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Mechanism of dust-acoustic instability in a direct current glow
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An observation of low frequency waves spontaneously excited in a dc glow discharge dusty plasma
is reported. To analyze possible reasons for the instability observed, a linear dispersion relation
which takes into account collisions with neutrals, dust grain charge variations, ion drift, and forces
acting on dust particles is derived. Numerical analysis of the dispersion relation shows that the
observed instability is the result of dust charge variations in the presence of external
charge-dependent forces together with the ion drift effect.2@0 American Institute of Physics.
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I. INTRODUCTION driven by a sinusoidal voltage source. The measured disper-
sion relation yields experimental values for the dust particle

In recent years there has been much interest in new Wavaﬁarge and plasma Debye length. In other experiments, the

behavior that results from the presence of charged dust P2, st density fluctuatiori&2%22-24 or individual particle

ticles'in plasmas. The dust particles are generally eXtremeIVibration§5 on slow time scales were spontaneously excited,
massive and multiply charged as compared to plasma 'Or\ﬁdicating some kind of instabilities. One of the possible

(fort_ei(amrp])le, the_ch_arge numbzj of an |s_olate? s?herlcsl driving mechanisms of DAW is the ion—dust streaming
particle when emission processes are unimportant can be &geapijity 47 which arises as a result of ions motion relative

. — 2 . . . .
timated asZq~aTe/e”, Wher.e‘.”‘ is the particle radiusT, is to the levitating dust grains and can be important in different
the electron temperature, givirgy~10® for a~1 um, and laboratory device&1924

Te~1eV). In addition, their charge is not fixed, but is T k] <
cgupled self-consistently to the surrounding plasma param- In the DAW frquency I|rr.1|tw<szTe, | k9'|<k1.jTi’.
eters. For this reason various new wave modes can exist ﬁ‘f>kVTd’ the d;spersmn relation which takes ion drift into
dusty plasmas, ranging from modifications of well-knownaccount reads’
plasma waves and instabilities to new ones, such as the dust- 2
acoustic wavéDAW), first considered theoretically by Rao, 1+ +i \/; ®—kuy; _ ME 1)
Shukla, and Y. The inertia in this mode is provided by k23 2NGvr, 0®
charged and massive dust particles, and the pressure to sus-
tain the wave is provided by plasma electrons and ionswherew andk are the wave frequency and number, respec-
Physically, the DAW is analogous to the ion acoustic wavetively, vy = VJT,/m, is the thermal velocity of a specie(«
in a dust free plasma, but occurs at very low frequency beequalse for the electronsij for the ions, and for the dust
cause the dust particles are many orders of magnitudgraing, uy is the drift velocity of electrongions), N Dei)
heavier than ions. More recently, DAWs were studied by:m is the electron (ion) Debye length
several authors in different theoretical contexts, including()\szz)\ag_,_)\aiz), and = 4mZ2en,imy is the dust
variations of the dust pa_rtic_le’s chgrge i_n the presence of thﬁlasma frequency. In deriving E4L) we have neglected all
wave?® the dust-acoustic instability driven_by ions and/or cojjisions with neutrals, damping due to variations of the
electrons drifting relatively to charged ddst, nonlinearity st grain charge in the presence of the whaed the dust
effects}~'°the effect of strongly coupled dusty plasmas;® | andau damping term. Thus, instability occurs if the ion drift
as well as the effects of ionization and ion drédg*’ velocity exceeds the wave phase veloaity> w/k. Assum-
Experimental observations of DAWSs in low temperaturejng = w +iy (w,>7) and neglectingm as compared to

laboratory plasma devices with trapped dust particles hav;%ui , we can obtain the following expressions for the real
also been reported=?' This mode can be analyzed easily in gnq imaginaryy parts of the DAW frequency:
experiments by recording the scattered laser light, which il-

luminates the particle cloud_, on a vide_o tape. Even with the wpdK\p 7u (Ap)2  Kip
naked eye, the dust density fluctuations of very low fre-wr=(lT)\2)1,2, Y=opd\ 5o 1+ kN2
guency can often be observed. In Ref. 21, DAW was excited D Ti \ DI D @
by means of a wire situated near the particles’ cloud and

