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Collisionless damping of nonlinear dust ion acoustic wave due to dust charge fluctuation
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A dissipation mechanism for the damping of the nonlinear dust ion acoustic wave in a collisionless dusty
plasma consisting of nonthermal electrons, ions, and variable charge dust grains has been investigated. It is
shown that the collisionless damping due to dust charge fluctuation causes the nonlinear dust ion acoustic wave
propagation to be described by the damped Korteweg-de Vries equation. Due to the presence of nonthermal
electrons, the dust ion acoustic wave admits both positive and negative potential and it suffers less damping
than the dust acoustic wave, which admits only negative potential.
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Both theoretica[1-9] and experimental10-12 studies = (imp2—eg)/T,, where;= eoTo/N;o€? is the ion De-

of nonlinear features of “dust acousti¢’13] and “dust ion b
e length, Jni0e%/ e,m; the ion plasma frequency, and
acoustic’[14] waves have been done recently either assumg 4 \/%a:g' the I'gn ac%ulstlc speez d 4
I

ing fixed charge on the dust grain or by approximating the” The electron distribution function with a population of
charging equation by.+1;~0, which implies that the dust fast particles is assumed to be given by Caietsl. [17]
chargeQg instantaneously reaches equilibrium value at eac (E)=ngo(1+aE2)e F/(1+3a), so that the electron num-
space-time point determined by the local electrostatic poterber deremgny is o= N[ 1— b(®— d2)Jexp@). Here, b

tial ¢(x,t).

=4al(1+3a), E is the normalized electron energy as stated
. The nonadiabaticity effect of dust charge fluctuation caus- bové anda)ls the parameter determining the nu?%/ber of fast
ing generation of dust acoustic and dust ion acoustic shoc lectrons

wave with their propagation described by the Korteweg-de
Vries (KdV) Burger equation has recently been studied by
Guptaet al.[15] and Ghostet al.[16] under the assumption
wpdTen 1S small but finite, whereoq is the dust plasma fre-
guency andrg, is the dust charging frequency. This is an
interesting mechanism for the generation of shock waves in a
dusty plasma.

In this brief report, the nonlinear propagation of finite but €harging time.
small amplitude dust ion acoustic waves in a collisionless, 1€ dynamics of dust ion acoustic waves are governed by

dusty plasma in which electrons are nonthermal has beeft® following normalized continuity and momentum equa-
investigated under the opposite assumption viz, is tions for the dust fluid and ion fluid together with Poisson’s

small but finite, wherew,; is the ion plasma frequency. Such equationd 16]:
a situation may occur in the ionosphefe80 KM). It is Ny d(NgVy)

The other parameters are the following; is the grain
radius, — z4e is the equilibrium surface charge on the dust
grain, o is the electron ion temperature ratio, i.€;/T., &
=Neo/Nig, Z=24€%AmegloTe, mg=2ZgMm;i/my, and v,
rO/\/_wp,/Vthl(1+z+ o) is the dust charging frequency,
where Vy, is the ion thermal velocity and.,= Vch is the

shown that the propagation is governed by the damped KdV — = 1)
' aT X '
equation. The presence of nonthermal electrons may cause
generation of solitary dust ion acoustic wave with negative Py N, o
electrostatic potential. The damping arises due to the dust 2y =— u(AO—1)— 2
’ : d oy = Md(AQ—1) —, 2
charge fluctuation under the assumption stated above. T aX X
To ensure ease of following the text, the symbols for dif-
ferent physical parameters and the normalizations of the f7_|\‘i+ INiVi) 3
physical variables are listed below. aT IX '
The normalized spac¥, time T, velocity V; (j=i,d),
number density fluctuatioN; (j =i,d), the dust charge fluc- Vi Ny 9P o N 4
tuation AQ, electrostatic potentiab, and total energy of o'?_T+ ToX X Nj ax’ )
electrons are given bX=x/\;; T=w,t; Vj=v;/ci; n;
=noN;, the dust charg®,=z4e(—1+AQ); ®=ed/T,, Pb 1
jOINj d d e
W:n__o[ne_niONi_ZdndONd(AQ_l)]- 6)
I
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IAQ IAQ 1 (lg+1) Using the stretching9), perturbation expansiofi0) for all
(6)  the variables and the scalirigl), we arrive at

—+ =
JoT d X WpiTch Vg€ '

wherel, andl; are the electron and ion current, respectively. N b2y 32 J a2 9 L4 2402
: ) N —Net2+ &A1) — + 32— |(eA +e°A

The normalized expressions for the electron and ion currents ( d) d€ ar (eAQ Q)

for spherical dust grains with radiug are as follows:

lot1;
T = V63/2M, (14)

