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Ours has been a dizzying, serpentine journey, plunging into the bottomless 
mysteries of light. Its intangibility and illusiveness inspired us to enact the most 
exotic and ephemeral encounters between light and matter, that can nonetheless 
be bound by the straightjacket of a “piece of art.”  We intuited that denuding the 
nature of light, whose mercurial motion might only be exceeded by the distance-
free instantaneity of its own entanglements, would enable us to perceive the 
perpetual impetus of its pervasive flow, insuppressibly transforming everything in 
its wake, from planetesimals to light-harvesting proteins. 

Both the messenger and the message, both particle and wave, light engulfs the 
entire cosmos in a flood of quantum coherence,  leading us to eventually 
understand that quantum behavior has no upper threshold – despite the original 
presumptions of quantum theory.  The threshold is a purely perceptual and 
methodological residue, hence, the  deep-seated inability to detect even the 
slightest hint of a quantum-to-classical-transition. Quantum coherence refers to a 
superposition of wave states characterizing all quantum systems – as exemplified 
by lightʼs self-interference pattern in the double-slit experiment.  This intrinsic 
behavior enables various other quantum phenomena such as entanglement.  “It is 
also thought to be the power behind several “quantum tools”, including quantum 
information processing, metrology, transport, and recently, some functions in 
biological organisms (e.g., efficient energy transport) in a photosynthetic complex 
or in an avian chemical compass [1].” 

To fully experience the quantum coherence of light on a macroscopic scale, one 
must disregard the delusive reduction of space to a mere “image” or “object.”  
Since Louis de Broglieʼs pivotal discovery that matter exhibits the same wave-
particle duality as light, quantum fluidity has rippled into the very basis of physical 
space, dissolving forever the pipe dream of “local realism.”    Way before the 
quantum era, countless minds had evoked this ubiquitous mesoscopic flow (from 
micro to macroscopic dimensions and vice versa).  Even the fundamental vacuum 
background, however unreachable, is currently considered to be a superfluid – a 
self-propelled manifestation of macroscopic quantum coherence that defies 
viscosity, surface tension and gravitational effects.  Because the realization of this 
incessant cosmic unfolding is severely impaired by object-oriented, autopilot 
modes of perception, we were prompted to discard the “object” and the “objective” 
or lens that have distorted the vision of both artists and scientists for far too long.  
 
How can this lens be replaced by a truer-to-life holographic percipience as 
proposed by  theoretical physicist, David Bohm?  “Each element that we can 
abstract in thought shows basic properties (wave or particle, etc.) that depend on 
its overall environment, in a way that is much more reminiscent of how the organs 
constituting living beings are related, than it is of how parts of a machine interact 
[2].” Before any of our attempts to coherently tune the sensory organs to 
macroscopic quantum resonances, a variety of experiments had tuned into the 
coherent resonances generated in biological systems.  By the  1960s, the 



principles of long-range quantum coherence, demonstrated by superconductors, 
superfluid helium, and lasers, had already paved the way for a theoretical model of 
biological coherence. Following a revolutionary paper on the frequency-dependent 
growth of E. Coli (Webb and Dodds, 1968), a series of Soviet experiments 
(Devyatkov, 1974), involving coherent low-amplitude microwave irradiation, 
provided the first comprehensive study of frequency-specific biological cell 
entrainment. 

There is a “great sensitivity of biological systems to very weak electromagnetic 
radiation. On occasion, they show sensitivities equal to the highest available in 
modern technology. As an example, we mention the sensitivity at low light 
intensities of the human visual system, which is close to the theoretical limit [3].” 
Through the tight conduits of the beholderʼs pupils, the unmediated undulating 
universe is squeezed into view.  As neuronally provocative as coherent microwave 
excitation, higher frequency stimulus of the visual cortex can coherently tune and 
turn the observerʼs gaze back into the mirror of the quantum sea. 