The growth rate as a function d&f reaches its maximum
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Wpd \/;( AD) 2 U;

Ymax— 3 6 | \p, vy
at k\p=1/y2 and w,= wpq/\/3. These are parameters that
correspond to the most effective development of the instabil- _
ity. Collisions with neutrals and charge variations lead to a %ideo camers %?% C‘;ﬁ:s*ical
decrease of the growth rate. \]jip _ @

In this paper we report the observation of low-frequency partidles laser
waves spontaneously excited in a dc glow discharge dusty
plasma. We show that the previous interpretation of this
effect?® based on the ion—dust streaming instabilapd the
dispersion relation(1)] was not sufficiently correct. It is
shown that the ion—dust streaming instability alone cannot
be responsible for the phenomenon observed because the
driving mechanism of this instability is not effective enough
as compared to dampir(gollisional and collisionless due to
charge variationsin our conditions. The damping effects cal particles 1.87um in diameter and mass density-1.5
were absent in the previous modél. g/cnt) were held in a cylindrical container located in the

However, we propose a completely new mechanism ofipper part of the glass discharge tube. The bottom of the
DAW instability and compare it with the experimental re- container was fashioned from a metal mesh with a spacing of
sults. The instability mechanism is based on the dust chargg00 um. When the container was shaken, particles rained
perturbations, as well as on the nature of the forces that tragown into the positive column of the discharge. Some of
dust particles within the discharge camera. The point is thathem were found to be trapped in a discharge region where
in laboratory plasma devices dust particles can be trappednere is a balance between the forces acting on them. They
within the plasma region by the balance between all forcesould be seen as a cloud levitated in the center of the tube.
that act on them. The most important forces are gravitationalPbservations were made by illuminating a vertical plane
electric, and ion drag. Thus the net for@ghich has to be With a sheet of a laser light. The scattered laser light was
zero within the balancing regidmisually depends on the dust recorded by a video camera.
particle charge. As will be shown, the charge variations in ~ Under some conditions low-frequency perturbations of
the presence of the wave not only damp the wave but lead the dust number density propagating downwalfdsm the
variations in the net force. These periodic variations of theanode to the cathoglevere observed. They were excited
net force can lead, in turn, to the parametric amplification ofspontaneously as a result of either reducing the neutral gas
the wave resulting in DAW instability. Note that although pressure or the discharge current. Injection of new particles
the presence of an electric field and/or ion drift are the necin the discharge can also lead to wave excitation. A typical
essary conditions for the present instability, the latter is not avave pattern is shown in Fig. 2. The wave number and the
modification of the ion—dust streaming instability but is anphase velocity found from a succession of pictures of this
entirely new type of instability which has no analog in dusttype arek=2m/L~60cm * andv,,~1cm/s, wherd. is the
free plasmas. wavelength. This results in the wave frequeney

This paper is organized in the following fashion. In Sec.=kvpy~60s *. The spontaneous excitation of such waves
Il we describe our experimental setup, summarize some bdhd a similar experiment was first described in Ref. 24.
sic plasma and dust parameters, and present the experimental For further analysis, knowledge of the main dusty
observation of the low-frequency DAW. In Sec. Il the plasma parameters is needed. Some of them are relatively
model describing the DAW instability in the presence of dustwell known and can even be controlled during the experi-
grain charge variations and charge-dependent forces is intrgaent. For example, dust particle size and mass are known.
duced. The general dispersion relation for this mode is obNeutral gas pressure and discharge current are controlled
tained and analyzed. In Sec. IV we compare our results witlfluring the experiment. Dust particles number density can be
the experimental ones. In Sec. V we briefly summarize ougpproximately determined through average interparticle dis-
findings. tance when no waves exist. The other parameters can be
calculated using some model approaches, and are, therefore,
less certain. We expect the values of basic plasma parameters
to be similar to those of a typical small current dc glow

