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The present work investigates the wave propagation in collisional dusty plasmas in the presence of

electric and magnetic field. It is shown that the dust ion-acoustic waves may become unstable to

the reactive instability whereas dust-acoustic waves may suffer from both reactive and dissipative

instabilities. If the wave phase speed is smaller than the plasma drift speed, the instability is of

reactive type whereas in the opposite case, the instability becomes dissipative in nature. Plasma in

the vicinity of dust may also become unstable to reactive instability with the instability sensitive to

the dust material: dielectric dust may considerably quench this instability. This has implications for

the dust charging and the use of dust as a probe in the plasma sheath. VC 2014 AIP Publishing LLC.

[http://dx.doi.org/10.1063/1.4895525]

I. INTRODUCTION

The space and astrophysical plasmas are generally

dusty. The star forming molecular clouds, cometary tails,

planetary rings, and the Earth’s ionosphere are some of the

known examples where charged and uncharged dust grains

of micron and submicron size play important role in structure

formations.1–10 In fact, charged grains may be the dominant

plasma component in the dense molecular cloud cores as

well as in the planetary rings.11–13 For example, the spoke

formation in Saturn�s ring, the Jovian ring formation, and for-

mation of the protoplanetary disks are but a few examples

where dust dynamics plays an important role.13,14 The plan-

ets are understood to have formed from a disk of gas and

dust orbiting around the protostars.

In the laboratory experiments under the controlled con-

ditions, work on the dust crystals on the plasma sheath

involving dust has attracted considerable interest.15–19 For

example, controlled experiment with massive dust inside

plasma sheath provides access to the spatial and temporal

scales hitherto inaccessible to traditional probe techniques.

Therefore, presence of dust in the plasma provides important

diagnostic tool for sheath characteristics. This is due to the

fact that charge on the dust is a function of local thermody-

namic conditions. As a result, study of the dust dynamics in

such a surrounding provides information about the electron

and ion fluxes, sheath potential, and ambient electric field.

Since dusty or complex plasma may exist under dispar-

ate physical conditions, it is not surprising that charge on the

grain may vary in a wide range: from (0, 61, 62)e (where e

is the electron charge) in cold molecular clouds and proto-

planetary discs12 to 104 e in laboratory experiments.14

Although the charging of grain could be due to several com-

peting processes, inelastic collision of plasma particles with

the dust is one of the most important charging mecha-

nisms.20,21 The plasma–dust collision causes not only the

damping of high frequency waves but also facilitates the

excitation and propagation of low frequency fluctuations in

the medium.

The large differences in the mass and charge of the dust

and plasma particles make dusty plasma dynamics quite dif-

ferent from the ordinary three-component plasma system.

The dust particles are usually much heavier than the plasma

particles, and this large difference, notwithstanding their

complex nature, offers considerable simplification to the

dusty plasma problems. As a result, the dynamics of dusty

plasma can be meaningfully investigated in various limits.

For example, immobile dust grains in the plasma (electrons

and ions) may provide a stationary background to the plasma

dielectric response, or response of mobile dust may be

dynamically altered by the plasma particles.

In this work, we shall investigate the low frequency

behaviour of a dusty plasma fluid in the presence of electric

and magnetic fields. We show that the plasma fluctuations

along the field lines may collisionally destabilize both the

dust ion–acoustic (DIA) and dust acoustic (DA) waves. The

collisional coupling of the dust and the plasma particles,

which is the main dust charging agency, rather than damping

the waves, causes its destabilization. The instability is of

reactive type and its growth rate is a function of dust charge

and thus a function of dust radius and local thermodynamics

conditions. For negatively charged dust, DIA and DA waves

are destabilized faster than for the oppositely charged grains.

