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Abstract
The importance of developing new technologies to obtain energy by means of nuclear fusion procedures is beyond question. There are several different and technically possible models for doing
this, though to date none of these has been able to attain an industrial reactor with an end performance greater than unity. We still find ourselves at the initial phase, after many years, as a result of having failed as yet to come up with a commercially productive machine. Nuclear fusion research has defined a prototype reactor based on a fluid conductor, isolated materially in a physical
container and confined by means of magnetic fields. In this fluid-plasma which interacts with
magnetic fields, fusion reactions are caused that release energy, while at the same time a quantity
of movement and angular momentum is moved or “rotated” and transported. However, turbulence
is caused in these magnetic confinement fusion processes that reduces system efficiency and prevents the obtaining of sufficient net energy from the nuclear reactions. This paper aims to propose
new dynamic hypotheses to enhance our understanding of the behaviour of the plasma in the
reactor. In doing so, we put forward a profound revision of classical dynamics. After over thirty
years studying rotational dynamics, we propose a new theory of dynamic interactions to better
interpret nature in rotation. This new theory has been tested experimentally returning positive
results, even by third parties. We suggest that these new dynamic hypotheses, which we hold applicable to particle systems accelerated by rotation, be used in the interpretation and design of fusion reactors. We believe that this proposal could, in addition to magnetic confinement, achieve
confinement by simultaneous and compatible dynamic interaction. Accordingly, we are of the opinion that it would be possible to get better performance and results in the design of fusion reactors by way of simultaneous magnetic and dynamic interaction confinement.
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1. Introduction
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cedures. There are several different, technically possible models for doing this, all of which are based on the simulation of fusion processes that we assume and occur in our universe, though to date none of these has been
able to attain an industrial reactor with an end performance greater than unity.
It was recently published [1] that scientists from the Lawrence Livermore National Laboratory (LLNL) in the
USA have carried out a series of experiments on the thermonuclear ignition of the reactor at the National Ignition Facility (NIF), which have confirmed an improvement in fusion reaction performance, releasing more
energy than that absorbed by the fuel used in the process.
For any fusion reaction to occur between two atomic nuclei, these have to overcome the Coulomb repulsion
force. This force refers to the inverse-square law between charges. An example of the Sun itself has been taken
to achieve the desired result, by way of an attempt to simulate in a reactor the conditions that hold with respect
to the Sun. Notwithstanding, the nuclear process that the design of these experimental nuclear fusion reactors is
trying to achieve is different to that of the solar one. The aim is to get Helium, a neutron and fusion energy from
Deuterium and Tritium in accordance with the following formula:
H2(D)+ H3 (T) → He4 + n + 18 MeV
Plasma confinement is the most difficult obstacle to solve in thermonuclear fusion reactions with the current
technological prototypes. Plasma [2] is an aggregate state of matter in which thermal agitation is capable of
overcoming the electrical attraction electrons feel for atom nuclei. The Sun’s content is one of the best examples
of plasma as it is capable of causing nuclear fusion reactions that produce energy output.
As a result of the extremely high temperatures at which nuclear fusion occurs, hydrogen or helium isotopes
that are used as fuel are not in a solid, or liquid or gaseous state, but rather in a “fourth state”, which has become
known as plasma. Plasma is, therefore, an ionised fluid in which reactions can take place that could not occur, or
would not be sufficiently effective, in solids, liquids or gases. Plasma as a reactive medium is the subject of numerous studies at both basic and applied levels. Most of the foundational articles on plasma physics first saw the
light of day in the middle and second half of the 20th century [3], however, since then, theory and laboratory
techniques have struck out into diverse branches.
Given that plasma, under its pressure and temperature conditions, can modify the structure of that which contains it, nuclear fusion reactor fuel “containers” cannot be exclusively physical, but rather require confinement
procedures to avoid the content damaging the container. Magnetic confinement, and more recently, inertial confinement, techniques have been used to deal with this problem. However, great quantities of energy are required
for these technological solutions to work. Indeed, to date, more energy has been required to ignite the reactor
than it is capable of producing, and thus the end balance is still negative, given that these nuclear fusion reactors
generate energy amounts below that which is required to start up and maintain the fusion process.
Consequently, the current goal is to achieve plasma ignition with a positive energy balance to enable its industrial use. This goal could be achieved, either by means of a new confinement procedure, based on other principles of physics, or by improving the performance of known procedures.
This paper proposes a revision of the grounds of classical dynamics that apply to these reactors, particularly
when using fluids accelerated by rotation. Indeed, new specific dynamic hypotheses are put forward.

