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Sunspots are dark areas on the solar surface, which were created by
the suns magnetic field. The magnetic field within a Sunspot can be
several thousand times stronger than the magnetic field of the earth.
They are typically 2000 degrees cooler than their surrounding areas
and the extent of a sunspot can be several times the size of the earth.
The Sunspot Number is a measure of the amount of sunspots on the
sun at any given point of time. When the Sunspot Number is plotted as
a function of time, one can clearly see an 11 year cycle in the data.
This is known as the solar cycle and is one of the most important
characteristics of the suns magnetic activity.
By adding the position of the Sunspots to the plot, one obtains a so
called butterfly diagram. This shows how the Sunspots migrate towards
the equator as the solar cycle progresses.
The exact origin of the sunspots and the appearance of their magnetic
field is still one of the biggest mysteries in sun research, and is yet to
be explained.
Daily Sunspot Numbers are provided by the National Geophysical Data
Center,
http://www.ngdc.noaa.gov/
The Butterfly diagram data provided by Dr. David Hataway, can be
found at
http://science.nasa.gov/ssl/pad/solar/greenwch.htm

Visualization:
The middle image on the left shows the butterflydiagram mentioned
above. The other images above and below show the number of Sunspots
in 50 so called bins during one solar rotation. The population of spots
in the bins is either coded in colour or indicated by the size of the bars.

Sonification:
The 50 bins of the Sunspots are identified with the keys of a piano. The
lowest tone corresponds with the South Pole. Within one measurement
period of one solar rotation the keys are played sequentially with a
volume proportional to the number of spots.
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The Solar Irradiance is a measure of the energy of the electromagnetic
radiation emitted by the Sun at all wavelengths. The Solar Irradiance
is found strongest when the solar activity is at a maximum, which is a
result of two competing processes.
The presence of Sun Spots on the solar surface blocks out radiation
and causes a decrease of the Irradiance. This is compensated by the
fact that other magnetic regions known as plagues and faculae emit
excess radiation. Overall, the effect is that more radiation is emitted at
a solar maximum.
The energy we receive from the sun is one of the most important factors
for life and the climate on earth. However, the observed changes in the
total solar irradiance during the last solar cycles are so small that they
are not expected to have any significant influence on our climate. Long
term variation of the solar irradiance could on the other hand play an
important role in climate evolution.
The data used here are daily averages of the solar irradiance measured
by a variety of spacecrafts. To be more precise, it is the version
d25_07_0310a of a datapack obtained from PMOD/WRC, Davos,
Switzerland and uses unpublished data from the VIRGO Experiment
on the cooperative ESA/NASA Mission SoHO. For more details see:
C.Fröhlich and J. Lean, 1998, "The Suns Total Irradiance: Cycles,
Trends and Related Climate Change Uncertainties since 1978",
Geophys.Res.Let., 25, pp. 4377-4380, 1998.

Visualization:
The size of the inner circle as well as the colour correspond to the
Irradiance and are smoothly changed from one measurement to the
next. Interpolated values can be identified by the thin line surrounding
the inner circle. The colour of the outer circle jumps from one
measurement to the next.

Sonification:
The value of the Irradiance measurement changes the sound of a cello
and a violin, the higher the value of the Irradiance, the more the original
sound of the strings are altered.
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The Solar Wind consists of particles from the Sun travelling through
the solar system. The particles originate in the solar atmosphere and
are accelerated to velocities of several hundred kilometers per second.
They maintain this velocity through the solar system while their density
gradually decreases the further they move away from the sun. The
solar wind is divided into two different forms: The fast and the slow
solar wind. The fast solar wind originates in so called coronal holes and
causes recurrent structures in the data with a frequency corresponding
to the 27 day rotation period of the sun. The solar wind causes a
magnetic field. Its orientation is measured relative to magnetic field of
the Earth and determines how much the Earth is affected by the solar
wind.
The data used in this project are speed and proton density of the solar
wind along with the magnitude and orientation of the magnetic field.
The data consist of daily averages of the solar wind parameters measured
by various spacecrafts near the earths orbit. The data were provided
by the National Space Science Data Center through the OMNIWeb
database.

