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Electron and ion inertia effects on current-driven collisional dust acoustic,
dust ion acoustic, and ion acoustic instabilities
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lon acoustic waves can be excited by electrons drifting relative to the ions in a plasma. This relative
drift can be produced, in a collisional plasma, by a static electric field. In the analysis of this
instability, which occurs for frequencies well below the ion plasma frequency, the electron inertia
term in the momentum equation is typically neglected. A similar assumption has been employed in
the investigation of the dust ion acoustic instability in a collisional dusty plasma. In the study of the
collisional current driven dust acoustic instability, both the electron and ion inertial terms were
neglected. It is shown here that the inclusion of the appropriate inertia terms can result in significant
differences in the growth rates for these instabilities. The cases studied, including the inertia terms,
led to a decrease in the critical electric fields necessary to excite the current driven dust acoustic,
dust ion acoustic, and ion acoustic instabilities2@05 American Institute of Physics
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In this Brief Communication the effects of electron iner- We start by obtaining the general dispersion relation for
tia on the current-driven dust ion acoustic and ion acoustidong wavelength(compared to the relevant Debye length
instabilities and the effects of electron and ion inertia on theacoustic modegdust acoustic, DA, and dust ion acoustic,
current-driven dust acoustic instability are examined. Colli-DIA) in a collisional dusty plasma. This dispersion relation,
sional ion acoustic instabilities occur in weakly ionized plas-of course, also contains the current-driven ion acoustic, IA,
mas which contain an equilibrium electric field which pro- instability. The analysis follows directly that given in Ref. 9
duces a relative drift of electrons and ions. with the difference that the ion and electron inertia terms are

This problem was first considered by Skisundaram now included in the momentum equations as well as finite
and Kaw’ and Kaw?® In these works, the electron inertia dust temperature.
terms in the electron fluid equation were neglected based on We consider a three species plasma containing ions,
the argument that since the waves are of low frequency, glectrons and negatively charged dust particles of mass
modified Boltzmann relation was appropriate for the elecand charge numbet. The equilibrium state is uniform and
trons. The same approximation was also applied to the propime independent with a dc electric fielgh which produces
lem of current-driven ion cyclotron waves in a collisional Zero-order particle driftslo, Ue, andugo for the ions, elec-
plasma® Subsequently, a similar approach for the electronrons, and dust, respectively. The species temperaturds, are
dynamics in a collisional dusty plasma was adopted byTe: an_de. All three speci.e.s obey the continuity, momentum
Merlino® in analyzing the current-driven dust ion acoustic €quations, and the condition of charge neutrality
instability. Annou® Ostrikow et al,” and Tribeche and

LB - ani a(niuy)
Zerguini, using the same approximation for the electrons, —+—LL=0, (1)
extended the fluid analysis of Merlifito include the effects X
of dust charge fluctuation. D'’Angelo and Merlthalso in-
vestigated the excitation of the current-driven dust acoustic
. S . . . : n; &;m;
instability in a collisional plasma using a fluid model in 17
which both the electron and ion inertia terms were neglected
in the momentum equations for the electrons and ions.

It will now be shown that the inclusion of the electron
inertia terms in the momentum equations can lead, undewherej=(i,e,d) refers to ions, electrons and dust, respec-
certain conditions, to significant differences in the growthtively. The ion, electron, and dust charges are givengby
rate of current-driven dust ion acoustic waves. In particular=e, g.=-e, andqy=-€Z v, is the collision frequency be-
we find that the inclusion of the electron inertia terms tendsween specieg and the neutrals. The quantifyin Eq. (2) is
to reduce the critical electric field for instability, as comparedinserted to allow comparison with the cases in which the
to the case in which the electron inertia is neglected. For thénertia terms are neglected. For calculations in which the
case of the current-driven dust acoustic instability, a similaiinertia terms are included,=48.,=1. To investigate the effect
result is obtained when both the electron and ion inertisof neglecting the electron inertia term, we $gt0. For the
terms are retained in the fluid equations. We provide numeridust acoustic case, in which both the electron and ion inertia
cal solutions to the dispersion relations to illustrate thesere neglecteds=45,=0. For all case$;=1 for the dust fluid.
points. The zero-order state is defined by the equations

Ju; JdU; an;
it — 1 _ = —
( ot + Uj (}’X> + kT] ox qJn]E - annjijj, (2)

N =N+ 2Zny, (3
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TABLE |. Values of appropriate plasma parameters used in the numerical solution to the dispersion relation for
the (a) dust acoustic DA(b) dust ion acoustic DIA, anc) ion acoustic IA, instabilities.