A dc glow discharge was created in neon in a cylindricaldischarge: electron temperatuig~3 eV, ion and neutral
vertically positioned tube with cold electrodes. The experi-gas temperaturd;~T,~0.03 eV, electron and ion number
mental setup is shown schematically in Fig. 1. It was practi-densitiesne, n;~10"—10*cm™3, the vertical electric field in
cally the same as had been used in our previous wiKs. the positive column directed downwardsEs-1 V/cm. In
The inner diameter of the tube was 3 cm, the length of thesuch a small electric field the electron drift velocity is given
tube was 60 cm, and the distance between the electrodes wag
40 cm. The dust particles to be introduced into the plasma
(we have used monodisperse melamin formaldehyde spheri- u.=—eE/mgvep, ©)

capsule
with particles

anode
discharge tube
/

cathode

FIG. 1. Schematic representation of the experimental setup.

Il. EXPERIMENTAL RESULTS
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electric field. In the vertical direction, the main forces to be
considered are: the gravitational force, the electric force due
to a vertical discharge electric field, and the ion drag force.
The electric force directed upwardskg=Z4eE. The forces
directed downwards are the gravitational fofeg=myg and

the ion drag one. Estimations show that for our typical
plasma parameters ang<< T, the force experienced by the
particles due to drifting ions is more than one order of mag-
nitude less than the force of gravity. Thus, the force balance
can be written as

Fs=Z4eE+myg=0. (8)

The force that is important for dust dynamics is the friction
with a neutral gas or neutral drag force. For mean free paths
of neutral atoms that are large compared to the grain radius
and for specular reflection of atoms from the grain surface,
the neutral drag force is given ligee, for example, Ref. 30
and references thergin
8\2m 1%

\/3_ aznnTnV—Td =MgVyn?q, (9)

n

nd=—

FIG. 2. Typical dust acoustic wave video image. Neutral gas presdure Wher? Vdn= VS/WHnT”/(VTnpa) and Vg IS the dust part|cle
~0.2 Torr. velocity.

. Ill. DUST ACOUSTIC WAVE MODEL
where Ven™NnTenrr, IS the frequency of the electron—

neutral collisions,n,, is the neutral number density, and In this section we discuss a physical effect whitb-
Ten~2%10"%¥cm 2 is the electron—neutral collisional gether with the ion—dust streaming instabilityan be re-
cross section for neon. The ions’ equilibrium drift velocity is sponsible for the wave excitations in our experiment. First of
U= u,E @ all, a Iine_ar dispersion relation that could be used to predict
bome the imaginary part of the frequency has to be obtained. Col-
where u;~3x10*E/P [cn? Torr/(s V)] is the mobility of lisions with neutrals, charge variations of dust grains, and ion
Ne® in Ne?® and electron drifts are taken into account. To derive a linear
In discharge plasma conditions, dust particles arealispersion relation, we use the Poisson’s equation for the
charged negatively due to electron and ion collection. Theslectrostatic potential of the wavg
steady state charge is determined by the conditignl;, >
wherel ;) is the electron(ion) plasma flux to the particle Vie=—A4me[ni—NetZgngl. (10
surface. Within the framework of the standard orbit motionAssuming the small perturbations,=n g+ n,1, Zq=2Z4o
limited approacH? these fluxes are given by +Z41, = ¢, with the ~exp(kx—iwt) dependence and us-
ing the quasineutrality condition at equilibriumgy=n;q