In Sec. II, the basic model of a dusty plasma is

presented. In Secs. III and IV, the DIA and DA waves are

discussed in the presence of electric and magnetic fields. It is

shown that if the phase speed of the wave is slower than the

equilibrium drift speed, waves may become unstable. The

growth rate of the instability depends on the dust charge and

also on the relative speed between the waves and equilibrium
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flows. Since collision provides the feedback loop for the

wave growth, the instability growth rate is also proportional

to the collision frequency. In Sec. IV, we show that the colli-

sional charging of the dust may as well drive this instability.

In Sec. V, we briefly discuss the results and its possible

application before presenting a brief summary of the results.

II. FORMULATION

The dusty plasma in nature, viz., molecular clouds and

protostellar disks, is a mixture of electrons, ions, neutral and

charged grains, and hydrogen gas. In a weakly ionized me-

dium, the inertia of the plasma component is mainly due to

the presence of charged grains. By dusty plasma, three-

component plasma consisting of electrons, ions, and charged

grains will be implied. Although neutral hydrogen gas is a

major constituent of weakly ionized interstellar and plane-

tary matter, inclusion of the neutrals is postponed in the pres-

ent work, and investigation is confined to the three-

component plasma description in order to first understand

the underlying physical principles before addressing the gen-

eral problem.

The three component dusty plasma, consisting of the

electrons, ions, and unmagnetized, cold dust can be

described by the following set of equations. The continuity

equation is

@nj

@t
þr � nj vjð Þ ¼ 0: (1)

Here, nj is the number density and vj is the velocity and sub-

script j stands for electrons, ions, and grains. The momentum

equations are

0 ¼ �kB Trne � e ne Eþ ve � Bð Þ � me ne �ed ve;

mi ni
dvi

dt
¼ �kB Tr ni þ e ni Eþ vi � Bð Þ � mi ni �id vi;

md
dvd

dt
¼ Z e E: ð2Þ

The electron inertia has been neglected in the electron

momentum equation (first equation). In the dust momentum

equation, we have neglected dust-plasma collision terms.

Thus, the massive cold dust is coupled to the plasma

particles only via electrostatic field. The Larmor radius of a

dust is very large in comparison with the plasma particles,

and thus, dust can be assumed unmagnetized. We shall

further assume that the electrons and ions are in thermal

equilibrium, i.e., Te¼ Ti¼T. The above set of equations

(Eq.(2)) on the right hand side have Lorentz force term with

E and B as the electric and magnetic fields respectively,

where e is the electric charge, Z is the number of charge

of either sign on the grain, and �jd¼ nd hrvijd is the

plasma (jth type)-dust collision frequency. The ion-dust and

electron-dust collision rates for negatively charged grains

are22

hr viid ¼ 2� 10�3 T
1
2

300 a2
�5;

hr vied ¼ 2:4� 10�8 T
1
2

300 a2
�5;

(3)

where T300 is the gas temperature and a–5 is the grain radius

in the units of 300 K and 10�5 cm, respectively. Expectedly,

for negatively charged grains, the electron-dust collision rate

is much smaller than the ion-dust collision rate.

Various dusty plasma experiments require the presence of

an externally applied magnetic field B for the confinement/fo-

cusing of the plasma particles. However, the presence of such

a magnetic field may invariably give rise to transverse electric

field. This is because of the presence of massive dust (which

are unmagnetized) when plasma particles gyration causes rela-

tive transverse drift across the field. In the dust frame, the gen-

eration of such a transverse electric field is proportional to the

ratio of the plasma and cyclotron frequencies.23

The transverse electric field in dusty plasma may also be

generated due to the deformation of electron and ion gyration

orbits caused by the repulsion (attraction) of the plasma par-

ticles in the vicinity of a massive, negatively (positively)

charged dust. The deformation of the orbit and ensuing field

will be larger when the particles are closer to the dust. In

order to see this, let us examine the neighbourhood of a

micron sized, charged, immobile, spherical dust of radius a
in the presence of vertical magnetic field B ¼ B ẑ. Let us

assume that the dust is placed at the origin of the cartesian

coordinate (x, y, z). The plasma particles that follow the field

lines ending at the dust surface directly participate in the

charging of dust. However, particles which follow the field

lines that barely graze the dust surface have their trajectories

distorted. Namely, in the presence of negatively charged

dust, electrons will be slightly pushed away from the dust

whereas ion will be slightly pulled in towards the dust with-

out truly leaving respective field lines. This slight deflection

of the particles by an angle d from their initial path gives rise

to a force component Fx ¼ F sin ðdÞ, and thus,

me;i
d vx

d t
¼ 6

Z e2 x

x2 þ y2ð Þ3=2
: (4)

