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Description 1.1 Interacting particles and Liouville's theorem 1.1.1 Continuity in phase space 1.1.2 The character of
particle interactions 1.1.3 The Lorentz force, gravity 1.1.4 Collisional friction in plasma 1.1.5 The exact distribution
function 1.2 Charged particles in the electromagnetic field 1.2.1 General formulation of the problem 1.2.2 The
continuity equation for electric charge 1.2.3 Initial equations and initial conditions 1.2.4 Astrophysical plasma
applications 1.3 Gravitational systems 1.4 Practice: Exercises and Answers 2 Statistical Description of Interacting
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particle in constant homogeneous fields 5.1.1 Relativistic equation of motion 5.1.2 Constant non-magnetic forces
5.1.3 Constant homogeneous magnetic fields 5.1.4 Non-magnetic force in a magnetic field 5.1.5 Electric and
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O0O00O OO0 Theseconditionsseem to be approximatelly satiesfied in cluster environments;for more detail
see Fox and Loeb (1997). The general case of a strong shock in a fully ionized plasma with heatconduction is
complicated by the fact that the electron thermal speed exceedsthe shock speed, allowing the electrons to preheat
the plasma ahead of theshock (Zel'dovich and Raizer, 1966). Usually heat conduction determinesinternal scales of
the problem being in competition with the thermalinstability driven by radiative cooling (Field, 1965; see also
Somov and Sy-rovatskii, 1976a). Radiation emitted by the high-temperature plasma behindthe shock also may heat
a preshock region. Fast particles, escaping from thehigh-tempertature plasma (see Section 8.4.3), may contribute
the preshockheating too. So we have to be very careful when we apply the adiabaticmodel of two-temperature
plasma to astrophysical conditions. If come back to HXR tails observed in the X-ray spectra of some clus-ters, one
suggestion is that all or part of this emission might be nonthermalbremsstrahlung from suprathermal electrons with
energies of ~ 10- 100 keV.This nonthermal electrons would form a population in excess of the normalthermal gas,
which is the bulk of the intracluster medium. The most naturalexplanation of this suprathermal population would
be that they are particlescurrently being accelerated to high energies by turbulence in the intraclns-ter medium.
Sarazin and Kempner (2000) have calculated models for thenonthermal HXR bremsstrahlung in the clasters of
galaxies. The high-Machonumber shocks in young supernova remnants (SNRs)do not produce electron-ion
temperature equilibration either. The heatingprocess in these collisionless shocks is not well understood, but the
Coulombcollisions times are too long to provide the required heating.
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