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Abstract. In fields such as studio art, art conservation, archaeology, anthropology, music, and architecture it is often understood that many of the advances emerge from the introduction of new developments from science and technology. Scientific research is often justified on the basis of its past as well as potential future fallout into other endeavors as diverse as medicine, manufacturing, and the humanities. The diffusion of scientific innovation into the practice of art conservation has been punctuated by the introduction of a series of diverse technologies. Trace element and isotopic analyses, infrared imaging, ultraviolet fluorescence inspection, advanced coatings and adhesives, scanning electron microscopy, and photon/electron microprobes are notable examples. For the past thirty years various laser technologies have demonstrated utility in the practice of art conservation, as well. These include photon cleaning and divestment, holographic display and nondestructive analysis, surface characterization through laser fluorescence, radiation scattering and absorption, as well as laser-induced ultrasound. At the dawn of laser technology’s introduction into the art conservation field (1972-74) the Center for Art/Science Studies (CASS) was established at the University of California, San Diego (UCSD) with the hope of accelerating and broadening the diffusion of scientific developments into art conservation practice. Surprisingly, one of the first events in the CASS/UCSD transpired when a Visual Arts Department student employed a primitive laser statue cleaner to “correct“ a silk-screen print. In the course of maintaining her laser this art student discovered a dramatically improved method for aligning the complex optical beam train by utilizing her artistic training. A few months later another CASS/UCSD student in the Photographic Arts Program (while modifying a ruby laser to experiment with theater-lighting special effects) discovered an improved laser beam-profile diagnostic technique. These two, seemingly trite, examples of scientific serendipity “in reverse“ are not isolated anomalies. History is replete with instances of art coming to the aid of science and technology. Examples include Samuel Morse’s drawing upon his skill as a painter in support of his electrical engineering research, the collaboration of Michele Besso and Albert Einstein in the formulation of Special Relativity, Picasso’s vision of wave-function collapse in Quantum Electrodynamics, and Jay DeFeo’s depiction of Big Bangs and Black Holes while cosmologists were focusing on Fred Hoyle’s steady-state continuum theory of the universe.

1.
Introduction

The Center for Art/Science Studies (CASS) was established at the University of California, San Diego (UCSD) in 1974 in order to foster formal interactions between students and faculty in the arts with students and faculty in the sciences. The majority of these cross-disciplinary activities involved members of the Schools of Visual Arts, Theater, Oceanography, Physics, Medicine, Chemistry, Space Sciences, and Applied Mechanics. In its early years CASS developed into a program of  “Science in the Service Art”. Technologies such as isotopic analyses, holography, laser illumination and surface modification, digital-computer image processing, ultrasonic imaging, and magnetic resonance imaging (MRI) were applied to art in the areas of display, history, interpretation, performance, restoration, conservation, and creative expression. For the most part the stimulus for developing such connections came from a search for ways of applying current scientific innovation to the arts. However, it was a surprising revelation to eventually realize that the artists were contributing to the sciences, as well. This reversal of “common sense” has roots going back to the earliest civilizations and includes notable recent artistic contributions to general relativity, quantum electrodynamics, and cosmology [1]. (At the present time the art/science roll of CASS is being carried on by its successor, the Center for Research in Computing for the Arts, CRCA). 

   Science has been applied to diverse activities in the arts for generations [2]. The earliest instances probably involved the selection of tools and materials for painting and sculpture. Lighting, acoustics, and special effects may have received attention quite early in the performance arts of the stage. In the mid-twentieth-century radiocarbon dating, infrared and ultraviolet inspection, trace-element quantification, and the introduction synthetic materials became ubiquitous in the practice, conservation, and/or authentication of art. 

   It was realized after a number of years that a reverse technology transfer had also been taking place on a routine basis within the CASS Program. This phenomenon of serendipity, wherein art and artists contributed to science, had been transpiring with regularity, but had gone on virtually unnoticed for a decade. The contributions by artists in the program included new ways of aligning lasers, improved laser-beam diagnostics, low-cost raster-scanning systems, commercial applications for photonic cleaning, novel construction materials for lasers, and improved sample preparation for SEM and XRF analyses. It was as if the diverse talents of students and staff were functioning in unison in the manner of the mind of a Leonardo da Vinci [3]. An investigation of this phenomenon led to the realization that this flow from art to science has been taking place throughout history. In fact there are countless examples of art and artists anticipating major scientific advances by years and sometimes by decades and even centuries. Well known examples range from the wave aspect of light to the space-time continuum. For example Pollock was painting fractals well in advance of the mathematical formulation by Mandlebrot. Further, DeFeo was painting the “Big Bang”, super novae, and the “Big Crunch” even before cosmologists had invented these terms. The art-science connection penetrates still deeper in mystery upon realization of the role that the arts performed in the creative processes of many of the greatest of the recent scientists such as Albert Einstein (“an extraordinary genius”), Marie Curie, Werner Heisenberg, J. Robert Openheimer (“an ordinary genius: dreamy, artistic, emotional”), Linus Pauling, and Richard Feynman (“no ordinary genius”). (Feynman’s daughter, Joan, maintains that her father visualized the world in four dimensions and that different terms in mathematical equations appeared to him in different colors) [4].

