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ABSTRACTS
The author presents his concept of the Fractal Reactor, which explores the possibility of building
a plasma fusion power reactor based on the real geometry of nature [fractals], rather than the
virtual geometry that Euclid postulated around 330 BC(1); nearly every architect of our plasma
fusion devices has been influenced by his three-dimensional geometry. The idealized points,
lines, planes, and spheres of this classical geometry continue to be used to represent the natural
world and to describe the properties of all geometrical objects, even though they neither
accurately nor fully convey nature's structures and processes. (2)

The Fractal Reactor concept contrasts the current containment mechanisms of both
magnetic and inertial containment systems for confining and heating plasmas. All of these
systems are based on Euclidean geometry and use geometrical designs that, ultimately, are
inconsistent with the Non-Euclidean geometry and irregular, fractal forms of nature ( j ). The
author explores his premise that a controlled, thermonuclear fusion energy system might be more
effective if it more closely embodies the physics of a star.

This exploratory concept delves into Siler's hypothesis that nature's star "fractal reactors" are
composed of fractal forms and dimensions that are statistically self-similar, ( 4 ) as shown in
Figures 1 & 2. In effect, their form determines their function.

Exact Self-Similarity
(Fractal dimensions)

Statistical Self-Similarity
(Fractal dimensions)

Surface of the Sun
(Fractal dimensions)

Figure 1, Comparison of different kinds of natural fractal images. Photos from Richard P. Taylor article, "Order in
Pollock's Chaos," in Scientific American, December 2002; p.l 18.); "A Brief History of Chaos." DOT photo of the
Sun's active region AR10786; the field measures 182 x 133 arcsec. (The inserted photo of Earth shows the scale).
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Figure 2. Chart comparing fractal and classical geometries. (Inspired by and based on Rhonda Roland
Shearer's article "From Flatland To Fractaland: New Geometries In Relationship To Artistic And Scientific
Revolutions," in Fractal Geometry and Analysis, The Mandelbrot Festschrift, C.J.G. Everts/-, H. 0. Peitgen
and R. F. Voss, eds., [World Scientific Publishers, July 1996]; 617-625; also "Real Or İdeal? DNA
Iconography In A New Fractal Era," Art Journal 55, no. 1, College Art Association [Spring 1996]: 67)

The Fractal Reactor concept uniquely combines both magnetic and quasi-inertial confinement
mechanisms (see Figures 3-5). The fractal magnets are designed to approximate the gravitational
forces in a star that contribute to the compressional heating of plasmas in conjunction with the
common dynamo phenomenon; this event commonly occurs when the self-organizing,
superheated plasmas generate their own intense magnetic fields, which, in turn, sustain their
high-temperatures and density. Siler's concept aims at reverse engineering and re-creating the
power of the Sun on a relativistic scale, first considering the possibilities of applying fractal
geometry to help improve the effectiveness of the containment systems and vessels of fusion
machines. This alternative approach to controlling the forces that govern plasmas aims at working
with nature and not against it. Instead of using excessive brute force to jam a square peg (i.e.,
Euclidean geometry) into a round hole (i.e., fractal geometry), the ideas adventured here envision
a way that fusion engineers could exert intense forces on the plasmas that approximate the
gravitational forces in a star and that initiate the essential dynamo phenomenon.'-3'1 Grasping the
physics of this basic phenomenon, which has been observed in the Spheromak(6) and Spherical
Torus(7), may provide key insights into heating plasmas using a combination of confinement
mechanisms.(8) In examining the dynamo phenomenon, Dr. David Hill, one of the leaders of the
Sustained Spheromak Physics Experiment (SSPX) at Lawrence Livermore commented: "...the
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main magnetic fields are generated by the plasma itself. It's a physical state the plasma wants to
make naturally.. .The necessary strong magnetic fields are generated inside the plasma [by the
magnetic dynamo]. In this regime, the plasma-fast-moving, super hot ions and electrons-produces
its own confining magnetic fields. The magnetic fields pass through the flowing plasma and
generate more plasma current, which in turn reinforces the magnetic fields...The dynamo drives
the configuration [of fields and currents] towards a stable, minimum-energy state."(9)

Forts for Neutral Beam Injection

Sphı

Biological Shield
(protection from plasma leaks)

Figure 3. A cut-away view of the roughly spherical-shaped Fractal Reactor. Note that the
spicule-like ports for the neutral beam injection may be significantly fewer in number and
more loosely organized than shown here. Also, these elements might be incorporated in the
Ohmic heating primary windings and electromagnets. This drawing shows the general shapes
of the integrated, magnetic and quasi-inertial confinement systems for this alternative,
Controlled nuclear fusion device. (Drawing by Todd Siler.)
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Figure 4. 3D visualization of the Fractal Reactor concept. This cut-away view shows the interconnected, irregular-
shaped fractal-like, super-conducting magnets that continually move and oscillate, creating roughly spherical wave-
like [minima/maxima] magnetic fields. The plasma is wide ranging in terms of its density, temperature, time/duration
and confinement. (Model fabricated by Roger Leitner, based on Siler's sculptural sketches.)

