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Nuclear Fusion
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12.1 Basic Terms
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12.1.1 Nuclear fusion
Reaction between nuclei of light atoms in
which their constituent nucleus are
rearranged to form a product nucleus
heavier than the reactant nuclei,
accompanied by the release of elementary
particles and energy. The resulting
decrease in the overall mass appears as
energy. Nuclear fusion brought about by
thermal agitation at elevated temperature is
termed “thermonuclear fusion” (see 12.1.2)
12.1.2 Thermonuclear reaction
Nuclear fusion reaction in which the
participating nuclei acquire by thermal
agitation the necessary energy to react.
12.1.3 Fusion energy
Energy released by nuclear fusion.
12.1.4 Carbon cycle
A chain of thermonuclear reactions in
which four hydrogen nuclei are transmuted
into a helium nucleus with a C12 nucleus
acting as catalyst, accompanied by the
release of energy.
Note The term “cycle” is employed
because the carbon consumed in the first
reaction is restored in the final reaction,
thus completing the cycle. (See also note to
12.1.5))
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12.1.5 Hydrogen cycle
A chain of thermonuclear reactions in
which four hydrogen nuclei are transmuted
into a helium nucleus, with the
intermediate formation of heavy hydrogen
and light helium nuclei, accompanied by
release of energy.
Note According to Bethe the energy
released by this cycle, as also by the
carbon cycle, may be the origin of solar
energy.

12.1.6 Plasma
In nuclear fusion technology, a quasi-
neutral gas of charged and neutral
particles, produced when a gas becomes
virtually completely ionised at very high
temperature. A plasma exhibits collective
behaviour and when in sufficient volume,
it is electrically neutral and is a good
electrical conductor. Various techniques
may be employed to heat the plasma, e.g.:
ohmic heating, heating by injection of
neutral atoms, radio-frequency heating,
adiabatic compression heating, shock wave
heating, turbulence heating.

12.1.7 Thermonuclear conditions
Conditions of temperature, density and
containment time (see 12.1.11: Lawson
criteria) that a confined plasma must
maintain to produce significant energy
from fusion reactions. Note Critical or
ignition conditions are achieved when the
reactions are proceeding at a rate such that
the heat supplied to the plasma by the
particles compensates for that lost by
radiation and convection.
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12.1.8 Critical temperature; ignition temperature
In the case of a confined plasma, the
threshold temperature at which the energy
losses are balanced by the thermonuclear
power deposited in the plasma, so that it
becomes self-sustaining.

12.1.9 Confinement
In the case of a plasma, the technique used
to hold the particles of the plasma within a
defined spatial zone. Note Two
confinement techniques are employed:
magnetic confinement, which may be
classed as static and inertial confinement,
which may be classed as kinetic.

12.1.10 Confinement time
The minimum length of time during which
adequate plasma conditions prevail for the
fusion energy released to exceed the
energy expended in heating and confining
plasma.

12.1.11 Lawson criteria
Formulae which define the relationships
between the main parameters governing
the fusion process. Note In the case of the
most favoured D-T (deuterium-tritium)
reaction, the criterion is as follows: plasma
temperature T>100 million degrees Kelvin,
where: n is the plasma density expressed as
the number of particles per cm?,t is the
plasma confinement time expressed in
seconds.
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12.1.12 Magnetic field configuration
Disposition of the magnetic field such that
the ionised particles remain within the
defined spatial zone.

Note The following are among the various
configurations possible: toroidal
configuration, Mayer and Schmidt
configuration, -magnetic well (a
configuration with minimum magnetic
field induction at the centre of the plasma).
In plasma physics the form assumed by the
lines of force of the magnetic field that
confines a plasma in a magnetic well is
termed a tetrahedron or humbug.

12.1.13 Magnetic barrier; magnetic mirror
Spatial zone in which the configuration of
the magnetic field is such that it reflects the
charged particles. By extension, a device
that creates this configuration of the
magnetic field.

