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Speed and shape of dust acoustic solitary waves
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Parametric conditions for the existence of dust acoustic solitary waves are investigated without dust
charge variation, as well as with dust charge variation. The Sagdeev potential equation is derived in
terms of the dust velocity iy, both cases. Itis found that there exists, in both cases, a crtical value

of ty (#0). the value of 1, at which (1) =0, beyond which the soliton solution ceases o exist.

This is demonstrated clearly in the plots given for uy against the traveling wave coordinate £=x

—Vr.

l. INTRODUCTION

Since the pioneering work by Ikezi, Taylor, and Baker,'
who first discovered 1on acoustic solitons (IAS) in a double
layer, solitary waves in plasma have been studied guite ex-
ensively. At the lowest order, the nonlinear equation derived
is the famous Konteweg—deVries (KdV) equation. The KdV
soliton explains characteristics such as velocity and width of
the solilons guite well.”7 The reductive perturbation tech-
nique (RPT) (Refs. 8-12) is the most popular perturbation
echnique used to derive the KdV and modified KdV
IMEKAV) equations in plasma. A few years ago, Maliliet and
Wicers" reviewed the studies on solitary waves in cold col-
lissonless plasma. It was found that as the RPT is based on
the assumption of smallness of amplitude, the first order soli-
ton would underestimate the amplitude of the solitary waves
by as much as 20%. An exact solitary wave solution can be
obtained in many cases by Sagdeev's pscudopotential
method,'* which has been applied successfully™~'* in vari-
ous cases, mcluding multicomponent plasma. More recently,
Johnston and Epstein'” investigated nonlinear ion accoustic
waves in a cold collissonless plasma by a direct analysis of
the field equations; they derived Sagdeev’s potental in tenms
of u, the ion accoustic speed, instead of the usual vadable ¢,
the electrical potential. They observed a dramatic difference
in solutions for a change in initial condition of only one
millionth, which fdlustrates the crucial dependence on the
parameters for the exisience of solitons. In the present paper
ow aim is 1o study the conditions for the existence of dust
acoustic solitary waves by a similar analysis of the field
equations as done in Ref. 19. Our motivation for studying
dusty plasma is as follows. Dusty plasma exists in astro-
physical bodies, cometary tails, interstellar clouds, and aster-
oid zones among wvarious other space environments.*
Also 1on accoustic solitary waves and shocks were observed
in dusty plasma recently.”™** In most of the theoretical stud-
s on dusty plasma, dust charge variation was neglected.
But, from the physical point of view, dust grains have vari-
able charge due o fragmentation, coalescence, ™™ ete.
Hence, the effect of dust charge variation is of considerable

“Electromic mail: raj@isical ac.in

importance in the study of dusty plasma waves of both small
and large amplitudes. One of the motivations of the present
study is to investigate the effect of dust charge variation in
the formation of solitary waves.

Hence, we shall discuss here two cases. In the first case,
the dust charge vanaton is neglected. In the second case, we
take a popular model for dust charge vanation. The organi-
zation of the paper is as follows. In Sec. 11 basic equations
for collisonless dusty plasma in one dimension are wrillen
where dust charge variation is neglected. Sagdeey’s pseudo-
potential is obtained analytically in terms of w,, the dust
velocity, and the dependence on V, the solitary wave veloe-
ity, for the existence of solitons is discussed. Section 111 is
similar in content o Sec. I, except for the fact that dust
charge variation is not neglected here. Section 1V is kept for
discussion, while Sec. V is kept for the conclusion.

Il. BASIC EQUATIONS NEGLECTING THE VARIATION
OF THE DUST CHARGE

The one-dimensional nommalized equations governing
the dust dynamics in a dusty plasma consisting of warm dust
particles and Boltemann distributed electrons and wons are
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lll. DERIVATION OF THE PSEUDOPOTENTIAL TAKING
INTO ACCOUNT THE VARIATION OF DUST
CHARGE

We consider a dusty plasma whose constituents are elec-
trons, 1ons and dust grains. The electrons and 1ons are Bolte-
mann distributed. Taking mto account the dust charge vana-
tion, we have the following equations for the dust fluid:
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where 7, and I; are normalized by g g0, and other nommal-
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izations are the same as in part L Following Goerz,™ we
express [, I, in terms of the normalized quantities, so that
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The dust charge can reach local equilibrium on the hydrody-
narmic tme scale at which f,+71;,=0. Thus, we have a rela-
ton between the doust charge and the potential given by
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FIG. 1. 1} vs uy is plotted for different values of V, where the dust-plasma
parameters  are  n,=12X10"em™,  n,=10"em™,  m,=161
X0 em™?, 1 p=—123, T.=1eV, T,=001 eV, T;=1¢V. Here the
charge variation is neglected.