2.   Art in the Service of Science

In many instances members of the CASS Program inspected a conservation specimen repeatedly in the SEM between laser-divestment or laser-consolidation irradiations. A kinematic specimen mount and a micrometer stage aided in returning to the same field of view after each of the repeated laser irradiation cycles. Sometimes this procedure proved to be difficult and tedious. One of the art students was studying the silk screen process and was inspired to attach a bit of silk to the SEM specimen. This silk grid (Fig. 1) not only eased the specimen relocation process, but also was compatible with the SEM coating (gold/palladium) and withstood repeated laser shots.

   Upon entering the CASS Program art students were routinely instructed in the operation, alignment, and maintenance of lasers. A key aspect of this instruction was learning to align the axis of a laser rod with that defined by the other elements of the beam train. For years this had been performed with a HeNe alignment beam and a target card with a pinhole. One day it was discovered that an art student had replaced the pinhole with a fragment of silk fabric from the silk-screening class. Instead of a point spot, the silk behaved as a two-dimensional diffraction grating and yielded an array of spots (Fig. 2). The student had discovered that adjusting the laser rod position so as to symmetrize the diffraction pattern yielded a perfect alignment in a fraction of the time required with the pinhole technique.
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Figs. 1 and 2. Silk threads for SEM position location (left) and Silk alignment beam vignetted by off-axis laser rod (right).

   The preceding two examples of the artist in the service of the scientist may seem quaint. However, they (and numerous other similar events in the CASS program involving PVC lasers and novel “zapping” paper) illuminate and parallel a profound phenomenon in the tension between the artistic perception and the process of scientific discovery.

   On an epic scale Shlain [2] has demonstrated quite convincingly that a great many innovative artists such as Leonardo, Magritte, Dali, Picasso, and Matisse anticipated the great discoveries of physics and cosmology long before the scientific community recognized these. The works of the above as well as many other great artists are laced with both hints and major themes that portray the concepts and features of planetary motion, gravity, relativity, and quantum mechanics years, decades, and even generations prior to the actual scientific discoveries. A modern example of this phenomenon is illustrated by Figures 3 (a Jackson Pollock drip painting) and 4 (a fractal image). Recent mathematical analyses have revealed that some of the Pollock paintings conform to the mathematics of fractals (over the surface-tension-dictated scale of his patterns). In the tradition of the connections cited above Pollock was painting fractals (1948) decades before the discovery of fractal mathematics by the Nobel Laureate, Benoit Mandelbrot (1976). 

[image: image2.jpg]





Figs. 3 and 4. “Drip painting” by Jackson Pollock and a computer-generated fractal image.

   CASS participation in the restoration and study of Jay DeFeo’s painting, “The Rose” (The Whitney Museum of American Art), uncovered a series of her 50-year-old paintings portraying many of the modern concepts of astrophysical cosmology. Her “Rose” (originally the “Death Rose”) is seen as the “Big Crunch” or a “Black Hole” by many observers. (Thomas Hoving, former director of the Metropolitan Museum of New York, associates it with Genesis [5].) Her “Jewel” has been adopted by cosmologists to portray the “Big Bang”, the “Primal Bang” or a “Hyper Nova”. Many are struck with the similarity of her “Annunciation” (Fig. 5) with recent Hubble Telescope images of cosmic explosions (Fig. 6).
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Figs. 5 and 6. The “Annunciation” painting by DeFeo (left) and a Hubble telescope image from space (right).

Shlain demonstrated in “Art and Physics” [2] that throughout history there are countless examples of an eerie precognition or clairvoyance in cutting-edge art of subsequent breakthroughs in physics.  Most notable are Leonardo’s studies of shadows (1501) that anticipated the discovery of the clues to planetary motion by Copernicus (1543), Giotto’s concept of the linear time line (1276-1337) before d’Oresme introduced graphical plots (1360), and Katsushika Hokusai’s 36 views of Fuji in a space-time continuum (1823-29) that preceded Minkowski’s four-dimensional formulation by almost a century.

   Shlain concludes that there are deep connections between the creative processes in the arts and sciences. It follows that such creative congruencies and premonitions may be found within individual scientist artists, as well. The innovative mind of a Leonardo da Vinci may not have been and entirely unique phenomenon. Several of the greatest scientists of the 20th Century illustrate this point.

