach to color in U.S. computer art circa 1969. Alternatively, chapter 5 ends
with a discussion of dirt style net art in the 2000s, while chapter 6 discusses
infrared artwork from the 1970s and the 2000s. So despite the book’s basic
chronological organization, the history of electronic color in digital computing
and the development of contemporary media aesthetics after 1960 has been
anything but a straightforward, linear process. Nonetheless, | here provide a
chronological overview of the book.

Part 1 begins with chapter 1, which operates as a second introduction
by providing a context to understand color and its role in Western aesthetics
and philosophy from Plato through the psychedelic 1960s. Because there is
no extensive history of color in new media art to date, save for this book, the
two introductions are necessary as primers for the chapters that follow, which
analyze electronic color and aesthetic computing together. Also, as a precursor
to my analysis of electronic color in chapters 2 through 7, chapter 1 offers an
archaeology of chemical-based synthetic fluorescent colors from the nineteenth
century through their popularity as Day-Glo in postwar America.

Chapter 2 enters the New Television Workshop at Boston’s WGBH televi-
sion studios circa 1969, where, under the guidance of visionary director Fred
Barzyk, pioneering video artist Nam June Paik and Japanese engineer Shuya
Abe created one of the first video synthesizers capable of generating elec-
tronic color for visual art. In this chapter | also analyze the unique projects
in televisual color and video synthesis developed by Eric Siegel and Stephen
Beck, connecting them to theories of technological transcendence then preva-
lent in experimental media art discourses and in Heidegger’s earlier notion
of existential transcendence, which | read through Graham Harman’s more
recent, though nonetheless contested, interpretation. As the first of the joint
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color-computation chapters, chapter 2 analyzes color in analog computing
systems that are likely foreign to most readers, especially those “born digital.”
Readers will be surprised to discover the sheer amount of time, labor, and
technical knowledge required to use these early computers to create visual art.
And while | delineate the specifics of the technical equipment used, this is pri-
marily done to complement and enhance my aesthetic analyses, emphasizing
how much more remarkable it is that, after hurdling such obstacles, an ethos of
mysticism and technological transcendence nonetheless accrued to this work.
Moreover, and this applies to the whole book, | occasionally use technical terms,
technical references, minor technical descriptions, and allude to the broader
history of postwar computing and experimental media art but for the most part
| do not analyze these references or alternative technical narratives to any
substantial degree. For those readers familiar with the industrial, technical, eco-
nomic, or business histories of computing and algorithms, or alternatively, the
history of the avant-garde, these references will provide an added layer.

In part 2 (chapters 3, 4, and 5), | focus on key creative and experimental
uses of color in the 1960s and 1970s, highlighting how (mostly) American sci-
entists, computer programmers, and artists developed new techniques to bring
color into computer art before the now standardized, ubiquitous, and user-
friendly GUI and digital color palette.®® To delineate the parameters of what |
identify as a “U.S. style” of early computer art, chapter 3 offers a comparative
analysis of color in early computer art in the European (though mostly German
and Dutch) and U.S. contexts. The chapter shows how the former approach
maintained a highly rational attitude towards color (in a pursuit of “Program-
ming the Beautiful”) while the U.S. school tended towards mystical, utopian,
and spiritual uses of color, as noted above. Specifically, | analyze the innovative
use of color in the pioneering work of European computer artists and aesthetic
theorists including Frieder Nake, Max Bense, Peter Struycken, and Herbert
Franke, which | then compare and contrast to the work of U.S.-based John
Whitney Sr., Stan VanDerBeek, and Ben Laposky. Counterexamples are given in
the chapter though my characterization of the U.S. school in chapter 3 is rein-
forced throughout the book, and especially in chapters 2 and 4.

In chapter 4 | turn to the aesthetic and cultural-historical analyses of color
and early computer art in the exclusive context of the U.S. in the 1960s and
1970s, focusing on key computer artworks developed by A. Michael Noll, Ken-
neth Knowlton, Leon Harmon, Béla Julesz, Max Mathews, Joan Miller, Laurie
Spiegel, and Lillian Schwartz all of whom worked at or were associated with
Bell Laboratories during this time. | also analyze Richard Shoup’s “SuperPaint,”
a pioneering color paint system he developed at Xerox PARC in the early 1970s.

In the first half of chapter 5, | conclude the book’s historical analysis
with an account of key color experiments produced at NYIT, Xerox PARC, and
WGBH in the early 1970s and 1980s. | focus on Alvy Ray Smith and Ed Catmul’'s
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development of the “alpha channel” and Peter Campus’s pioneering contribu-
tions to chromakey compositing, which, | argue, mark the advent of a new
“spatial” aesthetic in electronic imaging. The second half of chapter 5 turns to
the “surface layer” or rather the interface and screen, where | analyze trends
in net art and digital media design in the 2000s (using the work of Paper Rad),
characterized by a low-fi dirt style, and cool “aesthetic of interference,” as
Kittler informally coins it. Chapter 5 is located in part 2 because the majority of
the chapter consists of historical material. However, the chapter’s concluding
discussion of dirt style and the 2.0 look, both of which became popular only
after automated color and streamlined digital compositing, offers a segue way
into part 3.

This shift to automated color marks an important turning point in the
book, indicative of the ways in which the experimental field in aesthetic com-
puting closed in the 1980s, after the advent of mass-produced personal
computers, the development of the GUI, the standardization and automation
of software, hardware, and Internet protocols, and the increased commercial
and industrial control over all aspects of computing. As a result, in the late
1990s, digital color in the new school of art and design cool became an issue
of style and media critique and much less about the capacity to “transcend”
technology, express some inner vision, or alternative reality, as much of the
art of the 1960s did.>® Another reason for this shift, and | will provide several
throughout the book, is that in contrast to those who produced computer
art in the 1960s and early 1970s, computer artists and designers after the
late 1990s had little need to learn programming or understand how to write
a computer program and thus “computer art” simply became “art and design”
or “new media art” at best.

The new paradigm of digital colorism, previewed at the end of chapter 5,
is the subject of part 3, which includes chapters 6 and 7. In chapter 6, the now
functional and highly automated digital color is reframed as cold, algorithmic
color. | argue here that the algorithm has become culturally dominant in terms
of both visual imaging practices and ontology, heralding what | refer to as
the “algorithmic lifeworld,” illustrated through infrared visualization and low-
resolution “cam-girl” exhibitionism. The algorithmic lifeworld presents both an
extension of and a challenge to classical models of vision rooted in optics, the
hegemony of the (human) eye, and theories of the gaze. In contrast to an opti-
cal image like a photograph or film, an algorithmic image is a system operating
through the post-optic principles of informatic reduction, predictive scanning,
and the allegorical presentation of data. At the core of these processes is the
algorithm, a well-defined set of steps one must undertake in order to execute an
operation. Algorithms are rarely singular though they are always mathematical,
statistical, and nonspontaneous. | use digital infrared as my primary example
of algorithmic images, which | analyze in the work of new media artist Jordan
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Crandall, the Graffiti Research Lab (G.R.L.), Experiments in Art and Technology,
Denis Oppenheim, and a selection of infrared scenes in military action films
made after 1987. Through these examples | illustrate how the new algorithmic
paradigm on the one hand engenders a cultural imaginary rooted in fear and
anxiety surrounding new modes of post-optic, algorithmic perception, and

on the other hand, a new ontology of exhibitionism where one shows in order
to become—to exist—in the information-intensive lifeworld.

Where chapter 6 charts an end game for visual epistemology (which |
term “post-optics”), chapter 7 follows suit by analyzing an emerging style of
visual media equally unconcerned with nuance, detail, or optical clarity. Here,
cool and luminous hazy images appear in what | term the “Photoshop cinema,”
analyzed through the work of American artist Jeremy Blake and a selection of
recent feature films that employ color grading techniques in the form of thick
patches of digital color that, | argue, function as a stylistic and conceptual
opacity in the image. In the twenty-first century, digital color no longer invokes
the utopic and mystical visions that it once did in the 1960s, but rather the
logic of the algorithm and realities of the information age, marked by blockage,
absence, inscrutability, and automated indifference.

In the postscript | bring chapter T's archaeology of fluorescent colors into
the twenty-first century with an analysis of fluorescents in transgenics, bio-
engineering, and bio art. Under the heading of a “New Dark Age,” a term | borrow
from the title of Ben Jones’s 2009 solo exhibition at Deitch Projects in New
York City, | braid together several of the book’s thematic threads, providing an
overview of the shift from the visionary and utopic 1960s to the new dark
age that is, paradoxically, filled with brighter and more saturated hypercolors,
generated by increasingly stealthy algorithms. To have “color consciousness”
today means looking beyond the often gauche and hysterical colors on a
homepage, Internet advertisement, or web profile. Looking past the brightness
and so-called high visibility of our chromatic screens allows us to understand
how color connects to complex experimental, aesthetic, cultural, and technical-
material histories. At the same time, to say that color has become algorithmic
is also to say that color has escaped and circumvented it. To grasp this para-
dox is first to understand color and second to understand the ways in which it
has played a pivotal yet unacknowledged role in the material development of
contemporary aesthetics and the history of new media art.
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Chapter One
Colors Sacred and Synthetic



We live in an age of chromophobia, argues anthropologist Michael Taussig,
carrying the values and traditions of a “dark Europe” where, as Goethe once
suggested, “people of refinement avoid vivid colours in their dress, the objects
that are about them, and seem inclined to banish them altogether from their
presence.” When Europeans import bright and bold dyes from southern, “primi-
tive” countries, they subtly integrate them back into their “more refined” tastes.
Only “uncivilized nations, uneducated people, and children,” Goethe wrote in
1810, “have a great fondness for colours in their utmost brightness.”

Perhaps Taussig and Goethe are in part correct. Many “first world”
citizens work and play in black, white, and grey, punctuated by the occasional
pink work shirt, red tie, or fashionable purple scarf. A splash of vibrant color
is tolerated, so as long as one keeps it under control. The same set of generally
unspoken rules apply to workspaces, domestic interiors, “tasteful” material ob-
jects, and especially to Modern art, the quintessential unleashing of bold colors
within a sturdy and unwavering rectangular frame. And yet one wonders, in an
age of ubiquitous electronic computing and global communications, do these
old world values still apply? Does the imperialistic and colonial history of chro-
mophobia continue to thrive on one’s desktop, television, or cell phone screen?

Chromatic Algorithms argues that they do not: since the 1960s the
United States has embraced a new world of electronic, synthetic color. Decked
from head to toe in electronic hues and digital screens, the cultural landscape
abounds with color film, television, fluorescents, op art, billboards, Internet ban-
ner ads, screaming neon signs, dazzling fashion displays, postmodern architec-
ture, luminous screen savers, and brightly colored multiscreen installations in
pharmacies, shopping malls, airports, airplanes, gyms, and cars. The ongoing
and accelerated struggle for consumer attention is increasingly played out
through color media, further amplified by the ever-increasing size and scale of
global urban centers. Chromophobia may have been valid in Western Europe
during the nineteenth and early twentieth centuries, but today—at least in
terms of the media environment—it is obsolete.* How then can one account for
this turn of events and explain how the longstanding tradition of chromophobia
came to reverse itself in such a short period of time?

These questions are difficult to answer because color is not only difficult
to seeg, it is even more challenging to analyze. And yet without it the world
would look dim and incomplete. In 1963, Bauhaus colorist Josef Albers explained
that “in visual perception a color is almost never seen as it really is—as it
physically is. This fact makes color the most relative medium in art.”* Given
that color behaves on its own terms, irrespective of the codes, protocols, and
ordering systems that attempt to discipline and contain it, how then should
one approach it? Histories of color, such as this one, must chart the failures
and successes of a new color technology while also explaining what color is
and how one produces it. In this chapter, | provide a historical background and
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context to understand color, first by describing some of the major color conun-
drums and paradoxes in the history of Western art, science, and philosophy
and second by providing an archaeology of Day-Glo fluorescents, chemical col-
ors that explode into high visibility at the end of the 1960s. The chapter serves
as a second introduction to the book. Where the first introduction provided

an overview of my themes and methods, this introduction provides an overview
of color and its role in Western philosophy and aesthetics from Plato through
the psychedelic 1960s. Both serve as primers to understand the emergence of
luminous electronic color in the chapters that follow.

l. Classical and Modern Color: Plato through Goethe

The ancient and eternal question “what is color?” has not yet been fully an-
swered. A preliminary set of problems arises from the fact that each individual,
and group of individuals, sees color differently. Several people may be exposed
to the same object—a computer screen, a can of Coke, a translucent earth-
worm—from the same vantage point and under the same viewing conditions,
and yet each will see the object in a unique way. This is because a person’s
physiology, history, culture, and memory structure his or her visual perception.

Visual responses to color also diversify across language, gender, and
ethnic divides. While only 0.5 percent of Caucasian women are red-green
colorblind, up to 8 percent of Caucasian men are. (Recall gender stereotypes
of women and gay men knowing how to coordinate colors better than het-
erosexual men.)® Memory alone betrays color. After exposure to a bright red
dress, when one later attempts to recall it in the mind, it is usually remembered
in a hue darker than it actually is. Language and nomenclature both alleviate
and exacerbate color problems. Ludwig Wittgenstein argues that the English
phrase “red-green” denotes a fundamentally insecure relationship between
color and language by invoking a color reality that could not possibly exist.®
Color is an elusive “language game” where one assumes a color consistently
denotes a hue like “grey-green,” but what this term actually means is “inde-
terminate and relative to specific contexts and situations.” For Wittgenstein
ephemerality and indeterminacy lie at the heart of any color’s claims to same-
ness.” As Albers put it:

If one says “Red” (the name of a color) and there are 50 people listening, it can
be expected that there will be 50 reds in their minds. And one can be sure that
all these reds will be very different ... When we consider further associations
and reactions which are experienced in connection with the color and the name,
probably everyone will diverge again in many different directions.®

And yet naming colors is one of the few methods humans have for ar-
riving at any sort of agreement as to what a certain color is. Moreover, while
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humans are in theory capable of seeing innumerable colors, on average, an
English-speaking culture can only recognize and name about thirty different
colors. While designers, color physicists, and artists train themselves to see
and name more colors, these specialists are far from the majority. Seeing color
is a matter of cultural and historical training.

In Western psychology, symbolic systems have been developed to decode
the mysteries of color. These techniques tend to equate a color—usually one
of Newton’s primary spectral colors: red, orange, yellow, green, blue, purple,
or violet—with a number; a musical note (first attempted by Pythagoras); or a
gestalt or mood, such as Charles Fére’s experimental treatment of hysterics
with colored lights in the 1880s under the banner of chromotherapy. The well-
known color consultant Faber Birren further developed such psychologies of
color in his Color Psychology and Color Therapy (1950), Color Perception in
Art: Beyond the Eye into the Brain (1976), and Color and Human Response (1978).
These techniques, however, tend to designate a hue, such as red, as representa-
tive of a mood like anger or rage, or a note like F sharp, but, as noted, such a
correlation is culturally coded and what red means in one culture may signify
the opposite in another culture. For example, in China, white—not black—
symbolizes death and mourning.® Or consider the symbolic value of a Western
man wearing a pink suit to the office. Today this might signify fashion and style,
as it may have in the 1920s, but in the 1950s, it may have suggested some-
thing quite different. While these symbolic and indexical approaches to color
can fascinate color knowledge, this chapter does not, nor does this book,
employ them at length.

Instead, as | note in the introduction, Chromatic Algorithms analyzes
electronic color through the material history of aesthetics and the philosophy
of technology. Cutting across these approaches is a fundamental polemic:
on the one hand it is argued that color inheres in objects in the external world
while on the other hand it is argued that color is a phenomenon of interior,
subjective perception. This polemic extends back to the origins of Western
thought and to the history of aesthetics in particular.

Classical Color: Two Extremes

| begin with subjective color. Following Empedocles’ emission theory of
vision, Plato (424-348 B.C.) approached color through the lens of subjective
perception and proposed that the “pores of the eyes” consist of “fire and
water” through which humans perceive white and black.” In Plato’s creation
myth, the Timaeus, Socrates argues that “the pure fire which is within us . ..
flows through the eyes in a stream smooth and dense ... ” and later in this
same passage that “the light that falls from within [travels to] meet an external
object.”" In this way, a subject’s visual perception is mediated and shaped by
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what he or she sees in the world. Given Plato’s metaphysical prioritization of
abstract mathematical Forms, it should come as no surprise that such medi-
ated visions proved to be fundamentally deceptive and unreliable.

On the objective end, Aristotle (384-322 B.C.) formulated an empirical
theory of vision rooted in the colors that he observed in the world, which he
then classified into various systems. In his discussion of the rainbow he deter-
mined that light and color must necessarily move through a transparent
medium in order to be seen: “Colour sets in movement not the sense organ
but what is transparent, the air, and that, extending continuously from the
object ... sets the latter in movement.””? Color for Aristotle was not in the sub-
ject—the “sense organ”—as it was for Plato, but rather, in the objective world.
In his critique of Plato’s emission theory, he explains: “If the visual organ proper
were really fire, which is the doctrine of Empedocles, a doctrine also taught in
the Timaeus, and if vision were the result of light issuing from the eyes like a
lantern, why should they not have had the power of seeing even in the dark?"?
For Aristotle, and many after him (namely the tradition that builds from Newton
onwards), light and color exist as physical properties of objects in the external
world. Herein lie the seeds of the two dramatically distinct approaches to color
in the West: the subjective and the objective.

While catoptrics and dioptrics were not formally distinguished as sepa-
rate fields of study until Euclid’s Optics (aprox. 300 B.C.), early traces may be
identified in the two above theories. Dioptrics involves the study of refraction,
or, as Plato suggested, light passing through transparent or translucent bod-
ies. The field derives from the notion of perspicere, or “seeing through” and
includes such phenomena as electronic displays, whether cathode ray tubes
or liquid crystal, prisms, rainbows, and telescopes. Currently dioptric methods
guide research in color physics, optics, and cognitive science.”™ In contrast,
catoptrics derives from the Greek katomtpikog, meaning specular, and refers
to the branches of optical research concerned with “looking at” things and ob-
jects, such as projection screens (cinematography) or reflexive surfaces (mir-
rors), and as such, it is more in line with Aristotelian observation. Catoptrics
are bound to the “illusionizing potential of projection [and] the production of
artificial reality,” Siegfried Zielinski explains, associated more with artifice and
play than visual or interior truth.”® This is also why Alex Galloway suggests that
catoptrics can be associated with the Greek god Hermes, known for trickery,
deceit, and the origin of hermeneutics, while dioptrics can be aligned with
Iris, the Greek goddess of the rainbow, for whom light and color are immanent
and pure.” Hermetic light must be decoded and interpreted (like a commodity
fetish or religious text) but Iris-based colors are innate; a Spinozistic phenom-
enon available for immediate visual consumption.

The polemic between refracted (dioptric) and reflected (catoptric) light
can also be extended to lux and lumen, concepts that derive from theological
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sources like the Bible, the work of Abbé Suger or the history of Western optics.™
In the early seventeenth century, Jesuit mathematician Franciscus Aguilonius
argued that lux characterized the properties of light from an opaque body
while lumen connoted light activity in a transparent body.” Opacity and trans-
parency then concern two modes of mediation that, in their modern form, appear
as “additive” and “subtractive” color systems. Additive color systems, such

as television sets, rainbows, neon signs, and computer displays, generate and
emit light. The primary colors of an additive system are red, green, and blue.
When these primaries are combined, they produce transparent white light.2°

In contrast, subtractive color systems like paintings, books, apples, and cars,
are chemically based color systems that reflect color from a material substrate.
Blue, red, and yellow are the primary colors of a subtractive system—often
referred to as cyan (C), magenta (M), and yellow (Y)—and when they are mixed
together they produce black (figure 1.1).

In sum, color is and has always been a highly ambivalent phenomenon,
perpetually oscillating between the extremes of spirit and matter; light and
pigment; white and black; subject and object; and the sacred and the synthetic.
A number of color’s mysteries and ambivalences remain active and unresolved
in Western culture; however, in the age of Reason and the Enlightenment many
of their ambiguities and uncertainties were seemingly frozen, split, and solved
under the reifying gaze of technics, industry, and modern science.

Clear White Light

The clarity of modern Reason appeared to lift the cloudy veil cast over
sacred color. Complemented by developments in optical technologies, Reason
became a metonym for pure light and truth that, together, restructured the

1.1 Additive (left) and subtractive (right)
color systems. In the additive system colors
combine to create white, in the subtractive
system colors combine to create black.
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conditions of possibility for (visual) knowledge. In the late sixteenth and sev-
enteenth centuries alone Giovanni Battista della Porta (1537-1615) developed
the camera obscura; Johannes Kepler (1571-1630) developed the first theory
of optic lenses; Galileo Galilei (1564-1643) advanced work with telescopes; and
René Descartes (1596-1650) employed geometry to illustrate the principles

of light refraction in dioptric media. As light and space were territorialized
through carefully crafted optical experiments, that complex and unreliable

thing called color became a mere subordinate to pure and true white light. The
shift was furthered through the work of Sir Isaac Newton (1643-1727), who,
working in a dark chamber sealed off from the (life)world, demonstrated in
1704 that all spectral colors combined into white light (figure 1.2).2' As a deriva-
tive of light, color could be measured and quantified into seven distinct hues,

a theory that laid the foundation for future color science and the physical study
of color.?

There are, however, problems with Newton’s theory of color and his ac-
count of white light. Despite the fact that he was well aware of the subjective
aspects of color, his thesis—at least the way in which it has been repeated
through history—disavows many of the paradoxes and ambiguities that make
color a dynamic and contextual phenomenon. Any pursuit of pure “transparent”
knowledge, it has long been acknowledged, is doomed from the start, clouded
by its own ideals and abstract methods. Such misguided beliefs in anything
like a readily available “pure white light” or “transparent truth,” Heidegger has
argued, applies to the Enlightenment at large, and to Descartes and Kant in
particular.? In this paradigm the production of (theoretical) “knowledge” and
(calculated) “truth,” while connected to empirical vision and optics, were
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so abstracted from the lifeworld and lived experience that they ultimately
blocked rather than enriched one’s capacity to access truth, in a phenomeno-
logical sense.

And yet beliefs in pure white light and scientific truth remain intact.
Moreover, pure white light continues to carry anachronistic theological asso-
ciations with the brilliance of the rising (Apollonian) sun, a Christian God,
and the transcendental (masculine) spirit. It's symbolic value runs so deep into
the practices of Western, patriarchal, Caucasian culture and its claims to
authenticity, origin, innocence, and truth that it has become “natural” to view
color as its dirty and degraded counterpart. Where light comes from God
and the divine universe, color seeps in from the discarded residue and waste
of the fallen, material world.

In Western aesthetics, color is not only secondary and supplemental
to Reason and truth but also to the unwavering strength of line, form, and
structure. This particular polemic came to a head during the height of the
Italian Renaissance, even though its roots, as noted, can be traced back to
Plato’s theory of images and Western chromophobia in general. The particu-
lar form it assumed in the mid-sixteenth century was through the discursive
and artistic oppositions between Florentine disegno (line, form, or design)
and Venetian colore (colorism, or, brushstroke), that is, whether or not “paint-
ing should be organized around meaning or affect,” as Sylvia Lavin puts it.2
In contrast to colore, the (unstructured) use of color and brushwork, disegno
privileges line, form, draftsmanship, and rational compositional space. The two
camps of colore and disegno straddled either side of Michelangelo, where
disegno was emblematic of the work of Pontormo and Raphael, and colore of
Giorgione and Titian. Writers and critics from Leon Battista Alberti through
Paolo Pino, Giorgio Vasari, Lodovico Dolce, and later Heinrich Wolfflin helped
reaffirm one camp over the other and thus perpetuate the assumed meta-
physical distinction between them. Vasari, for instance, founded the Floren-
tine Academia del Disegno in 1563, an institution that formally acknowledged,
taught, and merited the prominence of disegno. Vasari valued disegno for
its links to the clarity of the mind (in conceiving of certain forms) and their
corresponding realization in material form. Vasari believed he was living in a
period of perfect art, lost since Antiquity, but reembodied in Michelangelo’s
disegno. It should come as no surprise that disegno won this debate and
remained dominant in Europe until well into the nineteenth century. (In chap-
ter 7, | bring this tension between disegno and colore into my analysis of
the Photoshop cinema.)?®

Privileging light as clarity and truth over that which is feared and un-
known is also the story of color in Immanuel Kant’s (1724-1804) aesthetic
theory. For his “transcendental aesthetic,” Kant reserved only those a priori
properties of the mind that excluded color. In 1781 he wrote that

1.2 Working in a dark chamber in the
late seventeenth and early eighteenth
centuries, Sir Isaac Newton demonstrated
that color derived from pure white light.

29



30

colors are not necessary conditions under which alone objects can be for
us objects of sense. They are connected with the appearances only as
effects accidentally added by the particular constitution of the sense organs.
Accordingly, they are not a priori representations, but are grounded in
sensation ... Further, no one can have a priori a representation of a color.?®

While Kant’s third critique altered some of his earlier views on color,
overall color remained secondary. For instance, in this third critique from 1789,
he wrote that the “colors which light up the sketch belong to charm; they may
indeed enliven the object for sensation, but they cannot make it worthy of con-
templation and beautiful.”?” In the tradition of Plato, Descartes, and Newton (to
name only three) Kant thus further authorized color as a secondary and ines-
sential phenomenon; as a mere ornament and adjunct to “The Beautiful and the
Sublime.” | will not go into further detail about color in the history of aesthetic
philosophy here.? Suffice it to note that from Antiquity through the nineteenth
century, color was subject to rampant aesthetic, epistemological, and ideologi-
cal chromophobia. “Bound up with the unreliability of the human senses,” as
Jonathan Crary puts it, color “could tell [philosophers] little or nothing about
what they believed to be the most important ‘permanent’ truths about reality.”?°

Dirty Color

The dark (feminine) view of color is frequently held responsible for color
problems, while it is also applauded for inciting visual delight. Such a view al-
lows pigment-based colors to concurrently act as symbols of pleasure, decep-
tion, and deceit. One may show one’s “true colors” in a moment of vulnerability,
intimacy, or the expression of raw emotion, but just as easily one may hide
behind a mask of colorful makeup and concealer. In Latin, the term colorem
is related to celare, which means to hide or conceal, but in Middle English “to
color” means to embellish or adorn as well as to disguise, “render specious,”
or “misrepresent.”® The situation becomes one where, as Albers puts it, “In
order to use color effectively it is necessary to recognize that color deceives
continually.”

Color’s capacity to simultaneously conceal and reveal, or attract and
repulse, invokes the ambivalence of the pharmakon. In critical theory the phar-
makon is traditionally associated with the Phaedrus, where Socrates aligns it
with the then-new technology of writing. As a new medium, the pharmakon
is a prosthetic that both preserves and replaces human memory; both a rem-
edy and poison. But as both Derrida and Stiegler point out, as a supplement
technics is also originary and therefore fundamental to being. The same logic
applies to color as a pharmakon. For example, in Plato’s Philebus, Republic,
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and Cratylus, Derrida notes, scholars have translated the term pharmakon as
“color.” In the Philebus, the colors in a painter’s palette are seen to be both con-
structive and destructive: used to create a new world and to deceive the eye
with artifice and illusion. In the Republic, color is translated to pharmakon to
imply witchcraft or magic, a “cosmetic concealing the dead under the appear-
ance of the living.”32 Color is dangerous because it is too potent and attractive,
preventing one from turning away from it, yet also essential for life, vitality,

and creation.

To say that color is a pharmakon is to say that color is and has always
been a kind of technology. So while my focus in the following chapters lies
with computer-generated color, it is nonetheless crucial to note here that color
of any kind is also always a matter of technics. That this has been acknowl-
edged only in certain fields since the Industrial Revolution is beside the point.
Color used in cave painting is still a matter of chemistry, just as color in the
atmosphere involves actual water droplets, sunlight, and dioptric media. If, as |
discussed in the introduction, human life, history, and culture must in the first
instance be approached alongside and through technics, then so too must
color. Whether through its ochers, its minerals, or its silicon graphics chips,
color’s dirt and matter connects us, however reluctantly or ambivalently, to
technics and artifice, just as it does to metaphysics and theology, politics and
ideology, and the depths and darkness of the earth, the world of chaos, eroti-
cism, and Dionysian ecstasy.

But equating color, and generally pigment-based color, with dirt, dark-
ness, deception, and the feminine, is only half the story.®® Not only does the
feminization and foreignization of substance-based color speak directly to
ongoing fears and a fundamental distrust of certain kinds of color in Western
culture, it also points to one of the ways in which Western chromophobia ex-
tends to almost any substance or being that is “other” than white, patriarchal,
or Christian. As David Batchelor puts it, in Western culture:

[tlhe purging of color is usually accomplished in one of two ways. In the first,
colour is made out to be the property of some “foreign” body—usually the
feminine, the oriental, the primitive, the infantile, the vulgar, the queer or the
pathological. In the second, colour is relegated to the realm of the superficial,
the supplementary, the inessential or the cosmetic. In one, colour is regarded
as alien and therefore dangerous; in the other, it is perceived merely as a
secondary quality of experience, and thus unworthy of serious consideration.3*

Color must therefore be seen as something deeply historical, material, and
ideological, at the core of the always already Other that perpetually threatens
to unveil and undermine the notions of truth, purity, origin, and order that
underwrite Western culture.
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Modern Colors: Goethe’s Cloudy Perception

[We need] a way of thinking where white is no longer the opposite
of black, but rather its positively discolored reflection.

