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Abstract. The surface dust-acoustic wave is investigated in a semi-bounded dusty
plasma containing elongated and rotating dust grains. The dispersion relation of
the low-frequency surface ion plasma wave is obtained by the plasma dielectric
function with the specular reflection boundary condition. The results show that
the phase and group velocities of the surface dust-acoustic wave propagating along
the plasma—vacuum interface decrease with an increase of the rotation frequency.
However, for long wavelengths it is found that the phase and group velocities of
the surface wave are independent of the magnitude of the rotation frequency.

1. Introduction

The investigation of the surface plasma waves (Alexandrov et al. 1984; Cho et al.
1998; Aliev et al. 2000; Shokri and Jazi 2003) has attracted much attention since
their frequency spectra provide useful information on plasma parameters for spa-
tially bounded or semi-bounded plasmas. In addition the propagation of surface
waves on the plasma—vacuum interface has various applications such as laser phys-
ics, plasma technology and spectroscopy. There has been considerable interest in the
dynamics of gases and plasmas containing dust grains or highly charged aerosols,
including collective effects and strong electrostatic interaction between the charged
particles. The various physical processes in dusty plasmas have been investigated
in order to obtain information on plasma parameters in dusty plasmas (Mendis and
Rosenberg 1994; Shukla 2002; Shukla and Mamum 2002; Denysenko et al. 2005).
Recently, it has been found that the elongated charged dust grains are ubiquitous in
many cases of astrophysical and laboratory dusty plasmas (Mohideen et al. 1998).
It is found that the elongated charged dust grains can be rotated due to the oscil-
lating electric field or due to their interaction with particles and photons (Shukla
and Mamum 2002). However, the surface dispersion properties of the dust-acoustic
wave in a dusty plasma containing elongated and rotating dust grains have not
been investigated as yet. Thus, in this paper we investigate the effects of dust grain
rotation on the surface dust-acoustic wave in a semi-bounded dusty plasma. The
investigation of the dispersion properties of the surface wave in dusty plasmas would
be a useful tool for investigating the physical properties of dusty plasmas. Here
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we consider the propagation of the surface dust-acoustic wave along the plasma—
vacuum interface. The specular reflection condition is known to be quite useful for
investigating the dispersion relation of surface waves in semi-bounded plasmas.

In Sec. 2, we obtain the dispersion relation of a surface dust-acoustic wave
in a semi-bounded dusty plasma containing elongated and rotating dust grains.
We also investigate the variation of the phase velocity of the surface dust-acoustic
wave propagating the plasma—vacuum interface due to the change of the angular
frequency of the rotating dust grains. Our conclusions are given in Sec. 3.

2. Surface dust-acoustic wave

The specular reflection condition (Alexandrov et al. 1984; Aliev et al. 2000) for
surface waves propagating in the z-direction in semi-bounded isotropic plasmas
with the plasma—vacuum interface at = 0 is represented as
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where k% = k? +k2, k| (= k,) and k, are the perpendicular and parallel components
of the wave vector k, w is the frequency, ¢ is the speed of the light, /(w, k) and
et(w, k) are the longitudinal and transverse components of the plasma dielectric
function, respectively. It is known that the physical properties of electrostatic
wave in plasmas can be obtained by the plasma dielectric function. Then, the
plasma dielectric function €)(w,k) (= 1+ > ,_.;qXa) in dusty plasmas can be
obtained by the dielectric susceptibilities x, for electrons (e), ions (i) and dust grains
(d). When the axial direction of elongated dust grains is parallel to the plasma—
vacuum interface, the longitudinal component of the plasma dielectric function for
w < ke, kvure, kur and [w — Qo] > kvrq, i.e. the low-frequency dust-acoustic wave, in
a dusty plasma containing elongated and rotating dust grains is derived (Mahmoodi
et al. 2000):
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where vy, is the thermal velocity of the species «, Qg is the preferred angular
frequency of the rotating dust grains, rp [= (32, _.; w5, Jv3,)7Y?] is the effective
Debye radius, wy, is the plasma frequency of the species a, Q, = (4md*nqy/21)"/2,
d is the magnitude of the dipole moment of the dust grains, nqo is the dust number
density and I is the moment of inertia of the elongated dust grain. Thus, for the
electrostatic mode (w?e/c? <k?), i.e. the quasi-static limit, the dispersion equation
in a semi-bounded dusty plasma reduces to
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Then the dispersion relation for the low-frequency surface dust-acoustic wave is
obtained by contour integration in the kj -plane:
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For low-frequency cases, w < {1, the dispersion relation for the surface dust-acoustic
wave is found to be

