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Equilibrium states of condensed matter

The equilibrium state of a plasma is usually associated with high-
temperature states of condensed matter.
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 The plasma state is usually a non equilibrium state of

condensed matter: An external energy source Is ( Laboratory plasma production:
required to sustain the ionization of particles. Jd  * Neutral gas heating

 lonizing radiation
. e Collisional ionization

 Temperatures are usually expressed in energy units
(electron-volts).
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Electric gas discharges
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Neutral gases: All atoms and
molecules are electrically
neutral

* No inter-particle field.
* Move randomly along straight paths
* Interact by short-range collisions
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Motion of a neutral gas atom

Partially ionized gases: Are a
mixture of neutral atoms, ions
and electrons

e Self-consistent microscopic electric field
* (Charged particles make complex motions
* Short-range and long-range collisions coexist
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A definition of the plasma state of condensed matter

The plasma state of matter can be defined as a mixture of positively charged ions, electrons and neutral atoms
which constitutes a macroscopic electrically neutral medium which responds to the electric and magnetic fields

in a collective mode

Properties

. Charged particles interact thanks to large-distance electromagnetic forces in addition to short-range
molecular collisions.

* The (number) densities of negative n, and positive n; charged particles are equal, on the average the
medium is electrically neutral (quasineutrality).

®* The response to external perturbations is collective since large number of charges are involved due
to electromagnetic field providing force interactions.

* Thera are multicomponent plasmas, ions with negative charge, dusty plasmas (complex plasmas),
...etc.

In the following:

* For simplicity, we will only consider plasmas composed of one atom or molecule species,

* The particle densities will be n, where o = a, e, i denotes be electrons e, ions i and eventually
a neutral atoms.

* |ons can be multiple charged Q; = eZ but except in few cases we will consider only single 5
charged ions (Z=1).

* We will use MKSC unit system.



Plasmas in nature and in the laboratory

Plasmas can be roughly classified according to the number densities (n
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Both magnitudes, density and kinetic temperature
haracterize two fundamental plasma parameters,
the Debye Lengh and theh plasma frequency .
One can find in laboratory and in Nature plasma
regimes with similar parameters.

Room temperature: (E) = 0.025 eV
e« Water: n ~ 10%? cm™3
e« SPT Air:n ~ 10° cm™3

e Fusion reactor: (E) ~ 10*eV n ~ 10 cm™3
» Laser plasmas: (E) ~ 10%eV n ~ 1020 cm™3
» Glow discharge: (E) ~1—3eV n ~ 108 cm™3
» lonosphere: (E) ~ 0.05eV n ~ 10°cm™3




The system
is considered as a
continuum
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