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Todd Siler

FRACTAL REACTOR

AN ALTERNATIVE NUCLEAR FUSION  SYSTEM                  
BASED  ON  NATURE’S  GEOMETRY



OVERVIEW

“Nature invents. Humanatureinnovates.” Todd Siler

1. What is nature doing to produce and sustain plasma fusion 
reactions that our experimental reactors are not doing with any 
consistency? How is nature doing it better? How can we replicate
it better? 

2. In recent years, the more “naturalistic” geometry of nature has 
come to be described in terms of fractal forms and dimensions, 
which are statistically self-similar.

3.   How can we do a better job of reverse engineering the physics of 
stars, which appear to be nature’s “fractal reactors,” applying 
our insights to improve the effectiveness of nuclear fusion 
systems? 



4.   How are the current plasma fusion systems—such as Open and 
Closed Magnetic Confinement systems, Reversed-Field Pinch 
systems, and Inertial Fusion devices—analogous to the systems 
operating within a star? 

5. What can we learn by analogy to improve the effectiveness of these 
plasma fusion innovations? One engineering feat of the Fractal 
Reactor aims at incorporating insights from the scientific study of 
stellar systems and building onthem.



Instead of “putting a square peg (Euclidean geometry) into a round 
hole (fractal geometry),” perhaps there is a more viable way of 
working with nature and not against it –in controlling the forces 
that squeeze, shape, and implode plasmas.

PREMISE

The Fractal Reactor has an irregular-shaped, roughly spherical vessel 
geometry, which immediately differentiates it from the Euclidean
vessel geometry of every other existing plasma fusion device. 

These devices confine and heat plasmas using geometrical designs
that may be inconsistent and incompatible with the Non-Euclidean 
geometry and irregular, fractal dimensions of nature.
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(Roughly spherical Maple Tree seed.)(Perfect Euclidean sphere)
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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.118.); DOT photo of the Sun’s 
active region AR10786; the field measures 182 x 133arcsec.   

Exact Self-Similarity
(Fractal dimensions)

Statistical Self-Similarity
(Fractal dimensions)

Surface of the Sun
(Fractal dimensions)
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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. Evertsz, H. O.
Peitgen and R. F. Voss, eds., [World Scientific Publishers, July 1996]; 617-625)
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A cut-away view of the roughly spherical-shaped Fractal Reactor. This drawing shows the general 
shapes of the integrated, magnetic and quasi-inertial confinement mechanisms for this alternative nuclear 
fusion energy system.
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Flexible, moveable, fractal magnets and quasi-inertial 
confinement mechanisms (wireless technology)

Plasmas

Bursts of charged particles 
issuing from Neutral Beam 
Injector Ports

Lithium blanket, or “gas blanket” 
(inside the Fractal Reactor’s vessel )

Biological shield



Fractal magnets

Neutral Beam Injection Ports Lithium Blanket
Plasmas 
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This visual supposition relates the known dynamics of a star to the unknown dynamics of high-temperature 
plasmas we aim to generate in the Fractal Reactor.The superconducting magnets act like the gravitational forces 
in a star to compressionally heat and contain the plasmas. (Diagram of “Structure of the Sun” from Michael Zeilik
and Elske van Panhuys Smith, Introductory Astronomy and Astrophysics, 1987.) 
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SOURCE: Massachusetts Institute of Technology, Physics Department, Earth, Atmospheric, and Planetary 
Sciences Department; Astronomy 8.282J-12.402J  “Computational Problem Set 2 Polytropic Models for Stars”



The "D-T" reaction has the highest reaction rate at the plasma temperatures which are currently 
achievable; it also has a very high energy release. These properties make it the easiest reaction 
to use in a man-made fusion reactor. As the figure shows, the products of this reaction include 
an alpha particle (Helium-4 nucleus) with 3.5 MeV energy, and a neutron with 14.1 MeV
energy. The neutron escapes from the plasma (it has no charge and is not confined) and can be 
trapped in a surrounding "blanket" structure, where the n + Li-6 => He-4 + T reaction can be 
used to "convert" the neutrons back into tritium fuel. -- Hannah Cohen.

Notes:

•1 eV = 1.6022E-19 joules; 

•Average particle thermal kinetic energy is 1eV per 11,600 K. SOURCE: http:// FusEdWeb.llnl .gov/CPEP/

The Fractal Reactor will make use of the D-T fuel, while exploring other combinations of reactants.

