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Attenuation of weak magnetohydrodynamic and magnetoacoustic waves in an anisotropic
plasma located in an external magnetic field is considered for the case where the wave
frequency is smaller than the particle collision frequency and the wave length is larger

than the mean free path.

A. plasma in a magnetic field has anisotropic
properties. The electric conductivity, the dielec-
tric constant, the viscosity, etc., of the plasma
are represented as tensors of the second rank.
We shall consider the attenuation of magneto-
hydrodynamic and magnetoacoustic waves in an
anisotropic plasma. We assume that the wave
frequency is smaller than the collision frequency
of the particles (w <vggr) and that the mean free
path is smaller than the wave length (I < A).

The conductivity tensor is hermitian. It can
be written in the matrix form (the index 3 cor-
responds to the direction of the vector H)!
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According to the elementary theory*
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ej is the charge, Nj is the concentration, mj is
the mass, and vjeff is the effective number of

*Gurevich? has given expressions for the tensor oy (with
only the electrons taken into account) derived from kinetic
theory. He showed that, for w < ve¢s, the expressions ob-
tained from the kinetic theory differ relatively little from the
corresponding expressions derived with the help of the ete-
mentary theory. Owing to the symmetry of the equations (2)
with respect to the characteristics of the ions and electrons,
one can assume that this remains true also in the case when
only the electric conduction of the ions (with w Kvegs) is taken
into account. We are therefore justified in using formula (2).

collisions of the particles. The index i =1 re-
fers to the electrons and i =2, 3,..., to the
various ions. We assume, for simplicity, that the
plasma consists of ions of a single type and elec-
trons.

The sums in (2) depend on the density and tem-
perature of the plasma and on the strength of the
magnetic field. For high temperatures, low den-
sity, and strong magnetic fields, the electric con-
duction by the ions is more important than the
electric conduction by the electrons, so that the
latter can be neglected. In the opposite case, the
electric conduction by the ions can be neglected
in comparison with the electric conduction by the
electrons. Comparing the various terms in (2),
we see that the electric conduction by the ions
must be included if wy, 2 vyeff. It follows that
the electric conduction by the ions in a two-com-
ponent plasma becomes important when*

H> 107 nT™", 6)

where n = N, is the number of ions in 1 cm3, T is
the temperature in °K, and H is measured in
oersteds. If wg | > Vaeff; We can neglect the elec-
tric conduction by the electrons.

The equations of motion of the plasma also con-
tain the viscosity tensor II. This tensor is sym-
metric. Its components are given in the mono-
graph of Chapman and Cowling® and also (with
more exact values of the coefficients) in the
paper of Braginskii.t

We must start with the system of equations of
motion of the plasma in the electromagnetic field
containing both of the aforementioned tensors.
According to the preceding discussion, the basic
system of equations is

*In deriving this relation we have assumed that v is
determined by the collisions of the electrons with the ions.
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where

G; = ay [rot H], o11 = ag2 = 01/ (07— O%) = ay,
a33 = 1/03 = a3, a1 = — az1 = {02/ (07 — 03) = — s,

Q43 = Qg4 ~ Qg3 ~ Qgg = 0, and ll% = (ap/ap)s is the
square of the ordinary velocity of sound.

In order to determine the attenuation of waves,
we consider the wave solutions of the linearized
system (4), as is usually done in isotropic magneto-
hydrodynamics.® The dissipative terms are retained
only up to first order. This corresponds to com-
paratively weak attenuation (y « w).

As a result we find that the anisotropy has no
effect on the velocity of propagation of the waves,
i.e., we find the same expressions for the veloci-
ties of the Alfvén and magnetoacoustic waves as in
the isotropic case.

The attenuation coefficient for Alfvén waves is
in first approximationt

2
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where u is the viscosity coefficient in the absence
of a magnetic field; B is the angle between H and
the wave vector k, and u is the phase velocity of
the wave. The expressions for the coefficients
b'(sz) and b'(ZwHZ) are given by Braginskii.4
The first term in (5) is related to the electric
conductivity and the second term to the viscosity.
Comparing these two terms, we find that the sec-
ond term can be neglected for T*n™! < 10%. In the
opposite case, the second term can have a larger
value only for comparatively weak fields. In the
limit of very strong fields (considering the fact
that the electric conduction by the ions plays the
essential role) we can therefore write for vy

lim y= =C.

H->oco
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1t is seen from (5) and (6) that the attenuation of
the Alfvén waves becomes weaker as the strength
of the magnetic field increases, and approaches a
limiting value which depends only on the wave fre-
quency and on the effective collision frequency of

*rot = curl, [vH] = v x H, tg = tan.

tIn deriving expressions (5) and (7), we have assumed that
the ions, and not the electrons, play the essential role in the
viscosity tensor.
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the particles, but not on H. In this limiting case,
the attentuation is independent of B; for finite H
the dependence of y on B can be easily obtained
from (5).
For the magnetoacoustic waves we find from (4)
_(c 2 By : 2
1 = (5, (42 — ud) + 5y {16 (@ns) sin®B + 1.28 cos*p]
X [u? — ugsin? B — u}] +[0.32sin2B - b’ (2wp,)sin?B
+ b’ (0r) c0s2B] [u® — ugcos? B] + 2 [b (0n,)
— 0.64] u2sin?B cos? B})?T): (2u2— ug — uf)?,

where

(7

Uy = H/l/-‘l?pﬁ

Here we must include the effect of the viscosity
both for T*n~1< 10* for accelerated waves in weak
fields (H <V 4mp uy) and for decelerated waves in
strong fields (H > v 4mp uy). This is due to the
fact that near B = 0, u ~ u, in both these cases,
so that the first term in (7) reduces to zero. This
interval near B = 0 becomes wider for decelerated
waves as the strength of the magnetic field in-
creases (in the limit H— « it approaches the in-
terval —45° < B8 < 45°). Thus the viscosity is an
important effect for decelerated waves, at least
for H > v 4mp uy. In the limit of strong fields we
have .

o
Pou?

An accelerated magnetoacoustic wave becomes
similar to an Alfvén wave as the strength of the
magnetic field increases, and y approaches the
same limit (6). If T*n~! 2 104, the second term
of formula (7) here becomes important even for
H 2 vV4mp uy (notwithstanding the fact that the
second term decreases as the magnetic field is
increased).

In conclusion the author expresses his gratitude
to V. P. Silin for his guidance in this work and for
numerous comments and advice.
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