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This article investigates the recent resurgence of kinetic sound
art in light of the relationship between art and material. It does
this by studying the history of mechanical musical instruments
and kinetic art, the role of immateriality in the history of
Western art, and the renewed focus on materiality in the arts.
Materiality is key to understanding the resurgence of kinetics
in sound art. The first part of this article studies the historical
narratives of materiality in sound art, while the second part
investigates materiality in my own works as more contempor-
ary examples. Here the text turns to exploration of the
material and acoustic properties of metal rods and plates, and
suggests that direct contact with sound-producing objects
provides opportunities for new art forms where the morphology
of sound can be developed in dialogue with the physical objects
and the surrounding space. By examining the underlying
acoustic principles of rods and plates, we get a deeper
understanding of the relationship between mathematical
models and the actual sounding objects. Using the acoustic
model with basic input parameters enables us to explore the
timbral possibilities of the sound objects. This allows us to
shape the spectrum of acoustic sound objects with great
attention to detail, and makes models from spectromorphology
relevant during the construction of the objects. The physical
production of sound objects becomes both spectral composition
and shaping of spatial objects. This highlights the importance
of knowledge of both materials and acoustic principles, and
questions the traditional perception of sound art and music as
immaterial art forms.

1. HISTORICAL NARRATIVES OF KINETIC
SOUND ART

There are several historical narratives that lead to
kinetic sound art but two of them are of particular
interest: the history of mechanical musical instruments
and the history of kinetic art. Descriptions of
mechanical musical instruments stem from as far back
as antiquity, an example is Ctesibius’ (285–222 BC)
water clock with accompanying automatons and
mechanical sound sources (Pollard and Reid 2007).
None of Ctesibius’ written works has survived, but a
well-documented piece of early music technology is the
automatic flute player that was described in ninth-
century Baghdad by the brothers Musa in the book
The Book of Knowledge of Ingenious Mechanical
Devices (Koetsier 2001).
Electricity was used with mechanical musical

instruments early on. Jean-Baptiste Thillais Delaborde

built the electromechanical instrument Clavecin Élec-
trique in 1759, and Pierre Stein built the world’s first
electromechanically controlled pipe organ for the
world exhibition in Paris in 1855 (Hemsley 2005).
Player pianos became popular in the latter half of the
1800s, and the solenoid-based player piano Tel-Electric
(1907–17) is an early example of a programmable
electromechanical instrument. This instrument is
reminiscent of traditional player pianos, but the paper
roll is replaced with a brass roll conducting electricity
and the pneumatic mechanics are replaced with sole-
noids (Lehrman 2012).

The emergence of microcontrollers and magnetic
storage media meant that player pianos reached a new
level of precision in the early 1970s, and several patents
and prototypes of computer-controlled electromechanical
pianoswere created (Englund 1971;Maillet 1974; Vincent
1975). The most prevalent of these early instruments
was Superscope’s Pianocorder (1977) (Fontana 1997).
Pianocorder was technically a relatively open system, and
composers such as Clarence Barlow, Alec Bernstein,
Daniel Carney, Alistair Riddell, Richard Teitelbaum and
Peter Zinovieff worked on algorithmic composition and
computer control of the instrument from the early 1980s
(Hopkin 1991). In 1980 the composer and artist Trimpin
developed a similar electromechanical piano named the
‘Vorsetzer’ (Focke 2011; Leitman 2011).

Alistair Riddell continued developing software and
hardware throughout the 1980s with his ‘Meta-Action
for the Grand Piano’, which allowed individual control
of the piano hammer and damper, as well as very high
playback speed (Riddell 1990). During the mid-1980s,
Daniel Carney and Alec Bernstein developed a fully
computer controlled ensemble named the Aesthetic
Research Ensemble, consisting of piano, percussion and
stringed instruments (Hopkin 1991). Groups such as the
Logos Foundation (1989–)1 (Maes, Raes and Rogers
2011) and LEMUR (2000–) (Singer, Feddersen, Redmon

1The Logos Foundation started making electronic sound-generating
devices in the 1960s, then made several electronically controlled
acoustic sound sculptures in the 1970s and 1980s (Maes, Raes and
Rogers 2011; Raes 2018). The Autosax (1989–2012) is the first
instrument similar to the rest of the Logos Robot Orchestra, and is
described by Logos as “one of the very first automated instruments
we designed” (Raes 1991). Because of this, 1989 is set as the begin-
ning of The Logos Foundations collection of computer controlled
acoustic musical instruments.
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and Bowen 2004) has continued this work and built large
collections of computer-controlled acoustic musical
instruments.

