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Cylindrical and spherical dust ion—acoustic solitary waves
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The properties of cylindrical and spherical dust ion—acoustic solitary wéD&sSWs) in an
unmagnetized dusty plasma, whose constituents are inertial ions, Boltzmann electrons, and
stationary dust particles, are investigated by employing the reductive perturbation method. The
modified Korteweg—de Vries equation is derived and its numerical solutions are obtained. It has
been found that the properties of the DIASWs in a nonplanar cylindrical or spherical geometry differ
from those in a planar one-dimensional geometry. 2@2 American Institute of Physics.
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Shukla and Silifhhave first theoretically shown that, due inertialess electrons, and the equilibrium charge neutrality

to the conservation of equilibrium charge densityye
+nNngoZge—n;ge=0 and the strong inequalityng,<<ng
[whereng, is the particle number density of the species
with s=e (i) d for electrons(ions) dust particlesZ, is the

condition is maintained by the stationary dust particleg-
nificantly differ from the dust—acousti®A) waveg1%in
which the dust dynamics must be taken into account, i.e., the
inertia is provided by the dust particle mass and the restoring

number of electrons residing onto the dust grain surface, anfibrce comes from the pressures of inertialess electrons and

e is the magnitude of the electronic chalge dusty plasma
(with negatively charged static dust grairsupports low-

ions/ 1% The linear and nonlinear properties of the DA
waves in planar(one dimensionat®!?~1* and nonplanar

frequency dust ion—acousti®IA) waves with phase speed (spherical or cylindrical® geometries have been rigorously

much smaller(largep than electror(ion) thermal speed. The
dispersion relatiorta relation between the wave frequency
and the wave numbek) of the linear DIA waves is w?
=(Nio/Neo) K2C/(1+k?\3,), where C;=(kgTo/m)*? is

investigated during the last few years.

Recently, nonlinear waves associated with the DIA
waves, particularly the DIA solitary wave$ have also re-
ceived a great deal of interest in understanding the basic

the ion—acoustic spedavith T, being the electron tempera- properties of localized electrostatic perturbations in space

ture and m; being the ion mags and \pe

and laboratory dusty plasm&s=® The DIA solitary waves

= (kg To/4mnge?) 2 is the electron Debye radius. When we (DIASWSs) have been investigated by several autHfrs®

consider a long wavelength limiviz. k\p<1), the disper-
sion relation for the DIA waves becomesw

However, all these investigatiot?s'® are limited to one-
dimensional geometry which may not be a realistic situation

=(Nio/Neo) ¥’k C; . This form of spectrum is similar to the in laboratory devices, since the waves observed in laboratory

usual ion—acoustic wave spectrtithfor a plasma withn;o
=ng and T;<T, (whereT; is the ion temperatuje How-
ever, in dusty plasmas we usually hawg>n., and T;

devices are certainly not bounded in one dimension. There-
fore, in this Communication, we analyze the DIASWS in
nonplanar cylindrical and spherical geometries. We show

=T,. Therefore, a dusty plasma cannot support the usudiere how the DIASWs in cylindrical and spherical geom-
ion—acoustic waves, but can support the DIA waves ofetries differ from those in one-dimensional geometry.

Shukla and Silirt. The phase speeds(k) of the DIA waves
is larger thanC; because oh;y>n, for negatively charged

We consider a nonplanar cylindrical or spherical geom-
etry and study the nonlinear propagation of the DIA waves in

dust grains. The increases in the phase velocity is attributean unmagnetized dusty plasma whose constituents are iner-
to the electron density depletion in the background plasmdjal ions, Boltzmann electrons, and negatively charged im-
so that the electron Debye radius becomes larger. As a resuttjobile dust particles. The nonlinear dynamics of the DIA
there appears to be a stronger space charge electric fieldaves, whose phase speed is much sméiegen than the
which is responsible for the enhanced phase velocity of thelectron (ion) thermal speed, in nonplanar cylindrical and
DIA waves. The DIA waves have been observed in laboraspherical geometries is governed by

tory experiments:® The linear properties of the DIA waves
in dusty plasmas are now well understood from both theoret-

ical and experimental points of vieWw.®
It is important to note that the DIA wavdm which the

ion dynamics is important, i.e., the inertia is provided by the Ui
ion mass, the restoring force comes from the pressure of gt

dPermanent address: Department of Physics, Jahangirnagar University,

Savar, Dhaka, Bangladesh.