Assuming that before the encounter, far away from the dust,

plasma particles have gyration velocity uj, we may write

y¼ ujt. Thus,

vi
x ¼ �

Z e2

mi a2

� � ð1
�1

dt

1þ ui t

a

� �� �3=2
; (5)

which, after integration, becomes

vi
x ¼ �

2

mi

Z e2

a ui

� �
; ve

x ¼
2

me

Z e2

a ue

� �
: (6)

Clearly, the deformation of particle orbits in the vicinity of

dust give rise to following current:

Jx ¼ 2 e
Z e2

a

� �
ni

mi ui
� ne

me ue

� �
’ �2 e ne

Z e2

me a ui

� �
: (7)

Thus, an electric field Ex¼ gJx (where g is the Ohm resistiv-

ity) is present in the vicinity of a charged dust. To summarize,

the presence of transverse electric field in dusty magnetized

plasma is inevitable.
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III. THE DUST ION–ACOUSTIC WAVES

First, we shall investigate the dynamics of three compo-

nent dusty plasma in the presence of an external electric

E ¼ E x̂ and magnetic B ¼ B ẑ field. It is assumed that dust

is immobile and ions are cold and unmagnetized. The equi-

librium plasma densities are connected by the following

quasi-neutrality condition

ne ¼ ni þ Z nd: (8)

The perturbed electron density along the field line may be

written as

d ne

ne

� �
¼ e d /

kB T

� �
: (9)

Clearly, E�B drift has no bearing on the electron density

perturbations. The unmagnetized, cold, linearized ion density

and momentum equations, after Fourier analysing them as

exp ð�i x tþ i k � xÞ, become

d ni

ni

� �
¼ k

x

� �
dvi; dvi ¼

e

mi

k

x

� �
d/: (10)

For a stationary dust assuming dnd� 0, we arrive at the fol-

lowing dispersion relation:

x2 ¼ 16
jZj nd

ne

� �
k2 c2

s ; (11)

where k2 ¼ k2
y þ k2

z and c2
s ¼ kB T=mi. Here, we have

assumed kx¼ 0. The positive and negative sign in the above

dispersion relation correspond to the negatively and posi-

tively charged dust.

The dispersion relation, Eq. (11), describes well known

dust ion-acoustic waves in dusty plasmas.14 The interesting

feature of DIA is its high (for negatively charged dust), or

low (for positively charged dust), phase speed in compari-

son with the phase speed in pure hydrogen plasmas.

Expectedly, there is no effect of magnetic field on the acous-

tic waves. However, in the presence of parallel (along the

magnetic field) electron flux, this picture changes signifi-

cantly if this parallel flux forms a feedback loop with the

electron density fluctuations. Such a feedback loop can be

provided by the dust charging, or electron-dust collision as

we shall see.

It is known24 that the parallel electron current is

Doppler shifted by x0¼ kyv0 (where v0 ¼ c jE� Bj=B2)

with respect to the electron density perturbation, i.e.,

dJk ¼ �
e Dx dne

kz
: (12)

Here, Dx¼x – x0. From the electron momentum equation,

we have

0 ¼ kz d/� kB T

e

d ne

ne

� �
� i

me �ed

e2 ne

� �
dJk; (13)

which can also be written as

1� i Dx �ed

k2
z v2

T e

� �
d ne

ne
¼ e d/

kB T
; (14)

where v2
T e ¼ kB T=me. Making use of Eq. (10) on the right

hand side of the above equation and imposing quasi-

neutrality condition dne� dni, we obtain following disper-

sion relation:

x2 ¼ k2 c2
s 16

jZj nd

ne

� �
1� i

Dx �ed

k2
z v2

T e

� �
: (15)