In the performance, Mucilaginous Omniverse (Domnitch and Gelfand, 2009), one 
experiences what is currently the largest manifestation of wave-particular duality – 
a quintessential form of quantum behavior.  Ten million times the size of atoms, 
laser-lit droplets of silicon oil acoustically levitate above a bath of the same liquid.  
In phase with the upward sonication of the bath, the droplets bounce on the air-oil 
interface.  This bouncing motion creates surface waves that guide the droplets like 
the particle-guiding pilot waves proposed by de Broglie and later elaborated Bohm. 
These surface waves interlock with the wave-doubles of neighboring droplets, 
leading to pitch-specific droplet-lattices and to the dropletsʼ quantized orbital 
motion (akin to Landau quantization). Just as a photon, atom or molecule can 
interfere with its wave-like self when passing through a double-slit, a sonically 
levitated droplet can interfere with its own surface wave and begin to drift or “walk” 
along the wave. “Such results are usually thought to be possible only in quantum 
physics [4].” 



The droplet-particle-wave analogy is further magnified by the floating dropletsʼ 
infinitesimal malleability, especially when squashed together at the higher range of 
sonication frequencies. The emergence of a dense lattice causes individual 
droplets to don the facetted form of a flyʼs eye as their membrane is forced into the 
narrow crevices between the nodes.  Acoustic vibrations transform the medium 
from a liquid into a non-coalescent quasi-solid, capable of bouncing, spinning, 
unfolding into polyhedra and clustering into cellular lattices akin to a foam or a 
honeycomb.  

In the opposite case, 
during states of 
maximum sphericity, 
a levitated droplet 
procures highly 
unorthodox optical 
behavior. Usually, 
when laser light 
reaches an interface, 
some of it will be 
reflected and the rest 
transmitted. 
However, if the light 
is inside a droplet 
and traveling towards 
the air-liquid 
interface, there is an 
angle at which the 
light can no longer be 
transmitted, resulting 
in total internal 
reflection.  The 
trapped beam of light 
is compelled to 

bounce around the sphereʼs inner edge, making many millions of circulations and 
self-interferences before being absorbed. Since only a fixed quantum number of 
wavelengths can fit around the sphereʼs circumference, discrete resonances arise, 
known as whispering gallery modes.  When a laser beam gets trapped within a 
levitated droplet, its intensity may be vastly amplified by the time it exits. A 
hovering droplet emerges into a powerful optical resonator.

Instead of levitated matter shaping light, our latest endeavor, Photonic Wind 
(2013), entails light which levitates and shapes matter.  The first guise of this 
installation was  created during an artist residency in Vienna, as part of Liquid 
Things, an unprecedented research program on fluid media in the arts [5]. 
Coincidentally, among the earliest experiments with photophoresis (light-induced 
migration of matter) were conducted in Vienna by iconoclast physicist, Felix 
Ehrenhaft, during the 1910s - 40s. Working at the very fringes of perceptibility, he 
scrutinized the motion of air-borne microparticles suspended by a focused beam of 
sunlight in a vacuum chamber.    Unfortunately, due to an argument concerning 
these experiments, with his colleague, Albert Einstein, Ehrenhaft was nearly 
erased from the pages of history. Based on his observations of light-guided 
metallic powders, Ehrenhaft suggested to Einstein that he had discovered 



“magnetic current.” Einstein was so dismayed by the concept of “magnetricity,” that 
he put an end both to their friendship and to Ehrenhaftʼs career. Nonetheless, 

long-lived magnetic “monopole” currents  have finally been detected in a 
substance known as spin ice [6]. 

Our initial optical levitation experiments followed in the footsteps of Ehrenhaft, 
however, substituting sunlight with a powerful laser. For the next series of 
experiments, instead of the silver particles used by Ehrenhaft, we levitated 
diamond micropowder, which was much easier to propel, attract, trap and navigate 
along optical vortices. Depending on the laser beamʼs angle and proximity, the 
diamond dust would alternate between surging starry jets and languorous vortical 
clouds. Evocative of the photophoretic propulsion of dust-mantled chondrules at 
the evolving inner edge of a solar nebula, Photonic Wind decisively inverts the 
viewerʼs sense of spatio-temporal scale.  The ultimate perceptual abyss, the 
morphology of light, is revealed through its own matter-tuning marvels.
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! Fig 1. Acoustic levitation of laser-lit silicon oil droplets in Mucilaginous 
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" Fig 2. Droplet-lattice formation in Mucilaginous Omniverse. 
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" Fig 3. Optical levitation of diamond micropowder in Photonic Wind.
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