—Francois Laruelle®®

That there is absolute truth or pure objective knowledge was a worldview
that was in many ways put to rest in the nineteenth century. In 1810, Johann
Wolfgang von Goethe (1749-1832) returned color to its ephemeral and mystical
Homeric lifeworld. In his Zir Farbenlehre (Theory of Colors), he glorified color
for all of its inconsistencies and complexities, making the cloudiness of subjec-
tive perception, in marked contrast to Newton'’s color theory, the most central
and sacred to experience, in service of achieving the “highest aesthetic ends.”*®
In color studies, Goethe’s work marks a paradigm shift from so-called objective,
classical color theories to the world of subjective perception. Also informing
this shift are interlocutors including Jean-Jacques Rousseau (1712-78), whose
notion of the sovereign subject shifted credibility towards the individual’s ex-
perience, and Immanuel Kant, whose “Copernican turn” further validated sub-
jective perception within formal philosophy.

Goethe was equally influenced by studies in optics and electricity, fields
that had also turned to the human subject as the source of (mediated) truth
and knowledge. Research in electricity began with Luigi Galvani and Alessandro
Volta, who approached the human body as the site—the conductor—of elec-
trical energy and visual experiments. In the eighteenth and early nineteenth
centuries, Johann Wilhelm Ritter experimented with nerves and muscle fibers,
making his “own body his laboratory workhouse.” At the time, Czech physiolo-
gist Jan Evangelista Purkyné was also interested in entropionic images (and
opium), and he began folding his eyelids inward against his eyeball to produce
images “with no direct visual reference to the outside world” from which he es-
tablished different color zones within subjective color perception.?” Inspired by
these experiments, Goethe began to poke himself in the eye, stare at the sun,
take drugs, spin colored discs, and send electricity through various body parts.
His research was unconcerned with the so-called purity of light, observed from
the interiors of a dark and isolated chamber, but instead with colors seen in
the murky, mediated world and on the edges of perception (figure 1.3).

Goethe’s color studies are summarized in Ziir Farbenlehre, a book divided
into three main parts. The first section is concerned with physiological color:
subjective experiences of color such as halos, dazzling color, afterimages, and
phenomena appearing to (sun-)damaged or otherwise “pathological” eyes.
“Physiological colours,” he wrote, “belong to the subject—to the eye itself. They
are the foundation of the whole doctrine.”® The second part concerns physical,
dioptric colors that, as noted, involve the phenomena of light and color passing
through physical media.?® The third part addresses object or chemical colors
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that inhere in substances like dyes, textiles, worms, minerals, pigments, and
plants. Chemical colors have a greater tendency to “fix” their hue for longer
periods of time, though they may change (for instance, butterflies express radi-
cally different colors throughout their metamorphosis). The shorter fourth
and fifth parts critique color studies in philosophy and linguistics, and espe-
cially Newton’s physical color science.

Zlr Farbenlehre openly leverages a tirade against Newton’s 1704 Opticks
and his thesis that color is exclusively a physical phenomenon emanating from
pure white light. Newton’s approach to color “retarded” color studies, Goethe

1.3 Johann Wolfgang von Goethe, “Diagram 1,

hand-colored engraving from Ziir Farbenlehre

(Theory of Colours) (Tubingen: Cota, 1810).

Courtesy of the Goethe-Museum Dusseldorf/

Anton-und-Katharina-Kippenberg-Stiftung,

Disseldorf, Germany. 33
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argued, as it removed color from the lifeworld and the “the perishable and vari-
able properties of natural phenomena [and] lived experience,” as Crary puts it
(albeit in regards to the overall standardization of modern color).*® As a critique
of the positivistic sciences, Goethe buried his chapter on dioptrics—the pri-
mary focus of optical research since Galileo—in the middle of the book, placing
his chapter on the cloudy colors of subjective perception first.

In sum, Goethe’s research guided color studies into a new paradigm
wherein any body capable of seeing or perceiving could be constituted as a
self-knowing body, regardless of how cloudy or opaque one’s perception was.
In the nineteenth century, perceptual color became synonymous with a new
subjectivity; a modern psyche that actively shaped his or her own reality. More-
over, these cloudy and unclear visions—what Goethe called das Tribe—
were precisely the conditions under which the Romantics and eventually the
phenomenologists would lay claim to color as a force and phenomenon that
resisted and opposed rational and detached methods in color psychology,
science, and industry. However, just as these subjective approaches to color
emerged to reclaim the gestalt of the lifeworld, they were caught in the
reifying gaze of the nineteenth century’s optical sciences.

Psychophysics

In the nineteenth century, scientists like Gustav Theodor Fechner, Ernst
Heinrich Weber, Hermann von Helmholtz, Johannes Miiller, James Clerk Max-
well, and Thomas Young pioneered the scientific study of optics and perception.
They saw value in Goethe’s “embodied” color and likewise located visual truth
in the corporeal body. But no sooner was this body identified as the source of
visual knowledge than it was also removed and abstracted from the world. In
pursuit of an “ideal subject” of vision, perceptual processes were isolated and
idealized into objects for rational observation and calculation (it is precisely
this reification that comes under the gun in Husserl’s, Heidegger’s, and Merleau-
Ponty’s phenomenology, as | note in the introduction).

Grandfather of psychophysics Gustav Theodor Fechner (1801-87) set a
general equivalency for measuring thresholds and standards in visual percep-
tion. In his Elements of Psychophysics he established the “Weber-Fechner”
law of “just noticeable difference” to demonstrate how a mathematical formula
could be used to determine and extrapolate on the minimal amount of (light
or sound) stimuli needed to elicit a certain response. Central to his claim was
the observation that, as stimuli were repeated, they would also need to be in-
creased in intensity to account for the weakening in response on the part of
the subject (due to things like fatigue). Given this rate of diminishing return,
his law could, ostensibly, be used to mathematically determine the logarithmic
tendency of a subject in relation to external stimuli. While there are obvious
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problems with the assumed “standard” observing subject, Fechner’s research
nonetheless paved the road for future developments in technical color stan-
dards. In short, through the Weber-Fechner law, the smallest perceptible
difference or threshold in perceived light stimulus could be used to establish
a quantitative logarithmic relationship, or 1:1 equivalency between stimuli
and sensation, and thus color affect becomes color quanta.”

Fechner’s theory also introduced another problem. While his empirical sci-
ence allowed the mind and body to (re)connect, albeit through abstract quan-
tification, a major shortcoming of the method was the fact that its claims to an
internal reality were only ever extrapolations of externally administered stimuli.
That is, on the side of the stimulus, not the response. Any quantitative measure-
ment of sensation was always only a hypothesis, cued by quantifiable visible
responses. As Fechner puts it, “The fundamental experiences in the entire field
of psychophysics can only be found in the domain of external psychophysics,
because only this is accessible to direct experiences ... the physical exterior
world is connected to the functioning of the mind only by the mediation of the
physical world.”*2 This shortcoming was hardly unique to Fechner’s work.

German psychophysicist Johannes Muller (1801-58) also observed and
analyzed the human body as a factory of sensations. In 1838 he determined
that light and color were mere actions of the retina, nervous prolongations sent
to the brain that could be measured, extracted, and controlled through distinct
stimuli and response systems.*® In The Comparative Physiology of the Visual
Sense in Man and the Animals (1826), he had already determined through his
“doctrine of specific nerve energies” that the senses could be arbitrarily divided
into distinct systems, therein setting the stage for each and any color stimulus
to correlate with an equally arbitrary “specific energy” on the optic nerve.**
And thus there was no longer any need for an experience of actual color, as
found in the lifeworld, only the quantified set of stimuli needed to simulate it.
Because the phenomenal, qualitative experience of the subject was here barred
from the start, quantitative external color measurements logically became
the key to any “truth” and knowledge about color and what, where, or how it
could exist.

By presuming light rays were always moving through materials of some
sort—like the atmosphere or the human body—Mdiller also supported an
undulatory model of perception, endorsing light and color as always already
mediated and therefore dirty. When colors were animated, he argued, they
merged to produce grey, not a pure and pristine white, as Newton had argued.
Miller’s scientific justification for dirty color not only undermined Newton’s
theories of simple and pure rays of light, or the corpuscular theories of light
proposed by Descartes, but also provided a scientific endorsement of Goethe’s
cloudy color theory, which had initially been lambasted by the scientific com-
munity in the early nineteenth century.
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Hermann von Helmholtz (1821-94) studied under Miiller and like his
teacher he observed the “flight of colors” in afterimages. He paid special at-
tention to the way in which colors faded out of sight by passing through a
specific order. “Everything our eye sees,” he wrote, “is an aggregate of coloured
surfaces in the visual field—that is its form of visual intuition.”*® Yet contrary
to his teacher’s insistence that organic and inorganic life were distinct, using
Fechner’s psychophysical law Helmholtz demonstrated that organic life could
be measured and quantified in just the same way as inorganic things. James
Clerk Maxwell (1831-79), who engineered research on feedback in the steam
engine and color photography, later extended Helmholtz’s research by “giving
mathematical expression to the data stream of sensual perception,” for which
he developed a proto-analog computer mechanism to articulate color percep-
tion in the form of an equation.*®

In sum, in this body of research one finds the emergence of standardized
models of color vision, such as the International Commission on Illlumination
(the CIE lab system), which proposes a universal “standard” observer for all
color values; the precursors to research in neuroscience and cognitive studies;
and the emergence of what | term “algorithmic color,” namely, the transforma-
tion of color from a qualitative phenomenon to a code, formula, quantum, or
mathematical equation. This brief overview of color in nineteenth-century sci-
ence demonstrates how it was seen to be subjective and essentially optical,
but also a quantifiable and calculable phenomenon. The overview also points
out that quantitative analyses of life systems (here the human body) were
already in place when Claude Shannon developed information theory in the
mid-twentieth century. Once embodied perception had transformed into a
series of “electric potentials and logarithmic transfer functions,” as Kittler puts
it, the epistemological ground was cleared for human life to be “divested of
all its humanity,” and color of its sacred attributes.” Now fully extracted from
the lifeworld, technical color was all that remained for the progeny of Modern
art and aesthetics.

Goethe’s Legacy

Strangely, Goethe’s color theories spread to the sciences in the 1830s and
1840s, before they spread to art. In fact it was primarily by way of science that
artists and designers writ large came to adopt Goethe’s color theories.*® Helm-
holtz’s Treatise on Physiological Optics (1867), for instance, introduced artists to
the distinction between additive and subtractive systems as well as other refine-
ments of color theory while Maxwell, as noted, produced the first color photo-
graph in 1856, furthering studies in additive color mixing for visual imaging. But
by far the figure that had the most influence on color in nineteenth century art,
fashion, and design was French chemist Michel-Eugene Chevreul (1786-1889).
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Chevreul worked as a superintendent in the dying department at the
Manufacture Royale des Gobelins, the national tapestry workshop in France. In
1824 he became director when he quickly identified problems with the inter-
mixing of colors in the weaves’ warps and wefts, color fading, and brilliance. He
observed how colors frequently faded into each other, not because of the dye
but because of what he termed “simultaneous contrast” wherein one color was
affected by its neighboring color and as a result, there was an overall shift in
both hues (see figure 4.14). In other words, the color problems were due to opti-
cal mixing, not the chemical nature of the dyes.

To solve these problems Chevreul turned to Goethe’s and Helmholtz's
color theory, which he attempted to put into practice by quantifying and stan-
dardizing the perceived color effects through an elaborate color wheel and
diagram. Unfortunately, his detailed science of color mixing proved impossible
to implement. For one thing, his color laws were based on theoretical and
highly subjective optical responses to color, not the chemical laws of color or
dye mixture formulas. Second, his intricate design for a color circle contained
14,400 dye colors that, at the time, were unstandardized so a detailed chart
would likely become useless by the time the next batch of dyes rolled around.
Furthermore, his color circles used “natural” color dyes (“organic synthetic
dyes”) that became obsolete in the 1860s, after William Perkin and others noted
below found ways to produce synthetic colors from coal tar.*®

Chevreul began lecturing on color in 1828. However, his book De la loi du
contraste simultané des couleurs et de I'assortiment des objets colorés (The
Principles of Harmony and Contrast of Colours) was not published until 1839.
And while it was unsuccessful within the dye industry, it was largely influential
in the art, fashion, and visual cultures of the nineteenth century. In particu-
lar, his work influenced modern painters and color theorists including Ernst
Briicke’s Die Physiologie der Farben fiir die Zwecke der Kunstgewerbe (1866);
Auguste Laugel's Optics and the Arts (1869); Charles Henry’s Introduction to
Scientific Aesthetics (1885); Charles Blanc’s Grammar of the Arts and Design
(1867); and Ogden Rood’s Modern Chromatics (1879). Chevreul’s color theory
provided systematic explanations for the mysterious laws of color and the
material experience of subjective color perception, offering guidance and ex-
planation as to how one could avoid shifting colors, gauche color combinations,
and disharmonic wardrobe ensembles.° In turn, the above noted titles, and
Rood’s in particular, offered artists and visual designers further accounts of
the laws of color, both in terms of optical perception and color mixing.

By way of these Goethe-inspired sciences then, subjective theories of
color mixing became central to art movements like Impressionism and Post-
Impressionism. In his Against the Enamel of a Background Rhythmic with Beats
and Angles, Tones, and Tints, Portrait of M. Félix Fénéon in 1890, for instance,
Paul Signac depicted the world of vision as an effect of one’s inner psyche and
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subjective perception, no longer an objective outer world. Post-Impressionist
Paul Seurat was especially influenced by both Charles Henry’s 1885 theory
of the “aesthetic protractor,” which posited that the emotional value of a line
may be measured, as well as Blanc’s method for mixing color dots based on
juxtaposition. In combining these two approaches, Seurat developed his own
optical formula for painting, which we now call pointillism.®

Goethe-derived color theory also entered experimental light art and per-
formances in the nineteenth century, most notably through the work of Charles
Babbage and Loie Fuller. Babbage, often cited in new media histories for his
analytic engine, was also interested in color effects in dioramas. In the 1840s he
proposed to mount a “rainbow ballet ... using four limelights with coloured
filters which would project overlapping beams on the white-clad dancers.”
Unfortunately due to fire hazards the project never materialized.>? Shortly after
Edison developed the incandescent bulb around 1880, however, American
designer Loie Fuller began building complex light shows and performances that
pivoted on color effects (figure 1.4). She used light boxes, rotating colored filters,
a double lantern for mixing colored beams, and a glass floor lit from below.5
As Adrian Bernard Klein describes it, Fuller used “vertical shafts of light pro-
jected upwards from beneath the stage. In these narrow cones of light, the
dancers whirled, twisting shreds of gauzy fabric, while the beam was rapidly
altered in colour; and the effect was like that of a figure enshrouded in a silent
and iridescent column of flame.”** Sacred color had seemingly returned.

Similar light and color experiments also appeared in the cinematic avant-
garde, in the work of Oskar Fischinger, Norman McLaren, Viking Eggeling,
Len Lye, Walter Ruttmann, and Mary Ellen Bute, and again in the 1960s. In many
ways, the expansion of the perceptual field in the 1840s is analogous to the
color experiments with art and technology in the 1960s and early 1970s, which
| analyze in chapters 2 through 4: both occurred in moments of unprecedented
innovation and unholy fusions between art, color technology, and science.
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Bauhaus Color

In the twentieth century, Goethe’s influence continued to spread to
movements like German Expressionism (namely in the work of Ernst Ludwig
Kirchner), and especially to the art and design at the Bauhaus. In 1919 German
architect Walter Gropius established the Staatliches Bauhaus, or simply Bau-
haus, in Weimar, Germany. The school had an innovative art and design pro-
gram and at the core of its curriculum was color theory. Its approach to color
merged scientific and philosophical methods and was taught by Johannes
Itten and Josef Albers (who was also a former student of the school). When the
Bauhaus was forced to move and eventually close during World War Il, many
members moved to the United States, including Albers, who began teaching at
the Black Mountain College and then at the Yale Graduate School of Art, where
he taught color theory from 1950 to 1958. (figure 1.5-1.6).

Like Goethe, Albers was interested in how color behaved, not in abstract
principles or ideals, as the psychophysicists were or Wilhelm Ostwald, a Ger-
man chemist and amateur painter who in 1916 proposed a highly intricate and
empirical color ordering system that Albers strongly opposed.s® Color was
unfaithful to any theoretical system, Albers insisted, and therefore, in order
to learn about color, one had to experience and use it, not abstract it into a

< 1.4 Hand-colored Pathé film, circa 1907. 1.5 Josef Albers, Color Theory Class, 1944.
In the 1890s, American dancer Loie Fuller Summer Institute by Joseph Breitenboch,
began to integrate colored lights into Black Mountain College Research Project.
her ethereal performances. Image Courtesy of the North Carolina Office

of Archives and History of the North Carolina
Department of Cultural Resources.
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pre-determined ordering system. His studio classes thus involved empirical
and active engagement with his students and their color assignments. In 1963
he wrote, “With the discovery that color is the most relative medium in art, and
that its greatest excitement lies beyond rules and canons ... we learned that
their often beautiful order is more recognized and appreciated when eyes and
mind are—after productive exercises—better prepared and more receptive.”s®
Also in 1963 Albers published The Interaction of Color, by which time the
Bauhaus’s color and design principles—qua Goethe—had been absorbed into
numerous American art and design school curricula. The attraction to these
color theories came from the way in which they approached color based on
how it was actually seen in the world not on how it was supposed to behave,
based on theoretical or abstract notions.*’
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Romantic Color in Critical Theory

Less acknowledged in Goethe’s legacy is the way in which his color theory
influenced critical theory. It is well known that Romantic philosophers like F. W. J.
Schelling, G. W. F. Hegel, and Arthur Schopenhauer were attracted to Goethe’s
phenomenological approach to color and the way in which it merged sensation
and reason.’® Contrary to Kant and the “chromophobic” philosophers who
came before him, both Goethe and Hegel glorified the spiritual and majestic
powers of color. Hegel wrote, “[Alll the spatial relations and differences of ob-
jects appearing in space, are produced in painting only by color.”s® Following
Goethe, Hegel maintained that color was a form of expression that could be
used to achieve a “sublation” (Aufheben) of art into philosophy and ultimately
into spirit. It was Schopenhauer, however, who most closely followed Goethe’s
work, especially in his 1816 On Vision and Colors where he argued that the
“[clolors with which objects appear to be clothed ... are entirely in the eye
alone.”®° Filled with color, the subjective eye was the lifeworld. Likewise, in 1935
Heidegger wrote, “Color shines and only wants to shine. When we analyze it
in rational terms by measuring its wavelengths, it is gone.”®

It is logical that Goethe’s romantic view of color extended to these phe-
nomenologies and art theories, but less obvious is the way in which it has also
been absorbed into critical theory. In 1914, for example, Walter Benjamin wrote
that a “pure vision is concerned not with space and objects but with colour ...
The imagination can be developed only by contemplating colours and dealing
with them in this fashion.”¢2 Or, in 1957, Adorno wrote:

To want substance in cognition is to want a utopia. It is this consciousness of
possibility that sticks to the concrete, the undisfigured. Utopia is blocked

off by possibility, never by immediate reality; this is why it seems abstract in
the midst of extant things. The inextinguishable color comes from nonbeing.
Thought is its servant, a piece of existence extending—however negatively—
to that which is not. The utmost distance alone would be proximity;
philosophy is the prism in which its color is caught.5®

Like the phenomenologists, a number of critical theorists idealized and
romanticized light-based color well into the twentieth century. A slight shift
occurred in deconstruction and poststructuralism, where, while color was still
idealized, it was not esteemed for any utopic valency but rather for its intrinsic
capacity to undo form and transgress meaning.

For instance, in 1975, Roland Barthes wrote: “If | were a painter, | should
paint only colors: this field seems to me freed both of the Law (no Imitation,
no Analogy) and Nature.”®* For Jean Baudrillard, color was also an elusive and
nonsensical phenomenon:

No analysis of the vibrations of light will ever explain the sensory imagining of
colours. No digital optics will ever explain red in its literalness, in its absolute

1.6 Josef Albers, Drawing Class, 1939-1940.

Black Mountain College Research Project.

Image Courtesy of the North Carolina Office

of Archives and History of the North Carolina

Department of Cultural Resources. 41
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difference from blue or green, any more than any logic will ever explain the
relation of the sign to the thing, of red to the term “red,” which is just as
indefinable as red.®®

Similarly, in 1996, Stephen Melville followed Derrida’s deconstruction of the
parergon to argue that color is “everywhere bounded,” yet it “repeatedly breaks
free or refuses such constraints.” And when this occurs, he continues, it is color
that “awakens questions of the frame and support.”®® This sense of pure aber-
rancy and utter transgression, a romantic and idealistic sentiment to be sure,
is also how and why color is celebrated in the work of Ludwig Wittgenstein and
Jacques Derrida.?’

That the Western critical and philosophical tradition maintain a pure
and idealistic view of light-based color, even if this is a purity of transgression,
is a problem for synthetic color. To turn away from color’s scientific and techni-
cal attributes will not solve anything about color and the problems it faces in
an age of hypertechnology and informatic media. In essence, these approaches
perpetuate chromophobia, even if by negation. It is not surprising that the
expressionistic, subjective, and optical approaches to color that characterize
color theory from Goethe through the mid-twentieth century began to fall
apart in the postwar era of techno-rationalism, information theory, and cyber-
netics. To demonstrate this, in the next section | introduce an archaeology
of industrial synthetic colors, from fluorescents through the Day-Glo lifeworld,
circa 1969.

Il. Industrial Color: Synthetics to Day-Glo Psychedelics

When it comes to the “cheap” synthetic colors of the modern world, it is re-
markable how the above noted high-minded visions quickly flip to the opposite
extreme. On this side of the rainbow Adorno writes: “The color film demolishes
the genial old tavern to a greater extent than bombs ever could.”®® And Ro-
land Barthes: “For me color is an artifice, a cosmetic (like those used to paint
corpses).”®® And Walter Benjamin, writing about the host of commodities for
sale in the nineteenth-century Paris Arcades: “[F]alser colors [than colored li-
thography] are possible in the arcades; that combs are red and green surprises
no one. Snow White’s stepmother had such things, and when the comb did not
do its work, the beautiful apple was there to help out—half red, half poison-
green, like cheap combs. Everywhere gloves play a starring role, colored ones
[and] long black ones . .. upon which so many . .. have placed their hopes

for happiness.””

Such views may run alongside this study, devoted to so-called cheap
and poisonous hues, whether in dye, phosphor, or liquid crystal form. More
helpful, however, is Buckminster Fuller’s observation that we “speak errone-
ously of ‘artificial’ materials [and] ‘synthetics.” It is a false
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notion that nature has certain things which we call natural, and everything
else is ‘manmade, ergo artificial. What one learns in chemistry is that nature
wrote all the rules of structuring; man does not invent chemical structuring
rules; he only discovers the rules. All the chemist can do is to find out what
nature permits, and any substances that are thus developed or discovered are
inherently natural.”!

In this view, sympathetic to my own, synthetic color, like technics, has
always been integral to the lifeworld. Natural histories of color, for instance,
place synthetic pigments in the early Paleolithic period (35,000 B.C.), when
red earths were first used to create tattoos on the “flesh of the living” and the
bones of the dead were reddened with ochre.”> Around 3000 B.C., Egyptians
also fabricated a synthetic blue pigment, a double silicate of copper and cal-
cium, by drying out sediments from the bottom of the Nile River, which they
then used to dye clothing.

Synthetic color also bears links to the history of colonialism, slave trad-
ing, genocide, and war. While | do not focus on these connections at length,
they are worth noting briefly. The trade in indigo (a synthetic pigment known
for its steadfast qualities and brilliant purple-bluish hue) dominated through-
out European imperialism and slave trading in India and Africa, during which
time Great Britain and France controlled the indigo trade from India. In 1789
the western province of the French colony of Saint-Domingue, now Haiti and
the Dominican Republic, had close to 1,800 indigo plantations worked strenu-
ously by slaves. The indigo-making process was incredibly labor-intensive.
To start, according to Colesworthy Grant, “sheaves of indigo plants six feet
long were crushed and placed in overnight vats of clear river water, where they
were steeped for ten to twelve hours, depending on the temperature of the
warm night air.””® Napoleon’s army alone ended up importing 150 tons of indigo
a year, used for its fade-proof qualities to dye the uniforms of over 600,000
French soldiers.™

Jumping ahead, during the First World War, I.G. Farbenindustrie’s (Farben
is German for colors) constituent AGFA made color film while they also provided
for the German army’s chemical warfare needs. During the Second World War,
I.G. Farben founded a synthetic rubber factory known as Buna in Auschwitz
(featured in Pynchon’s Gravity’s Rainbow), which produced everything from
synthetic oil and rubber, toothbrushes, explosives, drugs, and gas for warfare,
making itself the world’s largest manufacturer of dyes, films, and synthetic
color products.” During the war the company forced prisoners, concentration
camp inmates from Auschwitz and those in occupied countries of Eastern
Europe, to work in IG Farben’s Buna factory.”® As Michael Taussig notes, one
Farben director later charged by the U.S. government for his “proactive” role
in the Third Reich testified: “l wanted to see my child, or some fish or game |
had caught, in color—to see it in all its beauty. And we succeeded.””” Against
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the background of the horrors of the Holocaust, such developments hardly
speak to the innocent and mystical associations color once held for the ancients
or Romantics. Moreover, these are only two of many alarming connections be-
tween synthetic color, war, film history, and the slave trade, all of which demand
further critical attention elsewhere.’

In sum, the term “synthetic color” applies to a wide variety of contexts
and circumstances. In this book | use the term in three narrow senses. First
to imply a destigmatized sense of cheapness, death, and artifice; second, to
denote computer-generated electronic color (though | make one exception: in
this chapter | offer an archaeology of fluorescent Day-Glo, a chemical-based
synthetic color); and third, to contrast with the sacred in order to introduce and
dismiss a false dichotomy between theology and machines. | insist throughout
the book that synthetic and sacred colors are not mutually exclusive—the mis-
take of metaphysics for centuries—but rather, they are inextricably bound in
ways that are neither romantic nor abstract, but concrete and tangible.

Synthetic Fluorescents and Industrial Color

Seen on traffic cones, road signs, T-shirts, nylons, nail polish, and chil-
dren’s toys, and commonly referred to as “Day-Glo,” fluorescent colors illustrate
several of color’s paradoxes. For one thing, they both generate and reflect light.
Fluorescents are a threshold phenomenon that are both additive and subtrac-
tive, light based and pigment based, and as such they exemplify how color con-
sistently problematizes any law that attempts to order or classify it (figure 1.7).

To act as a light source, fluorescents absorb ultraviolet rays, a form of
electromagnetic radiation that falls just beyond the blue end of the visible color
spectrum. This energy is then transformed, reflected, and reemitted, but be-
cause fluorescents are capable of absorbing ultraviolet rays as well as naturally
visible electromagnetic frequencies, the light they emit is stronger and brighter
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than other colors. For example, the eye perceives Day-Glo fluorescents at

a rate 75 percent faster than ordinary colors. Day-Glo colors also shine three
times as strong as ordinary colors, and they can seduce the human eye 59
percent of the time to return for a second look.”

The fluorescent palette, while bright and intense, is also cold. That is,
the palette appears more bluish than other colors or objects lit under con-
ventional yellow, indoor, or incandescent light sources. When Aristotle first
observed fluorescing in nature, he noted that “some things which are neither
fire nor forms of fire seem to produce light by nature.”® In scientific terms,
he correctly distinguished the light that radiates from hot objects (known as
incandescence) from light generated without heat (known as luminescence).
Luminescents, such as fluorescents, burn phosphors to release light with
extreme efficiency and produce only a negligible amount of heat, as opposed
to other light sources, which are relatively warm. This explains why fluores-
cent and phosphorescent colors are cold colors and exist in cold media, both
empirically and perceptually.

Another example of cold color is televisual color. Until recently television
sets used cathode-ray tubes (CRTs) to produce phosphorescent light. CRT
television sets contain a vacuum tube and grid mediated by a cathode and an
anode pole that emit a narrow beam of electrons. The electrons are accelerated
to a high velocity as they are shot through the guns toward the phosphor-
coated screen, fluorescing at the point where the electrons strike. The result-
ing luminescent glow is called a “trace-point.”®" And while television colors
fluoresce, they do not produce fluorescent colors like Day-Glo. Day-Glo is a
pigment-based color that uses ultraviolet light to amplify its sizzling effect,
whereas television is a light-based, additive color system that generates colors
predominantly within the visible part of the spectrum. (I will further expand
on the nature of TV as a cold medium in the next chapter.)