For first generation fusion reactors

D + T => He-4 + n



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

(2) The 3D plasma simulation codes for showing the nuclear physics of the self-
organizing plasmas that are generated and confined in this new fusion system;  

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

(4) The chain of mechanisms involved in transferring and transforming the 
neutrons captured in the lithium gas blanket into useful energy, which turns the 
turbines that ultimately result in gigawatts of electricity (109 GW)

Objectives: Collaborate with plasma physicists and mathematical 
physicists who can create the necessary computational models that 
are both descriptive and predictive. Using various mathematical 
tools, including nonlinear partial differential equations (for the 
fractal magnets) and Maxwell–Boltzmann probability distribution 
equations (for the plasmas), the models will demonstrate: 
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Todd Siler, Fractal Reactor: Re-Creating the Sun, Ronald Feldman Fine Arts, New York City, 2006



Todd Siler, Fractal Reactor: Re-Creating the Sun(Details)  



Imagine: Reverse-engineering the Sun and re-creating its powers on some relativistic scale.
How would the details of the Sun’s fractal geometry and physics relate to this plasma fusion system.
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Detail of wired or wireless fractal-shaped, superconducting magnets. Interconnected, 
disc-shaped conductors made from filaments composed of a niobium-titanium alloy woven into a 
copper matrix.
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Fractal-shaped magnets

Neutral Beam Injection Ports

Lithium Blanket

Plasmas 
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Todd Siler, “Designs for the Fractal-shaped Magnets,” in Fractal Reactor: Re-Creating the Sun(Details)  



Todd Siler, “Mapping the Magnetic Domains of the Fractal Reactor,”  2006  (Detail)



Todd Siler, “Mapping the Magnetic Domains of the Fractal Reactor,”  2006 (Detail)



Describe these m agnetic fields

H igh-Temperature Plasm as

Possible Template for Fractal 
Superconducting M agnets

I nj ect ing Neutr al Beams



“In mathematics, the catenaryis the shape of a hanging flexible chain or cable when supported at its ends 
and acted upon by a uniform gravitational force (its own weight).The chain is steepest near the points of 
suspension because this part of the chain has the most weight pulling down on it. Toward the bottom, the slope of 
the chain decreases because the chain is supporting less weight.”(SOURCE: http://en.wikipedia.org/wiki/Catenary)
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Think beyond our metaphors and models of physical reality: These ever-changing catenaries could represent 
the changing shapes of the magnetic field lines in the Fractal Reactor.   

where To is the horizontal component of the tension (a constant) and P is the weight 
per length unit.”

(SOURCE: Wikipedia http://en.wikipedia.org/wiki/Catenary)

Catenaries for different values of the parameter.

in which:
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Todd Siler “Visual Supposition: Reality Is A Mixed Metaphor,” (Drawing #1) 2006 



Todd Siler, “Visualizing the Changing Waves (Maxima/Minima Patterns) of the Plasma within the Fractal Reactor,” 2000 
(Model fabricated by Charles Benson)
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CORE DESIGN & ENGINEERING TEAM

Magnet Design & 

Magnetic Field Specialist Plasma Fusion Physicist    

Fractal Geometry Specialist                                 

Mathematical Physicist 
Magnetohydrodynamics Specialist                 

Supercomputer Engineers                                         

Materials Scientist (Metallurgist)

“Generalist”

(Visual artist with a background in Nuclear Fusion Sciences & Technology)

Todd Siler, Ph.D.   “Fractal Reactor: An Alternative Nuclear Fusion System Based on Nature’s Geometry,”  ICENES 2007



SUMMARY

1. This alternative plasma fusion system aims to be as “true to nature” as possible. A 
“realistic” computational model should show the external-internal consistencybetween 
the fractal-like confinement mechanisms and the fractal shapes and forms of plasmas. 

2. Continue exploring the hypothesis: Nature’s star reactors are fractal-like “hybrid”
systems, combining both magnetic and quasi-inertial confinement mechanisms. In 
sum: Reality is a “mixed metaphor” with its complex mixtures of physical systems. 

3. Statistical self-similar fractals reveal the “reality of nature,” and patterns of plasmas. 
We should try to mirror these complex patterns rather than minimize their complexity, 
as we attempt to understand the layers of hidden order in the plasmas. 

4. The interactive 3D computer-animation suggests how the design and functionality of 
the Fractal Reactor device could resemble nature's fractal reactors. The general idea 
adventured here is to reverse-engineer the dynamics of the Sun, showing how the 
plasmas generated in the FR device could closely reflect the Sun’s fractal-like interior 
and “magnetic dynamo” phenomenon. This phenomenon has been observed when 
super hot ions and electrons produce their own confining magnetic fields in the 
plasmas. 
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Developing the Fractal Reactor concept involves moving from     
(a) intuition and art to (b) applied science and mathematics to   
(c) reverse engineering the physical dynamics of a star, using  
everything from visual suppositions to computational models—
and then, experimentally testing these models.

(b)(a) (c)

Challenges
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Tasks:

Take the hypothesis-proof approach to scientific 
understanding. Test the hypotheses underlying the Fractal 
Reactor concept, which is a theoretical construction. 

Create computational models as part of this test.

Todd Siler, Ph.D.   Fractal Reactor: An Alternative Method & Apparatus for Plasma Fusion

Goal: The Fractal Reactor device aims at generating and 
controlling high-temperature plasmas (ranging anywhere 
from 300 to 500 MK) and producing power for 
approximately 0.3 cents/KWh.



“Theories or hypotheses can never be actually 
proven universally true, since contrary future events 
might always invalidate them. Hypotheses, 
however, can be proven incorrect by observations 
that fail to fit their predictions. [Karl Popper and 
other historians] argue that scientific knowledge 
advances only by rejecting previously tenable 
propositions about the real world.”

- James Brian Quinn, author of Innovation Explosion
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Founder & Director of Innovation
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Denver, Colorado 80237 USA
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