Visualization:
The images depict the four measured values mentioned above. The
Orientation relative to the magnetic field of the earth is shown in the
angle of all vertical lines. The strength of the magnetic field corresponds
to their length. The width of the inner ribbon is the velocity of the protons
and the distances between the 10 lines describe the density of the
proton flow. The colours are changed to grey if the measurements had
to be interpolated. An interpolated angle is indicated by a point in the
centre.

Sonification:
The strength of the magnetic field controls a double bass that can be
heard from behind the projection of the solar wind. A cello is controlled
by the density of the proton flow. Its velocity is played by a violin. Both
cross the room in a quadrophonic setup. The sounds mentioned above
are modulated in pitch and volume. The sound of the violin is modified
by granular synthesis and is spatialized by the orientation of the magnetic
field measurement.
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The Solar Magnetic Mean Field (SMMF), mainly caused by the
sunspots, is measured on the entire solar surface. In its progression,
the 11 year solar cycle can be recognised. Since also other phenomena
contribute to its total value, the 27 day period of the solar rotation
becomes apparent. The SMMF changes according to the predominant
polarity of the magnetic field and can therefore become negative,
whereas the sun spot number always stays positive.
The data used here are daily averages from the Wilson Solar Observatory
and can be obtained from the following website
"http://quake.stanford.edu/~wso".

Visualization:
In the image, the Solar Magnetic Meanfield can be recognized as a
circle, changing its size according to the measured value and thus
defining a boarder between the ordered grid and the disarranged
structure. Additionally the 27 day average is shown as a second circle,
showing its value by a change of colour. Interpolated values are indicated
by a point in the centre of the image.

Sonification:
The value of the Solar Magnetic Meanfield changes the sound of a
double bass, which is played by the data of the solar wind. The principle
is similar to the sonification of the Irradiance; the higher the measured
value, the stronger the alteration.
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On the Images of "Sol"
Images have existed for about 15,000 years. In the beginning, they
served as symbolic depictions of much coveted and vital animal prey,
as we find them in the caves of Alta Mira. Only since the form of
representation using central perspective turned into the symbolic form
about 500 years ago, the use of images in the arts of depiction - part
of which are photography since the beginning of the 19th century and
film since the end of that century - obtained their specific, documentary
quality. Standing in this tradition, the depicted obtains a claim to reality,
even if it might not pertain to the physical possibilities of our world - as
carried to the extremes by the Surrealists, for example. As described
so far, an image is an object standing in the tradition of cultural history,
referring to the possibilities and impossibilities of its very existence and
relating the object to reality. Since the early 1960ies, images can be
produced by machines. The issue raised here is the relationship of the
depicted to reality.
The images produced by these calculating machines are indeed within
the described tradition, yet they show important new features and
characteristics. In what way do the new tools of the digital, electronic
world differ from the tools of the analogue, physical world? In his essay
A Short History of Photography, Walter Benjamin uses Camille Recht's
analogy of painting and a violin on the one hand and photography and
a piano on the other. He uses this metaphor to emphasize that the
painter respectively musician using these media or instruments has to
be fully aware of the totally open and free form on the one hand and
of the closed form with inherent principles on the other in order to be
able to use them artistically, playing with the borders of perception. If
we extend this analogy to the computer, we can describe it as an
instrument with certain limitations (pertaining to, for example, CPU
speed, screen resolution, and memory size). However, it is not determined
by inherent principles and with regard to software, provides the user
with nearly unlimited possibilities within the frame of his/her knowledge.
It is at this very point that we can now start talking about the images
we are confronted with in the project Sol. Which of the elements that
are used to generate these images in motion can be described at first
glance? "Color" and "form" are terms that stem from the tradition of still
images; "movement" and "rhythm", as terms for describing pictures,
rather pertain to the more recent tradition of moving images respectively
music.