Z4€° T
lo= /8_7“,;12%],Te ex;{ adT , (5) +Z4oNgo We can linearize Eq(10):
e
7 2 —K?p1=—4me[Ni;— Ny + ZgoNg1 + Zg1Ngo)- (11)
e i . .
I =8ma2nrr| 1— ——|. 6 In Eq. (11) the first-order dust charge density consists of the
i YT aT ( )
| .
I

termsZyong, andZy1ngg, Which represent the dust-particle-

To evaluate the grains charge in the region of dust cloud theumber density and dust-charge-number perturbations, re-
quasineutrality condition spectively. The dispersion relation can be written in the form

Ne=n;+Zgny (7) 1+ xi+Xxet xa=0, (12)

has to be used together with E¢S) and (6). Equation(7) where xi=—4men /K¢, xe=4meny/K’ei, xq

takes into account the possible effect of electron depletion irF —4me(ZgoNg1+ ZaiNgo)/ K>, are the susceptibilities of a

the dust cloud if dust particles’ number density is sufficientlycorresponding species. The ion and electron number density

high. perturbations in the presence of equilibrium drift and colli-
To conclude this section we analyze the forces acting osions with neutrals can be derived using the standard kinetic

the dust particles that can be important in our experimentapproack?.1 This results in

The charged dust particles are trapped, and levitate in a re-

gion where the sum of all forces acting on them is zero. Iny,=k 2\52[1—J_(&,)]

the radial direction, they are confined by a radial discharge

i1V

o gakVT

-1
J+(§a)} ; (13)
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2

X
where 3, () =Xexp(- ) drexp(@ID),  Em(oHKle =iy (14 (T T, Zgoe?laTg )
10 e

+iuen)/vae, and §i=(w—kui~l—ivin)/vai for a wave
propagating in the direction of electric fieldrEe,i). We
consider a situation of small drift velocitieg,;) < VToiy For

is the natural decay rate of charge fluctuatidnss 1 o is the
unperturbed ion or electron current to the particle surface.
) ) Neglecting the small imaginary part in Eq44) and(15) or
electronsven/kvy <1 is also assumed so that| <1. Using (1) one can see that the first-order number density pertur-

an approximate expressiinJ. (x)~—ia/2x which is  pations of electrons and ions are given by Boltzmann rela-
valid for |x| <1, Eq.(13) can be reduced to tions,
-2y -2 . |motkug \/E Ven e &
Xe—k )\De 1+i \/\Z—I(VTe 1+ 2 vae nel—neo__l_e y n|1— n|o__|_i . (21)
T w+Ku Substituting(21) into (20) we obtain for dust charge pertur-
~k 2\p2| 1+i Tl/e : (14  bation
Te

. . . io(1+Te/Ti) epq
Thus, collisions with neutrals do not play an important role  Zg;=—1————
in the limit ven/kvy <1 because the wavelength is less than

the mean collision free path of electrons. For collisionlessThus from Eqs(17), (18), and(22) we obtain dust suscepti-

w+iny Te (22

ions we have similarly bility,
-2 1 _\/Ew—kui s _ wpg L VoL Te/T) nao
Xi~ oi | 1F] W : (15 Xd w(w+ivg,) kz)\zDe(w—Hn) Neo
2
In a collisional casey;,/kvt.>1, Eq.(13) can be numeri- ~ wpg lio(1+Te/Ti)eE T, 23
cally calculated to obtain ions susceptibility. However, for o(o+ivg)  Zgok(w+in)
S|mp|)_I|C|ty we V}’l'”_é'se the r_esul_t %btamed by D" Angelo and ¢ dispersion relation can be constructed ugit®), (14),
Merlino using fluid approximation, (23), and(15) or (16) depending on the value ofin/vai.
oy -2 . o—kuy Some analysis of the obtained dispersion relation is in
Xi=K “Ap; 1+|Vin—kzv$ : (160 order. We assume that the real part of the frequency is close

to DAW dispersion given by Eq2) and examine the influ-
Equation(16) is valid whenv;,|o—ku,|<k?»2 . ence of the effects considered on the imaginary part of the

