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Abstract. Propagation of both low and high frequency waves in a plasma consisting of electrons,
ions, positrons and charged dust particles have been theoretically studied. The characteristics of dust
acoustic wave propagating through the plasma has been analysed and the dispersion relation deduced
is a generalization of that obtained by previous authors. Itis found that nonlinear localization of high
frequency electromagnetic field in such a plasma generates magnetic field. This magnetic field is
seen to depend on the temperatures of electrons and positrons and also on their equilibrium density
ratio. It is suggested that the present model would be applicable to find the magnetic field generation
in space plasma.
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1. Introduction

Propagation of waves in a multicomponent plasma having charged dust particles has been
investigated by various authors in recent times as the presence of charged dust grains give
rise to a new kind of modes called dust modes and it has wide applications in magneto-
sphere and space plasma [1-3]. In fact, Rtaal [4] initiated to study theoretically the
propagation of dust acoustic mode in a plasma. Subsequently, Shukla [5] and other authors
[6,7] investigated different aspects of wave propagation in dusty plasma from which it has
been observed that charge fluctuation of dust particles has significant role on the forma-
tion of solitons and shocks as well as instability of the wave [8-10]. The positrons are
also found to exist in space plasma [11]. Several authors [12,13] considered the presence
of positrons together with the electrons and ions for their studies on the propagation of
waves. As we see that both the charged dust particles and positrons exist with the electrons
and the ions in space plasma we consider here a model plasma consisting of all the above
four species for our present investigation. We have derived the dispersion relation which
is more general than that obtained by the previous authors. Moreover, we have obtained
the growth rate of the magnetic field which is generated inside the plasma due to weakly
nonlinear localization of high frequency field. It is to be mentioned that there are several
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mechanisms of generation of magnetic field in laboratory and space plasma [14-16]. In
hot astrophysical bodies, the dynamo effect is one of the main sources of magnetic field
generation [17,18]. However, our present model for the generation of magnetic field may
be applicable in space plasma as the strength of magnetic field in space is found to be weak.

2. Formulation

We consider an unmagnetized collisionless multicomponent plasma consisting of elec-
trons, ions, positrons and negatively charged dust particles. The dynamics of such plasmas
are assumed to be represented by the following equations
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the subscript represents the types of plasma species. For elestesre, for ion s = 1,
for positrons = p and dust particles = d, m, ns, Ts, vs, gs are respectively the mass,
number density, temperature, velocity and the charge of the plasma spéc:imiﬁ are
the electric and magnetic field intensiayand!f are the scalar and vector potential§g

is the Boltzmann constant ard is the velocity of light. Z is the number of charges,
o = ].,Zi = ].,Zp =landZ; = Z.
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Now, assuming all field variables in egs (1) to (9) have slow and fast components given
by
fs:fs()+fsl- (10)

In the right hand side of (10), the first term is the slow component and the second term is
the fast component.
The time and space variation of the fast component of the field variable are given by

fsl :fsl eXPi(KfL’_Wt); (11)

whereK andw are the wave number and frequency of the wave.
It is also to be noted that the quasineutrality condition in the multicomponent is given

by
Neog + ZgNgo = Npo + Nio- (12)

Moreover, we assume that the charge fluctuation of dust particle is governed by

0
% =TIe1 + I + Iy (13)
from which we obtain
i 1
qd1:|[p0|<m_k+ﬂ>< . )7 (14)
npo Neo N0 1 —ww
where
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c1 is the capacity of dust grains.

3. Dispersion relation

We have assumed, due to large inertia, that v;) have no fast component. For the vector
potential’s, fast component we set

Ay = Ay (z,2,t) exp(—i(wt — Kz)) = @exp(—i(wt — Kz)) = @e ", (16)

whered = a(y — iZ) the other fast components are written as; = njle*m; vj1 =

vjle*w etc. We now substitute (10) in eqgs (1) to (8) and separate the slow and fast com-
ponents. In this respect it is to be noted that an average over the total cycle is to be taken
where only thes = 0 part of the product of two fast component only contribute. Using eq.
(10) we have

2
mjnjo[(‘)t + (17j0 . ﬁ)] (1 + |U]0| > ’17]'0 = A]’ + ﬁj, (17)
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wherej = e,i,pand A; = ¢jnjo(Fjo x V x (Ao/C) — Vo — (1/C)(8A,/0t) —
KBﬁ(njOTj) for the slow components. Also the corresponding part of the Maxwell's
equation read

. 1 0B,

v == 18
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o = 47 -

= —J 19
V x By oo (19)
V-By=0, V-Ey=0, (20)
.. .. 104, =
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where
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where( ), denotes the averaging over the full cycle. On the the other hand for the fast
component we get,

m;njo
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whereas
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Actually terms occurring on the right hand side of eq. (24) are representative of pon-
deromotive forces. Equation (24) can be simplified by taking the following points into
consideration.

a) Any connective term of the forifi'; - V)@, can be ignored compared &7 1,
; J J J
becausé(’ljr.’;;g_)f)j1| ~ ”jgf’l’ﬂ ~ 322 < 1, whereu,;, stands for the phase velocity
2 2 ph
=w/K.

