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Dust-Laden Plasmas
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ABSTRACT

Obliquely dust-acoustic radiation in a collisional, magnetized dusty plasmas
having cold dust grains, isothermal electrons, two temperature isothermal ions and
stationary neutrals are studied via a reductive perturbation method. It is found that
the effects of two temperature ions, collisions. magnetic field and directional cosine
of the waves vector & along the x-axis have vital roles in the behavior of the dust
acoustic radiation. The present investigation can be relevance to the electrostatic
radiation structures observed in various cosmic dust-laden plasmas, such as
Saturn’s E-ring, noctilucent clouds, Halley’s comet and interstellar molecular
clouds.

INTRODUCTION

The study of dusty plasmas represents one of the most rapidly growing branches of plasma
physics. Interest in dusty plasmas ranges since the Voyvager observation in the earlv 1980s. that
showed phenomena in the rings of Saturn. which could not really be explained on. pureh
gravitational ground alone. Telltales were the spokes in the B ring and the braids in the F ring. the
later ring itself being discovered by these missions. Other examples in the solar svstem are
circumsolar dust rings. noctilucent clouds in the arctic troposphere as the closest natural dusi
plasmas. or even in the tlame of a humble candle. Other dusty plasmas oceur in the asteroid belt. in
cometary comae and tails. in the rings ot all the Jovian plancts and in interstellar dust clouds. to name
buta few [1]. On the other hand. the growing interest in physics of dusty plasmas not only because !
dust being omnipresent ingredient of our universe, but also because of its vital role in understanding
collective processes in astrophysical and space environments. such as mode modification. new

ergenmodes. coherent structures, etc [2].

Ihe consideration of charged dust grains in a plasma does not only modify the existing plasma
wave spectra but also introduces a number of new novel eigenmodes. such as dust-acoustic way e
that was reported theoretically first by Rao [3] and verified experimentally by Barkan (4] [ ater.
extensive work has been done to study the features of the dust-acoustic waves. e.o. Mamun | 3] used
the quasipotential analysis to investigate the nonlinear dust-acoustic waves. Thev found that. dusty
plasma with inertial dust fluid and Boltzmann distributed ions admits only negative solitary potential.
Tagare [6] extended the model of Mamun [3] to study plasma consisting of cold dust particles and
fwo temperature isothermal ions. He found that. both compressive and rarcfactive solitary waves as
well as compressive and rarefactive double lavers exist. Nie [7] imvestivated the small and laroe
amplitude dust-acoustic solitary waves in dusty plasma with variable dust charge and two I(.‘IT'Ier(l[lllx

1ons.

They noticed that. both compressive and rarefactive solitary waves as well as double lavers exist.
Aiso the small. but finite. number density of two temperature ions provides the possibility of the
coenistence ol large amplitude rarefactive with compressive dust-density solitary waves. Thev also
examined a neeessary condition must satistv to achieve the validity of the two remperature ion
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assumption. This condition is. the encrgy rate It between the two type ions must be much smaller

S - 22/ 11z .
than the characteristic frequency of the svstem o, ={47n ,e”Z;/m el Byl o< L
3 h nd \ JO d/ d R pd
here @y is the dust plasma frequency. Ny, is the unperturbed dust density. Z ; 1s the dust charge
number, m is the dust mass. The two type ions are assumed to have the same mass m, and charge

wumber Z, = 1. but one requires lower temperature T., and another higher temperature T, . On the

1 1€

other hand. these  temperatres  satisfy T <<T,~ <T,. then L = - where
ith
o > 4 [ . . -
Vi =T /m, and [ = (41 .e” InA) m; . with a Coulomb logarithm In A~ 10 — 15 and
unperturbed low temperature ion number density 1n,,, [7, 8]. Table 1 showst he validity of the two-
temperature ions assumption is examined for various cosmic dust-laden plasma systems and the rato
Lploy .
Table (1):

I N ; i :
: . Ny T, Oy o ; o ‘
| Environment Cem™ ) (eV) (em™) Lo ) cemt) o Egdeg
| | | —
| Saturn’s E-ring -120 | 10-100 10" ~10t I ~107-107
| Noctilucent clouds 10°-10° 0.013 10-10° 8-80 | H0 R R 1) S VR
~Interstellar Molecular 3% 0’ 0.001 10" ~1 | 10! 1 1o
. clouds | !
| Hallev’s comet 0l 10" 10° : 10" SN
; Inside tonopause ; 10°-10° ' -1 TS T 20-2x 100 - AN
L Ousside ionopause L1100 10-100 <10 10-100 | - S o~107-107
~ Saturn’s F-ring | 0.1-100 | 2 ! ~10 - RS
| Saturn’s spokes 0.3-50 10 o DA - AN
Zodiacal dust disc (1AU) 107107 0.2 ! VI 20 ! - ~107"-107