' S{requency. It is clear that the dust—neutral collisions lead to
the damping of DAW. The damping rate &~ —vqn/2.
The Landau damping on electrons is

The number density perturbations of charged cold du
fluid is determined from the one-dimensional continuity and
momentum equations which read, respectively,

2
(7nd k)\D )\D w+ kue

d
T = Ye™ T @ N
ot T oy (Nava) =0, 17 PN PN, ko,

(24)

oy v zZedp F and is increased due to electron drift in the direction opposite

—44 vdd—d S S VanVd » (18)  to wave propagation. The effect is small because as usual

at X My X My Ape>Ap~Ap; - The Landau damping on ions changes a sign
whereF is the total force acting on the dust particles in theWhen the ion drift velocity exceeds the wave phase velocity

direction of wave propagatiofvertical direction. According and leads to instability. In the collisionless limit, the growth
to EQq. (8) Fso=0 and linearization gives Fy, faté is given by Eq(2). When collisions are of importance

=(9Fs19Zq, )Zg1=€EZy. Thus, linearized Eq¢17) and  the growth rate is

do
(18) are kKhp  Np o—kui vy
T ORI NG Ky, Koy

(25
—iwnd1+ikndovdl=0, (19@

(—iw+vgn) vgr=—1Zq0ekes /my+eEZy; /my. (19b Charge vgriations ir_1 the absence Qf external forpes acting on
dust particles and in a plasma without any anisotr{ie
The dust charge perturbation is determined from the equatiosecond term on the right hand sideHS) of Eq. (23)] lead to

dZ4ldt=1;—1. Linearizing it with the help of Eqg5) and  the damping of DAW. In the limitw> 7 the damping rate
(6) one can obtafh becomes
. [Nt Ne o B
(_Iw+7’)zdl_|i0<n_i0 n_eo), (20) Yeh™ 2(1+ k2)\2D) ' (26)
where where
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TABLE I. Basic plasma/dust parameters. TABLE Il. Characteristic frequencies and drift velocities.

Dust grain radius a=0.94um P=0.2Torr P=0.3Torr

Dust grain concentration ng=5x10cm 3 -

lon concentration n=10cm 3 Frequency of dust—neutral vgn~80S van~120s?t

Dust grain mass my=5.2x10"2g collisions .

Dust grain charge Zy~—1.8x10° Frequency of ion—neutral vin~10°s vin~1.6x10F s !

Electron concentration ne~1.2x10" cm™3 collisions —

Discharge electric field E~1.8V/em Frequency of electron—neutral v,~8%10"s Ve~ 1.2x10F st

Plasma—dust frequency wpg~290 st collisions

Plasma ion Debye length Ap~0.013 cm lon drift velocity ui=2.7x10"cm/s  u;=1.8x10"cm/s

Plasma electron Debye length Npe~0.38 cm Electron drift velocity U.=4x10"cm/s  u,=2.7x10" cm/s

Plasma Debye length Ap~0.013 cm

Electron thermal velocity vr,~7.3x10 cm/s

lon and neutral thermal velocity v~ vr ~4X 10* cm/s

Plasma ion flux to the particle surface lip~1.5x10"st . ) ) .
collisional regimes for ions, as in the range of pressures
where the instability takes place the mean free path for ion—
neutral charge exchange collisions is comparable to the

A2 Ngo wavelength of the mode observed. For example, characteris-
B=lio(1+T/Tj) _)\% n_o' tic frequencies and drift velocities calculated fdp
e '€l