We see four projection screens with four different combinations of form,
color, and rhythm. If we try to describe these to give persons not present
an idea of their appearance, we succeed only partially. As suggested
by the title, we can say that three of the projections are based on a
round form. Whereas the first projection, "Irradiance", consists of two
circles - the smaller of the two pulsating and embedded in a larger circle
-, the second projection is based on one circle acting within, and
interacting with its surrounding square: "Mean Solar Magnetic Field".
The action of the third projection entitled "Sunspots" consists of a circle
with horizontal lines which in turn is set out in color against the necessarily
rectangle form of the projection screen. Visible within this circle is a socalled butterfly diagram as described below. The fourth projection,
"Solar Wind", which differs from the others in its basic form, depicts a
horizontally blurring motion of vertical lines, wandering from left to right.
Each form has at least three color modes which were assigned by the
artists on the basis of aesthetic criteria. This is how far we succeed in
the description of these images in motion. But is what we actually see,
what we perceive? The titles of the projections refer to science, more
precisely, to the context of solar research. They describe four measurable
phenomena. The corresponding data gathered via satellite by different
research institutions between 1978 and 2000 serve as the artistic
material and starting point for the project "Sol". Also this material is part
of a certain tradition, since, inevitably, measurements are results
generated in the context of a particular theory, which in turn very often
constitutes the basis of a technical apparatus used for the respective
measuring. The technical apparatus accommodates diverse algorithms
and transformation processes. The reality measured is constantly being
processed while being observed and measured. The projection
"Sunspots", for example, shows how the specific data is necessarily
collected as a geometrically segmented form, thus leading to a visual
result, which, in turn, is correlated with the already known visual
appearances. The disk-like appearance of the sun was divided into 50
horizontal stripes equal in height, so-called "bins". The sunspots are
counted within these segments. By visualizing the measured values in
this way, the so - called butterfly diagram becomes visible. It is the
abstract image of the regularity observed within one solar cycle. The
sunspots, that merely occur at the two poles in the beginning, wander
towards the equator and increase in frequency over an 11-year cycle,
create a form reminiscent of the outline of a butterfly, if the color is
depicted accordingly. So the visual form transposed into an artistic
context closely follows its scientific origin. For the projection "Mean
Solar Magnetic Field", the artists developed a completely different form
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of dealing with the existing data. The battle of the central circle with its
surrounding rectangle visually questions the concept of field structuring
and the a priori of the construction of space. These questions are
fundamental, and are here - in spite of the data being sun-relatedvisualized as general issues.
The installation "Sol" introduces scientific data and its already partially
pre-formed visualizations into the context of art, to be more precise,
electronic art, and processes it as material in this context. In contrary
to early computer graphics of the 1960ies, the result is not solely based
on the elements 'instrument' (calculating apparatus) and their 'rules'
(program) and therefore, as for example the well-known Mandelbrot
Set, a mere statistic visualization of complex mathematical formulas;
"Sol" however, takes this further, since the decisions to aesthetically
process a segment of four parallel sets of measurements and to represent abstract numerical series as an installation, entails, that this
installation is permanently in motion - just as the observed natural
phenomena, the sun, changes at any given point of time.
The 'liveliness' and the apparently irregular pattern contain and claim
reality at the same time. With "Sol", the solar processes that are invisible
to our senses are transformed aesthetically. All of the four visual fields
convey data simultaneously and in real time. We are thus faced with
the task to perceive these separate channels, as well as the acoustic
impressions as one phenomenon. Here one might raise the question
on how this makes sense to us, to what extent this is art. Yet, one could
refer to an example, such as - to choose a static one - the facade of a
Gothic cathedral and its harmonic numeric relations. We can only guess,
to what extent the mathematic relations impressed people in the 13th
century. By being given the opportunity to visually and aurally experience
the aesthetically mediated data of two 11-year solar cycles, which
otherwise cannot be perceived sensually by looking at the sun, we are
able to understand nature's complexity maybe for the first time.

to our projective visual sense, the acoustic part is presented, right from
the very beginning, as a composition of the four series of measurements.
Therefore, the relation of the acoustic and visual impressions is, in a
sense, as complex as the interrelation of the four fields of moving
imagery. It is about the continually changing proportions in each image,
as well as about the proportions of the four fields. Further it is about
the simultaneous perception of aurally perceivable proportions of numeric
ratios all synchronized with the images.
In spite of the many transformation that occurred from the moment of
measuring to the moment of presentation, "Sol" mediates the liveliness
of the sun. It evokes the impression of actually seeing the sun and not
artifacts of a technical apparatus. And this should, for this time, answer
the initially posed question regarding the relation between the depicted
and reality.
Susanne Ackers