3.   Scientist Artists

References to the arts in the lives of 20th Century scientists are ubiquitous in many of their biographies. For instance, according to Otto Hahn [6], “In Haigerloch, Heisenberg sometimes slipped away from the scientists in the cave at the base of the cliff and made his way to the 18th Century Baroque church at its top. There he would play Bach fugues on the organ (April 1945).” In “Madam Curie” [7] there are references to piano, voice, and original poetry. Niels Bohr was known for his fascination with Cubism…”that an object could be several things, could change…allowed contradictory views to coexist in the same natural frame” [8].

   It is widely perceived that the most colorful, flamboyant, enigmatic, and intelligent of the 20th Century physicists was Richard Feynman. His classroom lectures were dazzling in their clarity, originality, and insight. In addition he was an accomplished party entertainer, professional musician, and stage actor (Figure 7). He claimed to have executed the largest artwork (visible from an orbiting satellite) and the smallest artwork (requiring an electron microscope) as well as excellent sketches and cartoons (Figure 8). Both Picasso and Feynman chose to portray quantum-electrodynamical processes in a graphical form (Figure 9).

[image: image4.jpg]





Fig. 7and 8. Nobel Laureate Richard Feynman as teacher, performer, musician, and stage actor (Figure 7, left), and on the right (Figure 8) are examples of his graphical art including the world’s largest artwork (upper left, in the Mojave Desert, as seen from an earth-orbiting satellite), the smallest artwork (upper right, as seen in an electron microscope), and two of his sketches (bottom).

The fact that Albert Einstein played the violin is thought by many to be merely one of his eccentricities; much like his refusal to wear socks. According to his lifelong friend and collaborator, Michele Besso, “He often told me that one of the most important things in his life was music. Whenever he felt that he had come to the end of the road or into a difficult situation in his work he would take refuge in music and that would usually resolve all his difficulties”.

   The enduring friendship and mutual respect between Einstein and Besso began when they met at a concert. Einstein sums up his attitude toward Besso in his 1905 paper, “On the Electrodynamics of Moving Bodies”, (which is devoid of any references, whatsoever) with the acknowledgement “In conclusion I wish to say that in working at the problem here dealt with I have had the assistance of my friend and colleague, M. Besso, and that I am indebted to him for several valuable suggestions”. Besso noted that Einstein’s “intuitive approach was almost like painting a picture. It was an experience that taught me the difference between knowledge and understanding”. Thus, it appears that Einstein may have been the artist (Figure 10) of the pair and the much more successful Federal Institute student, Besso, contributed the rigor. Perhaps, it is summed up best by the quotes:
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Figs. 9 and 10. Picasso painting interpreted as wave function of “vibrating vacuum energy” collapsing into a face and the corresponding Feynman diagram (left), and Albert Einstein the artist with violin (upper left), as puppeteer (right), and family artist (lower left) on the right.

“Art is the queen of all sciences, communicating knowledge to all generations…”

Leonardo da Vinci

“Imagination is more important than knowledge.”

Albert Einstein

4.
The Bohemian Index

The observation put forth above that some prominent scientists have an artistic temperament and orientation is well known. However, some of the implications of this phenomenon have only recently been studied with rigor. In “The Rise of the Creative Class” [10] Richard Florida presents research data establishing that it takes a special set of circumstances to give birth to a “Silicon Valley”. Conventional wisdom has long held that for a technological megalopolis to expand and flourish there must be a local deeply-embedded intellectual/research environment as often found in conjunction with major universities.

In studying both successful and failed “Silicon Valleys” Florida’s research (described in “The Rise of the Creative Class”) developed the concept of the “Bohemian Index” as a measure of a community’s openness, diversity, tolerance, and artistic rebellion and daring. These factors promote the emergence of creative habitats and ecosystems. Such conditions draw creative individuals. Some of these will establish creative commercial ventures.  If this takes place in the proximity of a technological region of excellence (universities and/or research laboratories), still more creative individuals will be drawn to the community, and this pool of talent becomes a magnet that attracts still other creative organizations. This recipe leads then to the emergence of the archetypal “Silicon Valley”.

   Florida contrasts his own university’s (Carnegie Mellon in Pittsburgh) stillborn efforts to create a technological megalopolis with the seemingly unlimited commercial successes represented by the San Francisco Bay area (with the cultures of Haight-Ashbury and Berkeley), by Seattle (with the Fremont culture), and by Austin (with “Austin City Limits”). Even within the LACONA community there is at least one similar development. Most of the earliest art conservation research with lasers (1972-75) was either in or under the guidance of the museums of London [11]. Thirty years later one finds the majority of the conservation, academic, and industrial work in this field in the United Kingdom has shifted to the region in and around Liverpool: the home of “The Beatles”.
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