The instability growth rate from Eq. (15) is

c
k cs

� �
’ � 16

jZj nd

ne

� �
�ed Dx
k2

z v2
T e

: (16)

The instability grows whenever the phase speed of the wave

is slower than the electron drift speed, i.e., Dx< 0, or,

x<x0. This is the negative energy mode since the fluctua-

tions with x<x0 have negative energy and are destabilized

by the dissipation due to collision.

The dust ion-acoustic instability condition x<x0 is

derivable from Eq. (7.70) of Ref. 25, which does not provide

any proper discussion about the physical nature of the insta-

bility. The DIA instability is very similar in nature to the

negative energy sheath instability,24 or plasma-beam insta-

bility due to collision.26

From Eq. (16), we note that the instability growth is

faster when grain carry negative charge. Since27

jZj ’ 4 a kB T

p e2

� �
; (17)

the growth rate, when most of the electrons has been mopped

up by the dust, i.e., Znd� 1, becomes

c ’ 5� 10�7 nd

ne

� �
k

kz

� �
jDxj

kz

� �
a cs �ed: (18)

Assuming kz ¼ k cos ðhÞ, for hydrogen ions, we see that

c ’ 2:5� 10�14 nd

ne

� �
nd cosec hð Þ jDxj

kz

� �
T300 a3

�5 sec�1:

(19)

From the above expression, it is clear that for reasonable

dust density in the plasma, long wavelength instability may

be excited in a dusty plasma.

IV. THE DUST ACOUSTIC WAVES

We shall assume similar electric and magnetic field as in

the previous case. In the present case, we shall assume com-

plete thermalization of plasma particles along the field line, i.e.,

the perturbed plasma densities along the field line are given by

d nj

nj

� �
¼ � qj d/

kB T

� �
; (20)

where qj¼6e and d / is the perturbed electrostatic poten-

tial. The linearized dust continuity and momentum equa-

tions, after Fourier analysing can be written as
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d nd

nd

� �
¼ k

x

� �
d vd; d vd ¼

Z e

md

� �
k

x

� �
d/: (21)

From where

d nd

nd
¼ Z e

md

� �
k

x

� �2

d/: (22)

Making use of quasineutrality condition dne¼ dniþZdnd,

from Eqs. (20) and (22), we get the following dispersion

relation for the dust-acoustic wave:14,28

x2 ¼ Z2 nd

ni þ ne

� �
k2 c2

d: (23)

Here, c2
d ¼ kB T=md is the dust sound speed. Expectedly, like

DIA, DA waves also are unaffected by the Doppler fre-

quency shift.

We note that the parallel plasma flux dF along the field

is not zero but finite. This parallel plasma flux will be

Doppler phase shifted with respect to the plasma density per-

turbations, i.e.,

dFe ¼
D x
kz

dne; dFi ¼
D x
kz

dni: (24)

Like the previous DIA case, in the present case also the

plasma-dust collision provides a feedback loop for the fluctu-

ations to grow. In order to see this, let us write down the par-

allel momentum balance equations for the plasma particles

0 ¼ �e ne dEk � kB Trkdne � me �e d
D x
kz

� �
dne;

0 ¼ e ni dEk � kB Trkdni � mi �i d
D x
kz

� �
dni:

(25)

Adding above equations and assuming me�ed�mi�id¼m�,

after using quasi-neutrality condition, we may write

0 ¼ �e Z nd d/� kB T dni þ dneð Þ þ i m �
D x
k2

z

dni þ dneð Þ:

(26)