1 QQ 1 92 1
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After some manipulations, the low-frequency mode solution of the dispersion for the
surface dust-acoustic wave in a semi-bounded dusty plasma containing elongated
and rotating dust grains is sought in the form
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In addition, the group velocity of the surface dust-acoustic wave is obtained as
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The spectrum of the surface dust-acoustic wave is graphically represented as a func-
tion of the scaled wave number (k,rp)) for various values of the rotation frequency
(Q) in Fig. 1. As can be seen, the phase velocity of the surface dust-acoustic wave
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Figure 1. The dispersion relation (w/w,q) as a function of the scaled wave number (k.rp)
for various values of the ion cyclotron frequency. The solid line represents the case of
Q,/Q = 10. The dotted line represents the case of ,/Q = 1. The dashed line represents
the case of ©,/Qy = 0.1.

decreases with increasing rotation frequency. i.e. with increasing rotation frequency,
the rotation energy would be strongly coupled to the plasma oscillation. Hence, the
rotation frequency suppresses the phase velocity of the surface dust-acoustic wave
in a semi-bounded dusty plasma containing elongated and rotating dust grains,
especially, for large wave numbers. Figure 2 illustrates the three-dimensional plot
of the dispersion relation as a function of the frequency ratio (2,/Qo) and the scaled
wave number. It should be noted that the phase velocity of the surface dust-acoustic
wave is independent of the variation of the rotation frequency for long wavelengths
since w/wpd ~ k,rp for fast rotations. It is also found that the phase velocity
slightly decreases with an increase of the wave number. Figure 3 shows the scaled
group velocity (dw/dk.)/(wparp) of the surface dust-acoustic wave as a function
of the scaled wave number for various values of the frequency ratio. The three-
dimensional plot of the group velocity is also illustrated in Fig. 4 as a function
of the frequency ratio and the scaled wave number. As we see in these figures,
the group velocity of the surface dust-acoustic wave decreases with increasing the
wave number and increases with increasing frequency ratio. Therefore, it can also
be understood that the rotation frequency suppresses the group velocity. However,
for small wave numbers the group velocity is found to be almost independent of
the magnitude of the frequency ratio as in the case of the phase velocity.

3. Conclusions

We investigate the effects of dust grain rotation on the surface dust-acoustic wave
in a semi-bounded dusty plasma containing elongated and rotating dust grains.
The specular reflection boundary condition is applied to obtain the dispersion
relation of the low-frequency surface ion plasma wave from the plasma dielectric
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Figure 2. The three-dimensional plot of the dispersion relation as a function of the
frequency ratio (€2,/Qg) and the scaled wave number (k,rp).

— 0,/Qp=10
o.8fF N>
~~~
S
e
o
3
<O 6, 4
= 0.
N
X
k)
3
S 0.4} :
N
N -
~_ -
~_ -
0.2} ~_
0 0.2 0.4 0.6 0.8 1

kzr D

Figure 3. The scaled group velocity (dw/dk.)/(w,arp) as a function of the scaled wave
number (k,rp). The conditions are the same as in Fig. 1.
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Figure 4. The three-dimensional plot of the scaled group v
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function. It is found that the phase velocity of the surface dust-acoustic wave
propagating along the plasma—vacuum interface decreases with increasing rotation
also found to be slightly decreased with increasing wave number. In addition, the
group velocity of the surface dust-acoustic wave is decreased with an increase of the
provide useful information on the rotation effects of elongated dust grains on the

frequency. However, for long wavelengths the phase velocity of the wave is found to
be independent of the magnitude of the rotation frequency. The phase velocity is
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