One could argue that kinetic visual art originates
from the automatons of antiquity, with devices actuated
by water, wind, weights and steam being used as tools,
toys or instruments for demonstrating scientific principles.
In contrast to these early devices, modern kinetic art
developed as a result of artistic subject matters, and
emerged during the first half of the 1900s with artists such
asVladimir Tatlin, AlexanderRodchenko andAlexander
Calder. Calder showed interest in contemporary music
throughout his career, and stayed in contact with com-
posers such as Erik Satie, Edgard Varese, John Cage,
Pierre Boulez and Earle Brown. The collaboration with
Earle Brown is particularly interesting. In his composition
Calder piece (1967), Brown used a kinetic sculpture built
by Calder for the piece to control the way the musicians
interpreted the score (Fichter 2015). Calder’s sculpture
becomes a kinetic, spatial and non-repeating musical
structure. Kinetics and movements have their own poetry
and formal language, and as Jean-Paul Sartre points
out in his text about Calder (Sartre 1996), the kinetic
sculptures are already musical even though they do not
produce sound. They are musical in terms of their
movements, and can be interpreted as scales and chords
translated into kinetic energy.

All production of sound depends on kinetic energy,
whether the sound source is a loudspeaker or a tradi-
tional musical instrument. It is therefore no coin-
cidence that sound artists soon saw the potential of
kinetic art. An early example of kinetic sound art is the
sculptures of the Swiss artist Jean Tinguely. In his
Méta-méchanique sonore (1955), small hammers acti-
vated by the audience hit glasses, bottles and tin cans.
Another early example of kinetic sound art is the work
of American furniture designer, sculptor and sound
artist Harry Bertoia. Bertoia was already working with
wires and rods in his furniture and sculptures when he
became significantly more interested in the sound of
the rods around 1960. He became curious about the
combined sound of several rods, and this led him to a
systematic, experimental period. Although experi-
mentation with sound within the arts was done
throughout the entire twentieth century, Harry Bertoia’s
kinetic sound sculptures are distinguished from many
works of his contemporaries through their finely detailed
and rich timbres. His knowledge of the materials and
determination to experiment, combined with daily
practical work with the sounding materials, resulted in
sculptures which have the sonic depth of highly devel-
oped musical instruments such as gongs or church
bells. This places his work in an intermediate position
between sculpture and music (Flø 2017).

The use of electricity to add energy to sculptures
started early on, and one example is Naum Gabo’s
Kinetic Construction (Standing Wave) (1919–20),

where an electric motor initiates vibrations in a steel
rod to transform the simple rod into a three-
dimensional kinetic sculpture. Kinetic sound art also
used electricity at an early stage, and one example is
the work of American avant-garde musician Joe Jones.
Jones was affiliated with Fluxus, and began to create
electromechanical sound objects in 1961 (Shin 1992).
One of his works is the Mechanical Violin (c.1964),
where an electric motor with a rubber band con-
tinuously hits a violin. This object was part of the
Mechanical Flux Orchestra, a group of automated
instruments made by Joe Jones in the 1960s along
with Fluxus artist George Maciunas. Of the artistic
avant-garde movements of the twentieth century,
Fluxus was among the most musical. At the heart of
the movement were composers such as La Monte
Young and Nam June Paik, and ideas about music and
sound played an important role in the theoretical
works of Fluxus. The found objects and experimental
attitude to sound of the Mechanical Flux Orchestra
opened up the definition of what music and art could
be, thus the Mechanical Flux Orchestra represents the
very essence of Fluxus.

2. CONCEPTUALIZING PHYSICAL SOUND
OBJECTS

Alvin Lucier’sMusic for Solo Performer (1965) is another
early example of conceptual works with electronically
controlled acoustic sound objects. In this work, electrodes
that recognise alpha brain waves are attached to the
performer, activating multiple loudspeaker drivers. The
loudspeaker drivers trigger a group of percussion
instruments. This is done by playing directly on the
instruments with objects attached to the loudspeaker
drivers, or by activating the percussion instruments with
sound. This practice of examining a dataset bymapping
it to acoustic sound objects is found across several
works of kinetic sound art. For example, in 1983,
composer Peter Zinovieff used a filter bank to make
transcripts of sounds that could be played in real time
on a computer-controlled player piano. In performance,
the computer analysed sounds from a radio and then
played back the transcription of the analysis on the
piano (Riddell 1989). A similar approach was also
found in Peter Ablinger’s series of works Quadraturen
III (2004–14).