Since dniþ dne¼ 2dniþZdnd, above equation may be writ-

ten as

Z dnd 1� i
Dx
k2

z

m �

kB T

� �

¼ Z nd
e d/
kB T

� �
� 2ni 1� i

Dx
k2

z

m �

kB T

� �
e d/
kB T

� �
: (27)

Thus making use of (22), we arrive at the following disper-

sion relation:

x2 1� 2 ni

Z nd
1� i

Dx
k2

z

m �

kB T

� �� �

¼ Z k2 c2
d 1� i

Dx
k2

z

m �

kB T

� �
: (28)

Assuming x¼xrþ ic, we may write

c
k cd

� �
’ �Z

2 S

Dx
k2

z

m �

kB T
1� 4 ni

Z nd

� �
; (29)

where

S ¼ 1� 2 ni

Z nd

� �2

þ 2 ni

Z nd

� �2 Dx
k2

z

m �

kB T

� �2

(30)

is positive quantity. It is clear from Eq. (29) that the counter-

part of reactive DIA instability exists for DA waves when

Dx< 0 for positively charged dust (Z> 0) if 4ni< Znd.

However, the waves may as well become unstable even

when Dx> 0 and Z> 0. The dissipative destabilization of

waves will happen if 4ni< Znd. For the negatively charged

dust (Z< 0), the DA waves are unstable if (Dx< 0), i.e.,

phase speed of the DA wave is larger than the plasma drift

speed. Clearly, the charge on the dust and ambient plasma

number densities determines whether the DA waves will

suffer low frequency reactive or dissipative instability. Since

the growth rate of both reactive and dissipative modes are

similar, in many space dusty plasma environments, both

modes are likely to be excited at various stages of their

evolution.

V. DUST CHARGING INSTABILITY

Depending on the ambient physical conditions, the dust

may carry both positive and negative charges. The colli-

sional charging and secondary electron emission are primary

charging mechanism of the dust grain in space and labora-

tory plasmas. Other less important mechanism may include

thermal ionization, photoelectric irradiation, impact ioniza-

tion, etc. Secondary electron emission from dust grain will

be neglected in the present work. Since secondary electron

emission becomes important only when the electron energy

exceeds 100 eV,29,30 this sets the limit on the validity of pres-

ent investigation. In the absence of secondary emission,

average electric charge on the dust will be negative, owing

to higher random electron velocity than ions.

We shall assume that grains are collisionally charged.

The role of such a charging process in exciting low fre-

quency, long wavelength reactive instability is investigated

here. Note that, in general, the presence of magnetic field

affects the dust charging. However, when the dust radius, a,

is much smaller than the electron gyro-radius (rL� vTe/xce

where xce¼ eB/mec is the electron-cyclotron frequency),

i.e., rL> a, the role of magnetic field in grain charging is

unimportant.31

The grain charging involves both mean directed as well

as random components of the plasma flux.32 Thus, the charg-

ing of grain depends not only on how fast the ion thermal

flux balances the electron thermal flux near the infinitesi-

mally thin Debye layer around the grain but also on the aver-

age response of the ion fluid to the build–up of the electric

field on the grain. As a result, the thermal velocity of the

plasma particles in the orbit limited motion model of dust

charging is replaced by the mean speed consisting of thermal

and directed components of the motion. Clearly, grain

charging is very similar to the charging of the wall and the
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formation of the plasma sheath. Unsurprisingly, Bohm crite-

rion is also satisfied near the dust surface.27 This implies that

the electron and ion currents to the dust surface should be

matched to the dust current (determined from the Bohm cri-

terion). The standard ion Bohm current is Ji¼ enics (where

we have equated the directed ion speed to ion acoustic

speed). The thermal electron current due to tail population

whose energy is larger than the potential drop across the dust

surface is32,33

Je ¼ �e ne vT e exp ð�DUÞ; (31)

where DU ¼ e ð/p � /sÞ=kB T and /p � /s is the potential

difference between the plasma and the dust. Recall that

charge on the grain is inferred by assuming ambipolar condi-

tion, i.e., total current a Debye distance away from the dust

surface is zero (Jiþ Je¼ 0). However, in the perturbed state,

this current is finite since dJik¼ ednics and dJek¼�ednecs

þ dJd, where

dJd ¼
e2 ne cs

T
d/p � d/s

� 	
: (32)

We shall assume that the dust is made up of dielectric mate-

rial. One needs to equate dJdl with the displacement current

in the dielectric � e@dE/@t. Here, e is the dielectric constant

and E is the boundary electric field in the dielectric surface.