2. Methods for Achieving Fusion
Confinement enables us to avail of matter at a very high temperature without the containing recipient losing any
of its initial structural characteristics or becoming contaminated. As indicated above, the two main technological
procedures to isolate the plasma within its container are magnetic and inertial confinement. Other confinement
systems have been proposed and studied, albeit without success.
Magnetic confinement consists of containing material in a state of plasma inside an enclosure inside which, in
turn, a magnetic field has been created, in accordance with a preconceived design, so that the positive and negative particles that go to make up the plasma do not enter into contact with the inner walls of the enclosure. This
procedure is based on the Lorentz force, which acts on any charged particle in motion in a magnetic field, by
virtue of which it experiences a force perpendicular to the magnetic field vector and the displacement vector.
Inertial confinement consists of achieving the conditions required to produce nuclear fusion by endowing the
fuel particles with an amount of movement such that with the colliding of these the Coulomb barrier is overcome, thus making it possible for the nuclear fusion reaction to occur.
Inertial confinement can be achieved by means of an electromagnetic system made up of laser rays focused on
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a target, or accelerated heavy ions focused on a small, spherical deuterium-tritium target. Indeed, even a direct
or indirect approach can be designed.
In the cosmos we have gravitational confinement [4], which occurs at the core of stars by means of fusion
reactions, owing to the powerful gravitational field. However, it is not technologically possible to imitate this
process on Earth.
To sum up, we can define the conditions required for controlled nuclear fusion in a reactor:
• Create a fuel and raise its temperature to values high enough to overcome Coulomb repulsion.
• Design a material and non-material container to confine plasma for long enough for the energy that is generated in the fusion to exceed the losses caused by radiation.
• Design a continuously and repeatedly operating reactor for commercial use at an acceptable maintenance
cost and that exercises a feasible environmental impact.
To date, work has been done on developing the prototype of a reactor in Europe based on a conductor fluid
interacting with magnetic fields, which is isolated materially in a physical container and confined therein by
means of magnetic fields. Fusion reactions are caused in this fluid-plasma that release energy, while at the same
time a quantity of movement and angular momentum is moved or “rotated” and transported.

3. Models of Experimental Reactors
The I. V. Kurchatov Institute of Atomic Energy of the ex-URSS Academy of Sciences developed the first Tokamak fusion reactor in the 1950s, designed by the Russian physicists Igor Tamm and Andrei Sakharov.
Other reactor models were built thereafter, such as the Joint European Torus (JET) (Figure 1) in England,
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Figure 1. Joint European torus (European fusion development agreement—EFDA).
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which is also a fusion reactor of the same type. Funded by the European Commission, it has been in operation
since 1983 and is the biggest magnetic confinement fusion reactor in the world today.
In 1991 it achieved a performance of 0.7, the coefficient between the system’s input energy and the energy
obtained from the reactor. Therefore, even though it is an efficient prototype that confirms the physics on which
it is based, as well as its technological possibilities, it is still not a commercially viable reactor.
This round furnace is capable of handling a fuel mixture of deuterium and tritium which is supposedly to be
used in future commercial fusion energy power plants and which is to be tested beforehand at the International
Thermonuclear Experimental Reactor (ITER). ITER is an international experiment designed to show the scientific and technological feasibility of a full-scale fusion power reactor.
ITER is also based on the Tokamak magnetic confinement concept, in which plasma is contained in a toroidal-shaped vacuum chamber. It is, therefore, a cylindrical, ring-shaped fusion reactor, which explains why those
of this type are also known as “torus” reactors. The fuel is heated to temperatures in excess of 150 million ˚C
thus forming hot plasma. The strong magnetic fields that are used to keep the plasma away from the walls are
created by superconducting coils that surround the container and by an electric current sent through the plasma.
The problem lies in the enormous difficulty of compressing the fuel uniformly. In stars, gravity compresses the
hydrogen into a perfect sphere thus the gas is heated uniformly and homogeneously. Such uniformity and homogeneity is very difficult to achieve under the reactor’s current technical conditions.