Supernovae shells | : i

The values of the parameters T, .n ;. Z, and n corresponding to Mendis and Rosenberg [9] and
Mendis {10]. where n is the neutral gas density. However. he did not give the value of n ;. so it s
L i N e b = 140
supposed 1o have wide range to confirm that the ratio £, /© pd Is valid for any possible change of

nl'()'

It will be known that, any analvtical study of dusty plasma being limited by complexity of the
problem. Therefore. the plasma syvstem cannot be described in its totality. On the other hand. last
treatments of the dust-acoustic waves were limited to a simple unmagnetized dusty plasma model.
although dusty plasma invariably occurs in the presence of an ambient magnetic field. both in space
‘Qnd in laboratory (see ¢.g. Ref. [11] and references therein). Besides the effect of neutrals was 1gnorec
since it increases the complexity of the problem. Though, neutral gas might be representative tor
stellar material in galactic dynamics and also most laboratory dusty magnetoplasmas are partiaily
ionized, the effect of dust-neutral collisions cannot be ignored. Therefore. the effect of collisions
between dust grains and neutrals should be taken into account. So. it is the purposc of the present
paper to study, qualitatively. the effects of collisions. magnetic field. directional cosine of the wave
vector & a long the x-axis and parameters of two temperature ions on the dust-acoustic solitary waves
in collisional. magnetized dusty plasmas. This paper is organized in the following fashion: In Section
20 we write down the basic {Tuid equations describing the model. Using the reductive perturbation
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method the nonlinear dust-acoustic solitary waves are investigated through derivation of the damped
Zakharov-Kuznetsov (DZK) equation. Section 3 is devoted to conclusions.

THEORY

We study electrostatic perturbation in a four-component collisional, magnetized dusty plasma
consisting of negatively charged dust particles, isothermal electrons, two temperature isothermal ions
and stationary neutrals (i.e.. the neutrals are taken as immobile) in the presence of an external static
magnetic field By = B, X . The dust particles are assumed to be extremely massive point charges with
much smaller than the plasma Debve length and the collisional mean free path. The dust particles
dynamics are governed by the following system of nondimensional equations:

cn

—~4 4 Vn,u, =0, (1)
&t s

Cu X

——;d—+ud.Vud—V<b+ud><Qx+vdnud:O. ()
a

Vio+n, +n, —n, -n_ =0. 3)

The dimensionless number densities of electrons and ions are expressed as

n, =u,exp(—A,¢). 4
Ny =Ly exXp(=Ay, ). ()
n, = p, exp(A, o). (6)

The conditions under which Eqs. (4) — (0) in magnetized dusty plasma are valid (1) the phase
velocity of the dust acoustic solitary waves is much less than the electron and ion thermal speeds, and
(i) electrons and ions are thermalized along the external magnetic field direction.

Here n; and u, refer to the number density and fluid velocity of the dust grains,
respectively. ¢. Q and Vg, are. respectively, the electrostatic potential, dust cyclotron frequency
and dust neutral collision frequency. Z is the dust grain charge number. The densities n, and n,
(q = iLih. ) are normalized by Ny, and Z 0, respectively. The space coordinates X, v and z are

. - 3 252|172 . . .
normalized by the dust Debye length 7., = T /dmn e ) - The time t is normalized by the
4 B 172
. . -1 / 252 12 . o -
inverse dust plasma frequency Oy = (\md /47md0§ Zd> - ¢ is normalized by (Tog /eZy). Q

. - v 252/ 112 .
and v, - are normalized by dust plasma frequency Wy = (47md0€ Z; /md) . Now we will

introduce the following notations:

_ Dy _ M _ g
i = "Z‘_“'"’ Ry = Z*‘“’ He = Zﬁ_ )
¢y dNyg allyg

| _ y -7T T —

A!’I - r:t‘f ‘/ZJTH ° A;h - ’]ci‘i‘ ’ Z’d Yin e Af: - Tel'f '/ZdTe’
7

1 _ I _(-nﬂ‘() rll]]() neO
o~ *‘3“7] —t -t . ’
chf Zdnd() _ Tlf' ’Ilh rc N

with temperature T, for electrons, temperature T, for cold ions and temperature T, for hot ions in

units of energy. respectively. Q= eZ,By/my and v, = dymn Vo /my. where



VII Radiation Physics & Prorection Conference, 27-30 November 2004, Ismailia-Egypr

my.r.mo.n. and V, o are the dust erain mass. dust grain radius. neutral gas mass. neutral gas

density and neutral gas thermal velocity. respectively .

