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Abstract

The radiative drift-Alfvén wave instability in a nonuniform dusty magneto-

plasma has been theoretically studied by using a normal mode analysis. A new

dispersion relation has been derived analytically, and studied numerically in

order to examine the instability of the drift-Alfvén waves. The roles of the net

heat radiation loss, electron collision frequency, inhomogeneities in plasma

temperature and densities, the presence of static dust (impurities), etc. on the

drift-Alfvén wave instability have been discussed. The results of this theoretical

investigation can have relevance to the instabilities in low-� fusion plasma

devices (tokamaks).

Radiative condensation instability in plasmas has attracted
considerable attention since the pioneering works of Parker
[1] and Field [2]. Field [2] provided a consistent, complete
and detailed physical interpretation of this instability, and
explained its important applications in a number of
astrophysical objects, viz. solar prominences, interstellar
clouds, planetary nebulas, etc. The radiative condensation
instability in plasmas has now become a problem of wide
interest not only because of its potential applications in
astrophysical phenomena, but also because of its crucial
role in understanding many observed phenomena (e.g.,
MARFEs [3–5]) in fusion plasma devices (tokamaks).
A number of theoretical investigations has been made of

radiative condensation instability in uniform [6] and
nonuniform/collisional [7–9] electron–ion plasmas by
using an electrostatic approximation and by considering
the coupling of longitudinal electrostatic perturbations
with the radiative thermal mode. Shukla et al. [10]
considered the coupling of shear Alfvén waves with the
radiative thermal mode, and investigated the radiative
Alfvén condensation instability in a uniform magnetized
electron–ion plasma. Goswami et al. [11] have extended the
analysis of Shukla et al. [10] to a nonuniform electron–ion
magnetoplasma. It is now well established that dust (or
impurity) is an omnipresent ingredient of both space [12]
and laboratory/fusion plasmas [13–15]. Thus, the consid-
eration of two component (electron–ion) plasma is not a
realistic plasma model in either space or in laboratory/
fusion plasmas. Recently, Birk and Wiechen [16] and
Shukla and Sandberg [17] have considered the role of dust
on radiative condensation modes in space dusty plasmas,
and discussed their results in astrophysical time scale. In

the present work we investigate the radiative drift-Alfvén
wave instability in a low-� fusion plasma. We employ a
three-component nonuniform dusty plasma model, together
with an appropriate electron energy equation, to derive a
dispersion relation in a realistic fusion plasma situation, and
examine the role of the net heat radiation loss, electron
collision frequency, inhomogeneities in plasma temperature
and densities, the presence of static dust (impurities), etc. on
the radiative drift-Alfvén wave instability.

We consider a three-component nonuniform dusty
magnetoplasma consisting of electrons, ions, and nega-
tively charged dust particles. We suppose that the dusty
plasma is embedded in a uniform external magnetic field
B0 ¼ ẑzB0; where ẑz is the unit vector along the z-axis, and
that equilibrium plasma particle number density and
electron temperature gradients are in a direction perpendi-
cular to the direction of the external magnetic field (viz.
along the x-direction). Thus, at equilibrium, we have
ni0ðxÞ ¼ ne0ðxÞ þ Zdnd0ðxÞ; where ni0ðxÞ; ne0ðxÞ; and nd0ðxÞ,
are the equilibrium number density of of ions, electrons,
and dust particles, respetively, and Zd is the number of
electrons residing onto the dust grain surface. We are
interested in examining the obliquely propagating low-
frequency drift-Alfvén-like waves and the frequency !
satisfying !2 � !2

ci (where !ci ¼ eB0=mic is the ion
gyrofrequency, e is the magnitude of the electron charge,
mi is the ion mass, and c is the speed of light in vacuum) in
a nonuniform dusty magnetoplasma. Thus, in the presence
of low-frequency electromagnetic fields, E ¼ �r�
�ẑzc�1@tAz and B ¼ rAz � ẑz; where � is the scalar
potential, Az is the z-component of the vector potential,
and @t ¼ @=@t; we express the perpendicular components of
the electron and ion velocities (ue? and ui?) as

ue? ’
c

B0
ẑz� r��

1
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� �
; ð1Þ
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where neðniÞ is the electron (ion) number density, TeðTiÞ is
the electron (ion) temperature in units of the Boltzmann
constant, and dt ¼ @t þ ui? � r: We assume that the current
parallel to ẑz is mainly due to the electron motion. Thus, we
can express the parallel (to ẑz) component of electron
velocity (uez) as

uez ’
c

4�ene
r2
?Az ð3Þ

which follows from Ampere’s law. Now, using (1)–(3) we
can express the electron and ion continuity equations, the

�Permanent address: Department of Physics, Jahangirnagar University,

Savar, Dhaka, Bangladesh.
��Also at the Department of Plasma Physics, Umeå University, SE-90187
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parallel component of the electron equation of motion, and
the electron energy equation in linearized form as
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where ÔO ¼ 3@t=2� �k@
2
z � �?r

2
? ��T, ne1ðTe1Þ is the

perturbed part of the number density (temperature), �e is
the electron collision frequency, d0t ¼ @t þ ui� � r, � ð¼ 0:71Þ
is a constant, �k ¼ 3:2V2

Te=�eð�? ¼ 4:7V 2
Te�e=!