Eliminating n,, g,. ¢ in terms of u,, Sagdeev’s equa-
ton can be derived. It is given by
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IV. RESULTS AND DISCUSSIONS

To find the region of existence of solitary waves, one has
to study the nature of the function ¢ (u,) defined by

I:“;Il}: :
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For solitary waves ¢ (uy) will have two roots, one being al
u, =0 and the other at some point wy=u, (=0). Also,
i (n,) should be posiive on the interval f{]'.uuuj]l and nega-

tive on (uy iy ), where ny 1s obtained from the nonzero
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FIG. 2. Plot of w)) vs u, for different values of ¥ without neglecting the
variation of charge: T,=0 and other parameters remain the same as in
Fig. 1.
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FIG. 3. Plot af &, vsu , for V= 1.2, Other parameters remain the same as in
Fig. 1.
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FIG. 4. Plot of u, vs £ for V= 1.2 and 0,00)= 04009 1. Other parameters
memiin the same as in Fig. 1.
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FIG. 5. Plot of u, vs £ for V= 1.2 and 0,00 )= 0400992, Other parameters
remain the sume as in Fig. 1.

root of ¢{u,). In Fig. 1, ¢ (u,) is ploted against u, for
different values of the solitary wave velocity V, where the
dust charge variation is neglected (other parameters are given
in figure caption). It is seen from the shapes of the respective
figures that solitary waves would exist for 0.9V <1 8. Fig-
ure 2 shows the change of u; with respect 1o uy for different
valwes of V owhen the dust charge variation 15 taken o
account. In this case, the solitary waves exist for 095V
=< 1.7. Figure 3 shows the plot of ¢, aganst w, with V
=1.2, other parameters being same as those of Fig. 1. Figure
4 depicts the soliton solution u,(£) plotted against £ It is
seen that wy =0400991 1s the critical value w,. For uy,
=1y, . the solitary wave solulion ceases 1o exist, as shown in
Fig. 5. Figures 6-9 refer to the case in which dust charge
vanation was taken into consideration. Figure 6 shows the
dependence of 2, onuy,. I s seen that 7, decreases slowly
with uy for w,=0.95, and then increases gradually. Here V
=1.2 and other parameters are shown in the figure caption.
Figure 7 shows the plot of oy against uy . showing the enti-
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FIG. 6. 2, vsu, is plotted for V=12, where the dust-plasma pammeters an:
Rp=12210 am™3, no= 10" cm™?, np=1.61%10°% z,=-—1239, T,
=leV¥, T;=1eV.



Phys. Plasmas, Yol 10, No. 6, June 2003

004 |
Q.03
202 -
v,
an e
___,.H"'
L ---f____.--' \
0 f———
0.0 i i Y
Lk 0 0z 03 s 0.5

o

FIG. 7. Plot of gy vs u, for V= 1.2, Other parameters remain the same as in
Fig. 6.

cal value of u, beyond which the soliton solution will not

exist. Figure 9 shows that the solitary solution would cease
o exist if W, is greater than the critical value. Also from
Figs. 8 and 9, 1t 15 found that there s 4 tansition in the
behavior of i, from periodic to a divergent one as we Llake
ul(0)=0473 28, Figure 10 shows that if we keep the param-
eters the same for the cases with and without dust charge
vadation, qualitatively the behaviors of o, in these cases are
similar, though the amphitode of the solitary wave 15 small in
the case of the statonary dust charge. Also, the region of
existence for solitary waves will be different for these two
cases. The above result 1s not unexpected as the dust charge
vanation model we wok gives a inear dependence of 7, on
¢, the electric potential. A nonzero value of I+, would
give a more complicated relation between 2, and ¢ and may
significantly effect the behavior of solitary dust acoustic
waves, This 1ssue will be aken up m oa future work.
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FIG. 8. Plot of uy vs & for V=12 and & 401=0473 28, Other parameters

memiin the same as in Fig. 6.
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FIG. 9. Plot of u, vs £ for V=12 and u 0)=0473 29. (ther purameters
remain the same a5 in Fig. 8.

V. CONCLUSION

We have used Sagdeev’s approach to study the speed and
shape of dust acoustic solitary waves. Sagdeev’s potential in
terms ny . the dust velocity, is derived for two cases. In the
first case, the dust charge variation was ignored. In the sec-
ond case, the dust charge has been determined from the cur-
rent balance equation f,+ I,=0, where [, and [, are, respec-
tively, the electron and ion currents. It is found that there
exists in both cases a critical value of “.-.'U{#”'L u, being
the value of n, at which [ut.',u,'l1={]', beyond which the soliton
solution would not exist. The dust velocity i, has been plot-
ted against £ to pinpoint the value of uy . Our result can be
compared with a similar study done recently by Xie er al. 3
When ¢b1s not wo large, our result s similar o the one by
Xie et al. However, for large values of ¢ our result is differ-
enl This may be explained by the fact that Xie ef al. consid-
ered two temperature ons, unlike the case we considered,
apart from the fact their result 1s vahid for small amplinde
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FIG. 10, Plot of o, vsu, for V=1.2and ¥ ,=0. The labels 1,2 corresponds
to the cases without and with variation of charge. Other pammeters remain
the same as in Fig. &



Phys. Plasmas, Yol. 10, No. 6, June 2003

solitary waves, whereas our result s valid for arbitrary am-
plitude solitary waves. Our technigue can be extended Lo the
study of the existence of dust acoustic solitary waves and
shocks for other dust charging models. Work is in progress
along these directions.
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