Moreover, when fluorescent colors reflect light, they do not follow the
same laws that other spectral colors do but instead operate according to their
own laws. Think of a cherry red car or light blue shirt. Each object absorbs
electromagnetic rays in the atmosphere and reflects back all colors but cherry
red or light blue, respectively. But fluorescent colors absorb both visible light
and ultraviolet rays and transform them by shifting the reflected color down
one hue. Scientists have named this effect the “Stokes shift,” after the Irishman
and child mathematics prodigy Gabriel Stokes.

Stokes also coined the term “fluorescence” after he placed a piece of blue
glass in front of a sunlit hole in 1852. Behind the glass, he positioned a beaker
of yellow liquid quinone solution (a natural fluorescent chemical found in plants)
and discovered that it produced a strong yellow glow, which he named fluores-
cence. Stokes next identified the “degradation” effect of reflected light, which
he observed in red flowers at dusk. At this time of day, the red flowers appear

1.7 The distinct behavior of fluorescent colors
under ultraviolet light (left) is contrasted with
fluorescent colors under visible light (right). 45



46

bluer than earlier in the day because at dusk there is a cooler, bluer light in the
diffuse atmosphere. Fluorescents intensify using a similar logic: they may re-
ceive an orange light stimulus but when mixed with bluish-ultraviolet rays, they
will shift the hue down to reflect yellow or even green.

In 1833, while experimenting with coal tar, a brown or black viscous
byproduct and waste material from coal mines (coal tar results from the car-
bonization of cola in coke), German chemist Friedlieb Ferdinand Runge ap-
plied coats of the tar mixed with other chemicals to his outdoor fence to keep
dogs out and prevent them from urinating on it. His plan did not work and the
neighboring dogs continued to urinate on his fence. Runge was pleasantly sur-
prised, however, to discover that after the dogs urinated on his treated fence,
a brilliant fluorescent blue resulted. The chemicals in the urine had oxidized
when they mixed with the coal tar. He named his brilliant blue Kymol.#2 In trans-
forming valueless matter (waste from animals and machines) into a shiny new
color, dead matter was magically gifted with a second life. Color’s mysterious
alchemy and unpredictable behavior prevailed, even at the height of the in-
dustrial age. Runge went on to write several textbooks about color and chem-
istry, including Grundriss der Chemie (1848) and Zur Farben-Chemie (1850),
that offered useful information to artisans, printers, and housewives on topics
ranging from how to produce certain colors to cleaning one’s home using new
industrial-produced synthetic chemicals.®

Stable synthetic colors, however, ones that could be used in dyes, tex-
tiles, and pigments, were not feasible until the mid-nineteenth century, after
the innovative work of the British chemist William Henry Perkin. In 1856, at
the age of eighteen, Perkin accidentally discovered the first synthetic purple
while running experiments to synthesize quinine. His stable purple dye, first
termed “Tyrian purple,” and later mauve, or, mauvine, was quickly patented as
the world’s first semi-permanent aniline dye. But before Perkin could manufac-
ture his color for mass industrial production, many factors intervened. For one
thing, he went through lengthy and laborious processes of standardizing the
chemistry and securing his business operations. His process involved using
a solution of sulphate of aniline and a soluble bicarbonate in order to convert
the sulphuric acid into a neutral sulphate. He then had to let this sit for ten to
twelve hours, after which time it became a black powder solute. He then mixed
this powder through a fine filter and washed it with water until it was free of
the neutral sulphate. The next stage involved drying the substance at 100
degrees Celsius and digesting it with coal-tar naphtha. The residue from this
evaporation process was then digested again with “methylated spirit,” which
“dissolve[d] out” the coloring matter.2* While these chemical processes are
likely foreign to most readers, my point is simply to indicate the lengthy and
laborious process involved in industrializing early synthetic color.
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Once standardized and prepared for mass production, Perkin’s mauve
appealed to diverse industries ranging from medicine, perfumery, food, explo-
sives, photography, film, and textiles. However, he was not without competition.
Other German, French, and British manufacturers quickly followed suit, includ-
ing the rival South London firm of Simpson, Maule, and Nicholson; the Lyon
schoolteacher Francois Emmanuel Verguin, who developed a brilliant formula
for “solferino” red; German colorist Heinrich Caro, who, as scholar Regina Blasz-
czyk puts it, “mastered aniline chemistry in the calico mills of Manchester”;
and the Bayer Company, founded in Barmen, Germany, in 1863 by Friedrich
Bayer and Friedrich Weskott.®> The European industrial revolution in synthetic
color was under way, which eventually included hues like fuchsia, magenta,
and brilliant yellows and greens (such as Naphthalimide Yellow, brilliant Sulfo-
flavine FF, and Azosol Yellow).8¢

By the end of the nineteenth century, new color textiles, garments, inks,
dyes for fashion, and mass-produced oil paints in collapsible tube housing
allowed painters (most notably the Impressionists) to skip the lengthy step
of mixing paints in their studios and bring their premixed colors outdoors
to paint landscapes and cultural life “en plein air.” In lieu of these new mass-
produced colors, Marcel Duchamp joked, any art made after the Industrial
Revolution was already a “readymade.”®’ Reinforcing this insight is the fact that
before 1850, fewer than 50 dyes were known in the market, but by 1913 there
were around 1,300.%8

In the United States the industrial color revolution in dyes and pig-
ments began in the 1920s and 1930s. The chemical industry’s development of
synthetic colors, Blaszczyk explains, gave way to a wealth of fast, cheap, and
colorfast hues that rapidly transformed chemical, design, print, and fashion
industries. This revolution also saw the advent of “color casting,” a new field of
industry experts who promised to predict the best-selling colors in the upcom-
ing season. It is also important to point out that the rapidly emerging synthetic
dye industry was subject to what chemical historian John J. Beer describes as
the “whims” of fashion, with its changing tides and fluctuating demands. As a
result, color developers were obliged to do two things to stay above ground:
consistently increase the quality of the colors they produced and “find new col-
ors to replace the old that were no longer profitable.”®® In many ways, the laws
of supply and demand, complemented by growing competition, explain not only
the shift in the local production of color to large chemical corporations, but
also how synthetic colors, and later fluorescent colors, shifted throughout the
twentieth century from novelty colorant to household and fashion norm. While
very different circumstances affect the proliferation and development of digital
postindustrial color, as | will show, color in both cases is hardly divorced from
market and commercial interests.
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In sum, on the one hand, the early production of synthetic fluorescents
involved a curious process of transforming waste into brilliant color, taking its
lead from the development of synthetic dyes. On the other hand, this process
spoke directly to the laws of industrial capitalism and the logic of the commod-
ity fetish. The laws of capital dictate that surplus value results from exploita-
tion in the production process, whether this occurs through human labor or
machines, or both. In the production process, labor is expended in developing
an object or commodity, which is eventually equated with a “use value.” Once
the commodity is brought onto the market for sale, it competes with other
commodities and its value then becomes relative to them, abstracted into an
“exchange value.” All goods and commodities (like the labor that went into them)
are thus alienated from their origin, bearing instead a fetish appeal that only
emerges through its marketability. As Karl Marx writes, “The mystical character
of the commaodity does not arise from its use-value.” A commodity fetish like
brilliant synthetic color is thus a social hieroglyph concealing its social and
material conditions of production, whether in coal-tar waste, accident, or dis-
carded debris. In this doubling capacity—as both a light and dark, valuable and
valueless substance—the ambivalence of color once again rears its head.

The Switzer Brothers and Day-Glo

Day-Glo fluorescent colors are like no other colors on the planet. ..
We make them like this.

—DayGlo Corp., Designing with Day-Glo Color

Through the work of the American-born brothers Joseph (Joe) and Robert
(Bob) Switzer, synthetic fluorescent colors began to creep into mainstream U.S.
culture in the 1930s and 1940s. The Switzers were originally from Montana but
in 1931 they moved to Berkeley, California, where their father Emmet and mother
Maud bought a pharmacy and Joe Switzer began producing amateur magic
shows for his high school and church.®® Meanwhile his brother Bob was attend-
ing the University of California at Berkeley on a scholarship and working at the
local Safeway, a chain grocery store. After an unfortunate accident while unload-
ing crates, Bob ended up in bed for months, confined to the Switzers’ dark base-
ment where he found his brother experimenting with a black light for his magic
shows. Together they constructed their own ultraviolet lamp, which they used
to search their father’s drugstore at night. In the store, they discovered a yellow
eyewash called Murine that emitted a luminescent yellow glow, which they used
to produce a semi-permanent glow-in-the dark effect for their magic shows,
including the illusion that the head of a Balinese dancer was being severed
from her body, an effect that won them first prize at a magicians’ convention in
Oakland in 1934.2" Also in 1934 they founded the Switzer Brothers Ultra Violet
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Laboratories. Production headquarters were located in their family bathtub and
mother’s laundry room. Using an electric Mixmaster and kitchen utensils they
developed dyes, resins, and shellacs that glowed under ultraviolet light.

In their early customer base were spiritualists who used their glow-in-
the-dark paint to write messages on their customer’s drapery, tricking them
into believing it was a spirit communicating from the grave. In order to en-
sure the dramatic effect, the Switzers custom installed the colors and treated
cheesecloth with luminescent paint to create the illusion of ectoplasm spiraling
out of the spiritualist’s mouth during the darkness of a séance.®? Other early
customers included morticians who, in preparing dead bodies for funerals,
mixed fluorescent pigment with embalming fluid in order to determine when
the solution had been “evenly distributed around the veins.” Under ultraviolet
light the treated corpse would glow, “as if radioactive,” letting the mortician
know he had conducted a successful treatment. In the 1940s the Switzers
branded the embalming fluid Visibalm, jokingly dubbed “Granny-Glo.”®*

According to Bob Switzer, the Switzers also developed a money-marking
system that played a key role in the tracking of the gangster John Dillinger.®
Their fluorescents were involved in the preliminary detective work, used to
make invisible fluorescent markings or “locator codes” that could track the
clothing on laundered items of criminals. Even after several washings, the
markings from their Fantom-Fast system were invisible in daylight but showed
up under the black light. Chris Turner has recently suggested, however, that
because Dillinger was “gunned down by the FBI on 22 July 1934,” prior to
launching the money-marking system, the story is likely apocryphal. Regard-
less of the Dillinger legend, the genius of the Switzer brothers’ Fantom-Fast
system was that it inscribed invisible and unknown markings inside recently
laundered clothes items so that if an article of clothing was left at the scene
of a crime, its owner could later be identified. Eventually sold to the Depart-
ment of Justice, the system became obsolete once the detergent industry
introduced fluorides in the 1940s. Also known as “optical brighteners,” fluorides
are powerful cleaning agents that would have washed out their invisible mark-
ings.® Optical brighteners, as one American advertisement proclaims, makes
whites “whiter than white.”

But given the severe limitations of light fastness in the Switzers’ glow-in-
the dark hues, they naturally wanted to create a more steadfast palette. They
wanted colors that could glow in daylight. In 1935 Joe dipped some silk fabric
into a boiling batch of alcohol and fluorescent dye and hung it out to dry. When
he returned to his backyard he was surprised to find (similar to Runge’s sur-
prise when he returned to his backyard in 1833) the silk fabrics glowed brighter
in the daylight than in the darkness. At first they didn't know the precise cause
of the effect, but continued to produce and sell the colors regardless. For their
first public application of the substance onto a Canadian billboard, they soaked
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the board’s fabric panels with a “combination of fluorescent orange dye and hot
alcohol.” They expected the color to fade quickly in the daylight but to their
surprise the billboard remained a fiery orange that could be seen miles away.
They named this first Day-Glo color Blaze Orange (figure 1.8).2¢ Daylight fluo-
rescents were born.

World War Il offered a new testing ground for synthetic fluorescents. While
the Japanese used the natural luminescent of cypridina (a bioluminescent spe-
cies native to Japan) to guide them through New Guinea at night, the United
States military turned to the Switzers’ synthetic concoctions and spent $12 mil-
lion on Day-Glo fabrics alone. The brothers engineered fluorescent products
that illuminated signal panels to help pilots see runways at night; to mark Allied
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troops so they could be identified as friends by Allied bombers; and as fire retar-
dants used by aerial tankers to glow in the dark so as to identify where a plane
needed to make a drop during a blackout.®’

In Germany, the Nazis also manufactured a version of synthetic fluo-
rescence—a radiolite paint developed from seashells and used to illuminate
runways and dugouts and to mark tanks.?® After fleeing Germany for England,
the former Nazi scientist Olaf Nissen described how the Germans chemically
cleaned the seashells. They heated them over a hot fire and, once the shells
cooled, ground them into a fine powder then used to make a robust paint with
a short period of fluorescence, although it could be renewed by a few hours’
exposure to natural light, which naturally emits ultraviolet rays. The Nazis also
found that when fluorescents were used to wash synthetic silk fabric, or rayon,
the life of the fabric could be extended, as Bob Switzer also discovered. And
thus the Nazis declared: “German housewives who still have artificial silk gar-
ments are being told by the war department how to make such an apparel last
three times longer ... This is necessary since there is no chance of replacing the
silk once it is worn out.” Nissen’s documentation offers numerous, albeit eerie
accounts of seemingly outrageous though apparently accurate Nazi develop-
ments like “Nazi officers make ‘dead’ Golf Balls alive with Syrup,” “Rubber yields
Synthetic Cocaine,” and “Printing ink made from discarded cotton waste.”®®

Furthermore, during the Holocaust, bodies of the executed were ex-
humed for the sole purpose of collecting cadaver parts like hair, teeth, and nails
to use as raw materials in the Nazis’ production of synthetic materials.’® As
noted above, Germany’s |.G. Farbenindustrie, then the world’s largest chemical
manufacturer and producer of synthetic films and dyes, used prisoners during
the war to work in their Buna factory, also known as Monowitz-Buna and Aus-
chwitz Ill, one of the three main camps in the Auschwitz concentration camp
system in Poland, erected by the SS in 1942. The chemical transformation of
death and dead matter into new forms of life is an ongoing theme in the history
of color, whether synthetic, fluorescent, or otherwise. Here this metamorphosis
gains a perverse and horrific twist. Even the Day-Glo Company, while declaring
its fluorescents the official colors of “youth, action, and optimism,” was produc-
ing pigments that contained large amounts of formaldehyde, a carcinogenic
toxin that the Switzers’ Ohio factory emitted into the atmosphere on a daily
basis from 1934 through the early 1970s.™"

Postwar Fluorescents and the Psychedelic Lifeworld

In postwar America, fluorescent colors took on meanings and associa-
tions linked more to mainstream consumerism, the counterculture and psyche-
delia. According to Time magazine, by 1951 the Day-Glorification of America
had begun: “[Aldolescents wore fluorescent from coast to coast, as Switzer’s

1.8 Day-Glo color, early palette. Courtesy
of Day-Glo and Paul Switzer. A Regis-
tered Trademark of Day-Glo Color Corp.,
Cleveland, OH.
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‘Day-Glo’ clothes became the newest fad.”’°? Day-Glo appeared on billboards
and on cigarette boxes. Prell shampoo, introduced by Procter & Gamble as a
clear green liquid solution in 1947, was in 1955 given fluorescence and remar-
keted to women with the promise of making them feel “radiantly alive.”" In
1955 Procter & Gamble also began selling Crest, the first toothpaste with fluo-
ride. While fluorides had been added to the chemical composition of detergents
since 1946, it was not until 1955 that Tide detergent was packaged nationally
using Day-Glo colors on the exterior as well. The aggressive and eye-catching
design on the front of the Tide carton, created by Procter & Gamble’s art direc-
tor Charlie Gerhardt, “appeared on supermarket shelves [as] a box [of] radiat-
ing concentric rings of vivid orange and yellow,” complementing its powerful
interior contents, an “ocean of suds.” Tide proved to be a marketing success
and within two years, the detergent aisles in grocery stores across the United
States were filled with products housed in fluorescent packaging.’

As Blaszczyk notes, the veneer of conservatism often associated with the
1950s camouflaged a vibrant American commitment to personal freedom and
individuality that eventually gave birth to the pop-and-sizzle of the 1960s. The
heightened prosperity of the 1960s led to the increased industrial production
and consumption of new kinds of bright and boldly colored goods.™® Fluores-
cents herein segued from relative banality in beauty products like Crest and
Prell into a position of greater cultural visibility that complemented the escalat-
ing energy of the new decade. Overall, the sixties were a turbulent decade in
terms of politics, civil rights, feminism, and emerging subcultures like the pre-
dominantly California-based “counterculture,” which embraced a freewheeling,
psychedelic lifestyle.™®

A linchpin in the counterculture’s new world of psychic experience was
the consumption of LSD, or lysergic acid diethylamide, which was unregulated
in California until 1965. Like other hallucinogenic drugs, LSD intensifies sen-
sory experiences, especially the visual sensation of color. If fluorescent col-
ors—without LSD—stimulate the nervous system more directly and intensely
then normal colors, then on LSD the sensory effect of fluorescents is even
further amplified. To put it differently, if fluorescent colors sizzle under normal
viewing conditions, on LSD they explode.”®”

In the hands of Ken Kesey and the Merry Pranksters, as recounted in
Tom Wolfe’s 1968 The Electric Kool-Aid Acid Test, LSD became a recreational
drug. After signing up for a CIA-sponsored research project into the effects of
psychoactive drugs at the Menlo Park Veterans Administration Hospital, where
he was working as a night aide, Kesey returned to his peers to spread news of
his experiences with LSD, mescaline, and IT-290."°¢ Kesey and the Pranksters
traveled along the west coast in their Day-Glo-colored bus named FURTHUR,
painted inside and out with bright spectral colors.® The goal was to freak peo-
ple out, at first with wild psychedelic colors and later with LSD: the “destroyer
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of tidy psychic worlds,” as Todd Gitlin puts it." In full Day-Glo regalia, Kesey 1.9
arrived at the antiwar sit-ins on the Berkeley campus in October 1965 when he
and the Pranksters began to sponsor several public “acid tests” throughout
California where people came together to collectively trip on the psychedelics.
These acid tests paralleled the explosion of colorful and visionary mul-
timedia events and “happenings” throughout the 1960s: the Company of US
(USCO) multimedia productions, Experiments in Art and Technology (EAT),
Joshua Light Show (figure 1.9), Andy Warhol’'s Exploding Plastic Inevitable, the
Grateful Dead, acid-rock light shows, California Light and Space and Finish
Fetish movements, Modern Art spectacles, Light Art, Neon Art, and filmmak-
ers like Jean-Luc Godard, Paul Sharits, Michelangelo Antonioni, and Terrence
Malick who explored new forms of cinematic expression through highly stylized
uses of color.™ Media artists like Nam June Paik produced the psychedelic-
looking TV Magnet in 1965 and in the same year, the Museum of Modern Art in
New York hosted the first major American debut of op art in the popular exhibi-
tion The Responsive Eye (figure 110)." Just before this, in 1960, French artist
Yves Klein patented his own synthetic color: International Klein Blue (IKB), an
artificial ultramarine blue pigment mixed with “a binder, a polyvinyl acetate
formulated by Rhone-Poulenc Industries,” which he distributed under the name
Rhodapoas M: patent no. 63471." And yet, as candid as he was about its arti-
ficial nature, Klein nonetheless seemed to relapse into a kind of neoromanti-
cism arguing that, when alone with the color, he was at “one with the universe.”
“Through colour,” he wrote, “| experience a complete identification with space.
| am totally free.”"

1.9 The Joshua Light Show performing

behind Frank Zappa and the Mothers of

Invention, Mineola Theater Center, New

York, December 1967. Colorful psychedelic

lights complement the eccentric music.

Courtesy of the Joshua Light Show. 53
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In the world of 1960s fashion, Day-Glo hues were also steadily moving
from novelty to norm. ltalian fashion designer Emilio Pucci, known for his bold
and colorful designs, was commissioned to create the uniforms for the flight
attendants on Britain’s Braniff Airlines, as part of its campaign to “End the Plain
Plane” (figure 1.11). Braniff hired Italian designer Alexander Girard to decorate
the jets in multicolored pastel hues, which he did in lemon, lavender, and dark
metallic purple. Braniff’s logo featured a Day-Glo dove called the “Bluebird of
Happiness.”™ Flight attendants moved about the cabin in Pucci couture, from
stockings to miniskirts, silk scarves, and absurd transparent space-age helmets
(called “space bubbles” and “rain domes™) designed to protect the wearer
from the rain.

In 1968 Maidenform sold matching Day-Glo underwear sets as a part of
its Sea Dream Collection (active from 1922 to 1997). The new Day-Glo line was
advertised by two models wearing face paint and underwear that glowed in
the dark (figure 1.12). Also in 1968, then-emerging fashion designer Betsey
Johnson, who had been experimenting with fluorescent fashions, exclaimed,
“My clothes are for young people who are saying, ‘Look at me I'm alive.”™® It
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was also 1968 when the Switzer brothers officially founded their Day-Glo Cor-
poration in Cleveland, Ohio, where they manufactured “daylight” fluorescent
pigments and dyes for fashion houses, art retailers, and textile businesses.

By the late sixties, daylight fluorescent colors could be found just as
much in the interiors of hip homes, coffeehouses, and communes in counter-
cultural communities on the West Coast as in the mainstream. Daylight
fluorescents appeared in colored paints, pencils, and such children’s toys as
Hula Hoops, Frisbees, and Big Wheels. American highways were lined with
blaze orange traffic cones and safety signage.™ Day-Glo outfits were worn by
the Beatles on the cover their album, Sgt. Pepper’s Lonely Hearts Club Band
(1967) and Day-Glo artwork graced the cover of Black Sabbath’s second album,
Paranoid (1970). By the seventies, psychedelic hues went hand-in-hand with
edgy electrified music. Bold pink and yellow-green Day-Glo screamed on the
cover of the Sex Pistols’ 1977 album, Never Mind The Bollocks, thereafter linking
punk rock to Day-Glo, followed up with the jacket of X-Ray Spex’s Germfree
Adolescents (1978), inside of which was a bright orange vinyl record that con-
tained a track entitled “The Day the World Turned Day-Glo."""®

<1.10 William Seitz, The Responsive Eye, 1965. 1.11 Emilio Pucci’s fashion designs for Braniff
Catalog cover for the exhibition held at the Airline hostesses, 1965. Photographed
Museum of Modern Art, New York February 25— outside the Paris Concord. Courtesy of
April 25,1965. The background image features the History of Aviation Collection, Special
op artist Bridget Riley’s 1964 Current. Printed Collections Department, McDermott Library,

by the Case-Hoyt Corp., Rochester, New York. The University of Texas at Dallas.
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Music posters designed by graphic artists like Victor Vasarely and Peter
Max lined Haight Street in San Francisco, bursting forth in Day-Glo hues. Max,
for his part, had developed a new technique for fluorescent colors and Day-Glo
printing that emphasized their mystical and transcendental attributes. Just
as Henri de Toulouse-Lautrec had “captured the imagination of 19th century
Paris” with the colorful theatrics and elegance of Parisian life, color theorist
Charles Riley argues, “Max led the international youth movement of the 1960s
into a new visual culture” of intricate and detailed coloration that still exceeds
what computers are capable of doing today."

And yet, all of these bright and magical hues strewn across the cultural
landscape were not without a dark side. By 1968, the psychedelic colors that
filled discos, funhouses, and lined Haight Street and St. Mark’s place in the East
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Village, had also come to embody a common darkness marked by death, drugs,
self-destruction, and cultural dropouts. In the press—from Time magazine to
the New York Times—pages were filled with warning signs of the dangers of
LSD and the radical cultural practices that went with it. One “dropping” event
(a term used to describe the use of Fulleresque geodesic domes) in Dallas in
1966 was titled “Armageddon—The Dooomsday Gig,” advertised in Day-Glo
colored posters. A new emptiness and end to the once progressive sixties was
sensed inside and out.'? In stark contrast to Max’s optimistic colors, Andy
Warhol used bright fluorescents to signify this darker side of postwar culture
and American consumerism.”' Already in September of 1963, Warhol had an-
nounced the title of his upcoming show: “Death in America.” Three months
later, President John F. Kennedy was assassinated.

Synthetic Color in Postwar Media

New media technologies further amplified the postwar frenzy for lumi-
nous synthetic hues. While synthetic color first appeared in Technicolor and
Agfacolor in the 1930s and 1940s, it did not become common in the moving
image until the 1960s, when Eastman Kodak released a series of color film
stocks equipped with a prestripped magnetic soundtrack that allowed black-
and-white cameras and magnetic sound equipment to be used with color. The
stock was meant to function quickly and easily, without the elaborate processing
and precision optics required with Technicolor. Once a stable and easy-to-use
stock was in use in 1967, the film industry cut black-and-white production to
the lowest levels in film history and within three years, black-and-white film
had become so rare only infrequent documentaries used it.

Markedly synthetic color began to appear in art photography through the
work of American photographer William Eggleston. Between 1965 and 1969,
Eggleston appropriated the highly saturated dye-transfer methods used in the
advertising industry. In his Woman on Swing, for instance, an elderly woman
sits on a patterned bench outdoors. The camera sees her directly and starkly.
She is old and frail but the rich colors of the floral print on her dress and the
cushion that she sits on pop and sizzle, imbuing her and the image with a syn-
thetic vitality. Through color, the image rides the threshold between the mun-
dane and the spectacular, the essence of postwar American life.

The advent of color television marked an equally dramatic turning point
in postwar culture (figure 113). While color television sets first became avail-
able to consumers in 1954 (models were offered by Admiral, Westinghouse,
and RCA) it was not until 1965 that broadcast television, beginning with NBC'’s
Newsreel, switched the majority of its content to color. The rush to color was
so great it resulted in a “processing bottleneck” reminiscent of Technicolor’s
shift to color in the 1930s."?? By the late 1960s, color television became a medium

112 In 1968 Maidenform released their
glow-in-the-dark Day-Glo underwear set
as a part of its “Sea Dream Collection.”
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of the present—of current affairs and news reports, as Richard Misek points
out, and black-and-white, by default, became a medium of the past.’” (In the
next chapter | will expand on the history of early color television.)

By the end of the 1960s, American film, photography, and television indus-
tries had achieved a new index of realism in synthetic color.”* Whether chemical
or electronic, synthetic color had become the unabashed icon of commodity
culture and the new age of electronic media. The more saturated and hyper-real
the hue, the more accurately and authentically did it reflect postwar American
life as it was actually lived.

This chapter has provided an overview of color studies, from its origins in
Western aesthetics, through industrialized synthetic fluorescents and Day-Glo.
The following chapters analyze synthetic electronic color in analog and digital
computing after 1960, beginning with the highly innovative color experiments
in analog video synthesis circa 1969.

113 RCA's CT-100, 1954: The first

color television set marketed to

consumers, offering low-quality

color at a high price. Photograph
Chapter 1. Colors Sacred and Synthetic courtesy of Kris Trexler.






Chapter Two
Synthetic Color in Video Synthesis

[With] television ... you’re on the way to being a starchild
... inner and outer space become one in unknown velocities
of a cosmic zoom ... the now indigo blue of life merge

with the glowing beauty of man at his most human.

—Ron Hays, 1971

[Tlelevision is a psychic healing medium creating
mass cosmic consciousness, awakening higher levels
of the mind, bringing awareness of the soul.

—Eric Siegel, 19702



In 1969, electronics engineer Eric Siegel asked, “After a trying day, why can’t
the viewer ... sit down at his TV set and listen to music while watching the
screen burst with beautiful colorful displays?” These “visual phantasies,” he
explained, “would relax you better than any tranquillizer and at the same time
give your spirit a wonderful lift . .. working through your audio-visual senses
into your mind and soul.”® Siegel was by no means alone. In 1970 Gene Young-
blood wrote, “Television will help us become more human. It will lead us closer
to ourselves.” In their 1973 article, “A Color Video Collaborative Process,” pio-
neering video artists Dan Sandin, Jim Wiseman, and Philip Lee Morton wrote,
“[Clentral to our experience . .. is the use of high technology as an adjunct to
personal and spiritual growth.”s Today these attitudes seem less optimistic
and visionary than they do deluded, absurd even. Contemporary television
viewers—consumers rather—know full well that the medium is commercially
driven; seeped in fear-based content dealing in war, crime, scandal, horror,
voyeurism, and atrocity occurring on global and local scales, twenty-four hours
a day, seven days a week, punctuated only by brief commercials attempting

to sell you impossible fantasies. In the twenty-first century, television couldn’t
be further from the “soulful” embrace of the “glowing beauty of man at his
most human.” But given the not so distant past of these views, and their sheer
abundance, one wonders how such mystical notions of television ever seemed
logical, let alone normative. How did a group of technically minded artists in
collaboration with engineers immerse themselves in sophisticated and chal-
lenging technological environments only to produce an entire genre of work
that casts aside dense technical realities to depict instead a transcendental
and spiritual, mystical beyond?¢

To answer this, this chapter provides an aesthetic analysis of analog
electronic color in video synthesis circa 1969. | begin with a brief overview of
the development of color in television history. | next distinguish television from
video art and analyze two analog color synthesizers developed by electron-
ics engineer Eric Siegel between 1968 and 1970. | then discuss the innovative
video synthesizers developed by California-based engineer Stephen Beck and,
in the second part of the chapter, Nam June Paik and Shuya Abe’s Paik-Abe
Video Synthesizer and the context it was produced in at WGBH in 1969, under
the guidance of visionary directors Fred Barzyk and David Atwood.” As a segue
from the analog to the digital, | close the chapter with an analysis of the Scani-
mate, one of the last analog video computer systems used to produce super-
smooth liquid rainbow effects for the television and film industries in the late
1970s and early 1980s.