The exploration of spatial characteristics is central
in several works of kinetic sound art. In Bosch and
Simons’ Cantan un Huevo (2000–01) a large number of
glass bottles and containers mounted on the skeletons
of spring mattresses is distributed across the space. The
spring mattresses are excited by motors, and create
oscillating vibrational patterns that are transmitted to
the sound objects. The location of the different objects
in the exhibition space is an integral part of the work,
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which sounds different in every location in the space.
The principle of similar sound objects distributed evenly
across space can also be found in Gordon Monahan’s
installationResonant PlatinumRecords (2012), where 12
aluminium plates are hung from piano strings attached
to the ceiling of the exhibition space. A collection of
sound files was produced to explore the resonant
characteristics of the piano strings and plates, and
transducers transmit the vibrations from the sound files
through the wires to the plates. The large number of
plates enables the movement of sound throughout the
space. The sound objects are shaped with the space in
mind, thus engaging in a dialogue with the acoustics
and materiality of the space.

3. THE RESURGENCE OF KINETIC SOUND
ART

Early mechanical musical instruments and sound
automatons can to some extent be described as
attempts to store music and sound. After the invention
of sound recording in the second half of the 1800s, the
mechanical musical instruments continued to increase in
popularity, perhaps because of the limited sound quality
of early sound recording. Even with the significant
improvements in sound recording that became available
after World War II, several composers continued to use
mechanical musical instruments, perhaps because the
unique compositional and technical possibilities of the
mechanical musical instruments such as player pianos
enabled musical and technical concepts that could not
be realised with musicians and traditional notation.
The interest in mechanical musical instruments
remained throughout the 1970s and 1980s with
computer-controlled acoustic ensembles such as the
Aesthetic Research Ensemble (Hopkin 1991), and can
partly be explained by the limited timbres of early
electronic sound sources.
Today’s electronic music tools do not have the same

limitations as in the 1970s and 1980s, but in spite of this
the interest in kinetic sound objects has had a strong
resurgence as can be seen in the interest in works of
artists such as Pe Lang and Zimoun as well as in viral
videos of mechanical musical instruments such as the
Marble Machine by Swedish band Wintergatan with
more than 75 million views (Molin 2016). Technology
and technical information is readily available, redu-
cing the threshold for appropriation, and easy access to
advanced software, electronics and mechanics as well
as the exchange of knowledge on the Internet makes
the production of kinetic sound objects far less com-
plicated than it was just a few years ago. It is now
relatively easy to build complex sound objects with
software, electronics and mechanics, and the engi-
neering difficulties that pioneers of kinetic sound art
experienced have been greatly reduced. Information is

shared online, and conferences such as the Interna-
tional Computer Music Conference (ICMC) and New
Interfaces for Musical Expression (NIME) are popular
arenas for exchange of information and development
of competence.

4. MATERIALITY

Although the production of kinetic sound objects is
easier than it was a few years ago, we must look
beyond aspects of sound quality and technical feasi-
bility to get a deeper understanding of where this recent
increased interest comes from. The same increased
interest for physical objects and tactility can be noted
in the expanding use of vinyl records and analogue
modular synthesisers, and in the growth of the maker
movement. Furthermore, the same tendency can be
observed in the arts, with renewed interest in the art
object and in the materiality of art.

In Monika Wagner’s text ‘Material’ (Wagner 2001),
the author explains how the apparent immateriality of
music originally placed music over the fine arts in the
traditional hierarchy of art. Before the fine arts were
freed from the artes mechanicae in the Renaissance, they
were linked to the guilds that worked with physical
materials. Literature and music on the other hand, were
linked to the superior artes liberales. Since they did not
depend on physical material to be realised, they
emerged as ideal, intellectual expressions of an idea. The
senses of hearing and seeing were ranked highest
because they seemed to be able to sense the immaterial,
and thus came closest to the knowledge of God, while
touch and physical materials were ranked lower. Music
and poetry ranked highest, while fine art expressed
through everyday physical materials such as oil, wood,
stone and metal was ranked lower. The physical mate-
rial belonged to everyday life and only through the
artistic process could it transcend its material value. Art
forms were ranked according to their dependence on the
physical material well into the nineteenth century.