4. Plasma Dynamics
The dynamics of a conducting fluid that is interacting with intense magnetic fields created by sets of external
coils are complex. Consequently, a lot of research being done into nuclear fusion as an energy source focuses on
this issue.
Plasma movement is a complex variable in magnetic confinement that affects the capacity to confine it for
long enough to obtain net energy from the fusion reactions. Plasma must be kept in constant circular motion
within the reactor. Nevertheless, it is thought that each plasma particle following that circular path is at the same
time exercising an orbital movement, as is shown in Figure 2.
The velocity fields that affect each particle generate this complex path, though the behaviour of the plasma in
the reactor does not depend on dynamic laws alone, given that its very nature determines the influence of other
physical variables. As plasma is a charged particle fluid, electrodynamics also affects its behaviour.
We recommend Enrique Larrea’s treatise [6] for an analysis and study of the different theories and meanings
of the classical electromagnetic field from the perspective of the theoretical and philosophical models developed,
and of classical electrodynamics.
The electrical charges form stable links in matter in the form of atoms, molecules, crystalline networks, etc.
The electrodynamic nature of these links is expressed on an atomic scale, in such a way that the matter normally
manifests itself as neutral.
Nevertheless, if the temperature of the neutral matter is raised to values comparable to those of the link energies, these links break in such a way that their constituent parts, the electrons and the ions in the case of atoms,
are no longer linked to each other, but rather each charged particle moves independently in the electromagnetic
fields created by the particles themselves, or by input from without.
Plasmas formed by ionisation from initially neutral constituents tend to contain the same number of positive
and negative charges in terms of volume and have a strong tendency to remain quasi-neutral. Consequently,
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Figure 2. Exact and reduced single-particle orbits in a magnetic field. [5] [7].
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small deviations in neutrality give rise to intense electric fields that are rapidly compensated by the free charges
in the plasma.
Moreover, in the experiments carried out in magnetic confinement fusion reactors, turbulence has been seen
to be generated that reduces system efficiency and prevents the obtaining of sufficient net energy from the
process.

5. Gyrokinetic Theory
The study of magnetised plasma dynamics has come to form a new scientific discipline known as gyrokinetic
theory. This theory is based on Maxwell and Fokker-Planck system of equations, consequently the resulting distribution functions and fields are in constant development [7]. Nevertheless, the theory is evolving in parallel
with technological developments, while its analytical and computational resolution is proving to be extremely
complex [8]. The theory has been gradually developed from its beginnings, with the following representing a
historical summary of this evolution:
Brief History of Reduced Plasma Dynamics [9].
• Adiabatic motion of charged-particle motion
Alfven (1940)
Northrop & Teller (1960)
Kruskal (1962)
Northrop (1963)
Littlejohn (1979-1983)
Cary & Littlejohn (1983)
Review: Cary & Brizard (2009)
• Oscillation-center dynamics & Ponderomotive Hamiltonian
Dewar (1973-1978)
Cary & Kaufman (1977)
• Reduced fluid dynamics
Strauss (1976)
Hasegawa & Mima (1977)
Hazeltine (1983) + Morrison & Hazeltine (1983)
• Linear gyrokinetic theory
Taylor (1967)
Rutherford & Frieman (1968)
Catto (1978)
Catto, Tang & Baldwin (1981)
• Nonlinear gyrokinetic theory
Frieman & Chen (1982)
Dubin, Krommes, Oberman & Lee (1983)
Hahm, Lee & Brizard (1988)
Brizard (1989)
Hahm (1996)
Sugama (2000) & Brizard (2000)
Qin & Tang (2004)
Review: Brizard & Hahm (2007)
In a lot of cases, possible concomitance has been sought with astrophysical plasmas [10] which are supposedly to be found in the universe. The inspiration for such theories is to be found in the studies carried out by H.
Alfvén [11].
The rotational nature of astrophysical plasmas has been taken into account in its development [12], an issue
that is reiterated and studied in fusion reactor plasmas. Accordingly, the idea is to have a model constituted by a
continuous process, which is what is required for its industrial development. Current developments in our knowledge concerning the magnetic confinement of plasma for fusion defines a toroidal design of magnetic field force
lines, which in successive toroidal transits travel over a surface topologically equivalent, in geometrical terms, to
a torus, as is shown in Figure 3. Indeed, this is the basis of the JET Tokamak design and that of later reactors.