In order to produce color and manipulate images in computing in the
1960s, this chapter shows how one often had to build the technical system
and learn programming or engineering in a way that contemporary users do
not (users today can just purchase the software or follow a set of instructions)

61



62

and further, one had to then make these technical and engineering concepts
intuitive. That is, one had to transform complexity into intuition and habit. To
demonstrate the significance of this challenge, | link the chapter’s technologi-
cal milieu with the then prevalent notions of mystical “transcendence,” which

| read through Graham Harman'’s idiosyncratic reading of Martin Heidegger’s
1927 tool analysis. By connecting the techno-ontological and cultural-historical
dimensions of video synthesis, the chapter offers three rationales as to how
these highly technical practices became intuitive and ultimately seeped in tran-
scendentalism in a way that contemporary digital colorism is not. The “electric
now indigo blue,” the chapter concludes, is no doubt mystical but it is also very
much grounded in existential—cultural, technical, and historical —fact.

Finally, the chapter focuses on color in analog electronic computing. In
contrast to the digital, analog electronic computers operate through analogy. In
analog electronic computing, data is transferred through a machine, from input
to output, in a continuous form. An analog computer takes a quantity from a
physical source like an electric current or sound and abstracts it into a cor-
responding value that is directly representative of the input, such as a sound
wave or X-ray. In contrast, digital computers are fundamentally arithmetic and
operate through a rigorous quantization of discrete numerical values, often
in binary form. As James Small describes it, the difference between an analog
and digital computer can be compared to the difference between the slide
rule and the abacus. He writes:

In the abacus, quantities are represented by a number of beads, thus the
quantity being represented can only vary, up or down, by a minimum of
one bead—there are no partial beads.. .. .all operations are performed as
a series of additions or subtractions. In contrast, the slide rule represents
quantities as continuously varying magnitudes: in this case length. The
granularity of the result is limited only by the coarseness of the scale used
to perform the measurement.®

The digital operates through discrete numeric calculation while the analog
operates through continuous relation. As Lev Manovich puts it, with analog
media, “the axis or dimension that is measured has no apparent indivisible
unit from which it is composed.”®

The shift from analog to digital computer graphics marks a significant pivot
in the material and aesthetic history of new media art. After the digital turn,
which occurs throughout part 2, images must be understood in terms of simula-
tion and transcoding; a necessary movement between two different systems,
languages, or registers, such as the algorithm to the interface. In chapter 6,
| analyze the epistemological and ontological problems that this fundamental
and irreparable gap introduces into contemporary aesthetics and imaging tech-
nigues. For now, | venture into the world of early analog computing in visual art.
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Electric Global Village, circa 1969

As the earthship embarked on a new age of networked global relations
and cybernetic exchanges, the soft and luminous glow of the television became
its universal mascot. On July 20, 1969, we all traveled to the moon through our
television sets (“we” being Western culture, broadly speaking). We looked at
our planet and ourselves for the first time from the point of view of the moon.
The event signified nothing less than a reconfiguration of what it meant to be
human. Through real-time televised feedback circuits, objectivity was eradi-
cated and we ceased to know ourselves as autonomous individuals, linked only
through an anonymous, spiritual, electro-cybernetic embrace. In the feedback
circuit of the earth-moon ship, Youngblood wrote, humanity’s “total brain-eye”
extended out “around the moon and back.””® “One small step for man, one giant
step for mankind.” On this day, the logic of electronic computing and cyber-
netics merged with mainstream culture and with it an affirmation that, armed
with the new electronic technology, humanity could transcend the limits of
time, space, and culture.

Marshall McLuhan’s then popular dictum “the medium is the message”
appealed to many as prophecy. This formalist-driven adage denotes the ways
in which the material and technical platform of an image, such as a canvas, a
screen, or a monitor, always takes precedence over the semiotic meaning or
“content” of the image. Whether one watches screen static or news footage of
the war in Vietnam is irrelevant. What counts is the medium and our physiologi-
cal relation to it. What then is the message of television? When one watches
television, in McLuhan’s account, one is enveloped in a narcissistic trance; a cy-
bernetic feedback loop where individual cognition is “amputated” in exchange
for an audio-visual sensory experience of looped-belonging in a cool electronic
glow.” The message of television is its ongoing flow; its rapid scans and con-
stant, nonstop movement of information, which, after the turn to color in the
late 1960s, only intensified. Circa 1969, color television became so utterly of the
moment—so much the essence of now-ness—that for many, it transcended
even itself.

A Brief History of Color Television

Color TV can be ghastly.
—Howard Ketcham, 1968

As | discussed in chapter 1, color is unruly and every new technology
faces a unique set of challenges in the effort to standardize it. The history of
color television could not illustrate this more clearly, while also showing how
TV broadcast consistently outstrips concern for color or image quality. For
instance, in January 1972, Nam June Paik presciently wrote:
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We are hearing so much about “Broadcast standard” in video. But the more
important the content is, the technical standard tends to be less perfect
...eg. CBS report on the dissenters in Soviet ... and many satellite relays,
which tend to lose color sync often ... and finally MOON LANDING. Moon
landing’s picture was way below the FCC standard. Why did FCC not forbid
the broadcasting of Moon landing? ... . it was a double standard. Moon
landing killed so-said FCC standard in video-technology for good.™

Paik is right on target, forecasting the widespread acceptance of low-resolution
video now pervasive on the Internet (a theme | return to throughout part 3).
Nonetheless, it is worthwhile taking a brief segue into the contested history of
color television standards, with an eye turned towards color consistency.

Color television was first developed as a phosphor-based technology that
relied on earlier developments in vacuum tubes from the 1850s and cathode
rays from the 1870s, which together allowed for a system where electrically
charged phosphors could be organized and displayed visually, at first using a
Braun tube, on the surface of screen. Engineer Vladimir Zworkyn, after having
fled the Russian Revolution, first envisioned the idea of color television while
working at Westinghouse and RCA laboratories in the United States in the
1920s. However, the concept did not materialize until 1928, when Scottish
engineer John Logie Baird experimented with and demonstrated a method of
“sequential color analysis” using a mechanical television system that later
inspired Hungarian television engineer Peter Goldmark’s “field-sequential color
system” for CBS in 1950. Early color systems used Nipkow or Benham disks,
colored disks with small holes punctured in them and placed in between the
screen and the black-and-white monochrome broadcast signal so that when
they rotated inside the display device, usually at 1440 rpm, they would gener-
ate colored scan lines.” Positioned on the other side of the screen, a viewer
would see a partially colored image.

In these early years, producing color television was highly unstable,
imprecise, and inconsistent. Throughout the 1930s and 1940s various tech-
niques were developed to achieve greater precision and accuracy for color
television, but in order to be suitable for broadcast, which became the real
challenge in the 1950s and 1960s, color information had to be standardized
and compressed. Because the consumer market was already saturated with
black-and-white television sets, it was not until after the color television signal
could consistently reproduce black-and-white broadcast signals with it that
engineers from thirty electrical companies founded the NTSC, or, National
Television Systems Committee, a subgroup of the Electronics Industries
Association (EIA). After 1954, the Federal Communications Commission (FCC),
a central government agency, endorsed the NTSC color scheme as the standard
for broadcast color.* All color signals, or “chrominance signals,” henceforth
needed to be compressed and regulated through a vectorscope, an electronic
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radar-like device used to monitor the frequency and wavelength of color sig-
nals for broadcast standards.™

While the development of a color standard for television was considered
a tremendous peacetime accomplishment in the United States, as Jonathan
Sterne and Dylan Mulvin point out, establishing this standard was more of a
compromise than an achievement in high-definition technics. Color televi-
sion did not add greater “depth or meaning,” but to the contrary, the newly
standardized color television actively reduced the color gamut to the most
minimally acceptable range. Borrowing from Fechner’s psychophysical research
into the “just noticeable difference,” discussed in chapter 1, television engineers
argued that the “normal” eye of a so-called standard observer had a lower
acuity for blue waves and thus the NTSC color standard developed towards
the blue end, with additional transmission tending towards the lowest possible
values of green and red.” In other words, according to the law of just notice-
able difference, the eye is less able to detect minor differences in line or detail
in bluish images, and thus, lower bandwidth bluish images could be broadcast
with less people noticing a difference.

Part of the drive to radically compress color bandwidth was, as noted,
due to the fact that the color television signal had to fit into a predetermined
bandwidth of six megahertz and remain compatible with monochrome signals.”
But more significantly, the effect of this radical signal compression fortifies
McLuhan’s prophetic claim that television is a “cool” medium. This is true for
several reasons, three of which | note here. First, blue is a “cool” color. Second,
television’s low-resolution image requires viewers to “fill in” the details in the
dot-sequential or scan-rendering system. And third, additive color systems
demand a more active kind of perceptual experience. For McLuhan, the more
one participated and was “drawn in” to the image, the more one was hypno-
tized into a cool, auto-amputated, narcissistic trance.” As he put it in 1964:

“a hot medium is one that extends a single sense in ‘high definition’ [like radio,
whereas with a cool medium] “so little is given and so much has to be filled in.”*®
| will return to McLuhan’s theory of hot and cold media below and in chapters
5 through 7.2°

December 1953 marked the advent of the first marginally successful
color broadcast system, eventually pioneered on a large scale in Chicago in 1956
and used in the United States until 2009 when the new digital television stan-
dards surpassed it.2' The first color television sets were made available to con-
sumers in 1954. Models were offered by Admiral, Westinghouse, and RCA, and
cost between $1000 and $1200. NTSC had become big business but the prob-
lem, as television historians have pointed out, was that the NTSC standard was
“oriented more towards economic profit than technical feasibility,” and thus
what could have been a fuller and richer color palette was reduced to the low-
est common denominator. Such standardization should of course be expected
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for a new color technology, that is, if one desires it to be functional, useful, and
adopted on a mass scale. But one also wonders about the colors cast aside, not
to mention the fact that even with this new standard, NTSC still had problems
yielding consistent colors, evidenced by the fact that in the early years the
organization was informally dubbed “Never The Same Color,” or, according to
Sterne and Mulvin, “No True Skin Color.”2

Howard Ketcham, color consultant for several large manufacturers and
one of the men responsible for setting the standards for broadcast color, noted,
“The electronic processes peculiar to color TV do some highly irregular things.”
These “danger areas,” he continued, demand a great deal of consideration, for
example, how to control the way “red bleeds into other colors especially whiter,
neutral areas. White[s] often looks bluish or yellowish ... pale pastels have a
tendency to fade and appear almost colorless ... [and] deep reds sometimes
loose character and appear brownish.”?® For years these liquid and ephemeral
televisual colors acted as antagonists to any attempt at standardization and
control. One needed a Michel Eugene Chevreul for color television, but no such
figure appeared.

Advertising revenue—the industry’s main support for color—was threat-
ened when color TV proved incapable of representing a companies’ products
(often food) in a desirable light. Without color consistency, Karal Ann Marling
notes, good food could very easily look very bad.?* The situation devastated
the industry, which not only wanted to please its financial investors by showing
its products in an attractive light but also wanted to market color television as
a form of realism, especially for news and drama programs. Studios spent end-
less hours adjusting lighting, costumes, and makeup in the attempt to depict
“natural” skin colors, wardrobes, and settings but color remained unmanage-
able. In the early years, getting accurate color on TV, Ketcham explains, was
like washing colors in warm water: “fabric colors whirl around in TV’s electronic
environment and come out changed.””® Those who lived through the transi-
tion to color may recall the dramatic differences in color reception on different
models and makes of televisions, forcing home viewers to become “interactive”
viewers, as one would say today. Cinema and media scholar Dana Polan recalls
the obvious artificiality of color of TV at the time when, as a child, he would
have fun making a human purple by twisting the knobs on the receiver that
had been carefully adjusted by an adult.?®

Due to political complications with RCA and the FCC, color television,
which had made an initial debut in the early 1950s, as noted above, was forced
to retreat until appearing again in the mid-1960s. By 1965, only one half-hour
of programming on the three major networks (ABC, NBC, and CBS) remained
when viewers did not have at least one color program to watch, and by 1966 al-
most all programming was in color.?” Once in full color, television was accepted
as a “medium of the present”—of news programs and current affairs—where
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black and white, by default, “became a medium of the past.”? By the end of the
1960s, color TV had achieved a new index of realism, marking, Perry Anderson
argues, the “single technological watershed of the postmodern.”?°

While color television became vernacular in the 1960s, seemingly lost
in this process were the colors cast out of the newly compressed standard
coupled with a lack of appreciation for the materiality of the colors themselves.
Television systems, as noted in the introduction, are additive, which is to say
two things. First, the colors seen “on” screen do not actually exist in the screen
or fixed in the electronic signal. In other words, in color television, the color no
longer holds any immediate or direct reference to itself. Unlike a strip of film,
which is subtractive and pigment-based, a video signal is actually colorless and
invisible.2° Video information is coded into electronic signals but the “color”
does not exist until rendering or scanning, which is also when additive color
mixing occurs in subjective perception.

Second, a colored TV image occurs through the act of watching TV. The
multicolored images are ephemeral; they exist in the subjective perception of
each viewer. When viewed close up, a color CRT screen reveals a matrix of tiny
red, green, and blue dots, or trace points, which, like an Impressionist paint-
ing, form an “image” only when one steps back and takes in the whole (figure
2.2 Given that this so-called “image” is only a series of rapid electronic scans,
any “whole” can only be partial and ephemeral. In this sense, televisual color
is all code; not yet a digital code, but analog code modulated in continuous
wavelengths and regulated through vectorscopes shot through phosphor guns
onscreen. This is a crucial point because it marks the first step in the book’s
larger argument for a paradigm shift from optical and visual epistemology into
what | term the post-optic, algorithmic lifeworld, which | go into further detail
about in chapter 6.

Additive color systems are central to modern screen technologies, in-
cluding LCD (liquid crystal display) and DLP (digital light processing) systems,
which include LED systems.® In a digital LCD, for instance, a prism splits the
light from a projector bulb in three ways and each beam of polarized light is
sent through one of three LCD panels that corresponds to either the red, green,
or blue component of the video signal. The pixels on the surface of each of
these panels open or close to allow the relative amount of light to pass through
at each point in the image and the resultant RGB values are recombined or
“sandwiched” as they are cast onto the surface of the screen.®® When viewed
up close an LCD image is similar but distinct from a CRT, consisting of millions
of tiny RGB rectangles, also organized in a grid formation, that form a second
picture when viewed from a distance. Both systems derive from Cartesian grid-
logic, marking yet another step in modernity’s long history of the “mathema-
tization of color,” as Sean Cubitt puts it, which began with Newton. But unlike
CRT screen systems, which rely on electroluminescent phosphors for their
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illumination, LCD screen technologies contain a narrower color gamut and em-
ploy instead mercury-vapor fluorescent backlights, which also involve lower en-
ergy demands that, as | will argue at the end of this chapter, lead to a “colder”
and “flat” digital aesthetic.®* In sum, these material-technical and physiological
dimensions of color television reinforce the fact that tele-vision is a cybernetic
system; instantiated through human-machine feedback loops that fuse particu-
lar kinds of signal processing with subjective perception. For reasons | will now
address, the first generation of creative video synthesis remained largely fo-
cused on these subjective and phenomenal aspects of televisual perception.®

Video Synthesis

“VT is not TV,” Gene Youngblood wrote in 1970. TV deals with stories,
dramas, fiction, news, and sit-coms, whereas VT—videotape and video art—is
concerned with the medium or what happens to the medium once it is placed
in the hands of artists. Granted many early video artists produced work that
was broadcast on TV or played off of and referenced the conventions of televi-
sion, Youngblood's distinction between VT and TV helps us to identify how
the emerging medium was used early on in formal aesthetic experiments, ones
not without socially and politically progressive purposes. To put it another
way: VT and TV are the same technologically; their difference lies in application
and use. “Video Art,” Ron Hays explained in the late 1960s, “has to do with
discovering ways to use (and finding uses for) moving image configurations
that are produced with the same electronics responsible for the transmission
of everyday everyman television pictures” but unlike broadcast commercial
television, he continues, “video art wants to develop the artistic potential of the
television screen itself.”*® This artistic potential of the screen “itself;” is also to
say the materiality of the televisual system, the essence of which is the video
signal. A subgenre of VT, termed “video synthesis”’—the subject of the remain-
der of this chapter—is one of the strongest approaches to realizing this “po-
tential” given that creative work in video synthesis tends to be overwhelmingly
abstract, colorful, and psychedelic.

Video synthesizers derive from earlier developments in audio synthesis,
associated with the history of electronic music, as | briefly note in chapter
4, However, working with video synthesis is technically more complex than
audio synthesis because video signals cover a frequency spectrum 100 times
as broad as audio signals do. Second, video signals must be constructed and
modulated according to a precise synchronization in order “for a viewable
picture to emerge.” For this reason, video theorist Jeffrey Siedler explains, the
development of video synthesizers took longer to emerge than their audio
counterparts.¥’

2.1 (a) Close-up of the phosphor coating on
an analog cathode ray tube (CRT) television
screen. (b) In contrast, when one views

a liquid crystal display (LCD) close up, one
sees rectangular bars instead of dots.
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German artist Karl Otto Gotz envisioned art with video synthesis as
early as 1959, when he observed that electronic images were generated pro-
ductively, versus reproductively. That is, the video image is created in the
circuit ex nihilo. In this way, the new electronic image suggests an ontology
wholly distinct from that of older optical media like film and photography.

TV and VT, like computer media, generate images as effects of signal process-
ing, whether in a discrete (digital) or continuous (analog) fashion. This is why
television, video, and computer media are not visual media but rather post-
optic, electronic media. It is also why color in post-optic, electronic media is,
on a material level, primarily concerned with code, signals, and algorithms

and only second with visual expression.

Because | cannot go into detail about all of the experimental and highly
innovative video synthesis devices produced in this period, | provide a brief
overview before focusing on key abstract color experiments with video synthe-
sizers developed by Eric Siegel, Nam June Paik, and Stephen Beck.

In his 1976 article “Image Processing and Video Synthesis,” pioneering
video artist Stephen Beck classified video synthesizers into four basic types.
The first were “camera image processors,” colorizers capable of modifying
or adding chrominance to a monochrome signal. This included Siegel’s first
synthesizer, the Process Chrominance Synthesizer, and pioneer Dan Sandin’s
1973 analog Image Processor, an open-source patch-programmable computer
for processing video images in real time. In collaboration with Tom DeFanti,
Sandin’s system eventually integrated real-time computer graphics to produce
visual concerts or “Electronic Visualization Events.” The system was replicated
by a number of artists at the time, including Phil Morton, who used it in his
ethereal Colorful Colorado (1976). Its popularity was in part due its open-source
philosophy, complemented by Sandin’s “distribution religion,” which advocated
artists “roll your own” synthesizer and “use High-Tek machines for personal,
aesthetic, religious, intuitive, comprehensive, [and] exploratory growth.”3 (In
many ways his open-module system encouraged precisely this, as | discovered
when experimenting with a Sandin Image Processor while in residency at the
Experimental Television Center in 2008.)

The 1972-73 “Rutt/Etra Video Synthesizer” occasionally referred to as
the “Rutt/Etra Scan Processor” also belonged to Beck’s first category. This
system was an analog computer engineered for video raster manipulation, built
by Steve Rutt and Bill Etra and it could electronically modify a video image to
generate a new TV grid or electromagnetic matrix. The Rutt/Etra Scan Proces-
sor was used by pioneering video artists Steina and Woody Vasulka in C-Trend
(1974), Reminiscence (1974), Vocabulary (1973), Violin Power (1970-78), The
Matter (1974), The Art of Memory (1987), and Voice Windows (1986).° And
while much has already been written on the important work of the Vasulkas,
they should at least be noted here.
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The couple produced work together and independently from the 1960s
through the 1990s.4° Peter Weibel sings the praises of Woody Vasulka when
he writes, “What Olafur Eliasson achieves today for the analog world of light,
Woody Vasulka did for the digital world of light some time ago.”# Woody Va-
sulka worked with “diffractive optics” and the “curvature of the waveform,” Weibel
argues, in a way distinct from his peers, who “operate[d] with retinal effects
using scientific insights of the nineteenth century.”*? This may be true, but it
is also the case that these “peers” were equally concerned with the material
technics of the signal, at least initially, as | demonstrate here.

Beck’s second group of synthesizers were direct video synthesizers, ca-
pable of generating their own video signal and image without an external input.
Examples include Eric Siegel’s EVS and Stephen Beck’s Beck Direct Video Syn-
thesizer (discussed below), the EMS Spectron, and the Supernova 12. The third
type was the scan modulation /rescan synthesizer, which used the principles
of scan modulation to alter the geometry of the image on a screen. This class of
synthesizers also included the Paik-Abe Video Synthesizer (PAVS 1969), a col-
orizer most often attached to a scan modulator, capable of generating its own
images as well as receiving an image from an external source.*® The fourth type
was the non-VTR recordable, an oddball that included prepared television sets
that could display, but not record, distorted images. The obvious example here
is Nam June Paik’s Magnet TV (1965), as well as Bill Hearn’s Vidium, an elec-
tronic image-generating instrument developed in 1969 at the Lawrence Berke-
ley Laboratory, and the Tadlock Archetron. As Siedler puts it, most of these
synthesizers were based on the “principle of magnetic distortion using the
color picture tube as if it were an oscilloscope screen.”** That is, color was used
in terms of its particular affinity to the screen-scan, not to signified content.

Together these developments in video synthesis, the democratic visions
for the new medium, and the new status of color television help explain how
some of the mystical and utopic values ascribed to video synthesis circa 1969.
However, these explanations alone will not suffice. In the remainder of the chap-
ter I introduce three other rationales: one, the newness of the video synthesis
color palette; two, historical precedents that link utopia to new color technolo-
gies; and three, a material transcendence that, | argue, did occur through the
technology that exists in and as a part of a unique cultural-historical moment.

Eric Siegel’s Generative Color

Born in 1944, Eric Siegel attended high school in Brooklyn and by the age
thirteen he had already built his first TV set “from scratch.” In 1960 he won
second prize in a science fair for a “home-made closed circuit TV,” a vacuum
tube device built from secondhand tubes and miscellaneous parts. The follow-
ing year he won yet another award: an honorable mention for his “Color
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through Black and White TV.” While Siegel was dyslexic, when it came to
electronics, Woody Vasulka notes, he was clearly a “whiz kid” and indeed, his
contributions to the history of color in video synthesis are no less impressive.
From the late 1960s on, Siegel built innovative electronic color syn-
thesizers, which he used to produce psychedelic video artworks, two of which
| discuss here.*s His Process Chrominance Synthesizer (PCS, 1968) was the
first device capable of taking a black-and-white video signal from % tape or
elsewhere, such as a portapak, and turning it into a color signal through the
video synthesis process (figure 2.2).4¢ Siegel used the PCS to create Psyche-
delevision in Color, a single-channel program consisting of Symphony of the
Planets, Tomorrow Never Knows, and Einstine, first shown at Howard Wise’s
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infamous May 1969 exhibition, TV
as a Creative Medium. In the third
piece, Einstine, the face of Albert
Einstein is lit by rich orange, purple,
and magenta flames (figure 2.3). For
several minutes the face shimmers
and morphs into different hues,
orchestrated to a soundtrack of
Rimsky-Korsakov played on an “old
sevent[ies] record” at half speed.
Einstine was originally made
in 1968 in black-and-white but was
remade in color after Siegel’s friend
Tom Tadlock encouraged him to
show the piece to Howard Wise,
who gave him $300 with which he
bought a color television and trans-
formed it into a “rainbow of colors”
for the TV as a Creative Medium
exhibition.*” After viewing Siegel’s
colored Einstine, Woody Vasulka
wrote, “l always wonder why it took
Eric to introduce this new image so
convincingly. Something extraordi-
nary happened when we saw that
flaming face of Einstine at the end
of the corridor. For us, something
ominous, for me, something finally
free of film.”*®¢ Unfortunately, the
archival record of this event, TV
as a Creative Medium, is a twelve-
minute black-and-white tape pro-
duced by the Raindance Foundation

in 1969 that fails to capture the beauty of Siegel’s elegant, crisp, and carefully
controlled color orchestrations. Nonetheless, even after watching Einstine and
Tomorrow Never Knows as single works in 2014, something extraordinary still
occurs: the colors, despite decades of degradation, are still rich and other-

worldly, a testament to Siegel’s truly unique color system and the “psychedelic’

2

inner visions that inspired it.*° A closer look at the PCS helps to further expli-
cate how Siegel generated such awesome colors.

The PCS is a colorizer, meaning that it can add color to a monochrome
signal. In the U.S. patent for the PCS, Siegel explains the device’s unique ability

< 2.2 Eric Siegel, Process Chrominance
Synthesizer, 1968. This dual colorizer
was engineered by Siegel and used in
Psychedelevision in Color, first shown at
Howard Wise’s 1969 exhibition, TV as a

Creative Medium. Courtesy of Eric Siegel.

2.3 Eric Siegel, Einstine from Psyche-
delevision, 1968. Video stills. Produced
using Siegel’s homemade Process
Chrominance Synthesizer. Courtesy
of Eric Siegel.
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to provide a means for “producing a color burst signal.” A color burst signal is
specific to analog video and television, a code used to monitor the synchroni-
zation of the color signal or chrominance subcarriers at the beginning (“back
porch”) of each video signal.5° In other words, Siegel introduced color information
into a black-and-white signal by cleaning the incoming signal of any aberra-
tions and then reinserting a color sync signal, adjusting its brightness, contrast
(also known as “gain”), luminance component (lightness), hue (color, also known
as “phase”), and saturation (also referred to as “amplitude”). The PCS could
then generate chromatic signals for the new subcarrier because it had a new
pseudocolor (pseudo implies “false” or machine-generated) component added
to the input source.® The result was an entirely new electronic color palette,

in wild and beautiful excess of FCC and NTSC broadcast standards.

The beauty of this color is illustrated again with his second video synthe-
sizer, the Electronic Video Synthesizer (EVS, 1970). The EVS was the world’s
first open-system analog electronic color synthesizer, “an instrument for the
creation of color visual information,” Siegel explains, “with the possibilities of
at least one thousand different pattern variations.”s? The EVS could generate
images independent of an input source (from film or other forms of optical
media), though live camera input was also possible (figure 2.4). Abstract forms
were produced using the system’s own self-generated colors and free form
patch matrix pulled from an IBM card sorter with connections formed by mini-
banana plug cables of “adorable colors.” The first circuit board was built inside
a color television set. The processing amplifier (“proc amp”) generated a raw
signal, provided it with a black level, blanking signal, burst signal, and sync
pulse. (In analog video, the vertical blanking signal refers to the rate at which
each scan line is rendered in an image; the burst signal is usually a black burst
or black wave that is used to coordinate the broadcast signal with the reception
signal, known as the “sync pulse.”) The EVS was built on a BIC-VERO rack (a
patch matrix board) with front knobs and switches that could be used to track
changes on a monitor in real time.5® By manipulating the knobs, a “wide variety
of patterns, colors and motions could be created.”
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These technical details, while they are likely obscure to a number of read-
ers, nonetheless help to illustrate the technical challenges Siegel was dealing
with; what had to be mastered in order to get any color, let alone colors of an
“almost unbelievable intensity and richness.” And his colors, as noted, continue
to appear magical, even on degraded videotapes seen over forty years later.
Siegel developed a color system that could, unlike others at the time, activate
the phosphors on the TV tube directly, without the intervention of a video cam-
era. That is, they utilized the full potential of the CRT tube, which the camera
did not do because most analog video signals were at the time AC coupled,
meaning AC and DC circuits were connected (the latter blocked by the former)
to produce signals that were “highly inaccurate and resulted in an incorrect
brightness level on the TV screen.” In contrast, with the EVS all signals were
DC coupled, ensuring a “complete range from dense black to intense white.”s®

Both synthesizers—the PCS and the EVS—point to the distinction be-
tween images produced by optical media like film or photography on the one
hand, and those produced post-optically, through synthetic and electronic
means, such as computer-generated imagery, on the other. The former bears
a causal link between event and image artifact: a photograph is a literal sample
of perceivable light from the world whereas with electronic visual media, this
link is broken. As | note above, and as | will further elaborate in chapter 6, this
distinction is ultimately what places electronic color in the legacy of technical
computing, not in the history of optical media, at least not exclusively. Woody
Vasulka summarizes this difference in regards to synthetic versus representa-
tional or what he calls “Bazenian” images: images “taken from God /Nature
through the camera versus those constructed inside the instrument.”s® Where
Siegel’s first synthesizer introduced and modulated color in an image taken
from God/Nature (using a camera lens to capture what could already be seen
in the world), his second synthesizer went a step further to generate color
through abstract, nonoptically based electronic signals. The second synthe-
sizer thus opens aesthetic experience to a new post-optic world through which
cosmic and mystical colors seemed quite natural, if not immanent. To put it
differently, any image that appeared from the EVS did so only through a syn-
thetic generative process, and thus the images were not only “free of film,” as
Vasulka puts it, but also free of optical media and therefore “natural” vision
altogether. Herein lies the second rationale to understand how electronic color
in video synthesis became magical and otherworldly: it literally was.

