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SURFACE WAVES
C. Uberoi1 and Ajanta Datta
1

Department of Mathematics
Indian Institute of Science
Bangalore 560 012, India
Abstract

In this paper we derive the dispersion equation for the surface waves in partially ionized plasma
along a plasma-plasma interface and show that ion-neutral collisions can cause a drastic change
in the Alfvén surface waves propagation characteristics. The effect of this on resonant absorption
of surface waves is discussed briefly.
1. Introduction
It is well established that in a magnetized partially ionized plasma, the dispersion relation of the
shear Alfvén waves is strongly influenced by the ion-neutral collisions [1,2]. The drastic change
in the dispersion of Alfvén waves arises mainly due to the fact that in a partially ionized medium
the Alfvén 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 discontinuities in partially ionized plasmas. In the case of
inhomogeneous plasmas the study becomes important especially in understanding of resonant
absorption of Alfvén waves. The aim of this paper is therefore 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 y-z
plane as f (x)ei(`y+kz) eωt we get the following equations:
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where ωA2 (x) = VA2 (x)k 2 = Bo2 x2 /4πρio and VA (x) is the local Alfvén speed. ρ, v, p are density,
velocity and pressure respectively. Suffix ‘i’ stands for ions and ‘n’ stands for neutral particles.
νin is the ion-neutral and νni is neutral-ion collission frequency respectively. Momentum
ρn
νin
conservation requires,
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Alfvén velocity ωA0 (x) as
ωA0 (x) = 

ωA(x)

(2)
1/2
νin
+1
ω + νni
then Eq. (1) becomes identical with the equation governing the propagation of Alfvén waves in
fully ionized plasma with ωA (x) replaced by ωA0 (x) (see for example Uberoi [3]).
3. Dispersion Relation
To study surface waves, let us consider plasma-plasma interface at x = 0.
Applying the boundary conditions as continuity of pressure p̃, neutral pressure pn1 , normal
component of ion velocity vix and neutral velocity vnx across the surface of discontinuity, we
get the dispersion relation for the surface waves which can be written as:
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4. Discussion of the Dispersion Relation
We shall now discuss Eq. (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 ω  νni1 < νni2 , in that case (3) gives
for iω ≡ ω
ρio1 ωA2 1 + ρio2 ωA2 2
ω2
= s
ω =
ρio1 (1 + α1 ) + ρio2 (1 + α2 )
A
2

(4)

where ωs is the Alfvén surface wave frequency for fully ionized plasmas [3] and
A ≡ (1 + ρn /ρ)
where ρn = ρn1 + ρn2 , ρ = ρi1 + ρi2 .
Considering Bo1 = Bo2 and ρio2 = 0,
ωsn

√
2VA1 k
=
< ωs .
(1 + α1 )1/2

(5)

For the case when neutrals and charged fluid is weakly coupled Eq. (3) for ω  νni2 > νni1
gives,
ω 2 ≈ ωs2
(6)
the surface wave frequency is the same as in the case of fully ionized plasmas.
For the case of strong coupling: ω 2  νni1 νni2 ,
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The damping of Alfvén surface waves by collisions is given as:
−ωs2 (νni1 + νni2 )
ωI =
2(ωs2 + νni1 νni2 A)

(7)

The damping depends on both collision frequencies and the strength of the magnetic field.
There is no surface wave propagation when
ωs2 >

2
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For the case of weak coupling : ω 2  νni1 νni2 There is no wave propagation when
ωs2 <

i
1h
(νni1 + νni2 + ων )2 − 4Aνni1 νni2
4

The damping frequency is given as
1
ωI = (νni1 + νni2 + ων ).
2

(8)

We note that for weakly coupled plasma-neutral systems, the damping involves no Alfvén
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 Alfvén 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.
The variation of surface wave frequency with wave number k also shows interesting 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
kc1 above which it does not propagate (Fig. 1). Similarly for weakly-coupled plasmas there is
a cut-off wave number kc2 below which the surface wave cannot propagate (Fig. 2). But in the
later case no maximum value of k is shown, ωs increases with increase in k. Fig. 3 and Fig. 4
give the values of kc1 and kc2 varying with νni1 /νni2 respectively. kc1 increases with the increase
in collision frequency while kc2 decreases with increase in the collision frequency and with the
increase in fractional ionization factor. Finally, we like to mention that Alfvén wave resonances,
as seen from Eq. (1) occur at ω 2 = ωA2 0 (x). We like to 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 ωsn < ωs . Frictional damping in this case can become very small for large collisional
frequencies, hence the resonant damping of surface wave can be important. However, in the
case of weakly coupled plasma-neutral system the frictional damping is large for high collision
frequencies and so the resonant damping may play a less important role.
219

1998 ICPP & 25th EPS CCFPP ----- Ion-Neutral Collision Effects on Alfven Surface Waves

Figure 1. Dispersion curve showing varia2 with ω 2 for strongly coupled case.
tion of ωR
s
ρi1 /ρi2 = 0.4, α1 = 0.2, α2 = 0.25.

2
Figure 2. Dispersion curve between ωR
2
and ωs for weakly coupled case. ρi1 /ρi2 =
0.4, α1 = 0.2, α2 = 0.25.

Figure 3. Variation of cut-off frequency (kc1 )
with νni1 /νni2 for strongly coupled case.
ρi1 /ρi2 = 0.4, (a) α1 = 0.2, α2 = 0.25,
(b) α1 = 10, α2 = 12.5, (c) α1 = 20,
α2 = 25.

Figure 4. Variation of cut-off frequency
(kc2 ) with νni1 /νni2 for weakly coupled
case. ρi1 /ρi2 = 0.4, (a) α1 = 0.2,
α2 = 0.25, (b) α1 = 10, α2 = 12.5, (c)
α1 = 20, α2 = 25.
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