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ABSTRACT

In the present work , dispersion relation of new mode of Dust Acoustic (DA) wave has been derived by incorporating the quantum correction for
all the three species viz electrons, ions and negatively charged dust particles. The effect of dust polarization on the dispersion relation has also been
studied. For the purpose of analysis the quantum hydrodynamical model has been used. It is observed that with the inclusion of quantum correction
term for all the species and the dust polarization force the dispersion relation of DA wave has significantly modified.
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INTRODUCTION

A dusty plasma is basically a three component plasma which contains electrons, ions and charged dust grains. Dust grains are billions
times heavier than the protons and their size range from nanometre to millimetre. A plasma with dust particle will be termed as dusty
plasma when dust particles takes part in collective behaviour. Condition to term plasma as dusty plasma in term of characteristics
length viz dust grain radius rq, the inter grain distance a, and plasma Debye radius (Ap) is ra<<a<<Ap[1]. The presence of charged dust
grains does not only modify the exiting low-frequency waves but also introduce new types of low-frequency dust related waves such
as dust acoustic wave (DAW), Dust ion acoustic wave (DIAW), DIA solitons/shocks and DA solitons /shocks and associated
instabilities [2-5].

Recently a great deal of attention has been paid to quantum effects in dusty plasmas[6-12]. The important role of quantum mechanical
effects in plasmas has been recognized in microelectronic devices, dense astrophysical systems, metallic nanostructures, and laser
plasmas [11].

In present case dispersion relation of new dust acoustic mode proposed by Stenflo et al . [4] have been derived by considering quan-
tum correction term for electrons , ions and dust particle in presence of dust polarization force.

BASIC EQUATION AND DISPERSION RELATION

Classical plasma is characterised by low density and high temperature whereas quantum plasmas have high density and/or low temper-
ature. Quantum effect starts playing a significant role when de Broglie wavelength is comparable to or larger than inter-particle dis-
tance n"* i. ¢ when
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In such a situation, ultracold dusty plasma behaves like a Fermi gas and quantum mechanical effects are expected to play a central role
in the behaviour of charged particles.

Assuming dynamics of plasma particles is governed by equation of state given by
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where j equals e for electrons, i for ions, and d for dust grains, mj is the mass, V; = ( 8 % j/ is the Fermi speed, ks is the
)

Boltzmann constant, and Trj is the Fermi temperature. Furthermore, rj is the number density with its equilibrium value njo.

Dust Acoustic mode arises due to the collective motion of (negatively) charged dust particles in the background of electron and ions in
thermodynamic equlibirrium. In the present case, for the propagation of low frequency dust acoustic wave , one dimensional quantum
hydrodynamic model has been taken. Further in the present analysis the quantum statistical and diffraction effect of all the three
species have been taken in to account.

In the presence of electrostatic field E =—V ¢ (where ¢ is the electrostatic potential), the perturbed momentum equations for massless
electron and ion in a quantum plasma are given by
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where e is the magnitude of the electron charge, ¢ is the DAW potential,  is the Planck constant divided by 27, and nes and ni7 is a
small electron and ion number density perturbation in its equilibrium value. The quantum corrections in the above equations appears
through the Fermi temperatures and through the third terms in (1) and (2)

The dynamics of dust particles is governed by
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Where ¥ is the dust collision frequency and I" is the dust polarization interaction parameter.
The entire system of equation is then closed by Poisson equation
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Assuming perturbed quantities and ¢ proportional to as € , where k and  are wave vector and frequency respectively, Eq

(1)and Eq (2) gives perturbed electron and ion density as
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Combining Eq (3) and Eq (4)
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Inserting nji from (6)-(8),in Poisson we get
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Where 0 = ———— and using C D =7 d( 2k BTFlndO / mdn-o) solution of (9) can be written as
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Alsowhen I'=0 I' = 0 and instead of poission Equation Quasi-neutrality is considered , above solution will reduced to
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CONCLUSION
To summarize, In this paper the dispersion relation for a new Dust Acoustic mode is obtained using Quantum hydrodynamic model for
plasma. It is found that dust polarization force modify the dispersion properties of this new dust acoustic mode proposed in quantum
plasma.
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