Stephen Beck: Transcendence through Digital Synthesis

In the 1960s, pioneering video artist and engineer Stephen Beck was
trained in electrical engineering at the University of California at Berkeley
and in electronics and electronic music at the University of lllinois Urbana-

2.4 Eric Siegel, architecture for one
part of the Electronic Video Synthesizer
(EVS), 1970. Courtesy of Eric Siegel.
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Champaign. As a student he learned electronics, circuit theory, and digital
logic, and attempted to engineer a Zenith color television set to generate “color
sound” by translating music into a picture.’” The first synthesizer he built was
the Direct Video Zero, an analog direct video synthesizer completed in 1969.5¢
The DVZ consisted of a modified color television set with input sources from
oscillators and audio signals pulled form a Buchla Electronic Music synthesizer
(an early audio synthesizer composed of modules or functional units) used

to drive a CRT monitor’s red, green and blue electron guns.*®

Beck’s second synthesizer, the Beck Direct Video Synthesizer (BDVS),
also used a Buchla synthesizer and was built between 1970 and 1972 under
an NEA artist-in-residence grant at the National Center for Experiments in
Television (NCET) in San Francisco. Later used for video synthesis experiments
at KQED with electronic musician Richard Felciano, the BDVS was originally
designed as a performance instrument intended to produce video images
without a camera.®® Beck viewed the system as an “electronic sculpting device”
designed to generate four key aspects of the video image—color, form, mo-
tion, and texture—which he then used as building blocks in his compositions.®!
The system’s image converter was based on a “wipe generator,” a device used
to generate both horizontal (x-axis) and vertical (y-axis) waveforms from a
composite video signal. The system also had positive and negative colorizers
that could produce 64-bit color equivalents, with many “illegal” colors and
“out of range video voltages” that could be applied to the horizontal or vertical
patterns.s?

After four years in residence at NCET, in 1973 Beck began work on his
Video Weaver, another digital pattern generator that used a more precise string
of counters and random access memory (RAM) to hold and retrieve stored
patterns without locking into a static scanning order. This kind of system is
also known as a “fame buffer,” which | will discuss in detail in chapter 4. The
first Weaver was completed in 1974 and a second more complex version in 1976.
The imaging process can be compared to an (electronic) loom, with a vertical
warp and a horizontal weft. As video scholar Jeffrey Siedler puts it:

The pattern is programmed into the memory then “woven” onto the screen by a
set of phase shifting counters that slide and shift their count sequence in time
to the video raster. A cursor is available to write in the pattern, while various
phasing and counter direction parameters are used to offset the scanning order
of the resulting video pattern.®®

Like Siegel’'s EVS, Beck’s system could generate its own colors and image-
patterns that exceeded the NTSC standards for broadcast color. Moreover,
Beck explains, the colors that appear today in the Video Weaving artifacts
represent only a fraction of the gamut once visible to audiences during perfor-
mances and live broadcasts.®* Unlike Siegel’s devices, however, Beck’s system
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was a hybrid system that generated its images by transforming analog signals
into digital ones and then processing their algorithms in real time.

The Video Weavings were first screened at the San Francisco Museum of
Modern Art in 1974, where the audience response was “enthusiastic because
no one had ever seen digital video synthesized before.”®s Beck also composed
some Video Weavings for Don Hallock’s Videola display unit at NCET in 1973.
With support from the Rockefeller Foundation, he attended the INPUT 78
World Public Television conference in Milan and put on an event that inspired
an ltalian textile company to commission ten Video Weavings for use in their
fabrics.®® In 1976, the images were presented for thirty days on multiple CRT
video screens in the window displays of New York City’s Bergdorf Goodman as
part of its spring textiles presentation.

Stylistically, the way in which the Video Weavings' rigid and tessellated
color patterns move in ongoing horizontal, vertical, and diagonal “ripples” akin
to the “warp and weft” of a weave also indicate how and why its aesthetic
stands in contrast to the other analog works discussed in this chapter, which
are characterized by more fluid, continuous, and smooth colors (figures 2.5 and
2.6).5” The Video Weavings are stylistically (and technologically) more similar
to Woody and Steina Vasulka’s Digital Images (1978), made with Jeff Schier’s
Digital Image Articulator (a former student of Woody Vasulka), and Artifacts,
made in the 1980s. Like the Video Weavings, these digitally synthesized works
also bear a rigid, austere, and geometric look generally absent in analog elec-
tronic art and in digital art made after the late 1980s (save for retro-grunge
styles like dirt style and glitch aesthetics).

2.5-2.6 Stephen Beck, “Red Diamond” synthesizer to play on the motif of traditional
and “Turquoise Chevrons” stills from Video “weaving” practices, through a markedly
Weavings, 1974. Video, color, sound. The digital aesthetic. Courtesy of Stephen Beck,

weavings were produced using Beck’s digital Berkeley, California [www.stevebeck.tv].
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This minor distinction aside, together Beck, Siegel, and Paik all viewed
and created work that served as gateway into a mystical realm and reality be-
yond the cold machine technologies they used to produce them. Beck’s images,
he explains, were “[blorn of the inner necessity to project outwardly and share
the images seen within my mind’s eye—phosphenes, dreams, archetypes, hyp-
napompic, psychedelic, hypnagogic, and meditation images ... images | have
seen all my life on an inner screen where no camera has yet been invented to
record them.”® Similarly, Eric Siegel emphasized that his Psychedelevision
was an “attempt at video mind expansion,” devised to “reach the inner core
of human beings.”®® Television would “bring psychology into the cybernetic
twenty-first century,” he argued, as a “psychic healing medium creating mass
cosmic consciousness, awakening higher levels of the mind, bringing aware-
ness of the soul.”” In these short passages alone one finds all of the trappings
of romanticism and utopianism, here ascribed to the emergence of color in
electronic media. This is less surprising, however, when one also considers
that such utopic attitudes surround any new color technology.

Color and Techno-utopia

Links between color, new technologies, and utopia were already common
in the nineteenth century, in the historical moment when color, as Jonathan
Crary puts it, was divorced from the world and made “inert and objective.” As
I note in chapter 1, this occurred primarily through the work of science and
in particular, with the nineteenth-century psychophysicists including Gustav
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Theodor Fechner, Ernst Heinrich Weber, Hermann von Helmholtz, Johannes
Muller, and James Clerk Maxwell and their efforts to quantify, reify, and ab-
stract physiological perception. Coupled with the advent of industrial, chemical,
and mechanical processing, color was permanently unhinged from “natural”
beauty and lived experience, becoming instead something “standardized, fully
quantifiable and controllable.””

In response to this rationalization and reification of color, now completely
eclipsed from the sacred lifeworld, various romantic artists and writers sought
means to return color to its supposed prelinguistic and pre-Socratic origins.

In 1857 art critic John Ruskin coined the term the “innocent eye,” denoting the
ways in which artists could experience and paint the external world with the
innocence and purity of a child’s vision. Through the innocent eye the world
became “an arrangement of patches of different colors variously shaded,” which
is to say free of signification and thus of social and political realities as well
(such as the coal pollution rampant in the industrial era).”? The irony of course
is that plein air painting, as an escape from modernity, could occur only once
artists were equipped with the new mass-produced oil paints and their ma-
chine made collapsible-tube housing.

Similarly, circa 1969 the new psychedelic colors of electronic media
seemed to offer just such a utopic reprieve and radical alternative to social and
political ills (the war in Vietnam, political disillusionment, the violence of civil
rights struggles, world-wide explosions and bombings, national and interna-
tional political scandals, the height of cold war, rising drug addiction, death,
suicide, and of course the newly regulated broadcast standards). Color abstrac-
tion in video synthesis seemed to provide the perfect escape into a world of
pure and innocent (techné as) poetic transcendence. In 1970, Gene Youngblood
wrote that Siegel’s Psychedelevision displayed its “colors . .. glowing with an
unearthly light, trembling in fierce brilliance, like the colors on the inside of the
retina.””® Both inner eye and cosmic vision became one. The comment is similar
to Ron Hays’ 1970 claim that with “television ... you're on the way to being a
starchild ... inner and outer space become one in unknown velocities of a cos-
mic zoom ... the now indigo blue of life merge with the glowing beauty of man
at his most human.””* These “innocent eye” sentiments, while they no doubt
seem bizarre, were in fact not uncommon in this historical moment of the new
color technology’s emergence, just prior to its full and inevitable standardiza-
tion, commercialization, and industrial control. That new color technologies are
consistently invested with such utopic sentiments and innocent eye visions,
ones that transcend even their own technical-material base, thus provides a
third rationale for these colors’ imbrication with transcendence circa 1969.

And yet there is still a need for another explanation. There is some-
thing about this technology—video synthesis circa 1969—that further cata-
pults mystical visions to an intensified pitch. To explore this, | turn to Martin
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Heidegger’s well-known tool analysis to argue that transcendence and mysti-
cism circa 1969 were in fact normative and concrete.

Material Transcendence

In his 1927 magnum opus, Being and Time, Heidegger offers an elaborate
theory of being-in-the-world. In one part of the text, Heidegger distinguishes
between two basic modes of relating to equipment: the “present-at-hand” (vor-
handen) and the “ready-to-hand” (zuhanden).” The first mode is characterized
by a distanced, abstract attitude characteristic of scientific empiricism and
a theoretical separation between the observer and the object of one’s study.

In this mode, whatever is being examined is forced into visibility through a
nonnatural revealing process. When present-at-hand properties are forced to
“appear,” they are classified into categories and types that then become
representative of that object and our epistemological relation to it.

In contrast, the ready-to-hand undermines this approach through its
contextualized or “worlded” mode of engaging equipment and things.”® In
the ready-to-hand, the world is intuitive and present, but concealed and inac-
cessible to representation (representation is a violence of the tradition). In
the ready-to-hand, Dasein (translated as “there-being”) is absorbed into the
“equipmental contexuality” of the lifeworld (Lebenswelt), as Graham Harman
puts it, where things and actions are so close that they recede from visibility
and awareness to “conceal” and “withdraw” into themselves. The ready-to-
hand is offered as an alternative to the present-at-hand, but both are unavoid-
able in our relationship with technology.”

Often left out of discussions of Heidegger’s tool analysis is the more
nuanced third term that he calls the “unreadiness-to-hand.” In his well-cited
hammer example, the ready-to-hand exists when one is hammering away,
but when one stops to adjust, the situation shifts, not—as one may expect—
to the present-at-hand, but instead to the “unreadiness-to-hand.” He explains:

When we concern ourselves with something, the entities which are most
closely ready-to-hand may be met as something unusable, not properly
adapted for the use we have decided upon ... equipment is here, ready-to-
hand. We discover its usability, however, not by looking at it and establishing
its properties [the present-at-hand], but rather by the circumspection

of the dealing in which we use it . .. This conspicuousness presents the
ready-to-hand equipment as in a certain unreadiness-to-hand.”

The conspicuousness of circumspection of the unreadiness-to-hand may
be seen as a third mode, in between the first two and concerned with how one
uses things and equipment. It is a partially distanced way of using technology,
one that allows things to appear as things, but in such a way that is not fully
transparent or withdrawn.” The unreadiness-to-hand is thus a liminal zone or
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shift space where we may add something like learning with tools; a pedagogical
relation to equipment that is, | argue, both engaged and abstract and therein
constitutive of a certain kind of immanence and transcendence.®

In the experiments with video synthesis circa 1969, after spending
months, even years engineering a synthesizer, one’s knowledge of its ins and
outs—the subtlety of every button, patch, cable, and circuit board solder, not
to mention learning the technical language and processes involved—would
have become intuitive. In the time preceding this, one must constantly step
back and adjust how one uses one’s tools, not for the sake of classifying the
particularities into a general theory but rather to see anew, to solve a problem
and learn how to approach it again, in such a way that enhances habitual
and intuitive relationships.

Turning the strange into the familiar and habitual, according to Harman’s
interpretation of Heidegger, is transcendence. Contrary to conventional uses
of the term in philosophy—to imply either an escape from the world or, as in
Husserlian phenomenology, a transcendental bracketing of subjective “inten-
tionality”—here transcendence denotes the way in which Dasein ex-ists in the
openness of actual, factical, historical worldhood. Harman argues that Dasein
is nothing but transcendence and thus transcendence is simply “another word
for freedom.”®' If transcendence is akin to freedom and freedom is, | argue
below, par for the course in these experiments circa 1969, then Heideggerian
transcendence is indeed a valid and factical component of this technology and
its particular uses, circa 1969. Transcendence is the transition from the theoret-
ical hyperawareness of the present-at-hand to the invisibility of the immersive
ready-to-hand. Through transcendence technological change is caught. “Ham-
mers, melons, or crystals,” Harman writes, “become visible to us only in the am-
bivalent state of transcendence.”® In short, transcendence is being in the world
and it is ongoing and standard in our everyday relationship with new media.

Transcendence could also be said to mark the way in which new media
transition into old media. Once new media become functional and control-
lable, they become what has been referred to as “dead media,” and recede into
the background to become “transparent,” or ready-to-hand.® In this state the
technology is functional but one fails to see it. (This is why | will argue in part 3
that such “transparency” is actually an opacity and inscrutability.) Transcen-
dence occurs here as technology becomes opaque: invisible and inaccessible
to representation, but transparent and intuitive for use and habituation. This
nuanced movement between immersion and reflection helps us understand yet
another way in which the complexity of this technology circa 1969 could disap-
pear while one was fully immersed in it!

Being in a world conditioned by science and technology does not fore-
close the mystical or other forms of transcendental thought and experience.

In fact, ongoing developments and innovations in science and technology are
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preconditions for transcendental thought and desires; refueling the inextricable
and ancient bond between techné and physis. In order to extend this argument
to the cultural and political milieu at WGBH circa 1969, | now turn to the early
video synthesis experiments conducted in WGBH’s New Television Workshop.

WGBH and the New Television Workshop

Since 1951, WGBH has been a nonprofit education-based public radio
station based in Boston. In 1955 it incorporated the public television channel 2,
making itself the first nonprofit television station in New England and a pioneer
in public television. In the early years, the studio was full of “Harvard guys who
produced boring, black-and-white television.” But this all changed in 1958 when
visionary producer and director Fred Barzyk arrived and “began experimenting,
pushing the studio’s envelope.”8

In 1967 WGBH transitioned to color and new video switchers arrived at
the studio. The switches were capable of basic chromakey (the process of
removing a color from an image so that another image element may replace it)
and titling effects. Artists interested in the new but still expensive media were
drawn to WGBH’s artist-in-residence program, the New Television Workshop
(1972-92). The workshop was supported by grants from the NEH, the Ford
Foundation, and Rockefeller, and from it emerged many pieces central to the
history of electronic art. Early artists in residence included Nam June Paik,
Stan VanDerBeek, Max Almy, Douglas Davis, Peter Campus (discussed in chap-
ter 5), Trisha Brown, Ed Emshwiller, and William Wegman. Fred Barzyk oversaw
the New Television Workshop for ten years, during which time he watched,
invited, and experimented with “hundreds of artists” who flowed in and out of
the studio, all enthusiastic and eager to pioneer a new genre of electronic art.

But even before artists arrived, Barzyk and his WGBH colleague David
Atwood were broadcasting experimental programs. In the mid-1960s, Atwood
recalls, “we started ... doing these light shows where we just did whatever
came into our head. We mixed black-and-white cameras with telecameras, light
show images, and then feedback . .. [we] broke all the rules.”®® The experiments
were broadcast in a weekly program called “What’s Happening, Mr. Silver?”
produced by Barzyk and hosted by Tufts University professor David Silver. One
episode, “Madness and Intuition,” later mentioned in Newsweek, was created
in the spirit of avant-garde composer John Cage.

In Cage’s theory, Barzyk explains, all sound was music, “therefore any pic-
ture is a television show. We applied that theory to a half-hour show.” The result:

| got two ninety-year-old people to sit in the middle of the room. | had Ed
Beardsley on a motorcycle traveling around. There was smoke going, people
dancing ... the host was in bed with this girl talking about Velikovsky and
destruction of the dinosaurs . ... About halfway through | said, “If anybody is
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bored just yell out and I'll change it to something else” ... it didn't make any
difference what followed.%®

At the time, Barzyk and Atwood saw themselves as directors “fooling
around with TV: in hopes of making a change and bringing out the '60s feel to
some of our shows on public television.”®” After realizing the vast possibilities
for video in this relatively open-mined setting, they got a grant and the doors
opened. Most doors opened.

Those behind the doors to management and on the executive level
viewed the incoming artists as a disaster waiting to happen and, after Paik’s
early residencies at WGBH, it is hard to argue with them. At the same time,
the wild and unruly experiments that Paik conducted at WGBH (noted below)
are today heralded as cornerstones in the history of video and new media
art to which Paik brings esteem to the WGBH name.

WGBH'’s national broadcast of The Medium Is the Medium in March 1969
featured the work of six artists: Allan Kaprow, Nam June Paik, Otto Piene,
James Seawright, Thomas Tadlock, and Aldo Tambellini, each of whom made a
short video using WGBH equipment. By far the most “controversial” contribu-
tion came from Paik with his Electronic Opera #1. For the segment he brought
a dozen “prepared televisions” into the studio, used three color cameras to
mix the images with a nude dancer, tape delays, and positive-negative image
reversals. Paik’s Opera, as Youngblood puts it, consisted of “dazzling silver
sparks against emerald gaseous clouds; rainbow-hued Lissajous figures [that]
revolved placidly over a close-up of two lovers kissing in negative colors; im-
ages of Richard Nixon and other personalities in warped perspectives [that]
alternated with equally warped hippies” (figure 2.7).88 The piece was set to
the soundtrack of the Moonlight Sonata, interrupted periodically by Paik, who
looked at viewers, yawned, and announced, “life is boring.” He instructed them
to “close one eye” or “close one eye half way” and finally, “turn off your televi-
sion set.”®®

The Opera was controversial for its strange technical setup, unorthodox
content and the use of Nixon’s head twisting through synthetic video effects,
but above all because it featured a topless dancer. The dancer was supplied by
a “WGBH type,” Atwood explains, who had “connections everywhere in Boston.
We never knew from where she came and never asked. She showed up, took
off all but panties, stood on a pedestal, was directed by Paik, was recorded, and
left . ... It was a minor scandal at the time.”®® A topless dancer was definitely
not what the station expected or hoped to see from a show on “the arts.” But
at this point the show was already receiving national recognition and strong
support from the Ford Foundation, so the studio (reluctantly) honored such
requests.® After The Medium Is the Medium, the Rockefeller program was cre-
ated and Paik returned to Boston as a full-time artist in residence.
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27 After the studio made the transition to color in 1967, a new financial
arrangement required everyone to pay for studio time. This became expensive
because with color the set-up time multiplied exponentially: it would take “all
day to get it right,” whereas with black-and-white, they would “be ready to
go in minutes.”®? Frustrated with this, in 1970 Paik set out to create a low-cost
alternative, a color manipulation system that resulted in the Paik-Abe Video
Synthesizer (PAVS) (figure 2.8).

2.8
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The Paik-Abe Video Synthesizer

Initially dubbed the Wobbulator, the PAVS was a homegrown keyer, color-
izer, and scan modular system engineered with limited financial resources by
Paik and his childhood friend, the engineer Shuya Abe.*® In the haphazard and
scavenger style that came to define him, Paik built the system using second-
hand wires, television sets, and hardware parts (a method that stands in stark
contrast with Siegel’s systematic control and organization of every color and
function). Barzyk recalls finding Paik setting up in the studio one day wear-
ing tall rubber boots. Upon inquiry, Paik explained: if | don’t wear them, “I get
electrocuted.”®

Before the PAVS made it to the studio, it lived in the front room of the
apartment Paik was sharing with David Atwood. During the summer of 1970,
they made the move to WGBH, where they transformed an old studio into what
looked like an “electronics junk shop combined with a cheap trinket store.” In
its new home, the PAVS consisted of multiple television monitors, surveillance
cameras, and two color encoders—the first encoder was built into the second
to allow for a broader range of image manipulation and colorization possibili-
ties. The system could take between ten and twelve black-and-white inputs, an
impressive number considering that at the time the studio’s own mixers were
limited to three. (figure 2.9).

For special effects Paik also sought low-cost, highly creative alternatives.
He “bought all manner of crap,” Atwood explains, “plastic dishes, cheap busts
of famous composers, and anything plastic that cost nothing and would distort
light.” He even used a record turntable to construct and spin objects at either
33 or 78 rpm, upon which Barzyk once found “a mound of shaving cream...
whirling around on top.” Another roommate of Paik’s recalls that he even made
his bed out of old console TVs with a mattress placed on top. He ate off of
disposable paper plates and used plastic utensils, which, he argued, were the
“greatest American invention.” Paik’s style was fast, cheap, and messy but effec-
tive: under the studio lighting, the rotating shaving cream “transformed into
a mélange of color and images.”® Paik’s 9/23/69 for instance (made on Septem-
ber 23, 1969, in collaboration with Atwood, Barzyk, and Olivia Tappan), offerred
a showcase of the wide range of effects, mixed media, collage-techniques,
and colorization methods possible with the PAVS (figure 2.10). While 9/23/69
was never broadcast in its entirety, parts of it were later integrated into the
PAVS’s broadcast premiere.

On August 1, 1970 the PAVS embarked on its maiden voyage on public
television’s channel 44 in a four-hour debut called Video Commune: The Beatles
From Beginning to End, a broadcast of “far out imagery never before seen by
the world.” Commune featured a variety of images, such as Japanese television
commercials remixed through the synthesizer and set to a Beatles soundtrack,
providing at least one element of continuity in an otherwise unstructured visual
spectacle®® (figure 2.11).

2.7 Nam June Paik, Electronic Opera #1, 2.8 L to R: Fred Barzyk, Shuya Abe,
broadcast on WGBH'’s public television channel and Nam June Paik with the Paik-Abe

as a part of The Medium Is the Medium, 1968. Video Synthesizer at WGBH-TV, Boston,
Courtesy of Nam June Paik Estate. circa 1969. Photograph by Conrad White.

Courtesy of Nam June Paik Estate.
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< 2.9 The Paik-Abe Video Synthesizer (PAVS)
in 1992 [1969]. 12 monitors, 2 video disc

players, 183 x 56 x 66 cm. Courtesy of Nam
June Paik Estate.

2.10 Nam June Paik, 9/23,1969. Video still. This
image was created using the Paik-Abe Video
Synthesizer. Courtesy of Nam June Paik Estate.

2.11 Nam June Paik, Video Commune: The
Beatles From Beginning to End, 1970. Video
still. A broadcast of “far out imagery never
before seen by the world,” using the PAVS at
WGBH-TV. Courtesy of Nam June Paik Estate.
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While Video Commune marked a “milestone” in the transformation of
broadcast television, using the PAVS, let alone controlling it, was another issue
altogether. Even Paik admits the PAVS was a technical nightmare. It’s a “sloppy
machine,” he said, “like me.” Atwood concurs, it was “a miracle that it even
made an image.”” The WGBH engineers, who sat at the mixers and switch-
boards in the control room, hated the PAVS even more, just as they hated the
ways in which the artists “incorrectly” used the expensive studio equipment
(“holding down three and four buttons at once,” a [Cagean] method that had
the engineers “in agony”).®® There was also a time when, during the PAVS’s
debut on channel 44, it burned up the studio’s very expensive chromo filter
transmitter. Paik simply ignored FCC color limits, which is also to say he
neglected to run his colors through the vectorscope and compress them.®®

These “artistic” techniques led to constant “back and forth” negotiations
between the artists and the engineers regarding which colors would be allowed
in that day. “Every time we record[ed],” Atwood explains, “we had to go through
this little dance with the engineer . .. assigned to: ‘synthesizer recording.”°
The debates were exhausting and repetitive, and Atwood eventually found
a way to get around them. He realized the overall chroma phase could be
adjusted by adding or subtracting video cable at the point where the signal
plugged into the wall. The formula was two degrees per foot of cable.

He explains:

The synthesizer had moved to a little small room right across the hall from
master control ... and the engineer would say, “Well | don’t know where

the patches are.” ... | would say, “Well, | think they’re there” ('m not supposed
to know this) and then they’d look at it and say, “No, that’s too extreme, we
can’t do that.” I'd say, “What’s wrong?” They’d say, “It’s out of phase ... like
40 or 50 degrees, we can’t correct for that.”. .. | had this whole pile of video
cable [which he hid “behind the racks in a plastic green frog kid’s tub”] and
I'd do the math in my head ... plug in [the extra cable] and I'd go back and
say, “Well, how is it now?” “Oh, it’s close now.” This was a dance that we went
through almost every time."!

Paik appears to have eventually found value in keeping his colors within
the FCC range. In a letter written to WGBH executive Michael Rice in 1971, he
reports having used the “Tektronix Vectorscope” with John Godfrey at WNET
to monitor the “chronical chroma overlevel ... to create brilliant and complex
color images” that, he boasts, were “within the FCC limit.”°?2 He appeals to Rice
for funds to purchase the Heathkit Vectorscope (costing $145 in 1971) so that
similar FCC-approved colors could be made at WGBH. While this device may
have helped control the overall color for broadcast, controlling specific colors
within the PAVS was yet another issue.

After Paik left WGBH video artist Ron Hays arrived in the mid 1970s and
devoted numerous hours to cataloging and indexing the PAVS’s image and
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color parameters (figure 2.12). His journal from the time explains, “Describing 212
the color control of The Paik Abe Video Synthesizer is difficult . . . Since color
is nominal to each channel, final color potential can only be discovered by trial
and error during the image-growing processes.” Not only were colors incon-
sistent, different colors were responsible for generating different visual effects
and feedback patterns. “For instance, a color base of green will produce a more
explosive feedback image than a color base red. At the same time, the base
will be varied every time a new channel input is faded up from another image.”
With the PAVS, Hays concludes, “color constants do not exist.”1%

He eventually classified five general output parameters. These image
“archetypes,” as they were appropriately called, were:

1. Sweep Modulation Pattern A

2. Sweep Modulation Pattern B

3. Paik Dancing Pattern or Wave-form [most likely a lissajous]

4. Sine-Square Oscillation

5. Feedback images [which occurred when the synthesizer cameras were
not being used to pick up the above listed image-archetypes, but were
instead pointed at the display monitors]."o

One of the main difficulties of creating a systematic color language for
the PAVS arose from the fact that it had two color encoders connected to each

212 L to R: Ron Hays and David Atwood using

the PAVS. The photograph is “staged but accu-

rate,” according to Atwood, taken in the early

1970s when the PAVS was docked in the Green

Room at WGBH, across the hall from master

control. Photographer unknown. 89



213

90

other (figure 2.13). “Encoder one’s image quality is much more ‘soft’ than the
more ‘metallic’ or brighter images on Encoder two,” Hays explains, a disparity
amplified by the fact that each camera (which also functioned as a synthesizer)
had its own personality, so depending on which encoder it was connected to,

it would alter the image in unknown and unpredictable ways." In sum, the color
was completely unstable, ephemeral, and unstandardized. This kind of system
must be seen in dramatic contrast to the more recent and so-called objective
color systems available with “off-the-shelf” commercial software applications
where color choices are predetermined, preselected, and therefore, generally
speaking, also always predictable.
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Near the end of his notes Hays instructs future users to learn the PAVS
system intuitively, “You must learn how and where to reach for the gain knob
and how fast and how far to turn it by watching what it does. Turning a gain
knob too fast can destroy the innate beauty of an image.”*® To “know” the
range and sensitivity of each knob, while no small feat, was to move from the
unreadiness-to-hand (even in its most present-at-hand form) to the ready-
to-hand, where immersion in the technology and its “personality” becomes so
effective and intuitive that the fact of technology recedes.

