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Can You Hear The Femur Play?
Bone audio speakers at the nano scale

Boo Chapple in collaboration with William Wong

Efwxvegyx
This paper describes the research process involved in making audio speakers out
of cow bone. The paper begins by discussing the conceptual basis of the work. It
goes on explain the piezoelectric nature of the bone matrix and how this makes it
possible for bone to operate as an audio speaker. Following this, it chronicles the
process of working through from a theoretical possibility to a functional speaker. In
the concluding section of the paper, the pnal artifacts and conceptual oucomes of the
process are discussed.

Jveqi
This paper is framed as a discussion of practice based research. It addresses a
process of working with scientipc techniques and practices towards an artistic end. In
doing so, it focuses on what was learnt in the process of making the work in order to
understand how the initial intentions behind the work were modulated through their
encounter with materials. Thus, it constructs a narrative that consciously mediates
between the technical details and the conceptual concerns of the project, in order to
demonstrate how they have informed each other.

The conceptual framework that | bring to bear on this discussion is one that places
emphasis on the act of samaking stranges, an idea that originates from the writing of
the Russian Formalist, Viktor Schlovsky. Schlovsky described the act of smaking
stranged, or defamiliarisation, thus:

0The purpose of art is to impart the sensation of things as they are perceived and not as
they are known. The technique of art is to make objects ounfamiliar,0 to make forms difpcult,
to increase the difpculty and length of perception because the process of perception is an
aesthetic end in itself and must be prolonged.é (Schlovsky: p13)

For Schlovsky, the aim of simaking strange? was to deconstruct habits of perception
S0 as to enable familiar things to be re-experienced in a new way. Hence, while
some of the observations that | make in the course of this paper may seem obvious
to someone familiar with the territory, | am interested in foregrounding how these
relationships are i|tiwirgih not abstractly understood. Furthermore, | am not only
interested in smaking stranget with the materials, but also the actions involved in
constructing the artifact and the narrative relationships that they enact. Thus, the
experience of making the work becomes an important factor in considering how it will
eventually be presented.

Gsrgitx
Over the past three years | have been working on a project, now nearing completion,
to make audio speakers out of bone. This work has been motivated by a desire
to investigate phenomena occurring beyond our human capacity to sense, at the
nano scale, and to amplify these interactions in such a way that they are able to
be affectively experienced at the human scale. It also references the increasing
convergence of life and device that is currently taking place in biotechnical research
and practice at the level of the cell, the protein, and beyond and works to smake
stranged the capacities of biological materials existing within our own bodies.
Practically, the project has involved working with the piezoelectric nature of the bone
matrix in order to cause the bone to vibrate in such a way as to generate audible
sound. The quality, or pdelity, of this sound has not been an important consideration.



Piezoelectricity is a characteristic of certain types of crystals and polymers, such that when they are subjected
to a mechanical pressure or stress they develop a charge separation, or voltage, across two opposing faces.
Conversely, when a voltage is applied to the same material it will, depending on the polarity of the voltage,
physically expand or contract at the nanometer scale. It follows that when an oscillating AC voltage is applied
to a piezoelectric material it will expand and contract at the same frequency as the AC signal. This principle
is used to make piezoelectric buzzers and audio speakers out of industrially manufactured piezo ceramics
and | hoped that the same could be achieved with bone!. The piezoelectric nature of the bone matrix itself
has been documented by a number of different scientists in publications that date back to initial research into
the phenomenon by Japanese physicists Fukada and Yasuda in 19572, Orthopedic researchers have applied
this knowledge in the design of bone healing devices and some Indian scientists claim to have fabricated an
ultrasonic transducer using discs made of dry bone powders.

Living bone contains several different types of cells that are housed within the bone matrix and are responsible
for constant remodelling of the bone, through reabsorption and secretion of matrix, in response to physical
stress. The bone matrix itself is composed of pbres of the protein collagen layered together with hydroxyapatite
crystals. However, the piezoelectric nature of bone has been attributed to the collagen rather than the crystaline
component of the matrix, which does not posses the correct arrangement and distribution of electrical charges
within its molecular structure for the piezoelectric effect to occur. One of the theories as to how physical stress
on the bone is communicated to the bone remodelling cells is through the small charges generated by the
direct piezoelectric effect of collagen in response to the pressure of walking®.

What initially interested me about this particular property of bone, was the way in which it speaks to the
complex and dynamic entanglements that exist between life and world; to the incredibly pne resolution at
which bodies are continually in communication with their physical environment. The problem that | faced as
an artist was how to access and express these qualities in an artwork. | was not interested in using scientipc
visualisation technologies in an exhibition context as | felt that this would become more about the aesthetic
and quality of the translation rather than the experience of bone imade strangef that | hoped to achieve. So

| decided to pursue the idea of utilising the converse piezoelectric effect to make bone audio speakers and |
did this for two reasons. Firstly, sound is a dynamic and continuous phenomenon. To listen to bone generating
sound would thus be to engage in a direct experience of its dynamic material qualities. Secondly, hearing has
one of the pnest resolutions of all the human senses. 0The threshold of [human] hearing corresponds to air
vibrations on the order of a tenth of an atomic diameter.d (Nave) This would make the smallest movements of
air that an ear can respond to somewhere in the order of 0.1 angstroms or 0.000000001 of a millimetre. Thus
it would seem that the ear is an appropriate organ through which to experience the intersections of art, life and
world at the nano scale.

Paradoxically, in order to utilise the dynamic qualities of bone to make an audio speaker it becomes necessary
to remove the bone from its living context. Thus, what was initially an investigation of the electromechanical
properties of the living body, becomes a process of material transformation that begins at the butcher and ends
with a technological artifact. (See Fig. 1). In a sense, this parallels much of the work that takes place in the life
sciences. Living systems are often studied in parts; parts of an organism after it has been killed, or parts of an
organism maintained and perpetuated outside of the body through various genetic and laboratory technologies.
Increasingly these parts are repurposed towards extra-organismic ends in the biotech and pharmaceutical
industries, and in an extension of the traditional terrain of biotechnology, synthetic biology seeks to utilise
biological parts at the smallest scale to engineer slifed from the bottom up. Thus, the process of making the
bone speakers, became as much about enacting and reyecting on the use of body parts as technological
components, as about smaking stranges certain capacities of the living body.

Tvsgiww
A large part of the research towards this work has taken place during the course of two residencies at
SymbioticA, an art and science collaborative research laboratory at the University of Western Australia. | began
the initial reading and practical experiments during a three month residency in 2004 and as part of my year
long residency over 2006 | was able to organise a Biomedical Engineering student, William Wong, to undertake
the research as an Honours project, partly under my supervision. This lead to a collaboration of sorts in which
we both undertook responsibility for particular aspects of the project and worked together through much of the
process.