=0.2Torr andP=0.3Torr are given in Table Il. One can
The same resultfor k’A§<1) has been obtained in Ref. 3. see that foP=0.2 Torr the conditiorv;, /kv <1 holds for
However, in a laboratory dusty plasma the other limitingy ~ o5 oy 2. Thus, Eq.(15) can be used if {he wave mode
casew<r7 is often realized. In this limit the damping rate is \yith k=25cm ! is considered. On the other hand, fBr
B[ @pq 2 kZ)\% =0.3Torr the coIIisiqnaI expression for ions suscielptibility
Yen~ — 5(7 (1 KkO\2+ Bl (27)  (16) have to be used in the range 15chek=<40cm L.
D The real and imaginary parts of DAW frequency versus
Finally, the last term on the rhs of E®3) is due to both  wave numberk for two different neutral gas pressures are
dust charge variations and charge-dependent external forceRown in Figs. 3 and 4. These figures show that the effect of
that trap the particles. In the limi< 7 we obtain that DAW  charge variations of trapped dust particles together with the
becomes unstable. The growth rate of this instability is ion drift leads to wave instability in the conditions consid-
wps ZaoBNp  lio(1+Te/T) ered. The instab_ility growt.h rate as a function lothas a
Vet~ — —— P T (29 pronounced maximum. This mode as the most unstable can
2 Te  Zgon(1+k\p) be excited in experiment. Fd&=0.2 Torr the maximum is

(note thatZy,<0). Physically, the DAW becomes unstable reached ak=60cm *. The frequency of this mode deter-

because, in conditions considered here, an additional perfiined using curve 1 in Fig. 3 i®=130s . A similar wave

odic force (associated with charge variatioracting on the mode k~60cm *, »~60s ') was observed in our experi-

trapped dust particles is in phase with their velocity that carnent. It is unreasonable to expect more precise quantitative

be seen from Eqg19b) and (22). This periodic force per- agreement for a large number of reasons. First of all, there

forms positive work on the dust particles during the wave€Xists some arbitrariness in choosing plasma parameters,

period leading to the parametric amplification of the wave. Which are not measured directly during the experiment. Sec-
We can summarize that the ion drift leads to the DAWond, the model considered contains some simplifications dis-

instability but dust—neutral collisions and electron drift leadcussed in the following.

to the damping of DAW. Dust charge variations may lead to

both wave damping and growth. The collisionless damping

of DAW due to charge variations elwayspresent in dusty 300

plasma. On the other hand, in the presence of external

charge-dependent forces, charge variations can also be a

cause of the DAW instability.

200

1001 .7

IV. COMPARISON WITH EXPERIMENTAL RESULTS

Wave frequency (s™)
(=)

Dispersion relatior{12) together with expressiond4)— ;
(16), and(23) can be analyzed numerically for a given set of 200 —— 00
plasma and dust parameters. To compare the conditions for
DAW instability resulting from Eq(12) with experiment, we
fix basic plasma parameters to be close to experimental oneSG. 3. Numerical solution of Eq(12) for P=0.2 Torr. Curve 1 shows
e.g., we ChOS&li =10° Cm_3, ng=5X% 10f cm™3. All other Rew(K), curve 2 shows Inm(k) X5 for parameters listed in Tables | and II.

. B Curves 3 and 4 are Ira(k) X5 obtained as a result of substitutiop=0 and
dUSt/plasma parameters can be calculated usmg( 8)' E=0 into Egs.(15 and (23), respectively, for the same set of the other

Th(‘?'se _p!asma_ parameters are summarized ir_] _Table . ThRrameters. The vertical dashed line shows the conditied5 cri* when
main difficulty is to distinguish between the collisionless andthe collisionless approach for ions can be used.

Wave number (cm’')
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FIG. 5. The wave number of the most unstable mode as a function of ion
number density found from numerical analysis of EtR). The neutral gas
pressure is 0.2 Torr and the collisionless expresgidn for ions suscepti-
bility is used.

FIG. 4. Numerical solution of Eq(12) for P=0.3 Torr. Curve 1 shows
Rew(k), curve 2 shows Inm(k) x5 for parameters listed in Tables | and II.
Curves 3 and 4 are Ima(k) X5 obtained as a result of substitutiop=0 and
E=0 into Egs.(16) and (23), respectively, for the same set of the other
parameters. Vertical dashed lines show the condition I15'enk
<40 cni® when the collisional expressidiié) for ions can be used.
increase in the particles charge and charging frequency.

