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Drift wave instability in a nonuniform quantum dusty magnetoplasma
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Using the quantum hydrodynamic model of plasmas and with quantum effects arising through the
Bohm potential and the Fermi degenerate pressure, the possible drift waves and their instabilities
have been investigated in considerable detail in a nonuniform dusty magnetoplasma. It is found that
in the presence of a nonuniform ambient magnetic field, the drift waves grow in amplitude by taking
energy from the streaming ions and density inhomogeneity. The implication of the drift wave
instability for nonthermal electrostatic fluctuations to laboratory and astrophysical environments is
also pointed out. © 2009 American Institute of Physics. �DOI: 10.1063/1.3086861�

In recent years, there has been a growing enthusiasm in
quantum plasmas because of their importance in microelec-
tronics and electronic devices with nanoelectronic
components,1,2 dense astrophysical systems,3–5 and in laser-
produced plasmas.6–9 When a plasma is cooled to an ex-
tremely low temperature, the de Broglie wavelengths of the
plasma particles could be at least comparable to the scale
lengths, such as Debye length or Larmor radius, in the sys-
tem. In such plasmas, the ultracold dense plasma would be-
have as a Fermi gas and quantum mechanical effects might
play a vital role in the behavior of the charge carriers of these
plasmas under extreme conditions.

We can visualize that the density and static ambient
magnetic field in a quantum dusty magnetoplasma can be
nonuniform with finite scale lengths. The density inhomoge-
neity causes the presence of drift waves due to diamagnetic
drifts, and the magnetic field inhomogeneity causes a uni-
form stream of ions. In this Brief Communication, we study
the possible drift waves and their instabilities due to the free
energy sources of density nonuniformity and a uniform beam
of ions due to the ambient magnetic field gradient.

We consider an infinitely extended inhomogeneous high
density dusty magnetoplasma containing electrons, ions, and
charged dust grains in the presence of an inhomogeneous
static ambient magnetic field B0�x� � ẑ. At equilibrium, we
assume that the charge quasineutrality condition is satisfied,
that is, ni0+ �qd /e�nd0=ne0, where nj0�x� is the equilibrium
number density of the jth species �j=electrons, ions, or
dust�, qd is the average charge on a dust grain, and e is the
electronic charge. We analyze the stability properties of the
system against electrostatic perturbations including the ef-
fects of the heavier species.

The governing equations in the quantum hydrodynamic
�QHD� model10–14 for electrons, ions, and charged dust
grains �j=e , i ,d� in the presence of the ambient magnetic
field B0 are

mjnj0
�

�t
v j = − nj0qj � � + nj0

qj

c
v j � B0 − �pFj

+
�2

4mj
� ��2nj1� , �1�

�nj

�t
+ � · �njv j� = 0, �2�

where nj =nj0+nj1, � is Planck’s constant divided by 2�,
��r , t� is the electrostatic potential in the quantum magneto-
plasma, and qj, mj, nj, and c are the charge, mass, total equi-
librium number density with equilibrium value nj0 of the jth
species, and the velocity of light in a vacuum, respectively.
Here, we take into account the quantum effects of all the
species when they are considered extremely cold. In Eq. �1�,
we assume that the plasma particles in a one-dimensional
zero-temperature Fermi gas satisfies the pressure law,11,12

pj =mjVFj
2 nj /3nj0

2 , where VFj = �2kBTFj /mj�1/2 is the Fermi
speed, and kB, TFj, and nj are the Boltzmann constant, Fermi
temperature, and the total number density with its equilib-
rium value nj0, respectively.

Further, Poisson’s equation satisfying the electrostatic
potential � of the electrostatic perturbation is

�2� = 4�e�ne1 − ni1 −
qd

e
nd1� . �3�

In the presence of the density inhomogeneities in the
x-direction and the ambient magnetic field, B0= ẑB0�x�, we
assume the presence of drift waves propagating in the
YZ-plane, proportional to exp�−i��t−kyy−kzz��, where ky

2

�kz
2. Here, � and k are the angular frequency and wavenum-

ber vector, respectively. Using Eqs. �1�–�3� and after some
straightforward calculations, we obtain the dielectric suscep-
tibility for the jth species where j=e , i ,d as

� j = −

�pj
2 � kz

2

�2 +
ky

2

�2 − �cj
2 �1 −

�cj

kyLj�
�	

k2 − k2VFj�2� kz
2

�2 +
ky

2

�2 − �cj
2 �1 −

�cj

kyLj�
�	 , �4�

where �pj = �4�nj0qj
2 /mj�1/2 and �cj =qjB0 /mjc are the

plasma frequency and the cyclotron frequency of the jth spe-
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cies. In Eq. �4�, VFj� =VFj�1+� j�1/2, where � j =�2k2 /8mjTFj

and the scale length of inhomogeneity Lj =−nj0 /nj0� where
nj0� =�nj0�x� /�x. We use Eq. �4� to find the general dielectric
response function of the nonuniform quantum dusty magne-
tized plasma under various possible conditions from

	��,k� = 1 + �e��,k� + �i��,k� + �d��,k� . �5�

To study the possible drift waves and their instability in
a nonuniform quantum dusty plasma in the presence of a
static ambient magnetic field with a gradient, we assume

� 
 �i
� � �ci, ky

2 � kz
2,

kVFe� � � � kVFi� . �6�

Then, the dielectric response function becomes

	��,k� = 1 +
�pe

2

ky
2VFe�2 + f i −

�i
�

�
−

�pd
2

�2 , �7�

where �i
�=�pi

2 /kyLi�ci is the ion-drift frequency and f i

=�pi
2 /�ci

2 . Here, the quantum mechanical effect is taken
through the motion of electrons, which is neglected for ions
and dust grains because of their heavier masses. The disper-
sion relations of the electrostatic drift waves are given by 	
=0, that is,

� =
�i

�

1 + f i + �pe
2 /ky

2VFe�2 , −
�pd

2

�i
� . �8�

Here, we incorporate the quantum mechanical effect through
the electron dynamics only. Ions are considered cold, inho-
mogeneous, and magnetized. However, the relatively mas-
sive and charged grains are logically taken as cold and un-
magnetized.