This view is still present. As Petra Lange-Berndt
writes in her introduction to the anthologyMateriality
(Lange-Berndt 2015), getting involved with the materials
of fine art is still regarded as the antithesis of intellectuality.
The most studied works in contemporary art are, unsur-
prisingly, the works that are closest to writers. That is,
language-based works, documentary works or works that
illustrate philosophical theories. These theoretical works
follow a philosophical tradition that prefers form above
matter and the spiritual above the bodily, and show little
interest in the role of the materials of art.

4.1. Art, materiality and technology

We also find the same views on materiality and
immateriality in the discussions regarding art and

Materiality in Sound Art 227

https://doi.org/10.1017/S1355771818000134 Published online by Cambridge University Press

https://doi.org/10.1017/S1355771818000134


technology. AsWagner points out, François Lyotard’s
1985 Paris exhibition Les Immatériaux was central to
the modern discourse on art, materiality and technology.
The exhibition examined how modern information
technology changed our relationship with materiality,
and contained not only objects but also data-generated
texts and images. The material was historically seen as
the base and counterpart to artistic creativity, which had
to be transcended or transformed by art. But in this
exhibition the algorithms got the same aura that once
was reserved for the artist’s work, transforming physical
materials into a higher sphere. This was seen as a con-
firmation that the physical materials of the past were
replaced with the intangible images and text of informa-
tion technology (Wagner 2001). The various materials
associated with the production of sound, text and image
have been replaced with the computers speaker and dis-
play, and appear as temporary signs. Because the digital
medium cannot be grasped in a haptic sense, or as an
object for tactile differentiation, it is tempting to think of
it as immaterial much in the same way we once looked at
music and the musical symbols in the form of musical
notation. As we will see later, working with sound can be
abstract when using mathematical approaches and
acoustic principles, but at the same time these abstrac-
tions occur in direct dialogue with the physical material,
which questions the idea of the immateriality of sound.

4.2. The resurgence of materiality

It may look as if the material has been dissolved by the
seemingly immateriality in the new technologies.
However, the renewed interest in materiality during
recent years can be seen as a counter-reaction to this.
This focus on materiality does not need to revolve
around traditional materials, but can just as well
explore the materiality of film, video, sound or even
cultural materials. In her article ‘“Truth” and “Truth
to Material”: Reflecting on the Sculptural Legacy of
Henry Moore’ (Hiller 2003), artist Susan Hiller
describes her own work with materiality. She uses
everyday phenomena, cultural materials and artefacts
from everyday life such as postcards, books, bottles or
furniture as a starting point for her own work, and
relates this practice to her own background in anthro-
pology and to the history of modernist art. But where
the artists of early modernism used cultural objects
from Africa, Oceania and the Americas as raw mate-
rial for their works (and in this way linked modernism
to colonialism), Hiller uses materials from her own
society. The leading principle for her is ‘truth to
material’. The material is not considered ‘raw’ or
‘natural’ and should not be transformed into anything
else. Instead, it can be put in series, combinations and
collections, so that the cultural references are not
hidden.

The formal aspect of Hiller’s works is based on the
essence of the material. Hiller is attracted to materials
that have a lot to say, and she considers her process
more like collaboration with the materials. By studying
the cultural objects, she tries to uncover supressed or
repressed meanings, and places this exploration of
what she describes as ‘the unconscious of culture’
somewhere between finding and creating. Art becomes
an area where possible meaning is discovered in these
collective, cultural materials, and this attitude towards
the material differs significantly from the classical
mindset where neutral materials are shaped through
the artistic process and transcends its material value.
With Hiller, the work is created in direct dialogue with
the material.

