Nonlinear modelling of a rotating
multi-component dusty plasma

|. Kourakis't, U. M. Abdelsalani*, W. M. Moslem % and P. K. Shukla

*Centre for Plasma Physics, Queen'’s University Belfast, BT7 1 NN Northern Ireland, UK
www.kourakis.eu
TRuhr Universitat Bochum, Fakultét fiir Physik und Astronomie, D-44780 Bochum, Germany
*“*Fakultat fir Mathematik, Ruhr-Universitat Bochum, D-44780 Bochum, Germany
*Department of Mathematics, Faculty of Science, Fayoum University, Egypt
SDepartment of Physics, Faculty of Education-Port Said, Suez Canal University, Egypt

Keywords: Dusty plasma, electrostatic waves, rotating plasma, Zakharov-Kuznetsov equation.
PACS: 52.27.Lw, 52.35.Fp, 52.35.Mw, 52.35.Sb

The Coriolis force may have a dominant role in rotating laboratory plasmas, as well
as in space plasma environments, where dusty plasmas (DP) abide [1, 2, 3]. In this work,
we investigate the propagation of nonlinear electrostatic excitations in a four-component
DP, consisting of two dust species of opposite polarity éhdd—, of massnand charge
+Z4e, respectively), electrons (mass, chargee) and ions (mass, charge+Ze).

We consider a rotating DP embedded in an external magneticHieldBpX. A two-
fluid model is employed, for the two dust species (distinguished by indicasd —).

Both Lorentz and Coriolis forces are considered, associated with gyroscopic (Larmor)
and mechanical plasma rotation, respectively via the dust Lawgore= i%)‘( and
rotation QgX frequencies. The density., velocity u. and potentialp perturbations
vanish at equilibrium. The system of fluid equations
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is closed by the equation(s) of stqig ~ ni/3, and by Poisson’s equation

D% = 4me|[Zg(n_ —ny) — Zn +ng). (4)

We assume that, g/n_g=0=1—-y, whered =n, o/n_o, Y= (Zini—ne)/N_p =
fio/N_ o), i.e. thee-i background maintains charge neutrality while remaining uniform.
Perturbation theory, introducing slow scakes- £2/2(x—At), Y = e2/2y andt = £3/2

(¢ <« 1) reduces the system (1)-(4) to aHAROV-KUzZNETSOV (ZK) equation
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We have defined the effective frequencies Q. = (2Qo & @.)/wp, — [where w, - =
(47mZ%e%ny /m)'/?] and the positive-to-negative dust temperature ratio 6, = 7, /T, as
well as the (reduced) soliton velocity A. Taking y = ¢X + mY — U, the solution for the
potential ¢ ~ £3/2¢() + (&) reads

61 = gosect? (£, ©

where the amplitude ¢o = 3U/4¢ and the width I = \/4¢(B2 + Dm?)/U.

The behavior of these nonlinear solutions is under investigation. Our preliminary
results suggest a significant dependence of the width /77 on the rotation frequency g
and on the dust cyclotron frequency .. In particular, an interesting effect is witnessed
when Q. ~ 2Q4 + @, — 0, where IV diverges, leading to (1)(1) — ¢ everywhere; notice
the white region in Fig. 1b. Extensions of this work currently underway include the
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FIGURE 1. Contour plots of: (left frame) the phase velocity A vs. ¢ and y and (right frame) the soliton
width W vs. Q and @, for A = 0.6, £ = 0.7 and y = 0.4. In both plots, higher values are shown as lighter
colored areas.

derivation of an extended ZK equation for critical plasma compositions where A ~ 0, as
well as a prediction for the existence of electrostatic double layers in rotating plasmas.
Details on this investigation will be presented in an extensive report, to appear soon.
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