The visualization of impressions gained from reality (may they be
obtained by means of mere observation in the Stone Age or by 20th
century, high-tech measuring instruments) does not obtain the status
of an image in a cultural sense as a mere depiction. It rather shows the
limits of the beholders' perception in a new way. The visual impression
of these extremely complex units of moving imagery is not only based
on the perception of each individual unit, but moreover on the connections
made between them.
Whereas the four channels of moving imagery are presented individually
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Musical transformation processes in virtual space or
"What can we hear in SOL?"
In 1798, Joseph Haydn decides to work on an oratorium about the
genesis. His problem is the beginning. How should he, with the means
of contemporary music, describe what is put into form only later through
the process of creation and only then exhibits structures that can be
reflected by a composition? After many attempts, Haydn takes a
revolutionary way for his time: he starts with a description of the chaos
itself, which programmatically becomes the title of the first movement:
The idea of the chaos". Apart from the idea of the Programmmusik",
that was invented hundred years later, we find here an almost forgotten
ancestor of the experiments of contemporary music dealing with order
and disorder, a specific concern for the electronic and computer music
that most often has no interpreter while performed. Since the 50ies,
structures from nature through to chaos as more or less controlled
chance, serve as raw material for the appearance, and are the staged
equivalent for human creativity. These materials were used as an
aesthetic appropriation of nature and served as source and starting
point for computer-aided compositions. Furthermore, Haydns example
demonstrates, how strongly our sensual experience and aesthetic
categories are rooted in concepts of history, society, and community.
Just as Haydns musical chaos, which we hardly comprehend today,
appears calm and domesticated, so is the debate about technical
mapping processes, although mostly discussed in technical terms,
strongly influenced in a historical an cultural way and this not only in
the musically aesthetic field. Haydns attempt to compose the genesis
out of a religious understanding of nature leads directly to the similarly
abstract questions we face in the project SOL, that is situated between
science and art and that expounds the issue of artistic appropriation
in a modern way. In SOL, we see a translation of complex scientific
data of the sun transformed into image and sound. The immediate
insight conveyed by the installation - "this is how measured data from
the sun sound like - provokes the question about the underlying
translation processes and the thus established relation between scientific
data mining with its exploration of sound and image, and the sensual
musical  aesthetic listening experience of structurally and in terms of
sound exciting music. The established methods in this field are numerous
and questionable. They contain examples such as plotting the data
followed by a sonification of the plotting noise or complicated
mathematical mapping methods. In all these methods, data are used
as an abstract reservoir of symbols and are mechanically related to