In the absence of the dust component, that is, in an
electron-ion plasma, if we assume that �pe

2 /k2VFe�2 � f i�1,
then first of Eq. �8� reduces to

� =
�i

�

�pe
2 �k2VFe

2 +
�qe

2

4
� , �9�

where the quantum angular frequency is given by �qe

=�k2 /me. For a quantum plasma �e.g., nanoscale microelec-
tronics, semiconductor plasmas, laser-produced plasmas,
etc.�, the ratio of the Bohm term to degenerate term in Eq.
�1� becomes

k2

38n2/3 � 1 �10�

for a given electron density and short wavelength perturba-
tion ��B� in a supercooled plasma �B�L�. Thus, the
quantum effect arising through the Bohm potential effect is
larger than that due to Fermi degenerate pressure effect.
Thus, Eq. �9� reduces to

� 
 �i
�� �2ky

4

4me
2�pe

2 � . �11�

It may be mentioned here that the new drift wave with quan-
tum effect found by Shukla and Stenflo15 reduces to the ion-

drift wave given by Eq. �11�. However, in a complete degen-
erate plasma, the drift wave is given by

� = � k2VFe
2

�pe
2 ��i

�, �12�

where VFe= �2kBTFe /me�1/2 is the Fermi velocity of electrons
and k2VFe

2 ��qe
2 /4.

For cold nonuniform electron-ion plasmas neglecting the
presence of the dust component, one can easily obtain the
dispersion relation of the drift waves from Eqs. �4�, �6�, and
�7� as

� =
�e

�

f i
�1 +

Le

Li
� , �13�

where ky
2�kz

2 and f i� fe�1 are satisfied. Here, fe=�pe
2 /�ce

2 .
On account of the density inhomogeneities, the electrons

and ions acquire diamagnetic drift frequencies. However, be-
cause of the inhomogeneity of the ambient static magnetic
field in the dusty plasma with a gradient in the x-direction,
ions can have an additional drift velocity16

V0 = −
c � B0�x�/�x

4�qd0nd0
ŷ �14�

In the presence of the density nonuniformity and the continu-
ous ion streaming because of the magnetic field nonunifor-
mity, we can study the instability of the drift wave from17

1 +
�pe

2

ky
2VFe�2 + f i −

�i
�

� − kyV0
−

�pd
2

�2 = 0 �15�

or

1 −
�i

�/F
� − kyV0

−
�pd

2 /F
�2 = 0, �16�

where

F = 1 +
�pe

2

ky
2VFe�2 + f i. �17�

Letting �=kyV0+� where ��kyV0, Eq. �16� becomes

1 −
�i

�/F
�

−
�pd

2 /F
ky

2V0
2 �1 −

2�

kyV0
� = 0. �18�

For kyV0��pd /�F, the growth rate of the drift wave is given
by ��=�r+ i ��,

� 

�pi�kyV0�3/2

�2�pd
�kyLi�ci

. �19�

Equations �11�, �12�, and �19� are the main results of the
present paper. We notice here from Eq. �19� that the drift
wave instability growth rate increases with increasing ion
drift speed V0 due to the sharp magnetic field gradient but
decreases with the ion inhomogeneity scale length Li. How-
ever, in the presence of collisions of the charge particles with
the neutral atoms/molecules, the growth rate of the drift
wave will saturate, which is beyond the scope of the paper.
At large enough neutral density, the instability may even be
suppressed.
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In summary, we present a rigorous study of possible drift
waves and their instability in a nonuniform quantum dusty
magnetoplasma in a dense astrophysical object and its envi-
ronments. QHD equations for the plasma particles in the
presence of a nonuniform static ambient magnetic field and
Poisson’s equations for the electrostatic potential have been
employed to derive a general expression for the dielectric
response function of the plasma. Linear dispersion relations
for possible drift waves with or without the quantum effects
arising through the Fermi degenerate pressure and the Bohm
potential have been derived for possible cases of interest. In
the absence of quantum effects via the dynamics of cold
electrons, we obtain the electron and ion drift waves. Drift
waves in the dusty plasma approximations are presented with
or without quantum effects. It is found that in the presence of
uniform ion streaming due to the inhomogeneous static am-
bient magnetic field, the drift wave in a dusty plasma suffers
an instability. This instability growth rate increases with the
ion-streaming velocity and decreases with the scale length of
ion inhomogeneity in the nonuniform quantum dusty magne-
toplasma.

In laboratory plasmas, ion streaming can occur in the
presence of externally applied static crossed electric and
magnetic fields. Hence, the drift waves can be excited, whose
properties can be investigated in the laboratory. In astro-
physical situations, the drift waves might generate sufficient
electromagnetic noise due to parametric cascading of elec-
tromagnetic signals, which should be taken into account in
the telescopic observations. Thus, the drift wave excitation

can contribute to better understanding of the cross-field en-
ergy and charged particle transport in quantum plasmas.

One of the authors �M.S.� would like to thank Professor
P. K. Shukla for useful discussions on the work. The authors
would also like to thank the anonymous referee for construc-
tive suggestions to improve the paper.
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