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The effect of dust charge variation on the dust-acoustic solitary structures is investigated in a warm magnetized

two-ion-temperature dusty plasma consisting of a negatively and variably charged extremely massive dust fluid and ions

of two different temperatures. It is shown that the dust charge variation as well as the presence of a second component

of ions would modify the properties of the dust-acoustic solitary structures and may excite both dust-acoustic solitary

holes (soliton waves with a density dip) and positive solitons (soliton waves with a density hump).
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1. Introduction

During the recent few years, nonlinear wave phe-
nomena in dusty plasmas have received great attention
because of its importance in the Earth’s environment
and laboratory.[ =5 It has been shown that the inclu-
sion of static-charged dust grains in plasma modifies
the existing plasma wave spectra and introduces new
eigenmodes.[%7] Theoretical studies!® =19 reveal that a
finite dust temperature, the second component of light
ion impurities, obliqueness, and the external magnetic
field are important factors affecting the dust-acoustic
solitary wave structures. But in all these investiga-
tions, the dust charge is assumed to be a constant.

11-13] have indicated that the varia-

Recent studies!
tion of dust charge would affect the characteristic col-
lection motion of the plasma and modify the dust-
acoustic soliton properties. These previous works on
the effects of dust charge variation, however, are fo-
cused on the unmagnetized dusty plasma. Therefore,
in the present study we extend these earlier works
to the obliquely propagating dust-acoustic solitary
structures in a warm magnetized two-ion-temperature
dusty plasma which consists of a negatively and vari-

ably charged extremely massive dust fluid, and ions

of two different temperatures. The effects of variable
dust charge, the presence of a second component of
light ion impurities, obliqueness, and external mag-
netic field on the dust-acoustic solitary waves are dis-

cussed in detail.

2.Governing equations and
derivation of the Korteweg—
de Vries equation

We consider the obliquely travelling dust-acoustic
waves in a magnetized dusty plasma. The plasma sys-
tem consists of the warm, extremely massive, micro-
sized, negatively charged dust fluid and ions of two
different temperatures T;. and T}, in the presence of
an external static magnetic field directed along z-axis
(By||z0). Thus, the normalized equations governing

the dust-acoustic waves are

on

N Y. (nV) =0

ar (nV) =0,

ov

SV V4 IVn = Z4[Vé — wea(V x 20)],
n

2 1 K
Vep=Zgn— exp(—acp) — exp(—an¢),
1+p 14+p

(1)
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where

g 0 0
V= (uavaw)) V= <%78_y’£>

The variables of time ¢, space (z,y, z), dust fluid par-
ticle number density n, dust fluid velocity V', and
electrostatic wave potential ¢ are normalized by the
dust plasma period wp_dl = \/md/TdoZgoez, effec-
tive Debye length Aeg = \/Tesr/47TnaoZaoe?, unper-
turbed equilibrium dust density nqq, dust-acoustic ve-
locity Cq = /ZaoTet/ma, and Tug/e, respectively.
Ta/(ZaoTew) is the dust temperature ratio.
Teg = ndo/(nioc/Tic + nion/Tin), ac = Teg/Tic =
a(l+ p)/(a+ p) and an = Tog/Tin = (1 + p)/(a +
p) with @ = T /Tic and g = Nion/Nioc-

o =

Wed =
(ZgoeBy/maq)/wpa is the dust cyclotron frequency nor-
malized by wpq. Zq is the number of electrons residing
on a dust grain.

To derive the Korteweg—de Vries (KdV) equation
that governs the behaviours of small but finite ampli-
tude waves, the independent variables are stretched as
E= 51/4(lza:+lyy+lzz —vpt) and T = £3/2t. Here ¢ is
a small parameter measuring the strength of the non-
linearity, vg is the phase velocity of waves, I,,l, and [,
are the directional cosines of the wavevector k along
x-, y-, and z- axes, respectively, so that l§+l§+l§ =1.

The dependent variables are expanded as

n= 1+€n1+62n2+~--,

u:53/2u1 +52u2—|—---,

v:€3/2v1 +62vg+---,

w = EWq +62w2+---,

$=ed1+e byt -,

Za=1+med1 +e*(vida +720%) + -+,

where 7, and 7, are two parameters representing
the dust charge variation. Substituting Eqs.(2) into
Egs.(1) and collecting the terms in the different pow-

ers of €, to lowest order in &, we obtain

{ ny = *(1 +'Y1)¢17

wy = —vg /(1 +v,)¢1, ®)

where vy = lz< + O'>. The first-order z- and
1+

y-components of the momentum equation can be writ-

ten as

l 0
v [a(1+vl>+1]ai§,

Wed
» 0
o [o(1+7,)+ 1](%1.