253

G. Barceló

Figure 3. Gyrokinetic particle simulation. Implementation of Mixed-Mode Parallelism©
Princeton plasma physics laboratory. http://w3.pppl.gov/theory/proj_gksim.html

Notwithstanding, it has been confirmed that circulation in the experimental reactors is more turbulent than
that which is supposed in stellar dynamic systems and, as we have pointed out above, this reduction of fluid uniformity can cause undesired losses in the system’s power of confinement, or even, the possible cavitation of the
physical container.
The speed of the plasma is an important physical field in the study of current laboratory systems, and particularly, in the improvement of its material isolation. The rotation profile can exercise considerable influence in the
confinement time of the magnetically confined fluid. Profiles with a sharp radial velocity variation can cause a
reduction of the turbulent transport and, therefore, could lead to improved confinement.
The study of plasma microturbulence caused by the electromagnetic interactions of its particles is one of the
current goals in an attempt to improve the performance of these reactors. Understanding this microturbulence in
plasma would enable its control and thus have a direct favourable impact on the building of more efficient fusion reactors.
Simulations conducted for numerous situations, and their comparison, as suggested in Figure 4, can be found
in the bibliography. It has been confirmed that the existing gyrokinetic models are sufficiently valid for shorter
times than the real time scales of the evolution of the reactor’s dynamic profiles, thus it is thought that the effect
of turbulence on the electric field and plasma velocity provide incorrect values for the electric field. Consequently more precise mathematical models are needed to represent the real behaviour of plasma at a longer time
scale, called the transport scale.
This was in fact just the approach taken by the Spanish aeronautical engineer and physicist, Félix Parra, in his
doctoral thesis written at the Massachusetts Institute of Technology (MIT) under the supervision of Dr. Peter J.
Catto. This thesis won him the 2011 prize awarded each year by the American Physical Society (APS): For demonstrating limitations in the gyrokinetic theory of the radial electric field for plasmas in an axisymmetric
magnetic field and formulating an alternative procedure—insights that have inspired research around the world
[13].
As we have already pointed out above, plasma rotation is another essential factor in this analysis of the turbulent transport of momentum in axisymmetric systems. In magnetic confinement fusion systems such as the
aforementioned ITER [14], the plasma circulates in the container at a constant movement, which we could define as rotation with respect to its walls. Notwithstanding, it has been shown [15] that the plasma in the reactor
can initiate spontaneous circular movement or rotation, without the need for any external dynamic momentum
input. The theoretical development of this behaviour is still under study [16]. According to Parra: The origin of
the intrinsic rotation is still unclear [17].
There has been some theoretical work in turbulent transport of momentum using gyrokinetic simulations
[18]-[23] and different mechanisms have been proposed as candidates to explain intrinsic rotation [24].
The presence of an external magnetic field introduces a source of plasma anisotropy. Variations or fluctuations in the thermodynamic fields are much greater perpendicularly to the field than parallel to it.
According to recent investigations by Dr. Parra: The ion toroidal rotation in a Tokamak consists of an E × B
flow due to the radial electric field and a diamagnetic flow due to the radial pressure gradient… the momentum
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Figure 4. Comparison of nonlinear mode structure: effects of zonal flows. GTC simulations, Gyrokinetic Toroidal Code
(GTC)© Princeton plasma physics laboratory. http://w3.pppl.gov/theory/bin/zonal-flow.jpg

pinch for the rotation generated by the radial pressure gradient is calculated and is compared with the Coriolis
pinch. This distinction is important for subsonic flows or the flow in the pedestal where the two types of flows
are similar in size and opposite in direction. At the edge, the different pinches due to the opposite rotations can
result in intrinsic momentum transport that gives significant rotation peaking [25].
In recent articles, Dr. Parra also puts forward intrinsic rotation evolution equations in conventional Tokamak
reactors [26] [27].