Note: the superconducting magnets move at different rates, generating variances in the movement of magnetic
currents of plasma, and initiating the dynamo phenomenon. One alternative design for the fractal magnets is the
Nobel-Prize winning "BuckyBall," or Icosahedral Fullerene C54O - only fracta/ized. The magnets could be carefully
controlled, increasing and decreasing the pressures and temperatures of plasma within the core of the Fractal Reactor
- thus controlling the degrees of compacting the hydrogen isotopes deuterium and tritium. Note that this device would
not be limited to the D-T fuel reactions exclusively.
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Neutral Beam Injection Lithium
Plasma Fractal

Figures Sa&b. Top: image attempts to show the motions of the superconducting magnets in the Fractal
Reactor and the roughly spherical fractal magnetic fields they generate. The 3D computer-visualization was
created the Anark Corporation, a media production company. Bottom: This interpretive drawing shows the
interactions of these magnets with the piasmas they generate. It also presents a possible P ro to type o f

the Fractal Reactor magnetic confinement system. This image of a Sunflower
structure could serve as the general design for the fractal superconducting
magnets Note the self-similarity of the elements. (Drawing inspired by and based
on Jay Kappraff, Connections: The Geometric Bridge Between Art and Science.
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The Fractal Reactor concept uses the physics of the Sun as its principal model and prime source
of design principles. It creatively explores ways we can learn about how our current magnetic
confinement and inertial fusion devices are analogous to the systems operating within a star. In
doing so, this creative inquiry challenges the fusion industry to consider more realistic and
naturalistic ways of representing the designs and dynamics of controlled fusion energy systems.
Siler wonders whether this fundamental issue concerning our classical geometrical designs for
the containment vessels and confinement mechanisms may be hindering rather than helping our
success in sustaining and harvesting hot plasmas for energy purposes. Perhaps, by experimenting
with fractals in nuclear fusion technology, we may be better equipped to generate and manage
high performance plasmas. He uses the Fractal Reactor concept as a catalyst for discussing the
possibility of redesigning the vessel geometry of a plasma fusion device, in an effort to make it
more effective and efficient system. This presentation will be accompanied by an interactive, 3D
visualization that broadly shows how the principles of statistical self-similarity and scaling
invariance, which are central to fractal geometry, may be applied to plasma physics. This
computer-animation also helps differentiate the Fractal Reactor concept from the Spheromak,
Spherical Torus, Field-Reversed Pinch, along with various Inertial Laser Fusion devices that
relate to aspects of this concept and approach. The visual suppositions and premises posed by the
Fractal Reactor concept aim to spark innovative thinking on how we can consistently generate,
control, and sustain thermonuclear teactions in a way that more accurately replicates nature's
way—including the way it manages unstable, self-organizing plasmas with radical temperature
gradients. To this end, the author advocates applying common sense, observational science, and
reverses engineering, <-I0) in re-creating the dynamics of a star. In attempting to move beyond his
symbolic Artist Concepts, physical analogies and visual suppositions, Siler has begun the process
of composing a compv.cational model. When completed, this mathematical model will
demonstrate how the irregular-shaped, fractal, superconducting magnets and quasi-inertial
confinement mechanisms in his new system will work in real-life. The author provides an
overview of his work to date, and his plans for advancing the development of this work by
collaborating with plasma physicists and fusion specialists who can create the mathematical
models. Using various mathematical tools, including nonlinear partial differential equations, the
models will demonstrate and describe:

(1) The actual movement and behavior of the roughly spherical, fractal superconducting
magnets and the complex magnetic fields they generate;

(2) The nuclear physics of the self-organizing plasmas that are generated and confined in this
new fusion system; and

(3) The motion of the fractal magnets in the Fractal Reactor and their interactions with the
high-temperature plasmas they generate.

These computational models step us towards creating a proof of principle Fractal Reactor device,
revealing the dynamics of this new system. Furthermore, they can help the fusion community
gain a deeper understanding of the behavior of self-organizing plasmas, such as those observed in
the magnetic dynamo phenomenon. To this end, the models can contribute to constructing—and
eventually conducting—the empirical studies that can lead to some breakthroughs with tangible,
practical applications for the nuclear fusion energy industry. The author has been advised by a
number of outstanding plasma physicists who sense that it may be necessary to "create some new
kinds of mathematics that can marry hydrodynamic and Maxwell's equations in accommodating
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the Fractal geometry and fractal boundary conditions" that are core to the Fractal Reactor
concept/11-1

The purpose of this presentation at ICENES is to respectfully question the path plasma fusion
community has taken over the past fifty years, and to try to engage the adventurous mathematical
physicists and fusion specialists attending the conference to be open to this concept and its
implications. More importantly, I'm hoping that the concept is intriguing enough to attract the
attention of innovators who might consider collaborating on composing a mathematical model
that meets the bold challenges posed by realizing this technological innovation. In reviewing the
Fractal Reactor concept, Fred Alan Wolf, (Ph.D., Theoretical Physics and Plasma Physics from
UCLA, 1963), author of the American Book Award for Science Taking the Quantum Leap
(1982), has written: "In the design of today's fusion devices it's the function that determines the
form. By that I mean that plasma physicists know how to solve the usual Euclidian geometric (in
my day Vlasov-Maxwell) equations of plasma physics and magneto hydrodynamics and so tend
to design machines that their equations can describe. Hence they can solve the theoretical
problem, because their minds have been formed to follow the functions of classical science and
math. Unfortunately, nature doesn't work that way. It seems we have turned the problem upside
down—it should be form determining function as the Fractal Reactor concept indicates. In other
words we can see what Nature designs so why not follow her?" (-12)
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