Technics and Equipment as Environment

In a sense Heidegger’s notion of the ready-to-hand is similar to Benjamin’s
1936 observations about new technology. Benjamin writes, “For the tasks which
face the human apparatus of perception at historical turning points cannot be
performed solely by optical means—that is, by way of contemplation. They are
mastered gradually—taking their cue from tactile reception—through habit.”*’
Technology is naturalized and legitimated in the lifeworld through embodied
practices and uses. While both Heidegger and Benjamin were critical of modern
technology, Benjamin, very much unlike Heidegger, argued that certain political
and socially astute uses of technology could harness revolutionary potential.”°®
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And yet Benjamin’s analysis, while insightful, is void of the systematic ontology
that Heidegger’s philosophy offers, an approach that, precisely because of its
breadth, also allows us to see how technology is inclusive of cultural history
and epistemology. | discuss this in detail in the introduction, so just to reiterate
here, Heidegger writes:

From the earliest times until Plato, the word techné is linked with the word
episteme. Both words are terms for knowing in the widest sense. They mean
to be entirely at home in something, to understand and be expert in it. Such
knowing provides an opening up.'°®

As | argued in the introduction, technology, which is also to say equip-
ment, is not restricted to “objects” for practical use, like hardware or “tools,”
but instead includes history, infrastructure, memory, knowledge, and cultural
convention. It is a mistake to see technology as a mere tool or piece of hardware,
both Harman and Kittler warn, an oversight that arises from anthropocentric
approaches where the use of a term like “tools” raise questions like tools for
whom? Both equipment and technology, Harman writes, “have nothing more
to do with instrumental devices than with angels or with flowers along the
Ganges.”" And thus “technics” is perhaps a more suitable term, especially
after the industrial era when technics are undeniably bound to all forms of life
and culture in a “media ecology.”

Technics at WGBH circa 1969 must be seen in these terms, as inclusive
of the open-minded directors, the at times supportive engineers, the NEH
and Rockefeller funding, the workshop itself, their relative freedom to explore
and experiment as they wished, the broader social and politically progressive
context of the U.S. in the late 1960s, the unstandardized hardware, and the
various collaborations between artists, directors, and engineers. Consider for
example how this anecdote offers a telling picture of the then open and playful
atmosphere:

On June 23, 1970, seven days before Video Commune aired, Fred Barzyk
received a memo from the then president of WGBH, David O. Ives. In the sta-

tion’s program guide, Ives had seen the listing for August 1, 9:00 pm to 1:00 am.

On blue WGBH stationery he wrote:

Barzyk

| have just seen the program guide piece on the Paik experimental broadcast
for Aug 1. | strongly suggest that, if you have not already planned it, you
prepare some videograph copy and run it onto the screen every ...ten or 15
minutes, at least early in the show. Copy should indicate that it is an experiment,
that it is better seen in color, that it has no formal start or finish, etc. Just
something to keep down the volume of complaints as to what the hell you
communist, pinko, Maoist, bastards are doing. Also, be sure to supply the
switchboard that night with all the necessary soothing talk for complaining
callers—DOIL™

213 Nam June Paik and Shuya Abe,
architecture for one part of the original
Paik-Abe Video Synthesizer, 1969.
Courtesy of Nam June Paik Estate.
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“Of course he wasn’t serious about the ‘communist pinko Maoist bastards’
part,” Atwood promptly adds." Striking about this story, however, is the free-
dom within which these jokes occurred. Any president today, whether corpo-
rate or otherwise, would see this memo only in terms of lawsuits and litigation
fees. The kind of work that could be produced at the studio emerged from
these experimental and playful equipmental backgrounds, which in turn helped
to shape and produce the technology and its aesthetic sensibility. Again, be-
cause technics is integral yet often invisible, and in no way exclusive to “tools,”
physical objects or machines, the notion of technics-as-environment bolsters
the trope of transcendence, as both concrete and practical. The lves memo,

as weird and funny as it is, points directly to this unique cultural and historical
moment when play, experimentation, and a significant degree of freedom
were constitutive of the equipment and technics, as an environment or media
ecology, which collectively molded the new media and invested it with a vision-
ary and utopic ethos. Further, that this new medium would eventually land in
the technocratic televisual and cinematic effects industries that it has, could
not have been known at the time, and herein lies another reason why the
essence of “newness” in a new medium may also be understood in relation

to a transcendent techno-utopia.

The End of the Liquid Rainbow

By the late 1970s, these wild and psychedelic color experiments were har-
nessed for stable commercial and industry applications. This occurred primarily
through the Scanimate, a relatively unique analog computer system used to
optically scan and animate text and color overlays for the television and film
industries (at the time, other comparable systems included the Animac and
Ceasar, developed by the Computer Image Corporation). Like most of the video
synthesizers discussed in this chapter, the Scanimate was capable of manip-
ulating a video signal, but it was also connected to a scan converter where
high-contrast color artwork could be placed onto a light table and scanned by
a “high rez” camera (a progressive scan monochrome camera) that ran at the
NTSC or PAL field rate.”™ In the late 1970s, each scan was about 500 lines on a
vidicon camera.™ Once brought into the system, the image was rescanned into
a regular monochrome NTSC video signal. After rescanning, the computer could
be used to “do all sorts of weird and wonderful things,” such as a “sweep on
the CRT ... [to create] horizontal and vertical sawtooth waveforms [or] a variety
of oscillations,” similar to those produced by Paik, Beck, Hays, and Siegel.”™

However, the Scanimate was more programmable that the other video
synthesizers discussed in this chapter. The original raster image could be
“sectioned” or “segmented into as many as five different parts, each capable
of independent movement in synchronization with any audio track, either
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music or commentary.”" For output, a second camera would monitor the CRT
performing the animations and record it directly onto film or videotape. The
output image could also be layered by “keying” it over a videotape of previous
“passes” recorded on a two-inch IVC helical analog video recorder attached
to an enormous playback system.™ Pioneering Scanimate operator Dave Sieg
explains that at that time the animator had to program the moves by wiring up a
complex analog circuit and adjusting any and sometimes all 250 knobs through
several patch panels. Because they had to literally wire each animation together,
the animator was really more of an engineer than an artist. This led to a phe-
nomenon where only a few skilled workers using these unique machines could
generate the animated video and film graphics for an entire industry.™

Lee Harrison Ill and Francis J. Honey planted the seeds for the Scanimate
at the Computer Image Corporation in Denver, Colorado, around 1967."° By
1969, Harrison built the first official Scanimate as a hybrid two-rack unit system
to which he eventually added more modules and racks in order to give it more
functions and flexibility. In 1970 Harrison moved the Scanimate to Hollywood,
where it became a part of Image West Ltd. and began to receive industry
recognition, especially after they had two active systems in use by 1979. The
Scanimate reached the height of its popularity between 1978 and 1982, though
they were still used in various sectors of the industry through the mid-1980s.
Aside from the two Scanimates located at Image West, five other systems were
exchanged between Tokyo, London, Australia, Luxembourg, New York, Denver,
and Phoenix.’?®

At Image West the video switcher and monitors were housed in a room
at the front of the studio and in another room sat the videotape machines:
2,000-pound “monsters that ran on megawatts of power and required com-
pressed air.”"?' In 1979 Sieg arrived as a maintenance engineer. Despite hardware
burdens, he explains, part of the system’s appeal was that it could generate
output in “real time” so that clients from Hollywood'’s film and television indus-
tries could sit on couches in the studio and watch and direct what they wanted,
for a fee of $2500 an hour. The system was hundreds of times faster than film
or cell animation, so paying the steep fee to have quick and total command was
a bargain for many. Of course, if a client spent time being indecisive, they “liter-
ally paid for their indecisions.”"?2 The Scanimate’s uses and applications were
limited to commercial television and film, including a brief scene of the Death
Star emerging from behind a planet in the first Star Wars film (1977); a live ani-
mation broadcast during the Grammies in 1977, the entire series of “spaghetti”
letters and oscillator effects for the Electric Company and Ron Hays’ Earth,
Wind & Fire video, “Let’s Groove” (1981) (figure 2.14).

In 2009, a Hollywood studio on behalf of the ad agency Goodby Silver-
stein & Partners approached Sieg, who owns one of the few remaining Scani-
mates, and requested to use it to shoot a vortex scene in their upcoming Got
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Milk production of a new rock opera about milk, Battle for Milkquarious! star-
ring White Gold, the marketing product of the California Milk Processor Board
and Goodby Silverstein (figure 2.15). They pleaded with him: even with all the
effects and plug-ins available, they still could not get close to the look and feel
of the Scanimate. It would have been next to impossible to shoot the entire
scene using only the Scanimate, not to mention the time and money require-
ments, so as a solution they decided to use a sophisticated HD Red Digital
camera at 4k resolution (4,000 pixels per square inch) to shoot the Scanimate
output images off the surface of a CRT.

After three days of shooting, they were pleased with the results, which, to
their minds, gave them the “look of the real thing.”"?® Their resultant colors are
very saturated, like a liquid rainbow, but to my mind, they are more nostalgic

< 214 Earth, Wind & Fire, “Let’s Groove,” 1981. 215 Got Milk with Goodby Silverstein &
Video still. Colorful liquid rainbows accompany Partners, “Vortex Scene” scene in Battle
groovy music. The effects were produced by for Milkquarious! 2009. Video stills.
Ron Hays using the Scanimate. Colored effects in a rock opera about

milk. The goal was to emulate the look
of the original Scanimate system. 95
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because exceedingly static and precise in their simulation. The digital images
are flat and fail to capture the fluidity and richness of the dirtier analog col-
ors. One reason for this is that the original Scanimate colors are analog CRT
colors. That is, they are materially and technically dirtier because their phos-
phors are less precise and often blurred on their trace points. In contrast, with
LCD screens (which most computers have), liquid crystals are “sandwiched”
together between two layers of polarized glass, a more precise arrangement
ensuring that, if no voltage is applied, light will not travel through the layer or
move onto the next.’?* An attempt to avoid this flat and clean aesthetic may
have been made by photographing the images off the surface of a CRT screen,
but ultimately they were redisplayed on an LCD for final viewing.

This nostalgic digital flatness is illustrated again with Mac’s Flurry screen
saver, which also attempts to simulate the analog liquid rainbow aesthetic
(figure 2.16). The rainbow Flurry animation is continuous and ongoing, but it
is also stale and bears a highly calculated look, which of course is desired in
certain situations, but aesthetically is without dynamic composition (the same
could be said for a number of digital effects). Moreover, its precise asymmet-
rical movements are mirrored by an equally flat color gamut of unilaterally
whitish hues. In short, the screen saver is “democratic,” as | term it in chapter
4, where no single hue or segment is privileged over another, making all colors
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and movements equal but homogeneous. At the same time, the Flurry screen
saver is a slightly unfair comparison because it is assumed that a screen saver
would intentionally be subject to intense compression algorithms, unlike the
significantly wider color gamuts used in high-end industry films or commercials.
Nonetheless, digital animation, which includes a significant chunk of contem-
porary video art, while colorful, tends to bear this same flattening affect absent
in the older, relatively uncompressed CRT animations.

To be clear, this is not an ethical or evaluative claim about the difference
between analog and digital images. Computer-generated analog animations
from the 1960s through the 1980s, while full of noise, were more fluid and richer
in color depth, relative to digital imaging, which has since become cleaner and
more sophisticated, due to the frame buffer (a rendering device that allows
color information to be stored, repeated, or efficiently recalled, as discussed in
chapter 4) and the alpha channel (discussed in chapter 5), but also radically
compressed, due to LCD screens and practical conventions for media distribu-
tion and transmission. By the mid-1980s, the bulky and unstable analog sys-
tems were phased out in favor of the new and efficient frame buffers and CGI
technologies, such as the AMPEX ADO. Alongside the rise of video cameras
and editing systems in the 1980s, the marketing of personal computers, digital
effects technologies, and the Internet in the 1990s, it became unnecessary to
travel to centers like WGBH or WNET for artist residencies or to Image West for
expensive analog color effects. And thus, the New Television Workshop peaked
between 1968 and 1972 and officially ceased production in 1993.

Synthetic Mysticism

The world of video synthesis circa 1969 was for many, one of transcen-
dental immersion and cosmic union between humans and machines. Looking at
this work today, the heavy mediation and synthetic effects used in the work
of Siegel, Beck, Paik, and others not discussed here (like California-based Scott
Bartlett) make the work seem that much more distant and alien (the opposite
of immersive)."” In part this occurs because one now views the work through
the contemporary filters of abundant commercialization, the speed of MTV
culture, and the ubiquity of meaningless “content” on the Internet. In contrast,
in 1969, the radicality of these colors symbolized pushing the new media in
new and unforeseen directions, into an optimistic future not yet conceivable.

The video synthesis pioneers discussed in this chapter developed tech-
nigues to make color visible in a medium where it did not yet exist, a feat that
alone imbues video color with a magic and transcendental value. And, as | noted
at the beginning of the chapter, the mere act of watching television engenders
a cybernetic loop where the signal is integrated with subjective perception,
eradicating any clear distinction between subject and object, bringing “us” into

2.16 Mac’s Flurry screen saver, circa
2014. The rainbow hues simulate
obsolete analog video synthesizers. 97
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a “spiritual embrace” with the same medium that brought us to the moon and
(back) into the cosmos. Moreover, if it is through these pure and abstract colors
of the electronic signal that the “medium” becomes “the message,” which a
number of these works seem to propose, then the message of this medium is
one of the pure and transcendental melding of minds and souls: “the art of
pure relations,” as Paik puts it. So while the mystical video synthesis produced
circa 1969 may have at first seemed misguided, given the radically new and
unstandardized technology, the utterly alien color palettes these pioneers gen-
erated, the relatively free and unfettered experimental approach to the work,
and the liberal and supportive social, political, and cultural contexts that bol-
stered them, these mystical and utopic visions should now seem grounded by
material fact and concrete circumstance.

Circa 1969 the “now-indigo blue” of video synthesis symbolized and
instantiated a techno-transcendental immediacy, an “equipment-free aspect
of reality” that Benjamin once identified as the “blue flower” in the land of
technology.””® The blue flower not only brings the sacred and mystical to the
surface of the techno-image but also fulfills the revolutionary function of
what technological art is supposed to do. In Benjamin’s account, this was to
break the hermeneutic veil that kept art in secrecy, making it instead immanent
in-itself—transcendent through color—and yet also accessible for mass ex-
perience. Heidegger, however, would have been in strict disagreement with this
goal. In fact, the easy and widespread consumability of art was precisely one of
the “dangers” of technology that he warned against.'”” Regardless, pure and
unmediated cathode ray blue appeared circa 1969, but it did so only after these
pioneers and visionaries, supported in the above-noted situations, transformed
highly technological processes from the strangeness of the unreadiness-to-
hand of a foreign new media into a naturalized element of the lifeworld. This
cool blue revolution—whether Heideggerian or Benjaminian—could only be
televised.

The way in which synthetic electronic colors transcended both the empir-
ical and the optical conditions of media and the moving image circa 1969 sets
the stage for the book’s larger arguments for a shift from color’s optical paradigm
into what | term the “post-optic” paradigm of algorithmically generated elec-
tronic color. However, this shift will not be teased out until chapter 6. Before
this, | turn in the next chapter to color’s encounter with number and digital
code, that is, to the shift from color in analog computing into the discrete world
of the digital.

Chapter 2. Synthetic Color in Video Synthesis
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Chapter Three

Informatic Color and
Aesthetic Transformations
in Early Computer Art

Color shines and only wants to shine. When we analyze it in
rational terms by measuring its wavelengths, it is gone.

—Martin Heidegger'

The control unit of the drawing machine interpreted the coded
commands so that the step-engines moved the drawing head
with its pens according to the speeds currently requested. ...
So the computation only knew there is color no. 1and color no. 2.
It had no idea of what these colors looked like.

—Frieder Nake?



In the previous chapter | analyzed color primarily in experimental analog com-
puting. In this chapter | turn to experimental color primarily in digital comput-
ing, an analysis that will continue through chapter 5, with some examples of
analog computing remaining in play. Specifically, in this chapter | explore how
notions of uniqueness and originality, which have surrounded art practices

for centuries, are challenged by the advent of computer art. These issues are
faced head on in the writings of German mathematician Max Bense and in his
project for rational aesthetics. Bense’s theoretical work accomplishes the oppo-
site of traditional aesthetic pursuits: a “Programming of the Beautiful” through
the scientific and mathematical rationalization of art making, the role of the art-
ist, and color. | use Bense’s theoretical groundwork to highlight the mathemati-
cal thinking necessary to produce even the most rudimentary colors in early
computer art, which lillustrate through the work of German pioneers Frieder
Nake and Herbert Franke, and Dutch pioneer Peter Struycken. In the second
part of the chapter, | compare these Europeans’ work with early U.S. practitio-
ners including John Whitney Sr.;2 Stan VanDerBeek, Ben Laposky, and Mary
Ellen Bute. This comparison makes clear that the rational, European (though
mostly German) style is generally distinct from the U.S. style, characterized by
expressionistic, mystical, and at times utopic uses of color and postwar tech-
nology (a reading consistent with my analysis in chapters 2 and 4). While coun-
terexamples are noted throughout, the chapter’s overall comparison between

a “German” and a “U.S.” approach to color in early computer art, while general
to be sure, allows me to map out fundamental strengths and shortcomings in
either approach.*

Programming the Beautiful

The project to Program the Beautiful first emerged as the fourth volume
of German mathematician Max Bense’s Aesthetica in 1960, a five-volume book
project in rational aesthetic theory: the endeavor to quantify art and aesthetics
into a mathematical science. The provocative series took its title from Alexan-
der Baumgarten’s 1750 Aesthetica, a text that, two hundred years earlier, in-
troduced the term “aesthetics” to philosophical discourse and argued that the
field merited the status of a science.

Within the humanities, scholars first met Baumgarten’s claims with
fear and rejection. Immanuel Kant was one of the first to voice resistance to
Baumgarten’s thesis. In his 1781 Critique of Pure Reason, he argued:

The Germans are the only people who currently make use of the word
“aesthetic” ... Baumgarten, that admirable analytic thinker [brought]
the critical treatment of the beautiful under rational principles, and so
[sought] to raise its rules to the rank of a science. But such endeavors
are fruitless.®
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One may wonder how Kant might have reacted two centuries later, when Max
Bense also proposed a science of art, though one without even the benefit
of empirical observation.

Some of Heidegger’s early critiques of technology suggest Kant’s likely
position. Heidegger worked in the tradition of the humanities that, since Hus-
serl, critiqued and renounced mathematics and science from qualitative inquiry.
“In algebraic calculation,” Husserl writes, “signification recedes into the back-
ground as a matter of course ... one calculates, remembering only at the end
that numbers signify magnitudes.”® As abstractions, mathematics and numbers
were sworn enemies of the contextually rich and nuanced lifeworld. But the
lifeworld had its limits: even Hegel’s systematic theory of colors, notes German
media theorist Friedrich Kittler, “could do no more than repeat and deepen
what natural languages said about colours in the first place.”” Following the
work of his forefathers, Heidegger kept his colors safe in the qualitative life-
world and clung to Romantic notions of pure color “shining forth” from within
its mysterious core.

Today Bense’s project must be contextualized within and against this rich
philosophical tradition, by virtue of his attempt to marry computation and cre-
ative thought. When his 1965 project for programmable art brought together
mathematics and aesthetics, it leveraged an assault on this entire romantic tra-
dition, one that nonetheless continues to inform cultural theory, art history, art
criticism, and the ongoing debates between art and science and the humanities
and quantitative analysis, which C. P. Snow identified in 1959 as the “two cultures”
divide. Today this polemic endures through such paradoxical terms as “new
media art” and in the challenges faced when discussing machine-generated
color in aesthetic and philosophical terms.

Rationalization of the Artist

As early as antiquity, Plato determined a rubric for debasing the status
of the artist who was, he argued, in the business of fabricating illusions. Painters
“deceive with color,” and thus they have a tendency to incite wild, irrational
emotions in audiences that would threaten the future of the rational State. The
term techné is used to denote art practices as well as craftwork. However,
techné as craft is superior to techné as art because, Plato argued, artwork (pri-
marily poetry and painting) could advance false claims about reality. Craftwork,
however, such as bed making, was merely the practical application of a science
that did not deviate from the notion of a true or authentic bed-Form. Under
this logic, artists were banned from the Republic.? Just as it was for “color” in
chapter 1and “technics” in the introduction, “art” is here made secondary
and subordinate to the so-called primacy of Form.

Jumping ahead, in the nineteenth century, industrialization and mecha-
nization meant that machines could be programmed and automated to relieve
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the craft-worker from performing mundane labors. Artisans and artists were
“free” to create, not forms or things, but analytic structures that could be
manufactured more precisely by technical devices. Notions of pure artistic
“intentionality” became manifest as the genius-artist’s “original” ideas sprang
forth from his divine subjectivity. Meanwhile, craft-making’s technical work was
downgraded to a form of redundant manual labor, no different from or more
intelligent than the machine itself. Industrialization thus inadvertently provided
the preconditions for a return of romanticism for the artist-genius.

In turn, Walter Benjamin celebrated a new freedom and set of liberating
possibilities for machine-made art. Film and photography, he argued in 1936,
could be used to disarm the lofty pretensions of Romantic cult value and her-
meneutic criticism surrounding art practices, liberating it from a depth model
of contemplation and realm of “beautiful semblance.” The new machine art
meant a radical escape from mimesis into new experiences rooted in human-
machine “innervation,” beat to the lively mechanical rhythms of distraction
and absorption.® Building on this approach, machine and computer automation
in the postwar period were seen to offer a different kind of “freedom” and
liberation: an elevation not of the artist, but of the machine, to something akin
to the status of Plato’s ideal and abstract Forms. For the proponents of this
school, namely the German computer artists and those in related art move-
ments, the new art made from computers was deemed completely calculable
and precise, and therefore capable of a newfound aesthetic intelligence. The
“computer could now find the regularities, patterns, evaluations, [and] speeds
...of works,” explained Herbert Franke, thereby freeing man not only from
hours of tedious and redundant labor but also from the labor of aesthetic anal-
ysis and interpretation. Computers, he argued, could be used for automated
art-making and aesthetic critique! Once equipped with a computer, one could
achieve an automated “scientific theory of art.”°

Heidegger and Cybernetics

Contra Benjamin and the advocates of a scientific theory of art, Martin
Heidegger, as noted, maintained a more conservative view of machine auto-
mation and its implied techno-utopias. In his early work he mourns the loss of
color that only “shows itself when it remains undisclosed and unexplained.”
Or, as | note above, the romantic notion that color “shines and only wants to
shine.”" Heidegger’s antiscientific and seemingly cynical views of science and
technology are, however, often overemphasized in accounts of his work. One
must also remember, as Heidegger himself claims, his evaluation of technol-
ogy is in itself neutral. His seemingly dark and pessimistic statements about it
arise from actual uses and applications, uses that have, as it turns out, grown
increasingly narrow and restrictive. Moreover, this has occurred, it is crucial
to note, historically, by way of human choice, and not by some blind necessity
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or mystical will of the hardware (the superficial definition of technological
determinism). In other words, an intrinsically skeptical view of technology is
not inherent to Heidegger’s thinking.

Such is the attitude Friedrich Kittler takes in 2006 when he argues that
the late Heidegger goes so far as to embrace science and technology. Kittler,
who plays the provocateur that Max Bense did a few generations ago, argues
that the late Heidegger presented an early model of cybernetic ontology.”

In the late 1940s, Heidegger took a philosophical interest in new technical
systems and was particularly intrigued by Max Bense and his research proj-
ects—especially in 1955, when Bense brought Norbert Wiener, the father of
cybernetics, from the United States to Stuttgart and Ulm in Germany.® Kittler
draws out the cybernetic language from Heidegger’s late writings on technol-
ogy, pulling quotes like “The energy concealed in nature is unlocked, what

is unlocked is transformed, what is transformed is stored up, what is stored
up is distributed, and what is distributed is switched about ever anew.”™ The
late Heidegger, to Kittler’'s mind, wrote about systems with the zest of some-
one who had newly discovered the flexible brilliance of cybernetics, feedback
circuits, and information theory. And it is true that when Heidegger writes,
“[UInlocking, transforming, storing, distributing, and switching [these] are ways
of revealing,” his terminology is very similar to Norbert Wiener’s description
of the processes of selecting, storing, and transmitting data in cybernetics.™
Furthermore, because Heidegger’s view of technics does in fact posit that
technology “build[s] a way”—albeit a way that blocks—it is in a sense in line
with Kittler’s technical ontology and Bernard Stiegler’s notion of techno-
genesis. (For more on this see the introduction.)

But to be fair, for Heidegger, Benjamin, and Wiener alike, the early ap-
plications of cybernetics and computer automation for bombs and death
weapons were a far cry from anything celebratory, as the theory of rational
aesthetics might suggest. Rather, the interlocking and automated control sys-
tems of cybernetics only intensified the “setting forth” that Heidegger warned
against as the “supreme danger” of enframing in modern technology. Auto-
mation is a prime example of enframing because its purpose is to remove steps,
and thus awareness, of the “how-to” in any technical activity. Further, the more
automated a computer system, the more sophisticated its algorithms, and
thus the less likely the average user is to grasp how and why things are occur-
ring and operating the way they are. So while Benjamin celebrates the revo-
lutionary potential of the new technology, he is also critical of its potential
abuses, as noted in his discussion of fascism and cult value. In an early draft
of his well-known essay on the topic, he is careful to assert that mechanically
reproducible art must be used in the service of humanity, not to dissolve
or eclipse it. He writes: “The representation of human beings by means of an
apparatus has made possible a highly productive use of the human being’s
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self-alienation.”” In other words, alienation already exists, and because film can
isolate and emphasize this alienation, it therefore also has the capacity to bring
alienated things and beings into a new proximity, to transform and transcend
their alienation. The difference is subtle but crucial. So while Benjamin declared
that machine art finally took traditional aesthetic values “out of the wrapper,”
he also feared that the total lack of wrapper could vanquish all critical dis-
tance and bring about hazards and ills, from physiological overstimulation, to
propaganda, techno-fetishization, and a neo-romanticization of technology.”
Paradoxically, what began as a celebration of the artist’s freedom from physical
labor and the demystification of art eventually resulted in a dangerous “free-
dom” from critical and political praxis. Enframing blocks us both ontologically
and epistemologically.

Brave New Rationalism: Postwar Computing

Nonetheless, the reliance on automation and machine “intelligence”
only grew in the aftermath of World War Il, as massive research programs
were launched to further develop computer-derived military intelligence and
weapons systems. Alan Turing’s theory of automata (1936) had already
established that any process specified in a “finite number of logical opera-
tions” could be computed, a theory that provided the basis for much postwar
research including Von Neumann’s game theory (1944), John Nash’s “Nash
equilibrium” (1950), which demonstrated how a rational player, by employ-
ing appropriate rational strategies, could obtain maximal gains with minimal
losses, and Ludwig von Bertalanffy’s 1968 General Systems Theory, which
marked yet another shift away from the mechanistic worldview of the classi-
cal sciences inaugurated by Newton.

Claude Shannon and Warren Weaver’s Mathematical Theory of Com-
munication (1949), as delineated in the introduction, announced the quantita-
tive breakdown of organic communication systems, and Wiener’s Cybernetics
(1948) and equally popular follow-up, The Human Use of Human Beings (1950)
theorized how the human, animal, and machine could be understood through
information systems, probabilities, and feedback loops. In the new world of
informatics and modern physics, particles assembled into patterns and electro-
magnetic waves into energy fields to make “sense” to machines more so than
to humans. In contrast to the older Newtonian universe that ran like clockwork,
the brave new world of cybernetics demonstrated that all was chaos until
apprehended and sorted by rational ordering systems rooted in probability,
statistics, and calculus.” Herein lie the postindustrial constituents of what
| term the “algorithmic lifeworld” in the introduction and chapter 6.

As progressive visionaries, artists, and social theorists in the U.S. ap-
propriated these systems theories and cybernetic models in art, intellectual
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discourses, and new theories of the human subject in the 1960s, the new
machine-automated art was brought into the public sphere. Gregory Bateson
applied cybernetics to human ecological systems and anthropological analyses
by mixing the worlds of the man and the machine, while American film scholar
Gene Youngblood’'s Expanded Cinema, as noted in the previous chapter, of-
fered a new theory of cybernetic art. Buckminster Fuller’s futuristic geodesic
domes inspired the counterculture and avant-garde architects to think in terms
of systems, networks, and ecologies.” The electrified prophesies of Canadian
visionary Marshall McLuhan—sprinkled throughout this book—attracted the
attention of an entire generation. In 1968 the curator of the Jewish Museum in
Brooklyn, Jack Burnham (who would later curate the infamous 1970 Software
exhibition at the museum), argued in the pages of Artforum that cybernetic
ideas had infiltrated the art world. The new art, he explained, does “not reside
in material entities, but in relations,” which he dubbed systems esthetics.?° Art
too had become a system like any other phenomenon, within which audiences
and machines became synchronized and co-productive, dynamic elements.?