Solving the Laplace equation for the dust potential

/ ¼ /s expði ky yÞ expð�jkyj zÞ and equating dJd with dJdl

gives

d/s ¼
d/p

1� i K
; (33)

where

K ¼ x e jkyj cs
1� Z nd=nið Þ

x2
pi

; (34)

and xp i ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
4 p ni e2=me

p
is the ion plasma frequency. The

total current to the dust becomes

dJd ¼ �
e2 ne cs

kB T

� �
i K

1� i K
d/p: (35)

The dust response to low frequency fluctuation is reactive if

K< 1. However, when K� 1 (which is equivalent to taking

a conducting dust), the response of the dust is dissipative and

will affect the high frequency fluctuations. In the present

case, we shall consider only low frequency fluctuations.

The dust charge fluctuation in the presence of vertical

magnetic field was studied in the past.34 The electron and ion

gyroradius rL was assumed much larger than the dust size, a,

and thus, the equilibrium dust charge was identical to

unmagnetized case. However, correction to the dust charge

fluctuation due to the vertical magnetic field seems to appear

due to plasma density fluctuations34

dnj ¼�
k2

4pqj

k?
k

� �2
xpj

xcj

� �2

�
kk
k

� �2
xpj

x

� �2
" #

d/p; (36)

where perpendicular and parallel components of the wave-

vector k are defined with respect to the magnetic field and

x2
pj ¼ 4 p nj q2

j =mj is the plasma frequency. Since the mag-

netic field will affect fluctuations only when k?rL�O(1),

this implies that k?> a. Thus, the weak field assumption

rL> a, which is used to justify the use of unmagnetized dust

charge expressions as equilibrium values (Please see Eqs. (1)

and (2) in Ref. 34), also sets the scale of the system. Since

k?> a, we shall neglect k? part of the contribution in the

above expression and assume kk¼ k. Making use of Eq. (36),

the total current to the dust, which, after using Bohm criteria,

becomes

dJd ¼ �
k2 cs

x2

x2
pe

4 p

� �
þ

x2
pi

4 p

� �� �
d/p; (37)

which, for x¼ kcs, is Eq. (35) for conducting (K � 1)

grains. Clearly, like equilibrium dust charge, dust charge

fluctuation also remains unaffected by the magnetic field in

rL> a limit contrary to the claim in Ref. 34, or else their

equilibrium is inconsistent.

Lets consider the long wavelength waves with weak var-

iation along the magnetic field, i.e., Hd log B=dz� 1. In this

limit, the physical quantities can be treated as some mean

averaged (along the field) quantities that couples with the

dust current at the boundary. Thus, assuming

�f ¼ 1

2 H

ðH

�H

f dz; (38)

the height averaged electron continuity equation becomes

�i Dx d�ne �
dJe k
2 H
¼ 0: (39)

Making use of Eq. (35), the electron continuity equation

becomes

d�ne

ne
¼ �D K

1� i Kð Þ Dxþ i �Dð Þ
e d�/
kB T

� �
; (40)

where �D¼ cs/2H is one half of the sound crossing frequency

across the scale height H which is of the order of few Debye

length. Assuming that the ions are cold and unmagnetized,

from dvi ¼ ðe kyÞ=ðmi xÞ d/, the ion continuity equation

becomes

�i xdni þ
i e ni k2

y

mi x
þ

dJi k
2 H
¼ 0: (41)

We may write it as

d�ni

ni
¼

k2
y c2

s

x xþ i �Dð Þ½ 	
e d�/
kB T

� �
: (42)