. 2 8Te 2 VenZd€

le=—mrge mneo[l—b(fb—(l) )]lexp(d)
¢ Introducing the expansions fab, AQ, andNy in Egs.(7)
Xexdz(AQ—1)], (7)  and(8) and equating term®(e*?), we get
8T, z\ z dAQWY
Ii=wr§e\/w—rr]"ni0Ni 1+—]-—AQ|. (8) 7 =0=AQW=AQW(7)=0, (15)
|

In order to study the nonlinear propagation of small-by virtue of the boundary conditions that all perturbations
amplitude dust ion acoustic wave by the reductive perturbavanish atX= — (&= —<) for all time scales slow or fast. In
tion technique[19], the independent variables are stretchedobtaining Eq.(15), we have also used the fact thag€1;)
as =0 in the equilibrium state, which implies that the charge on
each dust grain is fixedqy= —zg4€).
£=eAX-\T);  7=€T, ©) The nor?nalized phaﬁdveloc(ijl\y)is obtained by eliminat-

where\ is the normalized phase velocity of linear dust ion'"9 N, NGY, @@, andAQM from the homogeneous sys-
acoustic wave normalized by the ion acoustic speededad €M of Eqs.(12), (13), and(15).
a small parameter characterizing the strength of the nonlin-
earity.

The dependent variablég;, N;, Vq, Vi, ®, andAQ are
expressed as

Ao+ VA5—4ougd(1—b)(1—6)
2_y2 _
ANZ=\%= 25(1=b) , (16

0 DL 2eo whereh =1+ So(1—b) + uy(1— ). Here,\ . and\ _ are
f=fO 4 efDy 22 4... (100 the phase velocities of the faster wawsual dust ion acous-
tic in the limit wg—0) and the slowefusual dust acoustic

0)_— — ; P 0
wheref(@=1 for f=Ng4,N;, while for other variables©® | - o Equating term® (%3, we get from Eqs(1)—(5),

=0.
~ We now turn to the dust charging Ed6). On the INGY a(NVD) INP V@
right-hand side of Eq. (6), the factor b7, 3 + 7% = 7E - 9E (17
=ro/\2Twy/Vy (1+2+0)=ro/\(1+2+0). For dusty T
plasma pal’ametez=2.0 to z=2.5 and 0'”1, 1/(1)pi7'ch (1) (1) (1) (2) (2)
~ro/\j=~10"° [20] in the ionospher¢~80 KM). This sug- Vg +y Vi +pugAQM ket =\ A + g kol
gests that to make the nonlinear perturbation of Egjs-(8) ar 49 Z3 23 9’
consistent with that of Eqg1)—(5), the following scaling is (18
permissible:
N a(NIVD) )\aN@ av? 19
+ = - ,
1 T (12) ar o0& d€ &
WpiTch
(1) (1) (1) (1)
We introduce the coefficient only to locate in the final N — AN Ni +Vvo N +ND o
expression the effect arising from dust charge variation con- aT 9§ 23 23
tributed by the left-hand side of E¢l4). Subsequently, we ND  gp@  gN®
shall puty=1. =)\ — ——— (20)
Introducing Eqs(9) and(10) into Egs.(1)—(5) and equat- 23 23 Z3
ing the terms in lowest powers ef i.e.,O (€¥9), and elimi- e
natingV{ = — ug/ANOW andvV=\/(A%2— o) ®D), we get 9P
9Vg =~ Hd . ( ) g e ~NP 4 (1- 5)(NP - AQ?— NPAQY)
1
(N N =[ =55, )d><1>. (12 5 12
o +5(1—b)<1><2>+§<b<1) : (21)

Substitution ofng=ng[1—b(P — d?)Jexp@) in Poisson’s
Eq. (5) yield to orderO(e?) Once again, substituting the expansions Kor®, and AQ
" " " " from Eq. (10) into right-hand side of Eq(14), using Egs.
NiY=(1-6)(Ng"-=AQM)+8(1-b)@™Y.  (13)  (12) and(15) and finally equating term® (€52, we obtain
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FIG. 2. Variation ofa [Eq. (25)] with nonthermal parametex

FIG. 1. Variationa [Eq. (25)] with nonthermal parameter for  for dust acousti¢slowe) wave with phase velocitk - [Eq. (16)].
dust ion acousti¢faste) wave with phase velocitk . [Eq. (16)]  The other parameters are the same as Fig. 1.
and for o=T;/Te=1, pug=5X10"% &=ng/n;=0.5 and z

~1.97. 8~1 implies near absence of charged dust grain and conse-
quently no charge fluctuation. Thus, the damping of the dust
dAQ? o+z [(1-b)\2+bo—(1+0)] " ion acoustic wave is due to the dust charge variation.
9€ Y z(1+o+2) (N?>—0) P Integrating Eq(24), using the boundary conditiomgl),

22  NW-1; v, v »M_0 as|X|—=, we obtain sech

. L . . time evolution solitary wave form approximate solution as
Now differentiating Eq(21) with respect to¢ and using Eq.