Parameter DA DIA 1A
lon mass(kg) m; 4.7x 10726 6.7X107% 3.3x 10726
Neutral atom masgkg) m, 47X 1072
Dust masgkg) my 1.0x 10712
lon temperaturéK) T 300 1160 1160
Neutral atom temperatur@) T, 300
Dust temperaturéK) Ty 300
Electron temperaturé) Te 23 000 23 000 23000
Dust radius(xm) a 5.0
Dust charge number Z 40 000
Dust to ion mass ratiog,/nig £ 1.25x 10°°
Fraction of negative charge on dust eZ 0.5 0.8
lon-neutral cross sectiofm?) Tin 5.0x 102 5.0x107% 5.0x 10719
Electron-neutral cross sectigm?) Oen 1.0x1020 2.0x 1020 1.0x1020
Neutral atom densitym™3) N 3.0x 10?1 1.5x 104 1.0x 10%°
Wave numbefm™1) K 1000 63 100
_ g electron thermal speeds. The dust-neutral collision frequency
Yo= Eo, (48 s given by
17N
Nip = Neo + ZNgo. (4b) 5
_ 4m Na‘c,
With e=nyo/n;o we obtain from Eq(4b) Von = my ®)
Neo = (1 —eZ)nyg, (5

wherec,=V«T,/mj, is the thermal speed of the neutrals with
temperaturel, and massan,, a is the radius, andny is the
mass of the dust particles.
Dust acoustic instabilityThe dispersion relation, E¢6)
was solved numerically for the complex angular wave fre-
quencyQq=Qq,+iy, wherel,, is the real frequency in the
1 dust frame andy is the growth rate, using the set of plasma
; parameters appropriate to a laboratory discharge plasma
~ KT+ mQy(80; +ivin) listed in column(a) of Table I. Figure 1 shows a plot of the
1-¢Z real frequency(ly, and growth ratey of the dust acoustic
*t K2kT o+ MeQu( 8.0 + i ver) insftability as a function of the _zero-prder el_ectric field. The
solid curves are for the case in which the ion and electron
+ 2 -0 (6) inertia terms are retaingd = 5.=1) while the dashed curves
= KkTq+ mgQq(Qq +ivyy) show, for comparison, the corresponding real frequency and
growth rate when the ion and electron inertia terms are both
whereK is the wave numbery the complex wave angular neglected(s=#6,=0). The critical electric field(y=0) for
frequencyf);=w—-Kuj, is the angular frequency in the frame wave growth is about a factor of 3-4 lower for the case in
of reference of specigsj=(i,e,d), and« is the Boltzmann  which the ion and electron inertia terms are retained as com-
constant. The collision frequencies for ion and electron colpared to the case in which the inertia terms are neglected.
lisions with the neutrals are The same conclusion holds if only the ion inertia term is
retained(5=1) while the electron inertia term is omitted
(8.=0), indicating that the ion inertia has a much larger ef-
fect on the critical electric field than the electron inertia.
Von= NoerCen (7b) Dust ion acoustic instabilityor the analysis of the dust
ion acoustic instabilitfsee, e.g., Ref.)&he last term in Eq.
where g, and o, are the cross sections for ion-neutral and(6) is eliminated since the dust is treated simply as an immo-
electron-neutral collisionsN is the density of the neutral bile (my— ) background of negative charge, and &et1.
atoms, andc;=V«T;/m; and c.=VkT./m, are the ion and The resulting dispersion relation dispersion is given by

where the quantityZ is the fraction of the negative charge
on dust grains, so that in the absence of dust0.

The dispersion relation is obtained by linearizing Eqs.
(1)—(3), using the zero-order Eq#&4) and (5) and assuming
that all first-order quantities vary a9,

vin = Nojn i, (78
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) FIG. 2. The negative of the real frequer(ay the ion frame ); , and growth
FIG. 1. Real frequencyin the dust framp{l,, and growth ratey for the rate y of the current-driven dust ion acoustic instability as a function of the

qurrent dr|ven'dust acoustic !”S‘at_’"'ty asa function of thg ap‘?“ed EElect”capplied electric fields,=1 is the case in which the electron inertia terms are
field. 5,=38,=1 is for the case in which the ion and electron inertia terms are

] - ; . A included and5,=0 correspond to the case in which the electron inertia terms
retained ands=4,=0 is for the case in which the inertia terms are ne-

w0 are neglected. The values of the plasma parameters used to obtain this graph
glected. The values of the plasma parameters used to obtain this graph alfs Jisted in column “DIA” of Table |

listed in column “DA” of Table I.

