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abstr act

Large amplitude double layers are investigated in the chpesitively charged dusty plasma.

The dust grains provide the inertia and the background @dsrformed of two electron pop-

ulations hot and cold in thermal equilibrium. Using fluid etjons and the pressure balance
equation the Sagdeev pseudo-potential is driven in thostay frame for the adiabatic case.
The dependence of the double layers amplitude and Mach nmumnberious parameters such
as the hot to cold electrons densities and temperatures fadive been numerically examined.
It is shown that the Mach number increases as the hot to celdrehs temperature increases

and for a critical Mach number value the changes on the streigirofile are also found.

I ntroduction

The basic reduced equation governing the pseudo-partiotg®n in a potential well was
given firstly by Sagdeev. He shows that a plasma with cold &b hot isothermal electrons
supports a nonlinear waves[1]. From the suggestion thahaqulibrium plasma with two or
more distinct groups of electrons with different temperatcan exists, there has been much
interest in the field of dusty plasma with two electron popatss. These two different tem-
peratures can be seen as an anisotropic electrons diginbaottwo perpendicular directions.
The electron dynamics characterize the wave higher frexyueange of the electrostatic drift
waves|2]. In the auroral latitude heating and injectioregdeme time rise to hot electrons. It is
possible to have in this plasma environment rarefactiomgetis compressions associated with
the solitary kinetic Alfven waves[3]. The large amplitudeuthle layers has been investigated
for both plasma with three and four components, where thelane is a dust grains[4][5]. It
was shown that a dusty plasma with two electron populatiopparts a nonlinear electrostatic
waves where the corresponding Mach number depends on lsatinogls density and tempera-
tures ratios[6]. In this work the adiabatic large amplitulbeible layers are studied for a dusty

plasma with positively charged grains

Basic Equations
Let us consider an unmagnetized dusty plasma with threggonent in a collisionless regime.

The two distinct electron groups hot and cold are respdgtatethe temperatur&, and T, and
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follows the Boltzmann distribution,
Nec = Noc €XP{ac @}, 1)
Nen = Non €XP{an @}, )

Wherea; = Tett/Tej, j = h,c. and@ the normalized electrostatic potential. The effective-tem
perature is given b¥est = NogZg/(Noc/ Tc + Non/Th) - The dynamics of the dust is governed by
the following set of normalized equations:

ong o
WJFD(ndVd) =0, 3)
0Vd 0
W'ﬁ‘(vd.D)Vd——D(P—n—dDP, (4)
%Jrvd.DPerP.Dvd:O. (5)

whered = Ty/ZyTet . Noj is the density at equilibriumj(= d dust, j = ¢ cold electrons and
j = hhot electrons) andy is the dust charge at equilibrium.
The equation (5) stands for the dust balance pressure eguidte have considered the adiabatic

case wherg = 3. The system is closed by Poisson’s equation and the geasiahassumption,
(6)
(7)

020 = Nec + Ne — Ny,

Noc + Noh = ZgNod = No

We transform to the stationary framxe= ¢ — Mt, whereM is the Mach number, one obtains
from Eq.(1-7) the pseudo-particle energy equation

1/0¢p 2 B
> (ﬁ) +V(p) =0, (8)
Where the Sagdeev potential is given by:
Noc a Non a 2
V(p) = 1-e%?) + —(1-e"?) — (M —vp)"— 9
(0) =g (1= e®) 4 C (1) — (M — o) ©)
_ 1/2
2 2 1/2
1-——— 1-——F—)2-A| —|1+V1I-A —B
{ (M —v0)2512+\/( M—vo)282 1+VIZA } x
[ 2 2 e —3/2
1-——— 1-——F—-)2-A —|1+vV1-A :
(M—vp)232 \/< M—v0)282 1+VIZA

whereA = 462 /5} andB = 21/25/ 5.

The Latter result corresponds to the following boundar@sddions|é| — +: ng — 1,P —

1, @ — 0,vg — Voqg Wherevyg is the equilibrium dust drift speed.
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Figure 1: The large amplitude Sagdeev potelRigure 2. The same as Figure 1 but with
tial. The curves correspond1q/Tc = 20(—-), T,/Tc =40(—-), 45— ——), 50(---).

30(———), 40(---). The parameter labelling is

the Mach number.

Results and discussions

We seek the large amplitude double layers solution for theaton (8) when the hot elec-
trons are the dominant species in the plasma, such as in ttidugent clouds during polar
summer mesopause. The standard numerical chosen initigsvare, hot to cold densities ra-
tio Noc/Non = 0.11 , dust charg@y = 1000 and dust velocity,q = 0. In Figure 1 we plot the
Sagdeev pseudo-potential versus the electrostatic paltéortthe different hot to cold temper-
ature ratios. The double layers can be seen as a result oésuthdnge of the space charge
distribution given rise to electrostatic potential withsgble negative as well as positive struc-
ture. In the present case the negative double layers deparide Mach number specific choice.
The structures exist between two limited values one fgges 0 and the second negative limit
depends on the temperatures ratio and increases as thin@agases$@ax| = 1, 1.5 and 21.
respectively fofT, /T, = 20, 30 and 40. It is also possible to see the double layers steifiiu
much higher temperature ratios (Fig 2). The dynamics of tiangand the dust pressure are
responsible of the enlargement of the electrostatic iatemd Mach number values. The result
depends on the both hot and cold electron populations. lar&ig§ we have plotted this?
versus|@n|, we have almost the same profile as the case where there ispatagion instead
of dust grains[8]. However, the mach number and the corretipg |@y| limit values are much
higher in our case. There is no scaling parameters for betlvib cases, the normalization is
the same. The difference is due to the additional pressureitewhich the dust fluid character-
istics are introduced. Another significant result is olgdinvhen we keep the same values for

all other parameters except the hot (cold) initial den¥itg.observe for the same Mach number
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the presence of soliton wheédy, # 0.6 (Fig.4)
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Figure 3:M? vs |@|. The parameter labelling ’ o

the curves isigh.
Figure 4: The same as Fig.1 but wiW =

1.598.

Conclusion

We have investigated the electrostatic non linear wavea thrsty plasma with the presence
of hot and cold electron populations. The pressure effecomsider by the pressure balance
equation in the adiabatic case. We have found that thereeslangement of the Mach number
values. It is alos found the existence of a density ratiacaditvalue where the double layares

structure disepears giving rise to soliton.
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