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The kinetic theory of electric fluctuations in a collisional weakly ionized dusty plasma is formulated with regard
to the grain charg variations. The spectra of ion-acoustic wave and of electron density correlation in nonisothermal
plasmas are calculated for various values of grain density and grain size.
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INTRODUCTION

The theory of fluctuations in the ordinary collisional
plasma is well developed [1-5]. The problem of
generalization of this theory to the case of dusty plasma
has a number of issues remained open. The dust grains
acquire electric charges due to absorption of electrons
and ions from the surrounding plasma i.e. grains are
charged by the plasma currents that flow toward its
surface. In the stationary state, the flux of electrons on
the grain surface is equal to the flux of ions, thus the
total current is equal to zero. The fluctuations of the
charging current lead to the fluctuations of the
stationary grain charge. Moreover, since the grain
charges depend on electromagnetic field via charging
currents, they generate additional dielectric response of
the medium, which can influence the propagation of
electromagnetic waves in dusty plasma.

The major part of the results for fluctuations [6-9]
and ion-acoustic waves [10-12] are obtained for
collisionless  dusty  plasmas. However, this
approximation is not applicable for dusty plasma
experimental conditions [13, 14].

The purpose of the present paper is to give a
consistent linear kinetic description of electric
fluctuations and dielectric response in collisional
weakly ionized dusty plasma with regard to the
absorption of electrons and ions by grains and grain
charge variations.

1. GRAIN CHARGE FLUCTUATIONS
The charge density fluctuations in a dusty plasma
include fluctuations related to electrons and ions
op,(r,t)y=e,on_ (r,t), a=e,i, as well as the grain
charge density fluctuations
op, (r,t) =e,on, (r,t) +n e, (1), (1)
where e, is the stationary grain charge and n, is the
mean number density of grains. Such representation is
valid for fluctuations that satisfy the condition
n, R®? 1, where R is the spatial scale of perturbation.
The number density fluctuations of charged particles
have the form
sn, (r.t) = najdv5fa(r,v,t), a=eig, (2
where of_(r,v,t) are the fluctuations of distribution
function. In the case of electrons or ions, they can be
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found in the same way as in ordinary plasma [5], but
regarding the collisions of electrons and ions with grains
in addition to collisions with neutrals.
Fluctuations of electron and
functions satisfy the equation [5]

o 0
{aJrva}Efa(X,t)+va{§fa(x,t)—

ion distribution

—fo, (Vv T, (X, 1)} = _%w Mo, (V).

3)
or ov
X =(r,v), o¢(r,t)

is the fluctuation of
electrostatic potential, f,,(v) is the unperturbed

distribution function, v, =v,, +v,,, and v

the effective collision frequencies between particles of
a species with neutrals and grains. We assume that the
electrons and ions absorbed by the grain recombine on
its surface and form the neutral gas atoms that evaporate
into the surrounding plasma and can be ionized again.
Such assumption makes it possible to use the
Bhatnagar-Gross-Krook (BGK) collision integral [16] in
Eq. (3).

The averaging of the equation for microscopic phase
density of grains results into Kinetic equation with
collision integral that can be expressed in terms of the
correlation functions of microscopic quantities [5]. The
linearized equation for the fluctuations of grain
distribution function has the form of Eg. (3) with
a =49, where v, is the effective collision frequency

where

v, are

an ! ag

between grains and other particles.
The formal solution of Eq. (3) is given by

St (X, 0)=8fO(X,t)-

or' ov'

where 5f@(X,t) is the general solution of the
homogenous Eq. (3), W_ (X, X";t—t") also satisfies the
homogenous Eg. (3), but with the initial condition
W, (X, X";0)=85(X - X).

We also need to describe the dynamics of grain
charge fluctuations og,(r,t) . Following the Ref. [15],
we assume that

- jdt'jdx w,(x, Xt -t) 2D Ao (V)
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oe, (r t)

= 315 (n, (r,0),e,(r.1)). (5)

a=e,i

For the small fluctuations of the grain charge
oe,(r,t) from its stationary value e,, which is
determined by the condition of zero total charging
current 1%, +15 =0, (5) gives the equation for o, (r,t)

ooe, (r,t olg(n,.e
—;t( )+vch5eg rty=> Aa (0,,8)
a=e,i n,,

where v, is the charging frequency

8I;(na,eg)

Van = D Ve Ve B )

a=e,i g
Now, the explicit form of charging -currents
15 (n,,e,) in collisional plasma is needed. Since the

on (r,t), (6)

mean free path of electrons I, is, usually, about two
orders higher than [, , we use the expression

I<:eh =€e.n, \/8_72'321)1-9 eXp(—C(), (8)
which is obtained in orbit motion limited (OML)
approximation, i.e. the collisions of electrons with
neutrals are neglected.