Uy = —

(4)

V1 = —

For the next higher order, we can obtain

lmUO 82¢1
= - 1 122
==ty + 152
Lo %4
vy = =22 lo(l+m) + 15
e % 5)
82
% =ng — (L +7)p2 — 1111
loZ +ofp]
A P71

Similarly, following the same procedure one can ob-
tain the next higher-order continuity equation and z-

component of the momentum equation as

o, 02y Ouz
ar  “ac "' o
1, 22 g At mw)

213 o 6
ow _ o  Tow 06y O
ar e " T Tae

15] on on
—71¢18i€1 +0<8—; 7118—51)} =0.

Now, using Eqs.(3)—(6) and eliminate ng,us, va, ws,

and ¢9, one obtains the KdV equation

—— 4+ Ap—+D——=0 7
67’+ ¢8§+ o3 ’ (7)
where the coefficients A and D are
A= L
21+ ) ! +o
1 1+,yl
1
X 1+ 2l —3 +o)|+3
e e e R
2 la? +aép
—(72——7}‘ , (8)
14y 2 1+u
D= L
1
2 + 0o
14+v

X{l—lﬁ( 1 N >2+ 1 } ©
_— g -_— 7.
w2y \1+m (1+7)?

To obtain the steady-state solution of this KdV
equation, we transform the variable & to n = & —
UpT and impose the appropriate boundary conditions,
namely ¢ — 0,d¢y/dn — 0, d?¢y/dn? — 0 at
n — £oo. Thus, we can express the steady-state so-
lution ¢; = ¢ of this KdV equation as

¢ = dmsech®[(€ — Uor)/d], (10)
where the amplitude ¢, and the width § are given by

¢m = 3U0/Aa
§ = /4D /Us.

(11)
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Fig.1. Plot of A=0 for different o in (v;,7v,) plane
(o =20, = 15).

It is noticed that if A < 0, there exist solitary
waves with negative potential or compressive solitary
waves, i.e. solitary waves with density hump referred
to as positive (density) solitons; if A > 0, there exist
solitary waves with positive potential or rarefactive
solitary waves, i.e. solitary waves with a density dip,
referred to as solitary dust-acoustic (density) holes.
Equation (8) indicates that the sign of A is related to
0,0, 1,7, and 4, but is independent of I, (cos §) and
Wed- It is clear from Eq.(8) that for u = 0,v; = 0,
and v, = 0 (meaning that there is only one type of
ion species and the dust charge is constant), A is
always negative, i.e. there exist solitary waves with
negative potential or compressive solitary waves, i.e.
positive (density) solitons only. But for suitable val-
ues of p,,v,, and 7,, A may become positive, i.e.
there exist solitary waves with positive potential or
rarefactive solitary waves, i.e. dust-acoustic solitary
(density) holes. We can see from the following dis-
cussion that the dust charge variation (74, v5), as well
as the presence of a second component of ions (u, @),
would affect the sign of A and the soliton character
significantly. Figure 1 illustrates the curve of A=0
in (v;,7,) plane and shows the two regions of A < 0
and A > 0. The A < 0 region corresponds to dust-
acoustic compressive solitary structures, and A > 0 re-
gion corresponds to dust-acoustic rarefactive solitary
structures. It is shown here that as we increase the
dust fluid temperature, we need lowering the values of
7y Or 7, in order to have dust-acoustic solitary holes
in such a dusty plasma system. Figure 2 shows the
curve of A=0 in (i, ) plane, and there also exist two

regions. We can see that when v, increases, we need

higher values of a or p in order to have dust-acoustic

solitary holes.
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Fig.2. Plot of A=0 for different v, in (a, ) plane
(60 =0.1,7, =0).

It is obvious from Egs.(8) and (11) that the
amplitude of the solitary waves is dependent on
l,,0,a,,7,, and 7,, but is independent of the ex-
ternal magnetic field w.q. Figure 3 shows how the
amplitude of the solitary structures changes with o
and 7. It is seen that the amplitude increases with
o and 7;. We also see that the amplitude against o
increases with increasing v;. It is found from Egs.(9)
and (11) that the width of the solitary waves is a non-
linear function of weq, I,(cosf), o, and ~;, but it is
independent of «, u, and ,. Figure 4 illustrates how
the width of the solitary waves varies with w.q and
v;. It is clear that the width decreases with v, but
increases with w.q. The effect of v, upon the ampli-

tude and width has the similar characters of .
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Fig.3. Variation of ¢m against o for different ~;
(=20, = 15,1 = 0.96,7, = 0).
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Fig.4. Variation of § against v, for different weq

(0 =0.1,1, = 0.96).

In conclusion, the effects of the dust charge varia-
tion on the solitary wave structures in a warm magne-
tized dusty plasma have been investigated by the re-
ductive perturbation method. It has been found that
the dust charge variation (v;,7,), as well as the pres-
ence of a second component of ions (y, @), would mod-
ify the properties of the dust-acoustic solitary struc-
tures and may excite both dust-acoustic solitary holes
(soliton waves with density dip) and positive solitons
(soliton waves with density hump). The dust charge
variation also has significant effects on the solitary
wave amplitude and width. We note that the external

magnetic field only affects the solitons width.
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