15), we get 1)
e e dV=0P(r)sech \/M(g—vr)
P NE NI NP IAQ) m 128 ’
G g T (-8 ot
1) 1) f—yr _ —yT
e oo dH=0Pe 7, V= s ¢ (29
+68(1—b) e + 6P e (23

where® (! is the soliton amplitude. It is to be noted that Eq.
Finally, on substituting fovAQ®?)/a¢ from Eq. (22) and on (28) represents a positive or negative well potential wave,
eliminating d/9&[ (1— 5)N1(12)_Ni(2)+ S(1-b)®@] by us- i€, CI>§TP(7-)> or <0, according as the coefficient of non-

ing Egs. (17) through (20), we arrive at the following linear terma in the KdV equation> or < 0.

damped KdV equation We summarize the results as follows:
(1) lon acoustic solitary electrostatic structures involving
b (1), 0P EALOISY " ion density depletion have been observed in the ionosphere
+adM— FRRY= +y®=0, (24  py Freja satellite[21] and motivated by this observation
where 0.30
_ I3\ —0)  3ui(1-0) .
a=p ()\2_0_)3 N ) (25 B
(o+2)(1-6) [(L—b)A\%>+bo—(1+0)] I
TR i et ) N 0) @9 -

C1fpg1-8 A
2T ooz

-t 015-
. (27 ]

Equation(26) shows that the dampingdisappears when we 0.10 . ; , .

put v=0, as it should because=0 implies the right-hand o0 01 0-2 03 0.4 05
side of Eq.(14) =0 [dQq/dt=0] i.e., there is no dust a
charge variation[by Egs. (15) and (22) AQ®M=AQ® FIG. 3. Variation ofy [Eq. (26)] with nonthermal parametex

=0=fixed charge on the dust grain surfacklowever, we  Solid lines for dust ion acoustiastej wave and dotted lines for
shall puty=1 for our numerical calculations. It is also to be dust acoustid¢slowe) wave. The other parameters are the same as
noted thaty=~0 for §=ng/njp~1; this is expected as Fig. 1.
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FIG. 4. Variation ofy [Eq. (26)] with _o=Ti /Te_for a=0.1. The_ FIG. 5. Variation of y [Eq. (26)] with d=ng/nie for o
value of § and uq are the same as Fig. 1. Solid and dotted lines— T, /T =1. The value of and 4 are the same as in Fig. 4. Solid
represent the same as in Fig. 3. and dotted lines represents same as in Fig. 3.

Cairnset al.[17] studied the ion solitary wave in presence of ~ (3) The damping rate/(a, o, 6) [Eq. (26)] is a function of
fast electrons. lonospheric plasnia80 KM) is dust con- & o, andé. Figures 3, 4, and 5 show that variationpfvith
taminated and the dust charging time satisfias,l,<1. ~ respect toa, o, andé, respectively, keeping the other two
Hence, the relevance of the present report, which shigs ~ Parameters unchanged. Figure 3 shows that for fixadd,

1 and Eq.(28)] that the dust ion acoustic wave.£\x, the damping ratey decreaseg / mcreases'for waves wWith
>\/o) has negative potential for higher values of the elec-=X- /A as the nonthermality parametarincreases. Both

tron distribution nonthermality parametarand so is associ- F19S- 3 and 4 show that with increase afor temperature
ated with ion density depletion while for low valuesafthe  ratio o, the slower(dust acousticwave always suffers stron-

density is enhanced as”0=®@ zO:}N_(l) >0. On the 9€f damping than the fastédust ion acousticwave. Figure
1 <M . .
other hand, for dust acoustic wava £\ <o), Fig. 2 5 shows that with increase @f y decreases sharply for dust

together with Eqs(12) and (28) indicates thatx<0=®®) ?on acoustidfaste) wave andya_zo f_or . neolniofl' This )
“0=ND=>0 (density enhancementor all values of a is to be expected as the latter implies decrease in dust density
i

| high and hence decrease in dust charge fluctuation induced damp-
ovxg; ?‘Lelgs'oﬁ:éry wave amplitud®®e" 7" so that the ing. Similar result though less pronounced also holds for

. . . . slower wave.
attenuation time t~1/e*?yw,;. Since for ionosphere
(~80 KM), ¥~ 1wyite~(ro/\;) [Eq. (11) with v=1] is One of the authorgS.G) would like to thank the Depart-
typically ~10®, the ion density depletiofor enhancement ment of Science and TechnologST), Government of In-
will persist for a sufficient period of time and travel a suffi- dia (Sanction No. SP/12/PC-07/200fbr financial support

ciently large distance-\ . ¢;/€¥?yw,; to be observed. during this work.
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