For ionic charging current we use the interpolation
formula [17], which reproduce with high accuracy the

results of Kinetic calculations [18]
I wC I SC

—en«/@aunlwc S 9)

where
I =1+ ar+0.1(ar)? Ay /1, (10)
=2zarl la, =TT, (11)

Here a =e,4, /T, (not to be confused with subscript
o that denotes the plasma particle species), ¢, is the
surface potential, a is the grain radius, k3 =k2, +k3. ,
k2, =4zein, IT,, A, =1/k;

U, = ./ia /'m, is the plasma particle thermal velocity,
l, = vy, /v, is the ion mean free path, v, is the collision

frequency of ions with other particles. WC stands for
weakly collisional and SC is for strongly collisional.

It is reasonable to assume [18-22] that the
electrostatic potential near the grain is described by the
Derjaguin-Landau-Verwey- Overbeek (DLVO)
potential, then

is the Debye length,

€.8,
aT (1+aky)

The space-time Fourier transform (FT) of Eq. (1) for
the grain charge fluctuations along with (6) gives
in

(12)

bo) e,on g e én,, 13
pgk(o gka) o+ |V . azel n ( )

We substitute (4) in (2) and after FT obtain
5nakw = 5”2012(» (kl a))5¢kw’ a= e’ il g’ (14)

where y, (K, ®) is the dielectric susceptibility.
And substituting (14) with « = g in the first term of
(13) and with « =e,i in the second one, we obtain

80

k? i
Py = 5,0;?[0 _Elg (K, w)o4,, + — X
ch
k2
xYv o9 1% k,w)od, ,(15
aéi ag pakw 47[ a)+iVCh azze’i agla( ) ¢kw ( )

where v, = nglfh/(eana) is the frequency of plasma
particle collisions with grains.

Thus,
47r5p(0)
of = -——ke_ 16
o = k?e(k, )’ 19
where
(0) = Z é‘p ((210 z ((L)w’ (17)
a=e,i,g Ven a=eii
ek,@)=1+ > Za (k@) +— D Voo Za (K, 0).(18)
a=e,i,g ch a=e,i

We see that the presence of grains lead to
renormalization of the dielectric response and collisions
with grains should be taken into account on equal
footing with the collisions with neutrals, i.e.
Vo =Ven -H/D(g

2. FLUCTUATION AND WAVE SPECTRA
It follows from (14), (16) and (17) that

2. (K, @) vy, 02
ek, w) [1+a)+ivchj (P +
AL
| ek, o) @+ivy,
(19)

< (0)2
where (5p®%),, =T k*Im (K, )/ (2zw) [23].

For the dielectric susceptibility of collisional plasma
we use the results obtained [16] on the basis of kinetic
equations with the BGK collision integral

k2, (@+iv, )W (z,)
k’ = _Da Y7 el \a)
Za(k. @) k* w+iv,W(z,)

and W(z) is the plasma

<5p§>k(u =[1-

>kw

Z. (K, 0) ’ )2
(k,a)) ‘ <5p >kw

; (20)

where z, = (ow+iv,)/ Koy,
dispersion function.

The propagation of longitudinal waves in plasma can
be studied by solving the dispersion equation

ek,w)=0, (21)
which determines the eigenfrequency as a function of
wave vector w(K) . For the real k, the eigenfrequency
is complex o(k) =@, +iy, , where y, is the damping
rate.

Below we present , the results of numerical solution
of the dispersion equation (21) with dielectric
permittivity (18) disregarding y,(k,@) and numerical
calculations of electron density fluctuation spectra given
by (19) for nonisothermal argon plasma (z =100).

The charging currents are the functions of parameter
a (12), which can be referred as normalized grain
charge, it, in turn, is determined by the condition of zero
total current on the grain surface 1) +15 =0

ISSN 1562-6016. BAHT. 2018. Ne6(118)



WCISC

n m.

e | -—
= lr—exp(-a) = ———.
n m IWC+ISC

(22)

The ratio n,/n; in Eq. (22) is defined by the
quasineutrality condition, which in the case of dusty
plasma has the form e,n, +en +e,n, =0.  For  the
singly charged n/n=1-P, P=¢gn,/en,
where P is the Havnes parameter, which describes the
part of electron charge collected by dust.