1070-664X/2002/9(4)/1468/3/$19.00

1468

&ni Jd ” _
E+F(9—r(r n;u;)=0, (€h)
A ;I

UG = T o @
1 a( Va¢)_
Do T | = rexp( ) —ni+ (1= ), )

© 2002 American Institute of Physics

Downloaded 11 Apr 2002 to 132.180.8.29. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/pop/popcr.jsp



Phys. Plasmas, Vol. 9, No. 4, April 2002

where v=0 for a one-dimensional geometry amd=1 (2)
for a nonplanar cylindricalspherical geometryn; is the ion
number density normalized by its equilibrium valog, u;
is the ion fluid speed normalized Iy, , and ¢ is the elec-
trostatic wave potential normalized ByT./e. The time and
space variables are in units of the ion plasma peaiugprl
=(m/4mn;e?)*?> and the Debye radius \ppn
= (kgT/4mn;pe?)?, respectively. We have denoteg
=Neo/Nig.-

To investigate ingoing solutions 6f)—(3), we introduce
the stretched coordinafés; = — e'A(r +v,t) and r= €4,
expandn;, u;, and¢ in a power series o

n=1+ eni(l)-l-ezni(z)-i--“ , (43
ui:eui(l)—i- ezui(2)+~-- , (4b)
¢=E¢(1)+62¢(2)+"', (40

and develop equations in various powers eof To lowest
order in ¢ Egs. (1)-(4) give nM=—-uB/w,, u®
=—¢WB/vy, andvy=1/\/u. To next higher order ir, we
obtain a set of equations

n®  n@
ar U9 o

au? g vl
(1),(1) L
- —=[n7u;”’]———=0, (5
(95[ iUl o7 (53

au®  oul? aut 9@
v UV — a =0, (5b)
aT FIg al al
R 1
a7 kPN - uleVP=0. (50
Combining Egs. (58—(5c) we deduce a modified
Korteweg—de Vries equation
oY 9V B
—HD (H_—_~__ - =
P +27¢> +A¢d PR +B 003 0, (6)
where
1
T
2 M
B——,—1 (7b)
ZILLSZ'
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FIG. 1. Time evolution of cylindrical $=1) DIASWSs: ¢) versus spatial
coordinatef at times7=—9 (left), 7= —6 (middle), and 7= — 3 (right) for
w=0.4 (upper ploj and .= 0.2 (lower ploy. We choose our initial pulse at
7=—9 and show how its amplitude increases with decreasing the value of
T.

We now turn to(6) with the term @/27) ¢*) which is
due to the effect of the nonplané&eylindrical or spherical
geometry. An exact analytic solution @) is not possible.
Therefore, we have numerically solve®) and have studied
the effects of cylindrical and spherical geometries on time-
dependent DIASWs. The results are depicted in Figs. 1 and
2. The initial condition that we have used in our numerical
analysis is in the form of the stationary solution of E)
without the term ¢/27)¢, ie., in the form ¢®
=(3/A)sect({/\/4B). Figure 1 shows how the effect of a
cylindrical geometry modifies the DIASWs associated with
both the positive =0.4>1/3) and negative §=0.2
<1/3) potentials. Figure 2 shows how the effect of a spheri-
cal geometry modifies the DIASWs associated with both the
positive (u=0.4>1/3) and negative /= 0.2<1/3) poten-

We have already mentioned that0 corresponds to a one- jg|s.

dimensional geometry. Thus, for a one-dimensional geom-

The numerical solutions ab) (displayed in Figs. 1 and

etry (»=0) and for a moving frame moving with a speed 2) reyeal that for a large value of(e.g.,7= —9) the spheri-

Ug, the stationary solitary wave solution @) is

3ug

¢<1>(v=0>:(7 . ®)

sech

Uo
E@_UOT)

It is obvious from(7) and (8) that for u>(<)1/3, a dusty
plasma supports compressiverefactive DIASWs which
are associated with a positiyeegative potential. Since in
most space and laboratory dusty plasmas1/3, unlike the
usual ion—acoustic solitary wavéasssociated with a positive
potentia) in a two component electron—ion plasfi4,

cal and cylindrical solitary waves are similar to one-
dimensional solitary waves. This is because for a large value
of rthe term @/27) %), which is due to the effect of the
cylindrical or spherical geometry, is no longer dominant.
However, as the value of decreases, the termviRr) ¢V
becomes dominant and both spherical and cylindrical solitary
waves differ from one-dimensional solitary waves. It is
found that as the value afdecreases, the amplitude of these
localized pulses increases. It is also found that the amplitude
of cylindrical solitary waves is larger than that of the one-

DIASWs have a new feature in that these are associated wittimensional solitary waves but smaller than that of the
a negative potential which is due to the presence of negaspherical ones.

tively charged dust grains.

To compare the properties of DIA cylindrical/spherical
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o™ nificantly differ from those of the DA waves. It is also

80 important to mention that the DIA solitary waves are more
suitable than the DA waves to observe in laboratory dusty
plasma conditions. We, therefore, propose to perform a labo-
ratory experiment which can study such special new features
of DIA solitary waves. We also stress that the present results
may help to understand the salient features of the cylindrical/
spherical DIA solitary waves when data for laboratory obser-
vations become available.
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