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The effects of magnetic field strength on low-frequency surface ion plasma wave are investigated
in semi-bounded magnetized dusty plasmas. The dispersion relation of the surface ion plasma wave
is obtained by the plasma dielectric function with the specular reflection boundary condition. The
results show that a transition from linear increase into the final level, i.e., the occurrence of a wave
resonance. At a given frequency the phase velocity stays almost constant as long as the frequency

remains below the respective resonance frequency.
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The investigation of surface waves [1-6] in plasmas
has been of a great interest because their spectral fre-
guency spectra provide useful information on plasma
parameters for spatially bounded plasmas. In recent
years there has been considerable interest in the dy-
namics of gases and plasmas containing dust particles
or highly charged aerosols, including collective effects
and strong electrostatic interaction between charged
grains. Various physical processes in dusty plasmas
have been investigated in order to obtain information
on plasma parameters in dusty plasmas [7 —10]. How-
ever, to the best of our knowledge the dispersion prop-
erties of the surface ion plasma wave in semi-bounded
magnetized dusty plasmas have not yet been investi-
gated. Here we consider the propagation of a surface
ion plasma wave along the direction of the magnetic
field in dusty plasmas. The calculation of the disper-
sion of surface waves in dusty plasmas can be a useful
tool for investigating the structure and physical prop-
erties of such plasmas. In this paper we investigate
the dispersion properties of low-frequency surface ion
plasma waves in semi-bounded magnetized dusty plas-
mas.

The dispersion relation [1, 3] of surface waves prop-
agating in the zdirection in semi-bounded isotropic
plasmas with the plasma-vacuum interface at x =0 is

given by
22

where g(,k) and e(w,k) are the longitudinal and
transverse components of the plasma dielectric func-
tion, w is the frequency, c is the speed of the light,
k? =k2 +K2, k, (= kx) and k; are, respectively, the per-
pendicular and parallel components of the wave vec-
tor k. The physical properties of an electrostatic wave
in a dusty plasma can be obtained by the plasma di-
electric function [9, 10], which is expressed as

&(w,K) =1+ xe+ xi+ X4, 2
where xs(s = e,i,d) are the dielectric susceptibilities
for electrons (e), ions (i), and dust grains (d):
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Here, wys is the plasma frequency of the species s, Vs
the thermal velocity, I, the modified Bessel function
of order n, w¢s the cyclotron frequency, and fs(vz) [=
(2mv2 )Y 2exp(—vZ/2v2 )] is the distribution func-
tion. For low-frequency modes, g, kvTi, kvTg < 0 <
kaVre, @eekz/K ., Kvrs < s, and Zg < my/my, where
Z4 is the charge number of the dust grain and m;s the
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mass of the species s. The plasma dielectric function
[9] is found to be
g (CO, kLa kZ)
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where Ap is the electrons Debye length. Then, in the
quasi-static limit (w?e/c? < k?), the dispersion equa-
tion for low-frequency surface ion plasma wave in
semi-bounded magnetized plasmas is expressed as
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After some manipulations, using the contour integra-
tion in the k, -plane, the dispersion relation is obtained

N ~1/2
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In order to investigate the magnetic field effects on the
dispersion relation, we choose three cases of the pa-
rameter wpq/wpi = 107°, 5 x 1075, and 104, Figure
1 shows the dispersion relation as a function of the
scaled wave number (k;Ap) for various values of the
ion cyclotron frequency. As we see in this o/k dia-
gram, a transition from linear increase to a final level
is found, i.e., the occurrence of a wave resonance. The
value of saturation is increasing with the magnetic field
strength. At a given frequency the phase velocity stays
almost constant as long as the frequency remains be-
low the respective resonance frequency. Figure 2 rep-
resents the three-dimensional plot of the dispersion re-
lation as a function of the scaled ion cyclotron fre-
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When o < ay;, the dispersion relation for the surface
ion plasma wave leads to

*[A5%(wF + wﬁi) + k%“’;fi]
—0?[(Ap° + k) 0y 0F -
+ I (0f + 0fy) (0F + 0F)]
+ (0 + o) 0 0f = 0.

Thus, the low-frequency mode solution of the disper-
sion relation for the surface ion plasma wave is found
to be
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quency (ai/ i) and the scaled wave number (kzAp).
With increasing the magnetic field strength, i.e., in-
creasing the cyclotron frequency, the rotation energy
becomes strongly coupled to the plasma oscillation.
Thus, the transition between the linear increase and
the final level exhibits a coupling between the mag-
netic field and charges that are placed onto the plasma-
vacuum interface in a semi-bounded dusty plasma. As
it is seen in Fig. 1, the transition position of the dis-
persion curve is shifted to larger wave numbers with
increasing the magnetic field strength due to the strong
coupling with the plasma oscillation. Thus, it can be
understood that the size of the Larmor radius is closely
related to the size of the wavelength near the transi-
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Fig. 1. The dispersion rela-
tion (w/awy) as a function
of the scaled wave number
(kzAp) for various values of
the ion cyclotron frequency.
The solid line represents the
case of ayj/wyi = 10. The dot-
ted line represents the case
of agi/wpi = 1. The dashed
line represents the case of

i/ opi = 0.1. (8) wpg/wpi =
102; (b) wpg/wpi = 5% 107;
() wpa/wpi =107%.
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tion region. It is interesting to note that for small wave
numbers the phase velocity of the wave is found to be
independent of the variation of the ion cyclotron fre-
guency, i.e., the strength of the magnetic field. It is also
found that the phase velocity decreases with increas-
ing wave number. In this work, the Landau damping
effects on the plasma dielectric function has been ne-
glected since the Landau damping term [11] is known
to be quite small for small wave numbers. These results
provide useful information on the magnetic field ef-
fects on low-frequency surface plasmas in magnetized
dusty plasmas.
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