Spectra and damping of ion-acoustic waves in dusty
plasma with regard to grain charge fluctuations (solid
lines in Fig. 1,a,b) are studied using the numerical
solution of the dispersion equation where dielectric
permittivity is given by the expression (18) disregarding
X, (K o) .
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Fig. 1. Eigenfrequencies o, (a)and absolute values of
damping rates |, | (b) of ion-acoustic waves in
nonisothermal (z =100) argon dusty plasma vs wave
number for v;; =0.02w,, ak, =0.15,
P =0,0.2,0.5,0.8 (solid lines). Dashed lines

coresponds to ordinary plasma, but with P =0.8,
insert is the ratio @, /|y, |

The possibility of the existence of ion-acoustic
waves in isothermal collisionless dusty plasma was
discussed for the first time in Ref. [24] and later they
were discovered experimentaly [25]. The Fig 1a shows
that dispersion in dusty plasma is close to that one for
ordinary plasmas, but with account to the change of
n, /n, ( see dashed line in Fig. 1,a). Thus, grain charge
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fluctuations and the increase of v, due to collisions with

grains do not affect the dispersion of ion-acoustic waves
for the parameters under consideration.

Since the phase velocity of ion-acoustic wave is
much higher than thermal velocity for 7 =100, then the
Landau damping is small fork[ kg, the additional

increase of phase velocity due to the decrease of n, /n,
does not affect the wave damping. In contrast, grain
charge fluctuations and the increase of v, lead to a
considerable increase of the absolute value of damping
rate (per order for k/ky ~0.02) and to a decrease of

the @, /|y, | ratio accordantly (see insert in Fig. 1,a).
6
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Fig. 2. Normalized electron density correlation spectra
(6N2),, @y I 0y in nonisothermal (7 =100) argon

plasma for v,, =0.02w,,, a/ 4, =0.15,
k/ky =0.050.1,02, P=0,0.2,05, a/1, =0.01
(doted line) and a/ A, =1 (dashed line)

The fluctuation spectra in strongly nonisothermal
(r =100) plasma, which are presented in Fig. 2, show

that positions and intensities of maxima depend on the
wave number k/kg and coincide with eigenfrequency

of ion-acoustic waves (see Fig. 1,a). The presence of
grains leads to the shift of fluctuation maxima toward
higher frequencies and to decrease of fluctuation
intensity

CONCLUSIONS

The electron density correlation spectra are strongly
affected by the presence of grains with variable charge.
In the case of nonisothermal plasmas the positions of
the ion-acoustic resonances and their intensities depend
on Havnes parameter. Namely, the fluctuations of grain
charges along with the increase of ion effective collision
frequency suppress the electron density correlations.
This effect is considerably depends on the grain size and
is more pronounced for bigger grains. The decrease of
electron to ion density ratio n, /n, in dusty plasma leads
to the shift of fluctuation maxima to higher frequencies.

The dispersion of ion-acoustic waves is mostly
affected by the decrease of electron to ion density ratio
n, /n, in dusty plasma. The collisions between plasma
particles and grains as well as the charge fluctuations
are additional mechanisms of wave energy dissipation

81



and lead to a considerable growth of the absolute value
of damping rate.
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®JIYKTYAIIMM 1 HOHHO-3BYKOBBIE BOJIHBI B ITBIJIEBOM CTOJIKHOBUTEJILHOM IJIA3BME
C IIBINIMHKAMMU NEPEMEHHOT O 3APAJIA

A.H. Momom, A.I'. 3azopoonuii, O.B. Momom

Kunernyeckasi Teopusi 3JEKTPUUECKHX (QIIYKTyaluil B CTOJKHOBUTEIBHOM CIIaA0OMOHM3MPOBAHHOM MbUICBOM
m1a3Me chopMyIupoBaHa C YIETOM IIEPEMEHHOTO 3aps/a MBUIMHOK. PaccunTaHbl CIIEKTPhl HOHHO-3BYKOBBIX BOJIH U
KOppEeJALMA 3JIEeKTPOHHOW KOHIIEHTPALMM B HEUM30TEPMHUECKOW IUIa3ME JJIsi Pa3HbIX 3HAYEHUI KOHILEHTPALUH U

Ppa3sMepoOB NbUIMHOK.

®JIYKTYAIII TA IOHHO-3BYKOBI XBWJII B 3AIIOPOIIEHIN 3ITKHEHHIN ITJTA3MI
3 IIOPOIIMHKAMM 3MIHHOTI' O 3APALY

A.d. Momom, A.I'. 3azopooniii, O.B. Momom

Kinetnuna Teopis eneKTpuYHUX (QUIYKTyalii B 3iTKHEHHIH C1a0KOiOHI30BaHIH 3amOpOIICHIH IUIa3Mi
chopMynbOBaHa 3 ypaxyBaHHSM 3MIHHOTO 3apsay MOpPOIIMHOK. Po3paxoBaHi CHEKTPH 10HHO-3BYKOBHX XBHIIb i
KOpEeJSLii eJIeKTPOHHOI KOHIEHTpalii B HEI30TepMiuHill Ia3Mi Uil pi3HUX 3HadeHb KOHIEHTpauii i po3mipi

TMOPOIINHOK.
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