6. Theory of Dynamic Interactions
Against this background of study and constant advancement in unravelling the physical behaviour of Tokamaktype nuclear reactors, we suggest a revision of the dynamic criteria being applied, given that we believe there
may well be inappropriate interpretations in the principles of classical rotational dynamics at play.
We propose a dynamic model for confined plasma equivalent to the flight of the boomerang, which enables its
return to its point of departure and, therefore, a natural dynamic confinement. We advise the study of boomerang
dynamics, given that it would afford us a better understanding of the dynamics of confined plasma by dynamic
interaction, along with an improved reactor result.
Nevertheless, we believe that the boomerang is nothing more than an illustrative example of the true behaviour of nature when mass is subjected to simultaneous non-coaxial rotations. We hold that its theoretical dynamic principles can be applied in general to bodies or particles with mass, thus we suggest that the classical rotational dynamics theory be rigorously tested and verified.
Over the last thirty years we have been analyzing the behaviour of bodies subjected to accelerations by noncoaxial rotations. We propose a new interpretation of the dynamic behaviour of the boomerang and, in general,
of rigid bodies exposed to simultaneous non-coaxial rotations. We have developed a new rotational, non-inertial
dynamics hypothesis, which can be applied to understand both, the flight of the boomerang, as well as celestial
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mechanics. […]
The Theory of Dynamic Interactions (TDI) claims that the boomerang returns to its origin as a result of being
a body that is subject to two simultaneous rotations on different axes (Figure 5). As of the moment it is first released into the air, in addition to the impulse driving it forward, it is made to revolve around an axis that is
perpendicular to its plane [28].
In accordance with the Theory of Dynamic Interaction: The anisotropic distribution of the velocities (Vc) generated by the torque shall be compounded with the initial linear velocity (VT), enabling a curved path… The velocity VR = (vx, vy, vz) of the new path of its center of mass will be defined by the matrix multiplication of the ro
tating operator Ψ by the velocity vector V0 = (0, V0, 0) [29]:

(1)
VR = ΨV0
This is the equation for movement that we have deduced for bodies with intrinsic rotation and translation
when they are subjected to momenta that are non-coaxial with their rotation. In our opinion, this applies to the
flight of the boomerang, but we also suggest that it would enable the definition of the path of each plasma particle, as long as the established baseline hypotheses are met.
We have conducted several test experiments on the theory under proposal e.g. moving objects with intrinsic
rotation on their main axis semi-submerged in water and subject to a righting torque, consisting of the weight
and force of floatation, the relative positions of which do not coincide [30]. This righting torque was not coaxial
with the intrinsic rotation. The moving object was, therefore, subject to two non-coaxial rotations, as is the case
with the boomerang, but we noticed how the rotation caused by the righting torque did not generate any new
moving rotations, but rather was transformed into a change of path of the center of mass [31]. Experiments were
also conducted on terra firme [32], which can also be seen in video [30] [33] [34].
In accordance with the theory being put forward, and as can be appreciated in Figure 6, we suggest that each
particle, instead of following a linear path, as would be expected from the classical mechanics equations of
Newton-Euler, it would follow a closed path owing to the coupling of the velocities’ fields that are caused on
every point of each particle.
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Figure 5. Rotations that generate changes in the boomerang’s path as a result of the coupling of the velocity fields that act on its center of mass [28].
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Figure 6. The position of the center of mass varies depending on the coupling
between the field of the linear velocity and the velocity field caused by the noncoaxial torque [35]. (Figure Alejandro Alvarez).

The issue can be summed up as follows: If we apply this dynamic theory to a Tokamak reactor, every plasma
particle with intrinsic rotation will follow a closed path like that of the boomerang when it is subjected to a
non-coaxial momentum in addition to its intrinsic angular momentum. Consequently, there are different authors
[32] [36] who share these same hypotheses with a view to understanding the dynamic behaviour of bodies or
particles in those circumstances in which they have translational velocity, intrinsic rotation and are simultaneously subjected to a non-coaxial momentum with its own rotation [37]. Notwithstanding, in our hypothesis,
based on a possible analogy, we are extrapolating the observed behaviour in macroscopic moving bodies to the
reactor’s plasma particles.
In our opinion, this dynamic model also coincides with the behaviour of hurricanes on the Earth and also resembles atmospheric toroidal vortex rings.
It must be pointed out that in our investigations we have come to a rational deduction to the effect that in such
circumstances, the kinetic translational energy can be transformed into kinetic rotational energy, and vice versa,
and in general, energy transfers can occur at the core of particles endowed with intrinsic angular momentum: […]
kinetic energy can be transferred, increasing its rotation velocity, its linear velocity or modifying its state of potential [38].
At the beginning of this paper we stated that magnetic confinement is based on the Lorentz force. This force
manifests itself when an electric charge in movement moves in a magnetic field. We have stated in other works
that, in our opinion, the origin of this force is analogous to that of the inertial forces that manifest themselves in
TDI circumstances [39] and which oblige particles to follow a closed path. Therefore, and in accordance with
our hypothesis, the same dynamic effect and the same effective confinement could be obtained doubly, by the
magnetic effect and by the dynamic effect.
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Both ideas being proposed should, we feel, be further explored and, where appropriate, confirmed experimentally; on the one hand, that the Lorentz force is analogous to an inertial dynamic force, similar to TDI ones,
and on the other hand, that this theory be applied to the reactor’s plasma.

