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Abstract

A comparative study between the adiabatic model and the y-model in view of the investigation of the
existence of dust acoustic solitons, has been conducted. It is shown a perfect agreement between the results
derived by both approaches. Dust acoustic soliton amplitude and width as well as Sagdeev potential derived
in the framework of both models, are matching well.

Introduction

A study of the conditions of existence of dust acoustic solitons where electrons
and ions are taken Boltzmannian, whereas dust grains are adiabatic has been conducted'.
Two approaches have been adopted and their results compared, namely, the adiabatic
model and the y-model. In the linear regime, the dispersion relation derived in the
framework of the two models is found to be the same. However, when the non-linear
regime is dealt with, the solitons amplitudes derived by both models show a difference of
about 20% for the small amplitude case. Whereas, for the large amplitude case, the
Sagdeev potentials are found to be different. As far as the condition on Mach numbers is
concerned, it was calculated that soliton solutions do not exist for M>1.06 for the
adiabatic model, whereas there are no restrictions in the y-model; solutions may exist
beyond this value. The two approaches are leading consequently to very different
predictions. It has been stated that the y-model validity is confined to lower temperatures.
We believe however, that when the two models are redefined, they converge necessarily
towards the same conclusions.

Formulation

Let’s consider a plasma consisting of electrons and ions that are taken
Boltzmannian for low-frequency modes, with their normalized number densities (by Zny)
given by,

n, =n e’ (1)

n, =nge (2)

and adiabatic dust particulates, where no is the equilibrium dust density, Z is the number

. T, . .
of charge on the dust grain, o = Fe’ T, and T, being the electron and ion temperatures.
For the adiabatic dust component, the pressure P is related to the number density n by the
equation of state,
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£ = const. 3)
n}’

Furthermore, pressure P is related to temperature T through,
P=nT. “

It should be stressed that in Eq.(4) no y (adiabatic exponent) is to be added. By virtue of
Egs.(3) and (4), the equation of state may be cast as,

an—l = const. &)
In an adiabatic fluid where the density is not uniform, temperature is no longer constant.
Consequently, the pressure term in the dust momentum equation may be written
otherwise (c.fRefs.[2,3]), viz.,

VP=yTVn (6)
It should be pointed out that Eq.(6), which is an exact equation, has been derived by way
of invoquing dust adiabaticity. Hence, temperature T is not to be considered constant.
The term y T has not been pulled out of the nabla operator. As a consequence, in both
formulations, namely, the one involving P or that one involving T, an equation of state
has to be incorporated in the system to meet the system closure requirement. The
dynamics of the dust fluid is then given by,
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where dust density n, dust velocity v, dust pressure P, dust temperature T as well as the
electrostatic potential ¢,are normalized by, n, ¢, = \/7 (m being the dust mass), noT.,
T, and Te/e respectively. Time and space variables are normalized by the dust plasma
period (by 2) @) = (4zm,Z%e* / m)—“2 and the Debye length Ao=(Te/47 n  Z e ?) .

For small amplitude regime, a KdV equation may be derived for both formulations from
the system (7)-(10) along with Egs. (1) and (2), by means of the reductive perturbation
technique. The stretched coordinates are & = \/E(x—Mt) and 7 =¢£**t, where ¢ is the

smallness parameter and M is the soliton normalized velocity. Thus Eqgs.(7)-(10) as well
as Eqgs. (1) and (2) reduce to,

andn,on, dv_
(v M)6§+867+n6§ 0, (1)
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Let’s expand in terms of ¢, the variables n, P, v, ¢ and T to get,
n=1+¢en +¢&n,..,
2
P=F +&eP +&°P,...,
v=e¢v, +&v,..,
p=cd +&,...,
T =T, +¢T, +&°T,...

(12.2)
(12.b)
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Introducing Eqs.(15)-(19) in Eqgs. (11)-(14) along with Eqgs.(1) and (2) would yield at the

lowest order,
n =—(n,+ony)g =-lg,
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From Eqs.(20)~(25) we obtain,

B =-1Bl4,

v, =—-Mlg,,

T, =(1-nTlé,

%—Mav1+ 6_¢.1_

and
M? =Z 1+ 9P,
M?*=Z/1+yT,.
At a higher order we get,
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Using Eqgs.(26)-(29.b) in Eqs.(30)-(33), the Korteweg-de Vries (KdV) equation governing
the evolution of ¢; is deduced for both formulations,

¢ 0’¢
a12 ﬂ12¢1 651 ?=0: (34)
where, ¢ =22—M2,
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It is clear that due to Po=To, one has o, =, and B, = ,. Moreover, it appears that our

results differ from those in Ref.(1) by the factor y-2 (instead of y-1).
The solution of Eq.(34) leads to,

by =y sech? (C0T ) 35)

where g is the soliton velocity, ¢, = 3—a—u0 and 6 = 2 being the amplitude and the
B o,

width of the soliton respectively.
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Conclusion

To conclude, we have shown that the conditions of the existence of adiabatic dust
acoustic solitons as well as their characteristics such as amplitude and width, remain
unchanged whether we consider the pressure term in dust momentum equation as VP or
/IVn, if care is taken of the fact that T is variable, hence the closure of the fluid
equations system by the equation of state in terms of temperature. In the large amplitude
regime, both formulations agree well on Sagdeev potential. For the y -model, unless we
consider temperature constant whereas pressure is variable, the predictions are valid for
all values of the temperature. We stress the fact that the present note does not deal with
the existence of the dust acoustic solitons as such, but is a comparative study between the
approaches cited above. A more detailed investigation of the dust acoustic solitons
including charge fluctuation and particle trapping is found in Ref.(4).

Acknowledgment
(R.A) would like to thank Prof. R. Bharuthram for hospitality.

Reference

[1]S.V. Singh and N.N. Rao, Phys.Lett.A, 235, 164 (1997).

[2]C.Oberoi, Introduction to unmagnetized plasmas (Printice-Hall of India (P) Ltd., New-
Delhi, 1988) chapé.

[3]M.Djebli, R.Annou and T.H.Zerguini, Phys.Plasmas, Phys. Plasmas 11, 1 (2004).
[4]P.K.Shukla and A.A.Mamun, Introduction to dusty plasma physics (IoP publishing,
2002) p195.