parameters such as instruments, pitch, and volume. The fascination of
these ideas dates back to the beginning of algorithmic composition after
World War II. These concepts of objective aesthetics appeared in the
Renaissance for the first time, and even more so in the context of
Romanticism, when the ultimate goal of human deeds and also of art
was to imitate nature. In this process of transformation, non-mechanic,
semantic translation processes between different systems, in this case
art and science, go back to a new third system they both have in
common: the computer as a universal Turing Machine, as a prototypic
medium for simulation in art and science, that is able to erase every
aspect of history and emotion and which thus provides data as abstract
information for free use and aesthetic reinterpretation. Just as the term
"the digital", "information" is an abstract description for a medium, the
form of which can appear as sound as well as images. And this is why
there is no actual digital music, nor a digital image. After a transition
from the digital to the analogue, we perceive sounds that display digitally
existing data. The problem with the description of such events is, that
we cannot observe the displaying medium and thus not the digital itself;
the transformation process remains hidden for us. Media, also the digital
ones, can only be observed by the forms they allow or exclude. At the
beginning of the digital age, they showed what wasn't possible yet:
images revealed their pixel-structure, music was noisy and sounded
techno like, scenes were plunged into pale moonlight, movies were
flickering, the Net kept us waiting. This forced us to create styles that
played with this form of the medium. In the process of perfection of
media, their peculiarities gradually disappear, they become invisible,
loose their form, disappear slowly below the perceivable threshold just
as behind their next media generation. Once the medium has completely
disappeared below the threshold of our attention economy, we can still
observe the form of the medium, in which the results of our manipulation
beyond the A/D converter appear, which can be music for instance. But
because of the indifference of information and form we can no longer
distinguish, if the sensual event that we hear or see is the result of a
calculation of the computer, the information of a digitalized image or
text, or if they are finally complex measured data of a scientific observation
of the sun. As pieces of information, the resulting sounding data obey
a logic, that has to be realized using a finite reservoir of discrete signs
in addition to their rules of connections and operationalized methods,
guaranteeing their redundant exchangeability.
We obtain this for the price of loosing historic-aesthetic connotations
as well as all artifacts below the digital raster.
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Its is this pragmatic oblivion that offers us a new chance of a productive
and artistic re-appropriation that is innocent in its compositional approach
and that, just like Haydn did, puts the focus on information and
investigates it, looking for perceivable structural artifacts and patterns
of complexity. This is the structural part of what we hear in the installation.
Even the acoustic part may be extracted in the same process:
By the prohibition of the discourse of digital oblivion beyond what is
real between two samples, it is possible to have operational access to
the material itself and to thus enable universal manipulability. With
regard to music, this means that the available data as information can
be directly transformed into sound. According to Turing, the basic
principle of a universal machine, a number cruncher, is a programcontrolled simulation that contains methods for sound synthesis. Referring
to the processes of transformation, virtual soundscapes of the medial
forms of the digital are the issue. In the installation SOL, such a virtual
soundscape, can be experienced, as an aesthetically transformed and
musically reinterpreted sound installation, composed and transformed
by Frank Halbig from measured sun data provided by the national
Geophysical Data Center.
As guideline for what we hear in the installation, we may take the idea
formulated by Halbig, to take up the originally four-dimensional data
and to musically reestablish the sound artifacts analogue to the four
visual projections.
The perceivable and musically attributable levels follow the ideas of
the content of the measured data, which are the Irradiance of the sun,
various measurements relating to the Solar Wind, the distribution of
Sunspots, and the Solar Magnetic Mean Field. By this duplication of
the referential systems as a scientific starting point and as an aesthetic
concept of transformation we find a dense and interesting sound
installation. The abstract results of the sun's activity are not represented
linearly, but play with our ability to perceive and understand highly
complex facts when presented in a sensual and aesthetical way. For
this purpose music contributes as a genuine time-based medium.
Therefore the attributable sound levels exhibit a musical interpretation
of the research ideas, as they are most clearly presented by the sound
of a piano. Here we find the idea of digital simulation of a classical
instrument most significantly correlated with the musical interpreted
research result. It is the number of sunspots, which is the only solar
phenomenon that can be directly observed by using an appropriate

instrument, which produces a stochastically regular pattern within 11
years. More abstract sounds that point to the electro acoustic field lead
to similar questions, which in a broader sense, correlate with the other
three dimensions of sound. The choice of the sound, digitally at hand
an in this way manipulated, adds to that direction. Like the rest of the
sounds, even the imitated piano is abstractly digitally produced,
successfully simulating its instrumental origin. The other more abstract
and mathematically complex combined results are presented by electronic
sounds that do not follow a simulation paradigm. As basic material they
use strings, cello, or double bass, but are distorted in several dimensions
presenting an abstraction far from its origin. Yet they stay structurally
dense and from the sound impression, stylistically point towards minimal
techno. Its spatialization, according to the reinterpretation of the
dimensionality of the basic research results, make the sound similarly
"crispy" and brittle, whilst moving in space and time like the underlying
data. The musically convincing result of these intertwined processes
shows the necessity of the conscious compositorial manipulation,
especially regarding to the micro cosmos of sound design.
The 20th century was full of debate about form and structure in music
as the ending point of a long history of increasing control over the
material, at the end of which we find a redundant dimension of serial
techniques and the ending of bourgeois representational music. Techno
and allied styles finally break the inflexible form and musical structures
of Rock and Pop. A continuous beat replaces their structural elements,
on top of which freedom in sound and structure dominate.
Compositional awareness can unfold on this basis in all dimensions:
sound, structure, form, etc. without necessarily having to refer to a
classical background, but in direct contact with experimental club culture,
as well as with the new media of production, reception, and distribution.
Florian Grond, Frank Halbig, Jesper Munk Jensen, and Thorbjorn
Lausten are searching in this historical situation for a different sustainable
basis for aesthetic experiments and find it in the sciences, which, similar
to the digitally produced music, produce contingent data streams of
natural phenomena and provide material for artists to find their own
appropriation and medial presentation.
We therefore see no victory over the sun, as postulated in the title of
a famous Supremacist book about techno, but an encouraged work,
which focuses on the discussion about the relationship between art
and the world in difficult times.
Michael Harenberg
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