Applying quasineutrality condition in the vicinity of dust

surface, i.e., dne� dni, yields following dispersion relation in

K< 1 limit:

x2 xþ i �Dð Þ ¼
jkyj cs x2

p i

e �D
1� Z nd

ni

� �
Dxþ i �Dð Þ; (43)
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which has unstable root for x<x0

c ’ xr ’
jkyj cs x2

p i

e �D
1� Z nd

ni

� � !1=3

: (44)

Clearly, the presence of dust may excite a negative energy

mode in a dusty plasma. The instability grows at a slower

rate, for positively charged dust in comparison with the neg-

atively charged grains. All in all, the presence of charged

dust in plasma may excite reactive instability.

When the field is very strong, i.e., when the dust radius

may become comparable to the electron gyro-radius, the

modification to the dust charging by the background mag-

netic field can not be overlooked.31 and above analysis will

need considerable modification. The limit between weak and

strong field (for the dust charging) is derivable by equating

the electron gyro-radius to the dust radius.35 Clearly, present

analysis is valid only when the back ground field is weak, or

a< rL.

VI. DISCUSSION

The acoustic waves in dusty plasmas, namely, the dust

ion-acoustic and dust acoustic waves, remain unaffected by

the transverse fluctuations. The low frequency plasma den-

sity fluctuations propagate along the magnetic field without

ever noticing the drifting E�B motion of the plasma

particles. However, the collisional momentum exchange of

plasma particles with dust, which also is the primary dust

charging mechanism, provides the coupling of the Doppler

shifted (due to E�B motion) parallel density flux to the par-

allel plasma dynamics. Thus, the waves propagating along

the field line may get amplified if the phase speed of the

wave overtakes the drifting motion of the plasma particles.

The instability is of reactive type. For DIA waves, the

growth rate of the instability depends on the angle between

the wavevector and magnetic field and appears to be dynami-

cally important only for waves which are almost transverse

to the field. For example, when nd/ne� 10�3 and

nd� 103 cm�3, the growth rate of DIA wave, Eq. (19) is

c ’ 2:5� 10�14 cosec hð Þ Dx
kz

� �
T300 a3

�5 sec�1; (45)

which is insignificant unless h ! p/2, or, kz ! 0. Assuming

Dx/kz� cs� 105, we see that c � 10�9= cos h.

The Dust ion-acoustic waves may suffer both reactive

and dissipative instabilities with the similar growth rate.

Whether one or the other low frequency instability will

afflict the magnetized collisional dusty medium is deter-

mined by the charge on the dust. For example, the instability

is of reactive type if most of the positive charge is carried by

the dust. It is not uncommon that small dust in very dense

cloud cores may carry most of the positive charge12 and,

thus, provide a conducive environment to this type of insta-

bility. If, on the other hand, electrons have been mopped up

by the large dust, the acoustic waves may become unstable

to dissipative instability. In laboratory experiments,19 and

also in various planetary environments,13 large negatively

charged grains provide the conducive environment to dissi-

pative instability.

The dust acquires some mean charge after achieving the

plasma flux balance across a thin Debye layer. In the pres-

ence of a magnetic field, the reactive instability may be

excited across the thin charged layer over sound crossing

time. Therefore, the process of charging may affect the dusty

plasma dynamics in the presence of an external magnetic

field.

Following is the summary of our main results:

(1) In the presence of electric and magnetic fields, DIA and

DA waves may become unstable. The growth rate of the

instability is proportional to the plasma-dust collision

frequency.

(2) The collisional momentum exchange is the main mecha-

nism through which a feedback loop is created for den-

sity fluctuations.

(3) The instability is of reactive type for the DIA, whereas it

could be of the dissipative type as well depending on the

ambient plasma conditions and dust charge.

(4) The dust charging may also induce reactive instability in

a dusty plasma over dust-sound crossing (across the

Debye layer).
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