5. DIALOGUES WITH THE MATERIALS OF
SOUND

When working with sound, what corresponds to this
dialogue with materiality? If sound is immaterial, what
is the material of music and sound art? Traditionally,
the material of music has been abstract structures
presented in musical notation. This did change some-
what with the introduction of electronic music; when
the composer could work directly with sound. However,
working directly with the sound-producing objects
brings the composer even closer to thematerial, whether
it consists of acoustic sound objects, electromagnetic
sources such as loudspeakers and transducers or hybrids
of these. If we work directly with the sound-producing
objects, we can directly influence how they appear in
space, both as art objects and as acoustic emitters
(Figure 1). These sound-producing objects may appear
limited in comparison with the apparently unlimited
possibilities of synthetic sound. As Denis Smalley writes
in his introduction to Spectromorphology: Explaining
Sound-Shapes (Smalley 1997); electroacoustic music is
no longer limited to the sounding models of instruments
and voices, but open to all sounds. However, a deeper
understanding of the acoustic properties of sound-
producing objects enables us to produce physical objects
with sounds beyond the existing models of instrumental
music, using many of the same affordances we find in
electronic music.

Spectromorphology is not a compositional theory,
but it can influence compositional methods by making
the composer aware of sounding models that can later be
addressed in his or her own artistic thinking. Likewise,
it is advantageous to understand the mechanisms that
create sound in order to better work in direct dialogue
with the sound-producing materials. Computer-assisted
acoustic analysis and re-synthesis is an important tool for
building physical sound objects (Flø and Wilmers
2015a). Building physical sound objects is demanding
regarding both labour andmoney, and it is advantageous
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to craft simulations of the timbres before starting to build
the physical sound objects. These simulations can also be
used as a tool for investigating the artistic possibilities of
the kinetic sound objects.

5.1. Composing with physical objects

Dialogues with the materials of sound were central to
the work on my installation Doppelgänger (2014).
Similar to the works of Lucier, Zinovieff and Ablinger,
I wanted to investigate a dataset extracted from sound by
mapping it to acoustic sound objects. In Doppelgänger,
the sounding objects were three-metre tall rectangular
metal plates.Microphones were placed in the cafe next to
the gallery space, the sound from the microphones was
analysed and then mapped to the acoustic sound objects.
The sound of the social space in the cafe next to the
exhibition space was loaded with information, and by
re-positioning the sound I wanted to uncover hidden
meanings, in a process similar to what Hiller described as
being between finding and creating. The sounds are used
in a way similar to working with found objects, where the
artist creates art from materials that normally have a
non-art function. The process includes finding existing
sounds with a cultural significance as well as creating new
works with the same sounds, thus operating between
finding and creating.
Just as with Hiller, this work was created in dialogue

with the material. I started my work on the reposi-
tioning of audio streams with the installation Norway
Remixed in 2002 (Rudi 2003). However, where the

audio streams in Norway Remixed were transformed
through signal processing of the sound itself, the
sounds inDoppelgänger were transformed by mapping
analysis data from the audio streams to acoustic sound
objects. The transformation of material in Doppelgänger
was not limited to what was picked up by the micro-
phones. The installation consisted of several sound objects
distributed throughout the space. As in the works of
Monahan, Bosch and Simons, the objects were made with
the exhibition space in mind, creating a dialogue between
the installation and the materiality of the space.

Working on Doppelgänger made it apparent that
there was an untapped artistic potential in the sounds
of metal objects. In the installation Vardøger (2018–
2019), the sound of metal is further examined, and the
objects consist of resonant bronze rods coupled
through circular metal plates. While Doppelgänger
investigated the found structures of external sounds,
Vardøger turns the focus inwards toward the materi-
ality of the objects themselves.

According to Norwegian folklore, a Vardøger is a
spirit predecessor who is linked to a person, and thus
related to the Doppelgänger phenomenon. The
experience of a Vardøger is often described as a pre-
monition of a person before the person arrives, and the
premonition often occurs in the form of sound. There is
no scientific basis for this phenomenon, and it is
often explained as pareidolia, the brain’s ability to see
patterns and structures that do not necessarily exist.
Just as the brain is looking for patterns and structures
in things that do not necessarily exist, looking for
patterns and structures is also central to the concept of

Figure 1. Doppelgänger consisted of several sound objects distributed throughout the exhibition space in Bergen Kunsthall.
Photo: Thor Brødreskift.
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the installation Vardøger. More specifically, I was
interested in acoustic patterns and structures and how
they relate to the physical material. The focus on the
object’s materiality, timbre, acoustic patterns and
structures may seem abstract compared to the reposi-
tions of sound andmeaning in the installationsNorway
Remixed and Doppelgänger, but this new level of
abstraction also means approaching many of the cen-
tral topics of musical composition. The difference is
that the composition in this case takes place through
the formation of materials and physical objects in
space. To get a deeper understanding of composing
with physical objects, we must look into the acoustic
principles behind these objects.