This ecological and humanistic approach to computing was however for
the most part absent in early German computer art. At the same time, because
many of the first generation of German computer artists and theoreticians
regarded computing machines in literal, rational terms, they gleaned insights
into aesthetic computing that many Americans missed. A closer look at these
two divergent styles helps to reveal these distinctions.

Information Aesthetics

In Europe, ideas about information theory and cybernetics had been
circulating for at least a decade prior to their arrival in the United States (fig-
ure 3. In the late 1950s, both Max Bense in Germany and Abraham Moles in
France, while working separately, founded information aesthetics. Through the
1960s, the term “had a very precise and . .. formal meaning ... the application
of information theory to issues of aesthetics.”?? The information aesthetics of
the 1950s must be clearly distinguished from information aesthetics today,
which is concerned with data visualization, while the former is a rhetorical term
used to critically explore and challenge the computational issues surrounding
the bracketing and optimization of data in visual art. While Bense’s role in the
development of information aesthetics and the Programming of the Beautiful is
the focus of the current discussion, Moles also made significant contributions
in the French context. With the advent of the printing press, Moles argued,
communication became “material.” In other words, the sheer quantity of sym-
bols produced could be subject to quantitative analysis like any other empirical
phenomenon. These material signs could be measured, arranged, and com-
posed regardless of their ideational content.
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While text and music are abstract and symbolic notation systems that 31
have existed for thousands of years, and in some ways lend themselves to
certain kinds of a posteriori quantification, the difference between text and
music on the one hand and computer notation systems on the other is that
with computing, a two-tiered relationship between code (symbol) and interface
(image) is for the first time introduced to visual art. To further understand the
nature of this intervention, | borrow from American art critic Nelson Goodman’s
notion of the autographic and allographic, a theory that builds on the eleva-
tion and separation of the analytic and technical processes in art making.

An artist creates an autographic artwork in a singular act of creation,
such as a painting or novel. In contrast, creation of the allographic artwork is
two-tiered. In an allographic art form, like music composition, a written score
or notation system forms the first stage of production and the performance
of the music forms the second stage of production, or the end product.? The
allographic is an especially useful concept within the framework of computer
art and machine aesthetics because, in computational terms, the allographic
artwork requires initial preparation—programming—and then a second stage
of translation from the notation into the performance of the final work, or what
is referred to in computer processing as the rendering of machine code into
a visual display, or “interface.”? It is in this initial stage of programming that
information aesthetics thrives, a practice largely informed by precursors in the
(also) predominantly German school of experimental aesthetics.

3.1 A group of artists, critics, and a general

audience at the Werkstatt Breitenbrunn Gallery

in Austria in 1968. “This picture shows how

computer art was accepted in Europe early

on,” Frieder Nake explains, “in small circles of

constructivist artists.” Courtesy of Frieder Nake. 109
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Experimental Aesthetics

Experimental aesthetics developed through nineteenth-century psycho-
physics, mainly through the work of German experimental psychologist Gustav
Theodor Fechner,? who took his lead from the work of German psychologist
Adolph Zeising. Zeising followed the thesis that the numerical relation of the
golden mean was an a priori universal principle of harmony in nature and art.2
Fechner took this claim and attempted to prove it within the context of psycho-
physics, which he did and published in his 1876 Vorschule der Aesthetik. Exper-
imental aesthetics thus involves the quantification of perception, achieved by
measuring human physiological responses, which are then used to extrapolate
and construe so-called universal aesthetic axioms of truth and beauty. In short,
a so-called perfect work of art becomes possible by way of mathematical proof.

In the nineteenth and early twentieth centuries, experimental aesthetics
was taken up by philosophers Charles Henry and Charles Lalo. Henry’s re-
search on the subject, especially his Sensation et énergie (1910) had a substan-
tial effect on art movements, including Purism and Neo-Impressionism. Henry
classified all sensory experience in terms of stimuli that could be interpreted
through quantifiable algebra. He, like Zeising, went so far as to argue that there
was an underlying formal mathematical basis to all humanity, so that when one
saw a perfect form, a sort of universal bell of ideal beauty would ring. Henry
writes, “[W]lhat we in psychophysics refer to as ‘stimulus’ is only a perception,
but it is a special perception, a sign that one can take as a constant. All our
knowledge is based on perception.”? In short, once again it appeared that sub-
jective perception could be measured in order to quantify and reproject “data”
to a corresponding “perfect” shape and set of external forms, deemed universal
and constant.?®

Rational Aesthetics

Following in the tradition of experimental aesthetics and the work of the
nineteenth-century scientists Hermann von Helmholtz and Fechner, in 1933,
American mathematician George David Birkhoff attempted to further standard-
ize aesthetic perception through quantification. Like Baumgarten, Birkhoff
believed that aesthetics was a science, but for him, it was a science of feeling.
If particular objects could be determined and correlated to feelings then “the
aesthetic evaluation of [a] work of art” could be resolved through “reliable
[and] objective . .. [set] of rules” which in turn could be mobilized as system
of control in visual communication.?® Birkhoff in fact claimed to have deter-
mined such a set of rules. He argued that order (O) stands in direct relation
to aesthetic pleasure (M), in an inverse relation to the complexity (C) of the
art object. The equation M = O/C denotes that the “most beautiful of a class
is that which exhibits as much order and as little complexity as possible.”3°
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He constructed a formal economy for optical stimulation and response that
could be used to achieve the “happy feeling of associative cognition.”® For him,
beauty consisted of perceptual efficiency in capturing and processing trans-
mitted information. But a familiar problem arises herein.

Concepts like “meaning” or “purpose,” normally given great emphasis in
aesthetic theories, here become “units of measure.” This is ultimately the same
move that occurred in Shannon’s 1948 information theory, an analytic approach
that, as | note in the introduction, also quantified data within a communication
system to sever any link to context. For Shannon and Weaver information “must
not be confused with meaning... In fact, two messages, one of which is heavily
loaded with meaning and the other of which is pure nonsense, can be exactly
equivalent.”? Likewise, for Birkhoff, “the quantity of information indicate[s] the
complexity of a message,” and thus the value of a work of art, irrespective of
semiotic or contextual factors.3® The same critique of cybernetics offered in the
introduction and of psychophysics in chapter 1 applies here.

Rooted in the semiotics of Charles Morris and Charles Peirce, yet also
strongly influenced by Birkhoff, Max Bense also aimed to standardize formulas
for the systematic interpretation of “signs” in computer art. Bense took Birk-
hoff’s formula, discarded his concern with subjective perception, and combined
it with Shannon’s theory of information. Where Birkhoff’s aesthetic measure
was “a function of order and complexity,” Bense “replace[d] the complexity C
with information H of the selected signs and replace[d] order O with redundancy
R.3* Because redundancy is a repetition, originality and innovation therefore
emerge from a rupture in a pattern, i.e., new information, noise or disorder, within
the system. While these formulas may appear to bring a certain kind reliability
to aesthetic judgment, they systematically ignore the ethical and practical prob-
lems in quantifying art and poetic thought, not to mention the specificity of an
artwork’s reception. At the same time, these concerns are precisely what Bense’s
project staged as a part of its ideological and aesthetic critique.

Quantifying Computer Art

Bense began lecturing on information aesthetics and generative art at
the Stuttgart Technological University in 1957. Frieder Nake, a pioneering
computer artist and former student of Max Bense, recalls that during these
lectures Bense would “regularly use the seminar room to put up exhibitions
of concrete and constructivist art and poetry, typography, and generally ex-
perimental works.” On February 5, 1965, a visitor to the class, Georg Nees,
displayed some of his computer art on the walls of the lecture hall. Two of the
works, Andreaskreuz and 23-Ecke, were composed using ALGOL 60, on
Konrad Zuse’s Graphomat Z64, his last commercial product.®® One of Bense’s
students, an artist, reacted:
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“Tell me, Mr. Nees, can you make your machine draw like an artist’s flow?”
Nees ponders for a moment. He is a calm, patient, friendly mathematician of
about 35 years of age. Then he says, “Yes, | can. If you can tell me precisely
how to define your way of drawing.”*®

The student’s question is emblematic of a wider reaction to automated
work. The advent of computer art suggested that the genius artist could now
be tinned in a can. Bense responded to his student’s anxiety by assuring him,
“It is only artificial art.” But the idea of artificiality only intensified the controver-
sies then forming in response to computer automation in art.” The threat of
artificial art, Nake explains, is that it “questioned the much-cherished retreat:
the artist’s intuition and creativity.”?® Second, the term intentionally invoked
the then current and equally contentious artificial intelligence research being
conducted in government and military agencies. Artificial intelligence projects
and their advocates, many of whom were based at MIT, purported that the
computer could be programmed to think and act just as a human could, if not
better. If this was true, then maybe computers could also surpass humans in
art making?

The contentious computer images reintroduced the polemical question,
“What is art?” Consider Bense’s definition of the artwork as “a set of drawings
... produced by an automatic drawing machine controlled by a program, run
on a digital computer.”*® According to Bense’s theory of information aesthetics,
through computing, both art and art-making processes had been fully ratio-
nalized. In short, with computers, art had been subject to a Programming of
the Beautiful.

Programming the Beautiful as Ideology Critique

After World War Il, Germany faced an existential and intellectual abyss
that Bense aimed to fill. Like Heidegger, he saw tragedy in the new world of
technological rationality, bureaucratic ordering, and the economization of daily
life. While they held dramatically different attitudes towards technology and
the war, they nonetheless both recognized the ways in which technological ra-
tionalism had deeply penetrated modern life.

Bense’s provocative move was to target the effects and hyperbolic reac-
tions to this rationalization in the last stronghold of classical aesthetics and
philosophical humanities: the concept of the artistic genius. “Rational aes-
thetics,” Nake explains, was designed to “draw a line between itself and non-
rational aesthetics,” i.e., Romanticism or what one would call hermeneutics.

He expands:

[IIn the early 1960s . .. in Europe, aesthetics was to a large extent a discipline
of interpretation . .. the freely and intuitively wandering mind that allowed itself

112 Chapter 3. Informatic Color and Aesthetic Transformations in Early Computer Art



any freedom to say this and that ... and soon would be talking about god and
the world, and claiming this was all about the aesthetics... So the starting point
for rational aesthetics was a discontent or even discomfort with an approach
to painting that was more interested in the history and psychology behind the
work than with the actual appearance in terms of material, form, color etc. of
that work.4°

The project for rational aesthetics aimed to effectively disfigure the sacred altar
of interpretation, intuition, and the “genius” of art-making, laying them out to dry
as allographic works that consisted of a mere selection of elements from within
a given repertoire of choices that the computer then executed into an image.

Second, Bense’s provocations, like Kittler’s, functioned indirectly as a
critical performance. For example, Bense found that the moral lesson to learn
from the Nazi past was that anything that was not “accessible to rationality, not
stochastically objective, was ideologically suspicious.” This is how and why
his project for a Programming of the Beautiful offered a critical mimesis of the
Nazis’ distorted glorification of rationality and science. The project for a ratio-
nal aesthetics was a genuine attempt to “demystify” computer art; to “get rid
of all the terrible ideology and to prepare for a world with as little ideology as
possible.”#2 In this sense, which offsets the first, Bense’s provocative and perfor-
mative rhetoric attained a critical edge as it shored up the absurdity of rational
autonomy by placing it at the center of art making. Such subtle ambivalences
and playful stabs at ideology, unfortunately, continue to cloud the reception
of Bense’s and Kittler’s discourses in the U.S. The Programming of the Beauti-
ful must therefore be understood as both an indirect critical discourse on
rational society and as a way of transforming traditional aesthetic values and
hermeneutic methods to instead work in tandem with the materiality of new
technologies, just as Benjamin attempted in his celebration of mechanically
reproducible art.

Bense’s program also provoked questions about social subjectivity and
the way in which it was increasingly produced through numbers and rational-
ized thought. Statistics, Bense argued in the 1960s, was “the only way to ap-
proach a new being.” Being was increasingly dissolved in and through what
Bense termed a “sphere of technical being,” which made individual and subjec-
tive aesthetic interpretations irrelevant.** The ongoing resistance, denial, and
dismissal of both Bense’s and Kittler’s ideas (and Stiegler’s for that matter)
confirm that many—at least in the U.S.—are still heavily invested in romantic
beliefs about human originality, intentionality, agency, and autonomy in order
to distinguish (and privilege) the human from machines. The provocations
of Programming the Beautiful —that human genius can be quantified and art
calculated—function to expose these pretensions in full detail.

Bense was not alone in his anti-Romantic, post-hermeneutic forays
in techno-rational computer aesthetics. German information and aesthetic
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theorist Rul Gunzenhduser, for instance, who wrote his dissertation under Max
Bense at Stuttgart University in 1962, also followed Birkhoff’s approaches to
rational aesthetics. Because his formulas functioned best when dealing with
objects with high levels of abstraction from historical or semantic contexts,
Gunzenhdauser argued that children’s rhymes in fact had a higher aesthetic
value than the “poetry of Poe, Coleridge, or Goethe.” Stars, he argued, are su-
perior to and more “beautiful” than irregular shapes because they are more
mathematically sound.** Likewise German computer artist and proponent of
rational aesthetics Herbert Franke argued that the degree of innovation in any
artwork could be “measured with the help of statistical information.”** Because
the human brain retains “16 bits of information per second with a storage limit
of 10 seconds,” he contended, a successful computer artwork would only need
to balance the amount of information transmitted. “[T]oo much order leads
to boredom or alienation, while too much innovation is noise or disorder.”
Through rational aesthetics, it was hoped, one had finally wrested “inno-
vation” from its roots in the Romantic tradition and transplanted it into a new
system of postsignification fit for the rationalized and automated postwar
world. The Germans found a way to quantify both art and aesthetic perception.
The dawn of computer art, in Germany at least, seemingly proved that math-
ematical measurements and statistics could indeed achieve a Programming of
the Beautiful—efficiently and effectively organizing, sorting, and distributing
electronic signals into art forms and corresponding aesthetic experiences.

Color as Number: Frieder Nake’s Computer Art

Ideas about color underwent the same process of rationalization that
transformed notions of the artwork and the artist in the mechanical age. In the
long history of Western aesthetics, color is traditionally theorized as subjective,
transcendental, and spiritual, and as such, it is deemed to be a phenomenon
that cannot, or rather should not, be quantified or calculated. To re-cite Hei-
degger: “Color shines and only wants to shine. When we analyze it in rational
terms by measuring its wavelengths, it is gone.” As | discuss in chapter 1, this
attitude is typical of numerous Western artists, critics, and artworks.*® In con-
trast, in the history of aesthetic computing, color arrives as a discrete number
and quanta long before it emerges in sensual, visual form. For this reason, the
treatment of color as number in Frieder Nake’s computer art helps to recapture
the gravity of this historical moment and color’s aesthetic transformation in it.

Frieder Nake began making computer art in 1963 (figure 3.2). In 1967 he
created Matrix Multiplication, one of the few uses of color in computer art from
this early period. To make the piece, he divided the space into four sections of
a grid where each section “reflected the translation of a matrix [that] was multi-
plied successively by itself .. ..Each number was assigned a visual sign with a
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3.2 Frieder Nake in 1966: “The occasion
is wonderful: a group of about 20 or
more artists from Stuttgart... | am seen

trying to sell computer art, moderately

successful.” Courtesy of Frieder Nake.
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particular form and color.”¥” He placed these value-signs in a raster according
to the numeric values of the matrix, computed them on an AEC/Telefunken
TR4 programmed in ALGOL 60, and then plotted them with the Graphomat
(figure 3.3).4¢ He describes the process of producing color in detail:

[Tlhe computer, under the control of my programs, determined all the neces-
sary movements of the drawing machine later on. Its output was a paper tape.
It contained an exact coding of each and every detail of the drawing. This
coding typically consisted of commands of the following simple type: move

to (x, y); pen p down; pen q up; stop. The paper tape was then taken to the
drawing machine where it became the input. The control unit of the drawing
machine interpreted the coded commands so that the step-engines moved
the drawing head with its pens according to the speeds currently requested.
A single line element could be as short as s mm (this corresponds to the reso-
lution) . ...So the computation only knew there is color no. 1and color no. 2.

It had no idea of what these colors looked like.*®

Color was programmed into the system from the start. Yet what was actu-
ally programmed was not color, but number. Arbitrary and nonvisual—these
numbers were placeholders for any color or variable. The set of numbers, basi-
cally an algorithm, had no continuous or indexical connection to the actual
output color. Moreover, because the colors were interchangeable the process
could “result in a different choice of the color set now and tomorrow” (figures
3.4 and 3.5). When reprogramming Matrix Multiplication in 1970, Nake explains,
“instead of short strokes in color” he used “certain elementary symbols as
output [that] encoded grey values.” This is echoed again with his 1967 tech-
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nique, where “signs were arranged . .. as symbols chosen from the typewriter. 34
A code would say that * was red, + was yellow, # was blue etc.”*° At this early
stage, computer color was limited to numbers, organized in algorithmic codes,
and designated in the initial stage of conceptualization long before color ever
appeared in visual or sensory form (figure 3.4).

Nake’s innovation was to use color in computer art when color was not
yet conceivable. While the condition of color as number is still the condition of
color in computing in general, the difference is that today an artist or computer
user selects colors visually (one need only point and click on a purple swatch
to fill a shape with that color) or by a code, but a code that already corresponds
with a set color (for instance 4CBB17 is the HTML code for a Kelly green).
Nake did not have the benefit of this kind of automation. Instead, he selected

< 3.3 Konrad Zuse’s Graphomat Z64. An early 3.4 Frieder Nake, Matrix Multiplication series 3,
“plotter” for printing computer-generated 1967. China ink on paper, 50 x 50 cm. Color was
digital graphics, developed in 1961. Courtesy added in postproduction but programmed in

of Frieder Nake. advance as a number. Courtesy of Frieder Nake. 17
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colors rationally and analytically—through mathematical programming, using a
pencil and graph paper and a numerically based notation system that he then
translated into additional variables for the plotter’s output. His work serves as
an important predecessor in this history because his methods and procedural
logic constitute the inverse—but material base—of what has become the fully
automated digital color picker. Today the fact of digital color as number is
hidden—naturalized through the interface—and thereby rendered invisible.’
(figure 3.5).

Computer Art Beyond Germany

Despite this chapter’s narrow focus on computer art from Germany and
the U.S,, the origins of early computer art are hardly restricted to these regions.
In recent years a significant amount of research has emerged covering the
early years in multiple contexts and in relation to different art and technology
movements. For example, in the British context, there is the edited volume
White Heat, Cold Logic5® complemented by a large edited volume on computer
art in relation to the New Tendencies movement (1961-73), which is geo-
graphically linked to Zagreb in Croatia, the Bit International journal, and such
art groups as the Italian Gruppo T, Groppo N, Enzo Mari, constructivism, the
Paris-based Groupe de Recherche d’Art Visuel (GRAV), and Bruno Munari’s
developments with arte programmata.s* Like Bense’s project, these cohorts
and movements sought to establish a new position for art that distinguished
itself from the art of the past, namely from Abstract Expressionism and
Tachism. The New Tendencies group in particular aimed to replace the old
art with a “methodically planned artistic practice” that was, as Margit Rosen
puts it, “oriented on procedures used in science.” The brush was “passionately
banned from the studio” in favor of using the computer and mathematical
principles to create “programmed painting.” Because programmed art was
reproducible and multiple from the start, proponents of the movement argued,
it would serve as an effective means of undermining the art market’s evalu-
ation of and esteem for “originals.” Any trace of art’s “sacral and aristocratic
past”—what Benjamin called the “cult of beautiful semblance”—would “be
erased.”s® The New Tendencies thus echoed and reinforced Bense’s project
and the general ethos of the German school, and in fact Bense’s writings and
Nake’s and Franke’s work were commonly included in the New Tendencies
exhibitions and publications (see figure 3.1).

Additionally, there is French computer artist Vera Molnar, who is asso-
ciated with the Groupe de Recherche d’Art Visuel (GRAV), American computer
artist Roman Verostko, and German computer artist Manfred Mohr, all of
whom worked in black-and-white during the 1950s and 1960s (though they
later turned to color). So while their work is generally beyond the scope of

3.5 Frieder Nake, Matrix Multiplication
series 34, 1968. China ink on paper,
50 x 50 cm. Courtesy of Frieder Nake.
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the current analysis, their pioneering contributions to the field, and consistency
with the rational approach | have been describing thus far, nonetheless merit

a brief note before analyzing the use of color in the work of pioneering Dutch
computer artist Peter Struycken and then turning to the U.S. school.

Molnar’s Squares (1974-75), for instance, consist of a series of black-and-
white computer-generated shapes and lines. In order to create the images,
she began with an initial array of square elements and then systematically
altered the dimensions, proportions, and number of elements, including their
density and form, to predict and challenge how her formal modifications would
alter the image’s final reception. “My computer-aided procedure is only a
systematization of the traditional-classic approach,” she explains; “the use of
the computer in art is an important tool for the working out of a ‘science of
painting” and more generally “a ‘science of art.””®®

Likewise, German-born Manfred Mohr, who was also a proponent of
Bense’s information aesthetics, argued, “through detailed programming analy-
sis, one is able to visualize logical and abstract models of human thinking,
which lead deep into the understanding of creative processing.”s” Mohr began
working with computational aesthetics in 1969, after studying in Germany and
at the Ecole de Beaux-Arts in Paris. In 1971 he exhibited some of his work at the
Musée d’Art Moderne de la Ville de Paris in one of the first museum displays
of artworks entirely drawn by a digital computer (entitled Manfred Mohr: Com-
puter Graphics—Une Esthétique Programmeée). Mohr has since been recog-
nized as one of the founders of software art and generative aesthetics. Roman
Verostko also produced early computer artwork using methods akin to Molnar
and Mohr, that is, markedly rational and formal techniques to explore line and
shape, with or without color.

It is also worth noting that these aesthetic styles, informed by construc-
tivism and formalism, became characteristic of the first generation of black-
and-white computer art in both the U.S. and Europe. For example, in the early
computer artwork produced by Bell Labs’ engineers and pioneering computer
artists A. Michael Noll and Ken Knowlton, as | analyze in the next chapter,
one finds only clean black-and-white lines and shapes, arranged in geometric
configurations.®® There are many other examples of pioneering work produced
in black-and-white during this time, and while my primary concern here and
throughout this book is with color, it would be negligent to deny the prevalence
of this early aesthetic and the ways in which this austerity and hard-edged
minimalism came to characterize the first generation.*®

To a large degree this characterization occurred for technical reasons.
That is to say, out of necessity: the rudimentary platforms and primitive render-
ing algorithms used to produce these images were at first capable only of
rigid lines and hard edges. Moreover, black and white were not color choices,
but rather default settings. And again, bear in mind that these programmers
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and artists often had to write the programs and at times build special modules
for a computer system before they could even begin to program an image.
Such technical challenges remained in place until developments like the frame
buffer (chapter 4) and the alpha channel (chapter 5) in the early 1980s, both

of which coincide with the development of the GUI and rise of user-friendly digi-
tal color. Thus, even if color was used or somehow integrated into these early
digitally generated images, it almost always appeared as secondary; a supple-
mentary add-on in relation to the visual dominance of hard black-and-white
forms, generated on a vector screen or raster grid. It should also come as no
surprise that the dominance of line and form in this early work reflects cultural
values rooted in Modernism, Western chromophobia, and the long history of
disegno in art making, bolstered by the hyperrational and techno-scientific
origins of computing and modern culture. And herein lies another reason why
the subject of color has been marginalized (prior to this book) in an other-
wise overwhelmingly black-and-white history of early computing.

Color Balance: Peter Struycken

As a segue between the rational approaches to color in the early German
computer art noted above, and the mystical approach characteristic of the
U.S. school, one finds a slightly more balanced approach in the work of Dutch
artist Peter Struycken. Born in 1939, Struycken worked with color across
multiple disciplines including architecture, costume design, theatrical decor,
and computer art.?° | here limit my comments to his early experiments with
color in computing.

Struycken studied painting at the Royal Academy in the Hague from 1956
to 1961, where he explored various media; but regardless of platform, his inter-
ests always returned to notions of “coherence and variation” in color.?' In 1964,
he wrote: “My aim is to show that shape and colour can be mathematically
linked, not only creating a maximum degree of unity but also making the mutual
relationship between shape and color computable.”®? To be sure, his interests
in rational color were suited more to computation than to painting, so it is no
surprise that he migrated to the medium in 1968, when he began working with
a computer with 4 KB of memory at the Institute for Sonology in Utrecht.®

When the Prince Bernhard Culture Fund commissioned Struycken in 1969
to investigate how science and engineering students could benefit from design,
he used the opportunity to explore what one now calls digital “data visualiza-
tion.”¢* However, until he could access a computer-controlled color monitor on
a regular basis, his data visualization methods involved transcribing the com-
puter’s results into another medium. For instance, by converting the coded
computer output to punch tapes (a series of open and closed punched holes
on paper that corresponded with the patterns) that were then played in a light
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box like a film, one image at a time, or alternatively, by transferring the output
to a static medium like painting, and then rendering it in color.®®

Unlike the romantic approaches to color that then saturated the European
academy (Goethe, Itten, Kandinsky, and Hirschfield-Mack), Struycken’s ap-
proach to color was, to a large degree, like Bense’s and Franke’s. In his own way,
Struycken set out to program the beautiful by drawing on the work of Richard
Paul Lohse and De Stijl's Theo van Doesberg (who also subjected color to
mathematically determined proportions).®® The influence of these artists can
be seen throughout Struycken’s work, especially in his use of the computer
medium (figure 3.6). For example, CLUSTER 16, developed with Stan Tempe-
laars and made between 1971 and 1975, consists of a series of paintings docu-
menting the variations of a computational principle based on the regulated
inclusion and exclusion of preselected elements. Struycken placed twenty-four
colored elements on a plane with half of each element colored black. Together
the elements formed a square, arranged according to the logic of a color circle
with “optically equal intervals.” Using a series of algorithms similar to those
used by mathematician John Conway in his 1970 Game of Life, he programmed
the computer to place the elements in a rectangular field. Jonneke Jobse ex-
plains CLUSTER’s programming logic:

[Tlhe elements had to link up in the same position as in the square figure.
Thus, when an element landed outside the field, it had to be placed on the
other side of the requisite position, so that the ordering could continue accord-
ing to the same principle. However, because only one element was allowed

per place, new problems constantly arose. Every time an element landed on a
place already occupied, the computer had to solve this by choosing another
element, skipping a few places, or starting the sequence again.®’

CLUSTER created a precise order for color but also, a color world that was arbi-
trary and a mere instantiation of a mathematical equation.

As a result of networking and collaborating with C. Wissenburgh, a gradu-
ate student in electrical engineering at the Delft University of Technology,
in 1972 Struycken gained access to a color-controlled computer that he used
regularly one night a week.%® Wissenburgh set up the color monitor system, and
G. van der Wal, an associate of the graphics group of the Delft Computing Centre,
wrote the initial programming for the PDP-15 computer.®® With the color com-
puter he found that color blending possibilities were “virtually unlimited” and
enabled him to “structure and visualize colour changes in time and space.””®

In 1972, Struycken made PLONS (in English Splash, 1972-74), for which
he for the first time wrote his own computer program inspired by the “splash”
pattern of concentric circles made when an object is thrown into a still body
of water (figure 3.7). He programmed a set of colored squares, selected from
a circle of twenty-four, to continually change values until they reached a
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3.6 Peter Struycken, CLUSTER 16, 1971-75.
Enamel on Perspex, 200 x 120 cm. Collec-
tion of J. and M. Eyck, Wijlre, Netherlands.
Courtesy of Peter Struycken.




37

124

predetermined pattern. At the point where a color change became perceptible,
it was allotted a numeric value and a new color would replace the old one.

The result was a series of “color patterns which had undergone exactly the
same changes as the numbers in the computer program.” The system allowed
the interface to mirror the code in a one-to-one correspondence.”

Onscreen rendering was at the time extremely limited but, as a testament
to Struycken’s ingenuity and innovative spirit, he found a way to work around
this. In Impressionist style, he used tiny colored dots to render his images.
Color was used constructively to create a sense of shape, line, transition, and
nuanced space.”? He employed this technique throughout the late 1970s, with
colorful works like LINE 1,2,3 (1977) and in the 1980s, when color in screen-
based work became more feasible, as | discuss in chapter 5. Also significant
is the way in which this work introduced an experimental and creative alterna-
tive to the austere and geometric black-and-white aesthetic noted above.
Struycken eventually went on to work with 3D color design and architecture
but his enthusiasm for the mathematization of color remained intact. In 1999 he
professes, “[i]t is amazing, marvelous and simple to be able to use a single type
of mathematical function for the arrangement of colours in space and time.””