7. Conclusions
Nuclear fusion is a necessary energy alternative into which countries are researching and in which they trust.
However, investment is still needed to develop the requisite technology, or even, to conceive the new physical
ideas involved in obtaining the energy.
It does not seem likely in the short term that it will be possible to come up with new continuous nuclear fusion
procedures and technology without using plasma, which represents another great research challenge in physics.
Even though over fifty years of theoretical and technological developments have passed, the road yet to be travelled to develop industrial fusion reactors is still a long one, both in terms of physics, as well as the engineering
required.
As far as magnetic confinement reactors are concerned, plasma dynamics is still a work in progress. We are as
yet ignorant of the exact dynamic behaviour of plasma and, moreover, when designing these generators it is still
necessary to reduce their turbulent tendency and improve their momentum transport capacity.
We propose a profound revision of the principles of classical rotational mechanics, especially as regards particles subjected to accelerations by simultaneous and non-coaxial rotations. After conducting our research, we
put forward certain specific, alternative dynamic hypotheses.
In addition to the plasma’s material container, we can envisage another simultaneous, non-material container,
along with the use of magnetic confinement techniques. We suggest the exploring of a new type of dynamic
confinement based on the TDI and one that is compatible with magnetic confinement.
Gyrokinetics is the workhorse for modern research on low-frequency microturbulence in magnetised plasmas.
It is a very powerful tool that has been used successfully in many different applications in both fusion and astrophysics:
Analytical theory of drift waves and related modes.
Statistical mechanics of magnetised systems.
Simulations of turbulent transport.
Interpretation of solar-wind data.
Theory of momentum transport.
Simulations of intrinsic rotation [40].
Moreover, in our opinion, the TDI could also be employed as a complementary theoretical instrument that
would lead to greater reactor efficiency. Consequently, its dynamic hypotheses ought to be studied in the field of
gyrokinetic theory.
The equation for movement that we are proposing in the Theory of Dynamic Interactions for these non-inertial situations is very simple (1) […]. It becomes possible to determine the path of [28] plasma particles in translation, when these particles are endowed with intrinsic rotation and are subjected to rotation actions on another,
different axis. […]
The Theory of Dynamic Interactions on which this proposal is based is fully described in different texts and
articles, in which it is possible to see how this theory affects, in a far reaching way, the basic principles of dynamics [41], not to mention astrophysics [42], cosmology [43], atomic physics and technology. An analysis of
this theory reveals its capacity to answer numerous unknowns in dynamics and celestial mechanics and, moreover, explains the behaviour of rotating bodies [31].
These new dynamic hypotheses we are putting forward and which we hold applicable to particle systems accelerated by rotation can, we suggest, be used in the interpretation and design of fusion reactors. Accordingly,
we persist in our belief that magnetic confinement in a reactor can be likened to confinement by dynamic interactions based on the Theory of Dynamic Interactions. Applying this criterion we are proposing would enable a
twin physical-theoretical principle to isolate plasma and try to minimize its turbulence: each plasma particle
should have spin and be subjected to a non-coaxial magnetic momentum from without and another gravimetric
one. Accordingly, plasma confinement will be based on two different, albeit analogous, physical principles, generating double intransigence in its path.
The dynamic model based on boomerang dynamics could improve the performance of these energy power
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plants, minimize turbulence and improve momentum transport. Consequently, we insist on the exploration of the
ideas expounded in this paper with respect to the origin of the Lorentz force and the true, dynamic nature of
plasma made up of particles with intrinsic rotation when they are subjected to new, non-coaxial momenta.
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