12.1.14 Lens
A device that employs a combination of
electric and magnetic fields to focus a
beam of charged particles. -Lenses may be
divided into electrostatic, magnetic and
electromagnetic lenses.

12.1.15 Pinch effect; pinch
The construction of a current-carrying
plasma column caused by its external self-
magnetic field. Note Depending on the
direction of the magnetic field, the pinch
may be termed linear pinch or theta pinch.

12.1.16 Drift
In plasma physics, movement of the
guiding centers of gyrating particles in a
direction normal to the confining magnetic
field.
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12.1.17 Drift wave
A wave occurring in a plasma as a result of
the presence of gradients of temperature,
density, magnetic field or impurities
concentration.
Note This type of wave plays an important
part in macroscopic plasma processes. It is
associated with the occurrence of drift
instability, particularly at the
plasma/vacuum and plasma/wall interfaces.
12.1.18 Magnetic pumping
Method employed to heat a plasma by
successively compressing and expanding
the plasma through the application of a
magnetic field that oscillates at regular
intervals.
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12.2 Fusion Technology
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12.2.1 Fusion reactor; nuclear fusion reactor
A nuclear reactor powered by fusion
reactions, i.e. a reactor designed to achieve
and control self-sustaining nuclear fusion
chain reactions generating a net release of
energy.

12.2.2 Stellarator
A toroidal magnetic trap with the magnetic
fields generated entirely by conductors
placed around the torus. The conductors
may be wound in helical coils around the
tube of the torus so that the resultant
magnetic field has an azimuthal as well as
an axial component with respect to the tube
of the torus.
Note In this type of configuration the
magnetic field created by currents in the
plasma is much less powerful than the
confinement field.
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12.2.3 Tokamak

A toroidal magnetic trap which, in addition
to a toroidal magnetic field, also has a
second, poloidal or azimuthal magnetic
field (i.e. tangential to the tube of the torus)
generated by an electric current circulating
through the plasma itself and thus
conferring additional stability on the
containment system. The resultant of these
two fields constitutes the confinement field
for this configuration.

12.2.4 Hybrid fusion-fission reactor; hybrid

reactor

A nuclear reactor in which high energy
neutrons proceeding from a fusion reaction
encounter a mass of fissile and fertile
material, generally subcritical, thus
achieving additional multiplication of
energy and of the number of neutrons
produced, with production of fissile
material for use in conventional nuclear
fission reactors.

12.2.5 Magnetohydrodynamics

The dynamics of a conducting fluid in
quasi-stationary electric and magnetic
fields. Such fluids may be liquid metals
(mercury, molten alkali metals),weakly
ionised gas and plasmas.

12.2.6 Magnetohydrodynamic conversion

The direct conversion of the kinetic energy
of a plasma into electricity by causing the
plasma to interact with external magnetic
fields.
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12.2.7 Laser fusion

A fusion technique relying on the inertial
confinement of a pellet of fuel which is
spherically compressed and heated to
thermonuclear conditions by convergent
laser pulses.

Note 1 The laser is a device that amplifies
or emits coherent light produced by the
emission of light pulses from atoms or
molecules that have been raised to an
unstable energy level due to excitation by a
light wave, the characteristics of the latter
determining its frequency and phase.

Note 2 The pellet in this context is a frozen
droplet of a deuterium-tritium mixture of
approximately one millimeter in diameter
and encapsulated in a glass microsphere,
the centre of which has directed upon it a
number of convergent laser beams that
serve to raise pressure and temperature
conditions to the levels required to initiate
nuclear fusion reactions and, by virtue of
inertial confinement, to propagate the
initial ignition so as to generate a
controlled nuclear micro-explosion.

12.2.8 Nuclear fusion breeder blanket

A blanket, that may be of lithium,
surrounding the reaction zone of a fusion
reactor, having the dual functions of heat
removal and tritium breeding.

Note The neutrons react with the lithium to
form tritium, used as fuel for the fusion
reaction.