Struycken is a valuable figure in this chapter because his use of color
in early computing is both practical (designed for visual pleasure) and formal
(mathematically dense and systematic). Carel Blotkamp argues that it is a
mistake to view Struycken’s work as exclusively “rational [and] intellectua
because it is really more concerned with “sensory experience.””* And indeed, in
1992 Struycken writes, in John Ruskin style proper: “l want to see colour as a
phenomenon without pre-established value or meaning ... Approaching color
in a manner free of values means that it can be viewed without prejudice.””

|n
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Certainly this attitude supports the “innocent eye” sentiments noted in the pre-
vious chapter, and in this way Struycken'’s colorism is unequivocally poetic. But
also, as | note above, his colorism is undeniably scientific and mathematical. In
fact this rationalism needs to be reemphasized, given that he was trained as an
artist and only later crossed over to programming, unlike many of the European
practitioners noted above who were trained as programmers and mathemati-
cians and later decided to apply their science to art.

Moreover, while Struycken was heavily influenced by nineteenth- and
twentieth-century research in optical perception, his style and color treatment
never veered too far into these metaphysical or mystical traditions, as many
of his art world contemporaries did. For him, “organization and design” were
required to “consciously experience a visual image.””® Or, as Jonneke Jobse
points out, “like Pythagoras,” Struycken “believed that true beauty reveals itself
in the laws of number.””” This shows a respect for number but less concern with
the cultural or symbolic attributes of art or color. In short, his interests lay in
the ways in which mathematics and order could be used to heighten aesthetic
experience. For Struycken, Blotkamp writes elsewhere, “a line is not a carrier
of cosmic energy, but a dot which is continually shifting; colour has no power
to wound or heal, but exists solely in distinction to other colours.””® In sum,
Struycken’s use of color in early computing falls somewhere in between the
Germans’ rational approach and the more traditional and qualitative concerns
with poetic color in aesthetic experience that, as | will now show, characterize
the U.S. school.

Subjective Color in Early Computer Art: The United States

In the United States, color in early computer art functioned in an entirely
different way than it did in the German and broader European contexts dis-
cussed above. At this early stage in American computer art, thinking about
color as a number was actively avoided. Even some of the most cutting-edge
technological works stopped short of emphasizing color’s numerical status.
Instead, a number of American artists saw color as an aesthetic pleasantry, a
means for emotive expression and utopian symbolism. As noted, intellectuals
and philosophers like Marshall McLuhan, Gregory Bateson, and Buckminster
Fuller promoted ideas of symbiotic relations between humans and machines in
the new electronic global village, which a number of American computer artists
reflected in their use of color. In contrast to the German approach, Frieder Nake
explains, the “American/Canadian approach was without theory. Just play, do
your thing, be creative, do something exciting.””® In this section | discuss four
key examples of this approach in the work of John Whitney Sr., Ben Laposky,
Mary Ellen Bute, and Stan VanDerBeek, though other examples from chapters 2
and 4 may be invoked.

3.7 Peter Struycken, PLONS 220273-2B or or shorter. PLONS 220273-B is one of the
Splash, 1973. Silkscreen on paper, collage, longest of the series because every color
40 x 40 x 28. Depending on the number of combination yielded a different visual effect.
steps the computer needed to achieve the Collection of the Central Museum, Utrecht,

final state, the output images could be longer Netherlands. Courtesy of Peter Struycken.
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American experimental filmmaker and eventual computer programmer
John Whitney Sr. made pivotal contributions to the history of computer art,
abstract cinema, “visual music” (computer-generated visual graphics orches-
trated to music) and multimedia displays, such as the large-scale multiscreen
collaboration he developed with Charles and Ray Eames for the Moscow World
Fair in 1959. During World War Il Whitney worked at the Lockheed Aircraft fac-
tory in California, where he observed how antiaircraft missile computing sys-
tems could be used not as a weapon of war, but instead to produce clean and
abstract geometric forms for computer-generated graphic art. When the war
ended, Whitney began to collect “mechanical junk excreted from army depots
across the country.” These efforts yielded surplus technology left over from
both world wars, including items like a brand-new “thirty-thousand dollar anti-
aircraft ... analog ballistic problem solver computers.”®® His scavenged M5
Antiaircraft Gun Director was a mechanical analog computer originally devel-
oped by the British for the guidance and control of antiaircraft guns and re-
lated weaponry. The American adaptation of the system, the M5, was the one
Whitney purchased.®” With this bulky computer system, weighing approximately
850 pounds and consisting of over 11,000 parts, Whitney developed a sophisti-
cated and systematic motion control system that he named his “cam machine.”
With his cam machine he learned how to create colorful experimental computer
art and visual music.?? Throughout the 1950s he used the system to help realize,
as Youngblood puts it, “certain graphic possibilities that might otherwise not
be conceivable to the artist untrained in mathematical concepts.”®? His results
became some of the first computer art films that, over half a century later,
remain elegant and beautiful.

To begin solving the complex visual problems he encountered in graphic
computing, Whitney envisioned a “field of action” or a “gestalt pattern of
moving elements.”®* When it came to color, his approach was equally poetic:
“[T]he transiency of color,” he wrote, “lies open to exploration.” The only prob-
lem was the technology, which could get in the way of these poetic goals:

One propounds theories for the use and effect of color ... Color for the painter
is normally an intuitive experience of direct one-to-one interaction between
three components—pigment, hand and eye. These intimate hands-on interac-
tions call upon a part of the creative mind other than the reasoning channels
needed to work creatively with color film. My efforts to achieve painterly con-
trol of color film processes were too often frustrated. Lab and printing stages
interpose processing time as a kind of insulation between the intuition of the
moment and the actual color effect.

Whitney wanted to use color intuitively and he saw a future for this in
video (a future defined less by subjective and more by “dynamic” and “con-
trolled” aesthetic sensibilities,®® and indeed, as | will show in chapters 6 and 7,
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this controlled, nonsubjective use of color is exactly what characterizes color-
ism in new media art in the 2000s). At the time, however, this remained an
unrealized vision. Whitney’s color techniques, while subjective and romantic,
were also highly systematic and rigorous. Because each plot or colored dot

in each frame of the computer film represented the calculated lead time neces-
sary to fire and successfully hit a moving target, Whitney had to calculate each
of these ballistic values before applying the color.?® But regardless of this rational
and computational requirement, in the end his colors, thematically speaking,
remained more concerned with visual beauty and poiesis. In sum, his work
complements the then expanding experimental cinema introduced in the previ-
ous chapter and its associations with a mystical transcendence of technology
through technology.

Whitney’s life-long pursuit was to create what Mary Ellen Bute called
“visual music,” and what Whitney termed “digital harmony.” He saw the prin-
ciples of harmony, balance, ratio, interference, resonance, and rhythm as a
composer would: as grammatical units that could be used to carefully craft a
composition. “The art of music,” he explains, “deals with the harmonic laws of
physics.” Visual composition is in this sense a science, but one always already
subordinate to art.®” Harmony, balance, and rhythm were systematically em-
ployed in the service of creating art, or, “visual harmonies . .. that the eye might
perceive and enjoy.”® In this sense Whitney’s methods were similar to some
of the above examples, the crucial difference being that color for Whitney was
never theorized in the systematic and rational terms that is was in Struycken’s,
Nake’s, Franke’s, or Bense’s work. Rather, for Whitney color was always a visual
effect and mystical vehicle for a transcendental gestalt.

This mysticism was even more pronounced in the reception of Whitney’s
work. He never produced a finished computer film with his cam machine, only
a demo reel that consisted of a series of luminous and beautifully colorful spe-
cial effects referred to as Catalog (1961) (figure 3.8). Set to the soundtrack of
Ornette Coleman, Catalog, Youngblood wrote in 1970, presents a “multi-sensory
experience of flux and flow in colorful light images and tactile, visceral sounds,”
a series of “neon-like cold scintillations” that produce “patterns, colors and
motions dancing ... addressing the inarticulate consciousness with a new kind
of language.”®® A new language indeed, one that had to work through rigorous
calculations, informed by the guiding logic of a ballistic missile system, only
to then renounce this complexity to highlight instead an “inarticulate” cosmic
consciousness of color sensation.

A similar machine was produced and used by Whitney’s brother, James
Whitney, for his mandala-themed and equally intricate Lapis (1966). James
Whitney worked at the California Institute of Technology during the war and
was, like his brother, tuned in to the fusion of art and technology.®® But again,
this work’s reception (with help from the title and soundtrack) speaks more
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to a mysticism and technological transcendence than to the facticity of the
machines or their hyperrational processes.

In 1966 John Whitney was invited to IBM as an artist-in-residence where
he collaborated with IBM programmer Jack Citrom, author of GRAF (Graphic
Additions to FORTRAN) (figure 3.9). Citrom was using an IBM Model 360
computer and 2250 graphic display console. Their screen display system was
quite sophisticated for the time. The CRT possessed an addressability of up
to 4000 by 4000 points, which allowed them to work in “real time.” Whitney
learned GRAF and stuck with it in his later films, including Permutations
(1968), which also maintained the ethereal and poetic color associations of his
earlier work, also by way of the same rigorous technical and computational

color control.

¥y &

3.9

In sum, Whitney’s mystical colors are stunning and mesmerizing, but as
they dance on the surface of the screen they also deny the rational and mark-
edly computational nature that actively went into their production. Part of this
is explained by the fact that Whitney’s colors were not digitally computed,
at least not at first. Colors were added in postproduction, using mechanically
rotating color filters. For instance, Catalog was shot on black-and-white 35 mm
film and the color was added later using an optical printer in Whitney’s home
studio.”” Even with his later digital graphic film, Arabesque (1975), inspired by
“the indirect meandering of the casual connections between Islamic ideas
of cosmos, music, geometry, and architecture,” Whitney produced the images
in black-and-white and then edited and compiled the final cut in color.®

Another explanation is that for the works he made in the 1950s and early
1960s, Whitney used a mechanical and analog computer system, which means
that input and output processes were calculated through continuous variables,
not discrete units that converted data into Os and 1s. That is, color was not a
discrete number in the same way that it was for Nake or Struycken. At the same
time, it should be obvious that these analog computers were nonetheless highly
rational machines where all parameters needed to be carefully modulated and

< 3.8 John Whitney Sr., Catalog, 1961.16 mm rotating colored filters. Courtesy of the
film, color, 7 min. stills. Lissajous and floral Estate of John and James Whitney.
patterns curl and twist as natural, organic
growth forms. Whitney produced these visual 1966. Courtesy of the Estate of John and
effects using a discarded antiaircraft system. .
James Whitney.
Color was added after programming, using 129

3.9 John Whitney Sr., working at IBM,
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controlled in advance. Finally, even after Whitney began using digital processes
to generate time-based visual graphics in the 1970s, as with Arabesque in 1975,
his thematic focus remained cosmic and mystical, and perhaps it even became
more so. His primary interlocutors and influences were always people like John
Cage, Wassily Kandinsky, Jackson Pollock, Arnold Schoenberg, and the artists
of the New York avant-garde. In other words, his allegiance was always with
the poiesis of art, music, and the avant-garde, not computer science or rational
aesthetics.®

Ben Laposky and Mary Ellen Bute

Ben F. Laposky, a pioneering computer artist and mathematician from
lowa, turned to color in 1956. Laposky is now known in the history of new
media for producing some of the first stunningly beautiful graphic images on
the face of a cathode ray tube (CRT) oscilloscope in the 1950s and early 1960s.
The CRT oscilloscope (also used in Ivan Sutherland’s Sketchpad, discussed in
the next chapter) was first demonstrated by Karl Ferdinand Braun in 1897. CRT
oscilloscopes, as noted in the previous chapter, are like CRT radar screens,
they use phosphors that are shot out of an electron gun at a high speed but
once they reach the surface of the screen, they keep their glow for a significant
amount of time. But unlike CRT television sets or the more recent LCD and
plasma screens, which modulate luminosity and chrominance signals based on
a graph-like “raster” grid or Cartesian matrix, the intensity of light in an oscil-
loscope is arbitrary, that is, it is steered by incoming signals in conjunction with
magnetic plates inside the electron gun.®* In other words, the vector-based
oscilloscope allows one to observe the constantly varying signals and voltages
in an electronic current, whether in terms of sound or light. However, Laposky,
like Whitney, did not generate color using this machine. Instead he used col-
oring methods developed in older media, like photography and experimental
film. Laposky prepared the monochrome oscilloscopes to modify, combine,
and modulate analog electronic waveforms and then placed rotating colored
filters in front of the display screen so that colors could be added to the images
before they were seen. In other words, after the phosphors were shot out of
the electron gun, color was added as an accessory or supplement. He then photo-
graphed the colored analog wave patterns that appeared on the screen of the
oscilloscope and called them “oscillons” (figure 3.10). Laposky described his os-
cillons as a kind of “visual music,” alluding to the work of pioneering electronic
image maker, Mary Ellen Bute.

Texas-born Bute is an underrecognized pioneer of the analog electronic
image. Bute studied lighting and worked with Russian Léon Theremin, inven-
tor of the musical instrument the theremin, and Thomas Wilfred on his Clavilux
color organ, during which time she developed an interest connecting light to
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3.10 Ben Laposky, Oscillon 1206, 1960.
Laposky is renowned for producing pioneering
graphic images on the face of an oscilloscope.

Color is added after electronic signal pro-
cessing. Courtesy of The Sanford Museum
and Planetarium, Cherokee, lowa, USA.
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sound. In 1936 she began making her own abstract films, the first of which was
Rhythm Is Light. With the help of Dr. Ralph Plotter of Bell Laboratories, in 1954
she began experimenting with an oscilloscope built for her as a “controlled light
source” and “drawing instrument.”® By means of buttons and switches, she was
able to able to draw using the oscilloscope’s rays of light like a paintbrush. Like
Laposky, Bute used a film camera to record curves and lines off of the screen.?

Bute’s contributions derive from the way in which she synchronized
image and sound into what she termed visual music in 1936. Her writing on
the subject has been influential to artists and practitioners like Laposky, as
well as experimental artists in the 1960s and 1970s, including Nam June Paik
and Woody and Steina Vasulka. Finally, while both Laposky’s and Bute’s oscillo-
scope images are visually stunning, they were, like Whitney’s computer art,
concerned with traditional aesthetic values of beauty and the Gesamtkunst-
werk, which is to say, unconcerned with the thematic or stylistic trope of color
as number or the rational logic of computing, whether analog or digital. In
short, a number of early American computer artists, as Youngblood puts it,
were more “interested in addressing the computer directly through graphic
images rather than ... becoming enmeshed in a ‘number game.””®®

Stan VanDerBeek

Another key artist from the U.S. school is the American experimental
filmmaker Stan VanDerBeek, mainly associated with the midcentury cinematic
avant-garde, multimedia happenings, and especially the Movie-Drome he built
in upstate New York in the 1970s. But VanDerBeek also made colorful com-
puter art films and experimental videos, such as the well-known 16 mm com-
puter animation “Man and His World” shown at Expo 67 in Montreal. For his
computer art series, Poemfields (1966-69) (figures 311 and 312), VanDerBeek
collaborated with the talented Bell Labs computer programmer and pioneer-
ing computer artist Ken Knowlton (Knowlton’s artworks and contributions to
this history are discussed in chapter 4) (figure 313)."°° The Poemfields series
consists of a series of short computer films, poems rather, that interweave text,
sound, voiceovers, and layered computer-generated and photographic imagery.
For the series Knowlton used BEFLIX, a FORTRAN-based programming lan-
guage he wrote in 1963 using an IBM 7094 computer, which provided a set of
macros that he then used as the base for TARPS, an innovative 2-Dimensional
Alphanumeric Raster Picture System (BEFLIX is also discussed in more detail
in the next chapter).”!

Color in the Poemfields series was also an adjunct to the computa-
tion. Knowlton explains that he was not involved with programming the color
in any of the Poemfield films because it was added in postproduction: the
computer films were “output on Black-and-White 35 mm film by means of
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computer-written tapes . .. the coloring ... was arranged by Stan ... [who hired] 31
colorists like [Robert] Brown and [Frank] Olvey.”"°2 (Brown and Olvey were
experimental filmmakers who were known at the time for their three-strip color
dye separation method, a process developed several decades earlier and used
in early Technicolor processing.) In short, the color techniques used in Poem-
fields had nothing to do with rational numbers or computer programming.

VanDerBeek also made mystically colored video works using analog com-
puters and video synthesis equipment. Three such works are Strobe Ode and
Color Fields Left (both 1977) and Newsreel of Dreams (1976) (figure 314). In
Newsreel, a lava-like Christ-figure in fiery oranges and golds appears onscreen
accompanied by a solemn voiceover:

| am the body of my mind. | am the mind of my body. | am the theater of the
dream of my life. | am the dream. | am the eye of my dream. | am the dreamer
in which the seams of sleep open to the stage of seeing and the audience is
the insight of my dreams. ... From the eye of dreams | see the invisible theater
of reality.®®

Such sentiments speak directly to the mystical and transcendental themes that
| analyzed in the previous chapter. In the context of this chapter’s discussion,
they reemphasize the way in which a number of American artists appropriated

3.11 Stan VanDerBeek, Poemfield No. 2, 1966. language to allow alphanumeric characters
16 mm, color, sound, 5:40 minutes. In these to generate black-and-white images that
stills ones sees the “before and after” color VanDerBeek later had colorized. Courtesy

effects. Ken Knowlton wrote a programming of the Estate of Stan VanDerBeek. 133
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new computer techniques and electronic color palettes as a metaphor for the 313
cosmic union between human and machine consciousness. The mystical eye-
body sees and becomes through the new world of electric-cybernetic color.
Such cosmic sentiments may seem odd to contemporary readers but they were
in fact normative and characteristic of a number of artists’, programmers’, and
engineers’ approaches to color in the 1960s and 1970s.

It should also be noted that these mystical tendencies speak neither to
a lack of technical aptitude nor to a lack of social and political awareness. The
programming and technical challenges alone, described earlier in this chapter
and in the previous chapter, attest to this. John Whitney, Ben Laposky, and
Mary Ellen Bute all used highly technical processes and at times complex com-
puter programming. My point is that at the end of the day, they looked past
these technical challenges and returned color to poiesis; and thus, to subjec-
tive and mystical visions. In contrast, that such romantic and poetic visions of
color were retrograde in rational computing was acknowledged early on in the
work of Bense, Nake, and Struycken.’®* Nonetheless, the utopic and mystically
colored visions of the American school must also be seen as a creative and
critical device that, in its own way, actively reconfigured and reconceptualized
political and social consciousness in the postwar era.

The reconfiguration of military weapons into new devices for social
thought is precisely what Youngblood esteemed in Whitney’s work when he
described its capacity to transform a “complex instrument of death [into]

< 3.2 Stan VanDerBeek, Poemfield 3.13 (L to R) Kenneth C. Knowlton and Stan
No. 3.,1967. 16 mm, color, sound, 9:45 VanDerBeek at Bell Labs circa 1966-68.
minutes. Compilation of stills. Courtesy Courtesy of the Estate of Stan VanDerBeek.

of the Estate of Stan VanDerBeek. 135
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a tool for producing benevolent and beautiful graphic designs.”™®s Likewise,
as avant-garde filmmaker Jonas Mekas wrote of the Poemfield series, “Stan
VanDerBeek is one of our few genuine film artists—a poet, a clown, a laughing
man of the Bomb Age.”"°® In short, just because the work emphasizes colorful
and utopic abstractions does not mean it is void or unaware of pressing social
and political realities, and the ways in which technology was affecting and
changing what it meant to be human.

Very much to the contrary, VanDerBeek was extremely aware of these
issues. In 1965 he wrote:
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The technological explosion of this last half-century, and the implied future
are overwhelming, man is running the machines of his own invention... while
the machine that is man... runs the risk of running wild. Technological research,
development, and involvement of the world community has almost completely
out-distanced the emotional-sociological (socio-“logical”) comprehension of
this technology. The “technique-power” and “culture-over-reach” that is just
beginning to explode in many parts of the earth, is happening so quickly that it
has put the logical fulcrum of man’s intelligence so far outside himself that he
cannot judge or estimate the results of his acts before he commits them. The
process of life as an experiment on earth has never been made clearer. It is this
danger—that man does not have time to talk to himself—that man does not
have the means to talk to other men. The world hangs by a thread of verbs and
nouns. Language and cultural-semantics are as explosive as nuclear energy.

It is imperative that we (the world’s artists) invent a new world language.’”’

VanDerBeek’s progressive ideals and ethics here, and in the Poemfields, are
sympathetic to Heidegger’s philosophy of technology. This should come as no
surprise, given the widespread influence of Heidegger’s thinking in Western art
and philosophy. And yet in both approaches there is something retrogressive.

For one thing, both treat color traditionally, as a mystical and sensory
phenomenon that is not in the least bit conceptualized as a material, compu-
tational, or rational phenomenon. Second, while both offer astute critiques of
technology, they are somewhat nostalgic, crippled by a lingering sense of fear
and loss. In this way, the abstract utopian color in the U.S. school served both
as a critical response to and as an escape from the problems of modern tech-
nics and the emerging control society.

Neo-Romantic Backlash

While a mystical and subjective use of color was common in early U.S.
computer art, it was not the only way computer art was approached. Counter-
examples include the experimental work of American computer artist John
Stehura, who programmed his computer art in FORTRAN; the work of Ohio-
born Edward Zajac, who worked at Bell Labs and between 1961 and 1963 and
produced the first computer-generated film to simulate a satellite in orbit;
Pennsylvania-born Roman Verostko, noted above; or conversely: German pio-
neer Anton Z6ttl, whose Colour Composition (1972) consisted of colorful and
lyrical computer-generated drawings programmed in FORTRAN. My point here,
while a general one, has been to mark an overall tendency and use of color
in computer art among a number of experimental American and German com-
puter artists in the 1950s through the mid-1970s.

In broad terms, the American school sought humanistic visions and
desires through color in early computing, using traditional coloring methods
and conservative aesthetic values, while the German approach to color was

3.14 Stan VanDerBeek. Newsreel of
Dreams: Part 1(1976). Production view
at WNET Studio, New York. Courtesy
of the Estate of Stan VanDerBeek.
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concerned with its rational and machinic dimensions, as well as the ways in
which this rational approach was rooted in political and aesthetic ideology,
which they also sought to critique. While Nake and Struycken added color

in postproduction, using pens and paint, color existed for them as a numeric
value from the start. Further, because color was programmed as a numeric
placeholder that could be used to control any potential variable, color as such
was not specific to sensory or optical phenomenon. Color became algorith-
mic. At the same time, the rational approach to color in early computing that
characterizes the German school was not without its own shortcomings. For
instance, the Weber-Fechner law, which allows for a one-to-one logarithmic
relationship between a stimulus and a sensation, meant that art was not only
measured quantitatively, but also in advance of the actual artwork’s existence!
(Though one could also argue this must be seen as part and parcel of their
critique.) In sum, where the American social consciousness maintained dis-
tance from the rational tendencies in computer art, it also brought Romantic
ideas about color into the rational world of computing—precisely the values
the Germans sought to undermine. These two schools can therefore be seen
as historical and aesthetic counterparts that inversely reflect each other’s
strengths and shortcomings.

The project for the Programming of the Beautiful—the rationalization
of art and the role of the artist that Bense provocatively articulated—has been
denied the critical attention it merits. This is because art and aesthetic criti-
cism, at least in the U.S,, have vested interests in maintaining Romantic notions
of the subject and in the authority of art making. However, the solution is not
simply to embrace “data visualization” trends as the new automated intelli-
gence of the humanities. Such straightforward translations of preselected and
prefiltered data do little to grapple with the underlying issues at the heart of
media aesthetics. As | move into the following chapters, Bense’s and Franke’s
rational and “objective” approach to computer art should be kept in mind
as precursors to the contemporary digital colorism analyzed in part 3, charac-
terized by a pseudo-objectivity and explicitly nonexpressionistic aesthetic.

In the next chapter | continue this historical and aesthetic analysis as | move
deeper into the heart of color experimentation in early digital computing in
the 1960s and 1970s at Bell Telephone Laboratories in New Jersey and briefly
at California’s Xerox PARC.
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Chapter Four
Collaborative Computer Art and
Experimental Color Systems

As a research engineer who dabbled in computer-generated movies and
choreography, I've come to the conclusion that most computer art done
by engineers and scientists, my own work included, would benefit from
the artist’s touch. But the artist seeking to use the computer as a creative
tool has just the opposite problem—he not only lacks a knowledge

of computer technology, he doesn’t even have access to a computer!

—A. Michael Noll, 1970



Most computer users take real-time interactive data manipulation for granted.
Why wouldn’'t we? Quick and easy computing is not only ubiquitous in contem-
porary culture, it is increasingly mandated in work, school, and social activities.
The presence of user-friendly digital color readily available in software inter-
faces—I will call this democratic color—makes it difficult to imagine a time
when, in order to use color in computing, one needed pencils, graph paper, and
likely a Ph.D. in mathematics, computer science, or engineering, as illustrated

in the last chapter.

Such conditions only began to change in the years after American
computer scientist lvan Sutherland introduced Sketchpad, the first graphical
user interface (GUI), or human-machine interface, for direct digital comput-
ing, developed with the TX-2, one of the first computers with a visual display.’
Sutherland developed the system at MIT’s Lincoln Laboratory for his 1963
doctoral dissertation in electrical engineering and computer science. At the
time the system filled an entire room and had “about a twentieth [of] the power
of a Macintosh 11”2 It was vector-based, or “calligraphic,” meaning that it was
based on lines, as opposed to “raster” or “bitmap” digital images, which consist
of pixels.® With vector systems like Sketchpad, images are drawn through line-
constrained shapes. Using Sketchpad’s flashlight-shaped pen, one could draw
directly on the screen to create and adjust line-based shapes like circles or
squares in elastic band style (from the center point outwards).* While Sketch-
pad was not designed for mass distribution, it nonetheless marked a turning
point in the history of digital media; the beginning of the transformation of the
computer from a number-crunching statistics machine into an early illustration
and graphic art system.

Sketchpad was in many ways far ahead of its time, serving as a direct
precursor to almost all subsequent GUIs, including the pioneering 1979 Aster-
oids video game, the 1968 British Reaction Handler, and AMBIT/G (1964-68).5
Reaction Handler, built by William Newman at the Imperial College in London
(1966-67), also allowed users to directly manipulate graphics. It even intro-
duced “light handles,” an early form of what we now call “widgets.” The AMBIT/G
system was implemented at MIT’s Lincoln Labs in 1968 and it consisted of
interactive features, icons, gesture recognition, dynamic menus, selection op-
tions through pointing, and a mode of freestyle interaction. To a large degree,
the future of the GUI, object-oriented programming, and the sophisticated
color systems and automated paint programs ubiquitous today find their con-
ceptual and technological blueprint in these pioneering developments.

Early Collaborations

As noted, in order to use computers to create visual art before auto-
mated software and the user-friendly GUI, artists needed to be resourceful to
gain access to a research facility that housed a computer, or to a scientist or
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researcher who was employed at one. Consider how this step alone highlights
the dramatically different circumstances and challenges faced in early comput-
ing, let alone the programming and computer procedures one needed to learn
once they arrived at these labs and facilities.®

Where the previous chapter analyzed distinctions between the early U.S.
and German approaches to computer art, this chapter sheds further light on
the innovations and difficulties in producing computer art and experimental
color exclusively in the U.S. context. In particular, | focus on the creative and
collaborative work computer scientists, artists, and engineers produced at Bell
Telephone Laboratories between 1965 and 1984, including the work of A. Mi-
chael Noll, Kenneth Knowlton, Leon Harmon, Béla Julesz, Max Mathews, Joan
Miller, Laurie Spiegel, and Lillian Schwartz. | also focus on Richard Shoup’s
benchmark SuperPaint, developed at Xerox PARC in 1972-73. The chapter’s
history of experimental color and computer art complements and builds on
the book’s broader material-aesthetic analysis of color in new media art after
1960. Before launching into this history, | first explain my satirical use of the
term “democratic.”

Democratic Color

In the spirit of critique, | intentionally misappropriate the term “demo-
cratic” to call attention to the overwhelming optimism and naive attitudes
saturating popular discourses about “democratic” new media. The term “demo-
cratic” implies a shared sense of power and control over a body or entity, such
as the right to vote or, here, access to standardized digital color, a democrati-
zation process that began in the 1980s, when digital color was standardized in
personal computing, and in the 1990s, in Internet protocols. Since then, digital
color has been widely accessible, easy to use, affordable, and automated. In
short, digital color has become democratic. This democratization of color has
“empowered” millions of users and creative industries, bringing about benefits
like increased flexibility, cross-platform working methods, communication in
a common visual language, and more color for multiple forms of creative ex-
pression. In other words, the fact that digital color is standardized is in itself no
cause for alarm. Quite frankly one should expect nothing less from color in a
new medium. Standardization is meant to reduce the space of possibilities to a
manageable subset of stable categories. Color should be useful, manageable,
and functional in media technologies, ensuring artists, designers, illustrators,
programmers, filmmakers, and media producers consistency in use. However,
these new “freedoms” and affordances remain within the opaque and inscru-
table parameters of increasingly complex systems—ones that appear transpar-
ent but are, to the contrary, highly codified, compressed, extend far beyond
the literal technology, and are obfuscated from end users.
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