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The Krall-Book model of ion-acoustic instability in an inhomogeneous plasma is
extended to include the anisotropic effects in the plasma. It is found that whereas
a greater thermal motion parallel to the magnetic field enhances the instability, a
greater thermal motion perpendicular to the magnetic field reduces it.

The instability mechanism within a collisionless shock wave propagating
perpendicular to a strong magnetic field has been a topic of much discussion.
Sagdeev!) suggested an ion-acoustic instability in an inhomogeneous plasma, and
this was explored further by Krall and Book?). Lashmore-Davies® proposed
that the instability is due to the negative-energy character of the Bernstein modes

in the presence of an E, X B, drift on the electrons and the ensuing resonance of
these Bernstein modes with the ion-acoustic waves. As a consequence of this
instability, the leading edge of the shock would have a laminar structure, but, on
moving further into the shockfront, there would be an increasing level of turbulence.

Now, a strongly magnetised plasma ceases to have isotropic properties, and
there will be an anisotropy in the velocity distribution perpendicular and parallel
to the magnetic field. The purpose of this note is to extend the Krall-Book model
by including the anisotropic effects in the plasma.
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Consider the wave propagation in the negative x-direction. Let the plasma be
confined by a magnetic field

Bo=Bo(l + & x)4 (1)

in the B-direction. Let the particle distribution be given by
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the subscript s refers to ions and electrons, and || and L refer to directions parallel
and perpendicular, respecuively, to the magnetic field. Assuming the perturbations,
about the equilibrium given by (2), of the form ei®v—=2), considering @ > 0,
so that the ions are unmagnetised, and following the procedure given by Krall®,
one obtains the dispersion relation
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Using the Plemelj formula, one obtains from (3)
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and we have assumed | | < |2, |.

Putting
w=0,+io 6)

and assuming T; < T,, (5) gives
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(7) shows that the parallel and perpendicular thermal motions of the elecwrons
play quite different roles in the instability mechanism. Whereas a greater parallel
thermal motion enhances the instability, a greater perpendicular thermal motion
reduces it.
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Originalni znanstveni rad

Krall-Bookov model ionsko akusti¢ke nestabilnosti u nehomogenoj plazmi prosi-
ren je na ukljuenje anizotropnih efekata. Pokazano je da za razliku od termickog
gibanja u smjeru magnetskog polja koje pojacava nestabilnost, termitko gibanje u
okomitom smjeru proizvodi smanjenje nestabilnosti.
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