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Abstract

An analytical investigation of collisional effect on magnetosonic solitons
in a dusty plasma dlab is presented. We have derived and presented
solutions of nonlinear magetohydrodynamic equations for a warm dusty
magnetoplasma. It is observed that, our work could be considered a
general case for magnetosonic solutions in a dusty plasma dab. While
the neglection of the collisional effect reduces our results to exactly what
is obtained by Marklund et al, 2007.
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1.0 Introduction

Fast and slow magnetosonic modes are the fundamembdes of magnetized plasma from the
magnetohydrodynamic (MHD) view. The fast magnemisovaves propagate perpendicular to the ambient
magnetic field. Earth’s bow shock wave is onehaf €xamples of fast magnetosonic waves that isedrdue to
the interaction between the solar wind and theamtstof the Earth’s magnetic field.

Various number of literature abound on nonlineagnetohydrodhynamic waves, magnetosonic solitary
waves as well as magnetosonic shock waves in diffekind of plasma [1, 2, 3, 4, 5, 6, 7, 8, 9]. sBuplasma
physics studies the properties of heavier chargest oh the presence of traditional electrons ants.io These
mixtures occur in heliospheric and astrophysicabplas, and in laboratory and technological apjpdieat[10, 11,
12, 13, 14].

In this report, we have extended the work of [2]sbudying the effect of collision on fast magnetas
solutions (FMS) in a dusty plasma. In sectiomi, have described the model and the basic equajmresning the
model. Section Ill contains the analysis of cadiisl effect on fast magetosonic solitons in a dptdgma. While
discussion and conclusion, are presented in seiion

2.0 Basic Equations

The dusty plasma we are studying consists of tboeeponents, i.e, extremely massive dust partitias
are considered to be immobile, inertialess elecand ion. The nonlinear dynamics of FMS waves iduaty
magnetoplasma is described by the following setopfations:

~ ~ eV ~ ~
0=-neE-0OP, —n,—xB-v,nmV,
Cc

(2.2)
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(2.3)
where R, n are the electron and ion number density respdgtieds the electronic chargd; is wave electric field,
B is the sum of the ambient and wave magnetic fiekls= n_T, and P = nT, are the electron and ion pressure
respectively, IT;) is the electron (ion) electron (ion) temperatiw/g)V;) is the electron (ion) fluid velocity, jnis
the ion mass, and C is the speed of light in vacuum

The ampere’s law and Faradeny’s law used to supplerqguations (1-3) are defined respectively as:

OxB :A'%e(niﬁi - ne\7€)

(2.4)
aB -
— =-COXxE,
ot
(2.5)
While quasi-neutrality condition is given as
n =n, +2z,n,
(2.6)

Where n is the number density of the dust agdre number of electrons on each dust grain.

3.0 Derivation Of Nonlinear Magnetohydrodynamic Equations With Collisional Effect
Eliminating E from equations (2.1) and (2.3) and making userapAre’s law, we obtain

(i+\7]ﬁ)\z :__1 L+l Dni
ot min-z,n, n

n A A
- &y V.xXB-v Vv +

mC(nI _Zdnd) I n-i

(OxBxB
4rm (n —zyny)

(3.1)
With the use of inertialess electron momentum eqonatAmpere’s law equation and Faraday’s law eaqumtive
obtain magnetic induction as:

GBE{ n x B — C
ot (n-zn,) ' 4me(n -zn,

_<>

)(Dxé)xé

(3.2)
Using the same argument as [2] for one dimensionBMS wave; we have

0= )Zai,\?i = u(X))z +a)(X)YA and B = B(X)z, where )Z(YA,ZA) are the unit vector along the
X

x(y,z) axis in Cartesian coordinates. The MHD eiqus reduces to the following expressions with itgex i
dropped:

on
—+—(nu) =0
ot 6( )=

(3.3)
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(an aj -1 T, T )on
—+t— y=——+—|—
ot ox) mli(n-zn,) n)ox

1 Ba_B_—ezdnd w
4rm(n-z,ny)  0x m(n-2zny) c

- B-v. u

n

(3.4)
(@+ui)a): iEB—VmOJ
ot 0x m(n—-zn,)
(3.5)
also
9B _ _E(LUBJ
ot ox\ n—zyn,
(3.6)

From stationary solutions agt— = 0, the integration of continuity equation gives tlegoeity component u

according to the following expression

UyN
u(x) = —==2

(3.7)
where y is some constant of integration. The velocity pomentw from equation (3.5) can be written as

dw_ e z,n,B

dx mc(n-zn,)

in

(3.8)
above equation can be written in energy form as:

dw(me? | _e znB o of
dx | 2 c(n-zn,) u

(3.9)

The momentum equation along x-direction accordingguation (3.4) is given by the following expressi

d(ms?)  _ d d
&E 5 j— Te&ln(n z,n,) T&(Inn)

1 d(B*) e znBw
—— | — | = v u
(n-zn,)dx\87) c(n-zn,) ™
(3.10)
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Adding equations (3.9) and (3.10) above gives
2 2 M
im(u—-'-wz)+Te|nne+T|nn +ngliB_ +lu+—|v.=0.
dx 2 dx\ 87

(3.11)

We are also going to consider the fact that, magfietd is frozen in [2] as

(3.12)

Substituting the values of equation (3.7) and (Bid® equation (3.8), then integrating reducds:it

W(X) :I_Xw n, (x')dx'—vmwj._xw n(x')dx’
(3.13)

Making use of the following normalized variables:

ng, —» MN-—U-— - — =
nO nO uO uO

1
ZyNy n u C(),VT _(sz V;

B> 2 V T, XG eB
V, E[ 0 j - —A,Te - —= and X - —<,where . =—2 s the ion cyclotron frequency in
mc

47mn, u, T u,
equation (3.11) and integrating gives
1 o u o
F"'?"'VTZ [-I-e |n(n_ nd) + |n n] +V:n+\/in [E"‘TJX :WOZ’

(3.14)

whereW,, is a constant.

4.0 Discussion and Conclusion

Our investigation of solutions for nonlinear maigiydrodynamic equations for a warm dusty
magnetoplasma reduces exactly to what had beeinebtay [2], when the collissional effect is nedéztin our
analytical results with respect to our equation8 (33.11) and (3.13 — 3.14). As can be obsemeanlii equations
(3.8), (3.9), (3.10) and (3.13), the collisiondkeet does not really add much to the result hetscedglection by [2].
While for equations (3.11) and (3.14), the colligibeffect has some positive contribution to theuhs.

In summary, we could consider our results to regméa general case, which reduces to the spedalaf
[2] when the collisional effect is neglected. Tresult presented in this report should be usefuhiderstanding the
collisional effect on magnetosonic solitons in atgiplasma.
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