2
ceÞ is the

electron thermal diffusivity along (across) ẑz, VTe ðVTiÞ is the
electron (ion) thermal speed, �T ¼ �n�1

e0 ð@L=@TeÞTe0
,

�n ¼ T�1
e0 ð@L=@neÞne0 ; and L is a generalized heat loss

function (a function of ne and Te), and is defined as energy
losses minus energy gains, per unit volume per unit time.
The dust particles are so massive that the dust

gyrofrequency and dust-neutral collision frequencies are
much smaller than the frequency of the waves we have
considered here. Thus, the dust fluid can be assumed to be
unmagnetized and collisionless. The dust continuity and
momentum balance equations are, therefore, given by

@tnd1 þ ðr?nd0Þ � vd? þ nd0r? � vd? ¼ 0; ð8Þ

@tvd? ¼
Zde

md
r?�; ð9Þ

where nd1 is the perturbed part of the dust number density
and vd? is the perpendicular component of the dust fluid
velocity. Using (4), (5), (8), (9), ni ¼ ne þ Zdni; and
!2
ciðZ

2
dnd0mi=mdni0Þ � j@tj

2 we have
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where �d ¼ Zdn
�1
i0 @xnd0; @x ¼ @=@x; @y ¼ @=@y; and VA ¼

ðB0=4�ni0miÞ
1=2: Equations (4), (6), (7), and (10) are four

coupled equations to be investigated. We now assume that
ne; �;Az; and Te are proportional to expð�i!t þ ikyy
þ ikzzÞ: Using this assumption in (4), (6), (7), and (10) we
obtain a general dispersion relation
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Here �e ¼ 1þ k2yl
2
e , le ¼ c=!pe, 	 ¼ ni0=ne0, !pi ¼ ð4�ni0e

2=
miÞ

1=2, �sv ¼ !� !i� þ !sv, lDe ¼ ðTe0=4�ni0e
2Þ

1=2, 
s ¼
cs=!ci, cs ¼ ðTe0=miÞ

1=2, !e� ¼ �ðkyc=eB0ne0Þ@xðne0Te0Þ,
!i�¼ ðkyc=eB0ni0Þ@xðni0Ti0Þ, !sv ¼ !cikd=ky, !n� ¼ ðkycTe0=
eB0ne0Þ@xne0, !T� ¼ ðkyc=eB0Þ@xTe0; and �D ¼ k2z�kþ

k2?�?: It is obvious from (11) that for ky ¼ 0; we just
have the shear Alfvén waves !=kz ¼ VA; in which the
magnetic pressure (B2

0=4�) gives rise to the restoring force
and the ion mass density (ni0mi) provides the inertia, and
for kz ¼ 0; we obtain the coupled ion drift-Shukla–Varma
modes ! ¼ !i� � !sv or ! ¼ ð!e� � i�ek

2
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Therefore, (11) represents the dispersion relation for the
drift-Alfvén waves modified by electron inertia,electron
collision frequency, net radiative energy loss, fluctuation of
electron temperature, inhomogeneities in temperature and
density, etc. We are interested here in analyzing (11) and in
examining the instability of the perturbation waves
described by (11). We have numerically solved (11) and
found its real and imaginary solutions for typical tokamak
edge plasma parameters [13–15]: Te0 ¼ 10 eV, Ti0 ¼ 5 eV;
B0 ’ 3� 104 G; ni0 ’ 1014 cm�3: ne0=ni0 ’ 0:9, Zdnd0=ni0
’ 0:1, Ln ’ ne0=@xne0 ’ nd0=@xnd0 ’ ne0Te0= @xðne0Te0Þ

’ ni0Ti0= @xðni0Ti0Þ ’ Te0=@xTe0 ’ 2 cm, �n=!ci ¼ 0:1, � ¼
60�–758, �T=!ci ¼ 0:2–0:4; and �e=!ci ¼ 0:1–0:3: The
numerical results are displayed in Figs 1 and 2.

We have found in our numerical analysis that for a range
of tokamak edge plasma parameters the dispersion relation
(11) has one positive real root (corresponding to the wave
frequency) and one positive imaginary root (corresponding
to the wave growth rate). Figure 1 shows how the wave

Fig. 1. Showing the real solutions of Eq. (11) for typical tokamak plasma

parameters given in the text and � ¼ 60� (solid curve), � ¼ 708 (dotted

curve), and � ¼ 758 (dash curve). The lower (upper) plot shows how the

real frequency (growth rate) of the drift-Alfvén waves changes with their

obliqueness �:
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frequency and the growth rate of the unstable drift-Alfvén
waves are modified by the obliqueness �: We have observed
that the obliqueness � significantly changes the frequency
and the growth rate of the waves, and that as we increase
the angle �; the real frequency of waves decreases, but their
growth rate increases. This means that the obliqueness (�)
has a destabilizing role. Figure 2 shows how the growth

rate of the waves changes with the net radiation loss (�T)
and the electron collision frequency (�e). We have found
that the growth rate increases rapidly with the increase of
�T or �e: This clearly indicates that the net radiation loss
(�T) and electron collision frequency (�e) have a strong
destabilizing role. We have observed in our numerical
analysis that the radiative heating or cooling processes (!T

or �n) and the presence of static dust have insignificant
role in modifying the real frequency of the drift-Alfvén
waves. We have also observed that for low-� fusion plasma
parameters the inhomogeneities in plasma density and
temperature and the presence of static dust have insignifi-
cant roles instabilizing or destabilizing the drift-Alfvén
waves.
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