(b) The other connective terms are even smaller. For exaftiple V)7;o.

(c) The tgrm enjo (T X %) is also small compared tenn;,0t(v;1), because

~ B
e\vj1><70| ~

moEE ] ‘%0 < 1, wjp being the cyclotron frequency, f@&, in the range of
a few mega gauss. So eq. (24) can be written as

|UJ‘0|2 — _ = = 0 /_fl
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Using eq. (33) along with egs (28) and (16) we solve for the real and imaginary parts of
which turn out to be
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Now going back to eq. (1) and using the slow, fast decomposition we get
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and the fluctuating dust charge can be represented as
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On the other hand we also have

2 2
v T.KpK
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Using these expressions @, np1, 741, Veiz, Upiz, Vitz IN €9S (6) and (28) we finally
obtain the dispersion relation
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Equation (16) is the most general form of the dispersion relation than that obtained by
the previous authors [8]. Solving (16) one can easily find that both the wave frequency
w and wave number is complex which indicates that the wave will be unstable during its
propagation through the plasma. The imaginary part which represents the growth rate of
the wave depends on the drift velocity and concentrations of electrons, ions, positrons and
charged dust particles. However, if we consider the effect of positron on the instability of

the wave we get
5\ ® iB (6% 85C s
o () 0] £ (B) ey
ap

Qp [UO — (5_2)%0(18] ’

ap

where
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Figure 1. Imaginary part of the unstable root as a functionugfCs for different
values of the ratio of background densities of electrons to positrons.

2 2, 2
vpo > Cas ,  Cgs = Alw,,.

In figure 1, the variation of In‘% againstgpd0 has been shown for various values of the

concentration$d.) of electrons and positrons. It is interesting to see that the growth rate
significantly depends on the ratio of the number density of positrons and electrons.

4. Magnetic field generation
The magnetic field which is generated inside the plasma due to weakly nonlinear localiza-

tion of the high frequency electromagnetic field can be found out following Rizzato [16].
From (26), (31) and (41) and using egs (34)- (39) we can obtain

o 2 A -
—BIV (V1) = %ei <8tﬁl + v¢1> ) (45)

wheref3; ande! stands for
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Neglecting inertia of electrons and positrons we also get using egs (23) and (32),

(e A\ 1. (6, A
2V><(V¢g+6t%>:éVx(—p— > (46)

Tipo Teo

The right hand side of this equation clearly indicates the fact that the generation of magnetic
field is due to the presence of the ponderomotive force. Simplifying the above equation,
we get

2(€xaa—‘%>:—ﬁxe (47)
with
- [ o (% x (st~ )
V x (al Ve + —ER)
—UpR X ( X (agva + —E[))
—Upr X (V X (a2vp1 — MER))] (48)

wherea; = 1/1‘1,&2 = 1/.1’2
Now collecting the components afve get,

=0, =0 & =i0, (49)
where
T 2epo1(az — iap) 2epii(Ge —10P) g,y
=L (e (1-2)) - 1 222 (- 2) )]

s * Tongon?

U, = /\2 (3315 T ne035>

wherep = 5% (e!)%. So that eq. (47) yields with egs (18) and (21)
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Figure 2. The growth rate of the magnetic field with the variation of frequency ratio
(w/wp) at different values of (Y}, /T, (ii) vo/c (i) neo/npo.
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where we have set = a; exp(iK1x — iwt). If n; is small compared t@, we obtain on

further simplification
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Figure 3. The growth rate of the magnetic field with the variation af the number
density ratio(neo/np0) at different values of (if[;,/Te (i) vo/c (i) w/w, and p)
temperature rati¢T}, /7. ) at different values of ()0 /mpo (ii) vo/c (iii) neo/npo.

(%5e) V2 eawi i KPB7[1— X(1+Y)]3(1 — a,03)

= 5 ) (51)
m mpBApw; (1 + a,da)?
where
w? 1 T, n
X=2 y=_ - 5,=20
w2 ) 52 ) ap Te 9 2 npO 9

a1 and¢, are the amplitudes of vector and scalar potentials. In figures 2 and 3, the vari-
ations of the growth rate of the generated magnetic field are shown for different values
of the temperatures and concentrations of electrons and positrons. It is interesting to note

from the figures that while the spontaneously generated magnetic field depehdarmh

oy, but relativistic correction is not so important. The observations here are important and
actually effects the plasma in space, where electron-positron configuration plays important

roles.
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