The physical basis for Vardøger is vertical, round
bronze rods mounted on a freely suspended horizontal
circular steel plate. The rods are excited by electro-
magnetically controlled bowing mechanisms as well as
electromagnetically controlled hammers similar to the
ones used in Doppelgänger (Figure 2; Flø and Wilmers
2015b). The timbre is further coloured by the steel
plate. In order to better shape the sounding material in
a satisfactory way, it is important to know and
understand the basic acoustic principles behind rods
and plates. The dialogue with the materiality of the
sound objects is twofold: we are working with physical
objects and their appearance in space, and at the same
time with acoustic principles and how they could be
useful for realisation of the artistic idea.

5.2. The properties of inharmonic spectra

When a round rod is excited by a hammer or a bow, it
resonateswith a certain set of frequencies. The fundamental
frequency is determined by the length and diameter of the
rod, the density and elasticity of the material, and the way
the rod ismounted. The resonant frequencies are calculated
by multiplying the fundamental frequency with a number
series that only depends on the way the bar is mounted
(Figure 3; Fletcher and Rossing 2010: 64). The funda-
mental frequency (and thus all resonance frequencies) is
proportional to the inverse of the length squared 1

L2. When
comparing it with a violin string where the fundamental
frequency is proportional to the inverse of the length 1

L, we
understand why the distance between higher resonances
and the fundamental frequency is increasing more rapidly
than is the case with the violin string. As Smalley has
shown, such inharmonic spectra may be perceived as
ambiguous since they exist between noise, timbre, pitch and
intervallic combinations. By adjusting the bar dimensions
and alloys we can decide where we want to place the sound
within this spectral field. The hands-on work with the
physical material is at one and the same time spectral
composition and shaping of a spatial object.

The rods are mounted on a circular steel plate. This
plate connects the rods, and like the rods, the plate has
a set of inharmonic resonances. Thus, the plate both

prolongs the reverberation of the rods and adds a
separate set of resonances. The fundamental frequency
of the plate is determined by the way it is mounted, and
by its thickness and diameter as well as the density of
the material, elasticity and Poisson’s ratio (which
describes how much the material increases in width
when pushed together) (Leissa 1969: 1).

The remaining resonance frequencies of the plate are
obtained by multiplying the basic frequency with a
number sequence identical for all round free-hanging
plates. Common to these series of numbers is that they
result from differential equations that describe the
forces that act on the object when it is deformed, and
how the mass is distributed. In a violin string it is

Figure 2. The electromagnetically controlled hammer used
in Doppelgänger.
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simple, in a drum skin a little more complicated, and
analytical solutions exist for both these examples.With
a certain thickness of material, such as in a metal plate,
the solution is more complicated since the deformation
of the material is important. Inmost cases, no analytical
solution exists, only numerical approximations or
measurements. Nevertheless, the results of either calcu-
lation or measurement may in some cases approach a
row of numbers that looks simple, and can in this case
lead to a simplified mathematical model. For circular
plates, the number of resonance frequencies approaches
asymptotically (m + 2n)2 * const. – a series that is
proportional to (m + 2n)2. Once again, the artistic work
with the sound objects is twofold. On the one hand it is
highly abstract, and the mathematical approach to
acoustics is close to the idealised image of music and
sound as an immaterial art form. On the other hand,
this is a direct work on physical objects, where all the
physical adjustments affect each other, both internally
in the object and externally in interaction with the space,
resulting in interesting surprises and artistic discoveries.
Metal objects and their surrounding spaces are sources
of highly complex timbres, and simplified mathematical
models serve just as a starting point. Only through
direct experimentation on the sound objects can their
sounding potential be fully uncovered.

5.3. Metallurgy and spectromorphology

As we have seen earlier, the starting point forVardøger
is a horizontal circular steel plate with mounted vertical
bronze rods. The sounding properties of steel and
bronze are defined by density, elasticity and Poisson’s
ratio. These parameters influence the location of the
partials in the spectrum. By varying these parameters
we can easily simulate different alloys such as steel,
aluminium or bronze, or even examine the differences
between various bronze alloys. This allows the artist to
perform detailed investigations of the differences in sound
between various alloys. Working with the relationship
between timbre and alloys leads us to further examine the
field of metallurgy.

