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Abstract

In this paper we derive the dispersion equation for the surface wavesin partialy ionized plasma
along a plasma-plasmainterface and show that ion-neutral collisions can cause adrastic change
inthe Alfvéen surface waves propagation characteristics. Theeffect of thison resonant absorption
of surface waves s discussed briefly.

1. Introduction

It iswell established that in a magnetized partially ionized plasma, the dispersion relation of the
shear Alfvén wavesisstrongly influenced by theion-neutral collisions[1,2]. Thedrastic change
inthe dispersion of Alfven waves arisesmainly dueto thefact that in apartially ionized medium
the Alfven speed can have different time scales depending on the strength of the coupling of the
neutral fluid and the charged fluid. The same criterion can arise in the case of Alfvén surface
waves which can propagate along the discontinuitiesin partially ionized plasmas. In the case of
inhomogeneous plasmas the study becomes important especially in understanding of resonant
absorption of Alfvénwaves. Theaim of thispaper istherefore to discuss the basic characteristic
features of Alfvén surface waves in partially ionized plasmas.

2. Basic Equations

We consider the ideal MHD model for the plasma with interaction between the charged and
neutral components modeled adequately by simple drag terms in the momentum equations.
After linearization of MHD equations and considering incompressible perturbations in the -z
plane as f(x)e! w2t we get the following equations:
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wherew? (z) = V3i(x)k?* = B%2? /47p;, and V4 (z) isthelocal Alfvén speed. p, v, p aredensity,
velocity and pressure respectively. Suffix ‘¢” standsfor ionsand ‘n’ stands for neutral particles.
Vi 1S the ion-neutral and v,,; is neutral-ion collission frequency respectively. Momentum

conservation requires, Pn _ Uin — o (say). Itisinteresting to note that if we define modified
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Alfvén velocity wa/ (z) as
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then Eg. (1) becomes identical with the equation governing the propagation of Alfvéen wavesin
fully ionized plasmawith w4 () replaced by w4/ () (see for example Uberoi [3]).

3. Digpersion Relation
To study surface waves, let us consider plasma-plasmainterface at x = 0.

Applying the boundary conditions as continuity of pressure p, neutral pressure p,,;, normal
component of ion velocity v;, and neutral velocity v,,, across the surface of discontinuity, we
get the dispersion relation for the surface waves which can be written as:

Vinl Ving
Pioy [MQ (1 + 7) + wfh] + Pios le (1 + 7) + wfb] =0 (3)
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4. Discussion of the Dispersion Relation

We shall now discuss Eqg. (3) for special cases. namely the strongly coupled plasmas, where
the neutral and charged fluid move together and weakly coupled plasmas, where the charged
medium can behave as it is without friction.

For the case of strongly coupled plasmas, we take w < v,,;, < vy, IN that case (3) gives
foriw = w

R I Ny M, (4)
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where w, isthe Alfvén surface wave frequency for fully ionized plasmas[3] and

A= (1+pa/p)
where p,, = pn1 + Pn2, p = pi1 + pio-
Considering B,; = By and p;,2 = 0,
2V k
W = fif‘l (5)
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For the case when neutralsand charged fluid isweakly coupled Eq. (3) for w > v, > v,
gives,
w? & w? (6)

S

the surface wave frequency isthe same asin the case of fully ionized plasmas.

For the case of strong coupling: w? < Vpi, Vniy,
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The damping of Alfvéen surface waves by collisionsis given as:

_wg(ynil + VniQ)
2(w2 + Vniy Vniy A)

(7)

Wy =

The damping depends on both collision frequencies and the strength of the magnetic field.
There is no surface wave propagation when
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For the case of weak coupling : w? > v,;, /,:, Thereisno wave propagation when

1
w? < 1 [(le + Vpiy + wy)Q — 4A1/m-11/m~2}

The damping frequency is given as

1
wr = Q(Vnil + Uniy +wy). (8)

We note that for weakly coupled plasma-neutral systems, the damping involves no Alfvéen
velocity.

5. Conclusion

From the dispersion equation we find that for the case when ion-neutral coupling is weak the
wave propagates along the interface with the natural frequency of Alfvéen surface wave in the
charged medium without friction. When coupling is strong this frequency is determined by
mass densities of both ions and neutrals in both the media. When ionization fraction is low
these two frequencies can differ by several orders of magnitude. The damping of surface waves
due to ion-neutral collisions can be very small in case of strong coupling. For weak coupling
this damping can become large to large due to collision frequencies.

Thevariation of surface wave frequency with wave number £ al so showsinteresting feature
not present in the case of fully ionized system. The frequency shows a maximum value in the
case of strongly coupled case before decreasing and then approaches the cut-off wave-number
k., above which it does not propagate (Fig. 1). Similarly for weakly-coupled plasmas there is
a cut-off wave number k., below which the surface wave cannot propagate (Fig. 2). But in the
later case no maximum value of k is shown, w, increases with increasein k. Fig. 3 and Fig. 4
givethevaluesof k., and k., varyingwith v,,;, /v,,;, respectively. k., increaseswith theincrease
in collision frequency while k., decreases with increase in the collision frequency and with the
increasein fractional ionization factor. Finally, weliketo mention that Alfvén wave resonances,
as seen from Eq. (1) occur at w? = w?, (). Weliketo remark that for strongly coupled plasmas,
the resonant damping will be less than that in the case of fully ionized plasmas as surface wave
frequency ws, < w,. Frictional damping in this case can become very small for large collisiona
frequencies, hence the resonant damping of surface wave can be important. However, in the
case of weakly coupled plasma-neutral system the frictional damping islarge for high collision
frequencies and so the resonant damping may play alessimportant role.
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Figure 1. Dispersion curve showing varia-
tion of w? with w? for strongly coupled case.
pi1/pia = 0.4, a1 = 0.2, ay = 0.25.
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Figure 3. Variation of cut-off frequency (&, )
with v, /i, for strongly coupled case.
pil/pz‘g = 0.4, (a) a1 = 0.2, g = 0.25,
(b) a1 = 10,0 = 12.5, (¢) 20,
a9 — 25.
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Figure 2. Dispersion curve between WJQ%
and wg for weakly coupled case. p;1/pi2 =
0.4, [ 0.2, Qo — 0.25.
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Figure 4. Variation of cut-off frequency
(ke2) with v, /vng, for weakly coupled
case. pi1/pi2 = 04, (@ a1 = 0.2,
as = 0.25, (b) a1 = 10, a9 12.5, (c)
a] — 20, a9 — 25.
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