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HYDROMAGNETIC STABILITY OF A PLASMA

B. B. Kadomtsev

Introduction

Plasma instabilities can be conveniently divided into two broad classes —
hydrodynamic instabilities, and kinetic, or microscopic, instabilities, Hydro-
dynamic instabilities imply the displacement of macroscopic portions of
plasma and can be analyzed theoretically through the use of the hydrodynamic
equations. In other words it is assumed, as an approximation, that all the
charged particles within a given macroscopic volume execute the same aver-
age motion.

On the other hand kinetic, or microscopic, instabilities can be defined
as instabilities for which the differences in the motion of different particles
in the same volume is important. A typical example of a kinetic instability
is the two-stream instability; this instability arises as a result of the interac-
tion between particles in a beam and the electrons and ions in a plasma. In
general, kinetic instabilities are characterized by high frequencies and short
wavelengths, and it is in this sense they are regarded as "microscopic” as
compared with the large-scale and slower hydrodynamic instabilities.

Since hydrodynamic instabilities imply the displacement of a plasma
in space, they are especially pertinent in cases in which macroscopic motion
is important. The results of the theory of hydrodynamic instabilities or, more
precisely, hydromagnetic instabilities, are useful in astrophysics (for example,
see [8]) and in the problem of controlled thermonuclear fusion.

One of the early papers in this field by Leontovich [1] considered the
stabilizing effect of a conducting wall on hydrodynamic flow, while a paper
by Leontovich and Shafranov [2] treated the stabilizing effect of a longitudi-
nal magnetic field on a flow. These questions were later considered in
greater detail by Shafranov (4, 6].
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