The history ofmetals is parallel to the development of
civilisation and technology. This connects metallurgy to
the production of weapons, andmakes themetallurgical
history of sound and war closely intertwined, as is the
case with many audio technologies. The bell bronze
alloy was originally developed for its acoustic properties
but was later used in the production of cannons for early
Spanish, Portuguese and Javanese artillery.

On the other hand, metallurgical knowledge is the
basis for developing sounding metal objects, with dis-
tinctive qualities that we recognise in cultural objects.
As mentioned above, the sounding properties of metal
alloys are defined by density, elasticity and Poisson’s
ratio. Combining the acoustic models of alloys with the
models for rods and plates, allows us to investigate
different timbres from various alloys, shapes and sizes.
With this method of working we combine knowledge
about metallurgy, acoustics, spectromorphology and
composition. This direct work on the constituents
of metal connects us with the material history of
metallurgy, and enables us to explore different spec-
tromorphological shapes and artistic ideas, given that
different alloys end up providing very different results.

The timbre of the plates and the rods are shaped by
their dimensions. InVardøger, the plates and rods have
different lengths, diameters and thicknesses. Increases
in thickness cause linear increase in frequencies.
Doubling the thickness of a plate or rod results in a
spectrum one octave above the original. The diameters
of the plates in Vardøger vary between 50 and 150 cm,
and the lengths of the rods vary between 10 and
300 cm. Thicknesses between 1 and 8 mm often result
in a very low fundamental. As an example, a steel
rod with a length of 3 m and a thickness of 3 mm
will produce a fundamental of about 1.5 Hz and will
not produce any partials within the limits of human
hearing until reaching the sixth partial. The plates
behave in the same manner. The sound we hear from
the plates and the rods will therefore often consist of
higher partials in the spectrum. By varying the length,
diameter and thickness of the plates and rods, we can
move the spectrum up and down in the frequency

6.125 10.1251.133

0.1782 3.1251.116 6.125
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Figure 3. The resonant frequencies of a bar depends on the way the bar is mounted. Bending vibrations of (a) bar with free
ends, (b) bar with one clamped end and (c) bar with two supported ends. The numbers are relative frequencies (Fletcher and

Rossing 2010: 64).
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range, thus creating varied and complex sounds. This
relates to what in spectromorphology is called spectral
space and density, density being the amount of spectro-
morphological information that is contained within a
spectral space. With long, thin objects in which the
fundamental is well below the hearing threshold, the
audible partials will be placed close together in clusters,
thus creating compressed spectral spaces. Thick short
objects will have a fundamental above the hearing
threshold, and thus moving the partials higher up in the
spectrum, resulting in less compressed spectral spaces.

5.4. Weighting the partials

The sound objects inVardøger are excited in two ways:
with computer-controlled rotating objects that act as
bows, and with electromagnetically controlled ham-
mers. I studied the history of mechanical musical
instruments while making these mechanisms, particu-
larly the history of player pianos starting in the latter
half of the 1800s and culminating with the highly
sophisticated computer-controlled electromechanical
pianos of 1970s and 1980s.

Through these mechanisms, we can explore combi-
nations of spectromorphological archetypes such as
attack, attack-decay and graduated continuant. Since
this is computer-controlled and distributed in space, it
also allows you to move sound in space. What objects
we use to hit the rods impacts the timbre. The timbre is
shaped by the mass, shape and stiffness of the object. A
large, heavy and soft object highlights low frequencies,
and a small light and hard object draws attention to
high frequencies. The selection of objects used to hit
the rod creates large variations in timbre, while we in
fact always hear the same set of partials with different
weighting of the amplitudes. By selecting which object
is used to hit the rod, we can highlight various parts of
the spectrum based on artistic preferences.

Although the sound of an object being excited by a
bow is completely different from the sound of the same
object when excited by a hammer, we still hear the
same set of partials. In the same way that we get dif-
ferent sounds with different hammers through weight-
ing of the amplitudes of the partials, we can use a bow
instead of a hammer to get new sounds based on the
same set of partials. Selecting the dominant partial can
be controlled by varying where the bow excites the rod
as well as the velocity and pressure of the bow. In this
way we can vary what is practically perceived as the
fundamental of the bowed sound.

5.5. Energy transfers, morphology and space

Although we have models for calculating resonance
frequencies and how different excitation objects shape
the sound, these will appear as simplifications when

held up against the actual sound. A simple frequency
analysis will show that the partials from a single rod or
plate are weighted in complex ways, changing over
time so that the amplitudes and durations of individual
partials differ significantly from the other partials
coming from the same rod or plate.