real frequency in the ion frame angis the growth rate, are
1 shown in Fig. 3 using the set of parameters listed in column
= K2, + M (€ + i wpn) (c) of Table I. Again, for comparison, the results for the case
1-87 . in which the electron inertia is neglectéd.=0), are also
+ : =0 9 shown. For the particular parameters chosen, which are typi-
= K2Te + M50+ iver) cal for Iaborators plasmasl?the effect of the electron inertig Iios
The dispersion relation was solved numerically for the com1o reduce the critical electric field by about an order of mag-
plex angular frequency);=; +iy, where();, is the real nitude and increase the growth rate by more than two orders
part of the angular frequency in the ion frame apds the  of magnitude. By varying the parametesand N over a
growth rate for the set of parameters listed in colufipnof  large range of values, we found that the general thrust of the
Table I. Figure 2 shows a plot of the real frequeriy (in  results shown in Fig. 3 was borne out. The inclusion of elec-
the ion frame¢ and growth ratey as a function of the zero- tron inertia makes the collisional ion acoustic instability
order electric field,. For this case there is roughly a factor easier to excite.
of 3 reduction in the critical electric field and more than an ~ We note that it is possible to find combinations of
order of magnitude increase in the growth rate when th@arameters in which the effect of including the inertia terms
electron inertia is included. produces less of a difference than that seen in the examples
lon acoustic instability.Given the results of including provided here. For example with the following set of
the appropriate inertia terms in the analyses of the dusparameters: m=m,=3.3X10%kg, my=4.2x10 kg,
acoustic and dust ion acoustic instabilities, it seems apprc@=1.0 um, Z=5000, £=10* T;=T,=1000 K, T4=300 K,
priate to reconsider the even more basic problem of currenffe=20 000 K, N=10"m=3, 0;,=5X10"°m?  oe,=1
driven ion acousticwaves in dust-free plasma. The disper- X 1072 m? and K=100 m", we found that the real frequen-
sion relation for collisional ion acoustic waves can becies and critical electric field§=0.1V/m) for the dust
obtained from Eq(6) by settingeZ=0 and&=1: acoustic instability were about the same in both cases, al-
1 though the growth rate was more than an order of magnitude
5 _ higher for the case in which the electron and ion inertia terms
= KTy + mi(Q; + i) were retained.
1 10 Although the general, qualitative conclusions of Refs. 5
+ 2 . =0 10 and 9 are not altered, the present results show that the inclu-
™ KO Te + M52 + ver) sion of the electron inertia terms in the electron momentum
Numerical solutions of the dispersion relation for the com-equation for the dust ion acoustic instability and the ion and
plex wave angular frequend;=); . +ivy, where(); is the  electron inertia terms for the dust acoustic instability, can

Downloaded 24 Aug 2005 to 128.255.35.150. Redistribution subject to AIP license or copyright, see http://pop.aip.org/pop/copyright.jsp



054504-4 R. L. Merlino and N. D’Angelo

—-= - [5 =]
—  v[8=1]
===== -Q [5=0]
- v [B=0

108; T T T T T T
1075 1A ]

T; 10 e 2
= 10°L 3
= ” 4
G 104'r P ” '/ -;
1 3§ - P d ’/ ?
102: vl e

0.1 1 10 100
EO(V/m)

FIG. 3. The negative of the real frequer(@y the ion frame (); , and growth
rate y of the current-driven ion acoustic instability as a function of the
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when dealing with waves with frequencies well below the
ion plasma frequency for the case of the ion acoustic waves
and below the dust plasma frequency for the dust acoustic
waves. An additional justification offered for the neglect of
the inertia terms in Eq2) is that they are of higher order in
m, (or m;) compared to the collision term on the right-hand
side, since the collision frequend§q. (7)] is ~m,*? and
thus the collision term is of ordem’. The collisional ion
acoustic instability is driven by the relative drift of electrons
and ions. The waves are damped due to ion-neutral collisions
but electron-neutral collisions are destabilizing as first
pointed out by Kaw A perturbation in the ion charge density
will be partially neutralized by electrons which are attracted
to regions of excess positive charge. Electrons colliding with
neutrals will be impeded from fully neutralizing the ion
space charge, thus the instability is enhanced by electron-
neutral collisions. The electron inertia may have a similar
effect in reducing their ability to neutralize regions of excess
positive charge. That electron inertia can play a role similar
to plasma resistivity has been pointed out previodiSly.
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