When all these effects are taken into account, we see that
Note that the mechanism of instability associated withwith the increase ofi; the most unstable mode moves to the
charge variations in the presence of external forces that tragegion of very large values & (see Fig. % and at smaller
dust particles is effective itself in the conditions consideredvalues ofk the wave becomes damped. However, the DAW
The role of ion drift, which cannot lead to wave instability can exist only if the interparticle distance is sufficiently less
(see Fig. 3 is to transpose the maximum increment of in- than the wavelength of the mode. This gives a simple evalu-
stability to the largest values & (and consequently). As  ationk=<2wn}*~250cm * for ng~5x10*cm™2.
ions are always drifting in an external electric field, both Finally, we summarize some simplifications of our ana-
mechanisms are always indivisible and their relative effi-lytical model. First of all, we have derived a linear dispersion
ciency can vary in various plasma conditions. However, theelation to predict the onset of the instability. However, this
instability considered in this paper is not a modification ofapproach is insufficient to explain the actual experimental
the known ion—dust streaming instability but represents ambservations where highly nonlinear waves were observed
entirely new one. (see Fig. 2 Second, a spatial inhomogeneity of a plasma
For higher pressures neither the effect of charge variawas not taken into account. At the same time the discharge
tions in the presence of the external forces nor the effect ofvas stratified in our experiment and the instability was ob-
ion drift can lead to wave instability. However, the sum of served in a dust cloud region which is supported by the head
these effects results in the instability with the characteristic®f the striation. The latter region is highly inhomogeneous.
of the most unstable mode~20cm * andw~40s* (see  Third, the dusty plasma nonideality was also not taken into
Fig. 4). account, although the coupling parameter evaluatedTfor
The dispersion relatioflL2) together with the model ap- =0.03 eV is very high
proaches used in Sec. Il allows us to explain all the qualita- 2 9 13
tive peculiarities found in the experiment. For example, the Fd=Z—~500.
wave disappears with an increase of neutral gas pressure. Tq

This is the result of an increase of the collisional dampinggwever, the effect of anomalous dust particle heating found
introduced by dust-neutral collisions. Numerical analysis of;,, experiment&2632-3%  and  considered  recently

Eq. (12) shows that for ni~10cm™® and ng~5  theoreticallf>-% can decreasE, by several orders of mag-

% 10* cm™2 the critical value of pressure for which la{k)  pitude.

becomes negative for all values kfis approximately 0.5

Torr. Moreover, with increasing the neutral gas pressure th

wavelength of the most unstable mode also incredses % CONCLUSIONS

Fig. 4). This means that the wave will disappear when the  The observation of the low-frequency waves spontane-

wavelength becomes comparable to the size of the dusgiusly excited in a dc glow discharge dusty plasma is de-

cloud. scribed. To analyze possible reasons for such excitation, a
The wave can be excited as a result of injection of newlinear dispersion relation which takes into account collisions

particles in the discharge tube leading to the increase of dustith neutrals, dust grain charge variations, ion drift, and

number density. Numerical analysis shows that fgr  forces acting on dust particles is derived. It is shown that the

~10% cm™2 and neutral gas pressure 0.2 Torr DAW instabil- observed instability is the result of dust charge variations in

ity occurs forng=2x10*cm™ 3. the presence of external charge-dependent forces together
The wave also disappears when increasing the dischargeith the ion drift effect. The results of a numerical analysis

current. We attribute this to the increase of plasma ion anaf the dispersion relation are in agreement with experimental

electron number densities and decrease in ion and electrorsults.

Debye lengths. Numerical analysis of the model shows that The mechanism of instability presented in this paper has

this is accompanied by a decrease in the electric field ando analogs in a dust free plasma. The class of plasmas where
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