This can be partly explained by non-linearity and
energy transfers between oscillators, where energy further
down in the set of partials is transferred to frequencies
higher up. This causes some partials to keep resonating
longer than others and is an important aspect of sound
from metal objects. We can model this mathematically
by adding a triangle wave of the same frequency to each
sine, (that is, we use the 3rd, 5th, 7th, etc. harmonics), and
convolving it with an impulse response of the resonant
frequencies. The result is again an impulse response, and
can thus be used as a linear system. In this way we can
create a linear system that mimics non-linear effects, and
even though this is an imprecise system, it still gives us a
good idea of what to expect from the sound of the phy-
sical object. This is also interesting in relation to spec-
tromorphology, since spectromorphology describes both
the spectrum and how it is shaped over time (-morphol-
ogy). Themorphology of the partials as a result of energy
transmissions internally in an acoustic object is not
something that can be easily controlled, but we can shape
how the different parts of the final sound object transmit
energy between each other, and in this way work directly
with the morphology of the spectrum.

With models for resonant frequencies, excitation objects
and energy transfers of partials, we have good tools for
understanding the timbre of the various individual parts. A
new layer of complexity emerges when we connect these
parts by assembling several bronze rods on a steel plate. The
different parts resonate in sympathy with each other, and
this is a phenomenon known from traditional musical
instrumentswith sympathetic strings such as theNorwegian
Hardanger fiddle, where four to five resonance strings
resonate with their fundamental or harmonic partials when
the other strings on the fiddle are played. This is similar to
what is happening in Alvin Lucier’s composition I Am
Sitting in aRoom (1970),where a sound recording of a voice
is recorded repeatedly through a resonant space until what
is left are only the frequencies common for the voice and the
resonances of the space (Lucier 2011). The difference is that
themetal plate that constitutes the space in ourmodel is not
given but can be shaped in interaction with the resonant
rods.We get additional energy transfer between partials, so
that energy from a partial in one rod is transferred to par-
tials in another rod or plate, causing certain partials to be
highlighted or muted. The energy can also travel back and
forth between these oscillators without finding an equili-
brium, and with complex couplings as in Vardøger, energy
will continuously move back and forth. This can be con-
trolled to a certain extent by altering the dimensions and
alloys of the various rods and plates, but the unpredictable
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and complex relationship between the partials is also a
characteristic part of the installation’s timbre.
In addition to the resonating spaces created inside the

sound objects, the placement of objects in the exhibition
space will affect the timbre. As Lucier points out in his
article about the propagation of sound in space (Lucier
2011), sound sources have specific spatial characters. Short
wavelengths are directional while long wavelengths are
spread out in space. Each individual space has its own set
of characteristics with absorption, reflection, attenuation
and other structurally related phenomena. If we use the
features of the space as an active material and shape the
sound objects in dialogue with the space, we can enter an
interesting artistic dialogue between the acoustics of the
objects and the materiality of space.

6. CONCLUSION

Kinetic sound art occupies an interesting position
between spatial object andmusical instrument, and has
its genealogy from both mechanical musical instru-
ments and kinetic art. Although sound art and music
are traditionally perceived of as immaterial art forms,
the role of materiality is key to understanding the
resurgence of kinetic sound art, and what attracts
artists to the medium.
Through studies of the acoustic qualities of the

sounding objects, the relationship between physical
objects and mathematical models becomes accessible, and
the acousticmodels for the sound objects in the installation
Vardøger show us that with a set of basic input parameters
we can create a wide variety of timbres. With these para-
meters we can shape the sound in artistically interesting
ways when building acoustic sound objects, and this gives
the sound models from spectromorphology a new rele-
vance beyond electroacoustic music. The hands-on work
with the physical material becomes both spectral compo-
sition and shaping of a spatial object.
Our acoustic model for metal objects represents a

simplification of the acoustic reality, but precise
enough for the artist to gain a better understanding of
sound as well as serving as a basis for exploring ideas
before translating them into physical sound-producing
objects. Working with the materiality of sound ques-
tion the historical understanding of sound art and
music as immaterial art forms, and the direct work
with the sound-producing objects provide opportu-
nities for new forms of art in dialogue with both space
and the physical objects.
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