In order to study the small amplitude nonlinear dust acoustic solitary waves in dusty plasma. we
ial

use the reductive perturbation theory [12]. According to this method. we introduce the stretched
space-coordinates

-1

X:z:'3(x—);l).Y’:el:}'.Z:€[ “zoand T =g "1, , (;

where A is an unknown phase velocity to be determined later and € measures the size of the
perturbation amplitude. The physical quantities appearing in Lys. (1) —(6) are expanded as.

o 2. o
n,=l+en/ +emn +~cn; +.....
(8a)
. ol P (3)_{‘
Uy T8U, TEUL TE€ Ul T
(8h)
32 oy 2 32 0y
Uy =€ TUu =E7U D +8 TU 0 T (8¢) :
[N P R S I R B
u,, =¢ U, —< u, e Ui, o
(8d)
: l 22 Y3)
O=ch 0" re 0 : (8¢

The charge-neutrality condition in the dusty plasma is always maintained through the relation.
Ly =y, —u, = 1=0. (N

Substituting Egs. (7 and (8 into Egs. (1 — o then collecting terms ot different povwers of € m
the Towest order we obrain

0 i N ALY e 4((()” |
n, o=u, = ¢ u, =Q" - u, =-Q . (10) ‘
I e [N - dz - .
/. cY
and the linear dispersien relation
! N s 1
«Ll‘tl*k‘.! T“m-’xm T‘LL;"XC = . (I
/.
where we have assumed that v = €7 "V . Using the expression oft A A and A in bg (1)

weoet A= 1
The next-order in ¢ vields a system of equations in the second-order perturbed (uantities.

Eliminating the second-order perturbed quantities: we get the damped Zakharov Kuznetsov (D/K)
cquation,
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(‘I (4/\ 2 (A\‘
| LN 0 (12)
a3 o
l{ . ] \J (,,“ (D ‘ ((b ’ ' 1 0 -
S e T vt =0,

ek

A At a2
A XY cX7 i -

~

where
- bl

B O L R Y R S

\ (.Ll]!(lfﬁl,)*"“ihﬁ(l"B:*‘Bl)*
Bo=T, " T..B, =T, /T, andp = 1T,

Lo obtain a solitary wave solution of Eq. (12) we introduce the variable.
n=IXimY +n/ - MT. (13)

where nis the wranstormed coordinates with respect to a frame moy g with velocity M. L mand
N are the directional cosines of the wave vector & alongthe X.Y and 7 axes. respectively. so that
[F+m +n" =1. [ntegrating Eq. (12) with respect to the variable N and using the vanishing
| ) .. . AR 1 . . . i N .
boundary conditions tor ¢ and its derivatives up to the second order for M! — . we obtain the
time evolution solitary wavetorm approximate solution as

o - - AB
¢ =Ac sech o Se . (14)
V12p
|
l N B ) 1 / h 1 l/‘\[g ]
where p= " +p(m~+n7). p. = - (I +Q "). v=-v,and M = ——=¢ " Ty get the
. 2 2 3 :
valuc of Avwe det v =0 in Eq. (145 and then its soliton solution given by
Ll 31\/1 N E\v[ _
| — Qe ,.n‘ (]?)

sech |
3 \ 4p
where 1 s the ransformed coordinates with respeet to a frame moving with velociy Moat y =0
[ic. for v =0:1—> 1 and M = M1 From Egs. (14) and (15) it is clear that A = 3M ‘113,

Fheretore, . (1) can be rewritten as

b =0, secch™(n/5). (16)
o o aM L, |
where the amplitude ¢, and the width 6 are given by “—-¢ " and | ——¢' . respectively.
iB V' M

Fhe behavior of the dust-acoustic solitary wave amplitude vs. L, is displayed in Fig. 1. 1t is clear

that the amplitude of the compressive (rarefactive) solitons increases (decreases) with L, . Thereis a
] J . i

special value of” L. which may be called critical density of low temperature ions, at which the

soliton does notexist. In this case the dust-acoustic solitary waves may be described by using a new
stretched vartable. This situation s discussed below. Fig. 2 (3) indicates that the compressive
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(rarefactiver soliton increases (decreases) with - The relation between the compressive and
rarctactive soliton amplitude with 3. and 3+ are plotted in Fig. 4 and 5. From Fie 40t is clear that
compressive soliton amplitude increases with B, and decreases with B From Fig 3.0t is obvious
that rarefactive soliton amplitude decreases with B, and increases with 3 s From g, (16) it s seen
that the width of the solitons depends only on 7. Q. V. and T but other plasma parameters have not
any ctfect on the behavior of the width. Fig. 6 shows how the width varies when | changes between 0
and 1. .o, the width increases as | increases for its lower range (from 0 1o ~ 0.6) but decreases from
its higher range (from ~ 0.6 10 1). Also the width decreases with Q. It is clear that from the

expression of the width. the width increases as V., and T increase.

CONCLUSION

[n the above analysis we have investigated the properties of nonlinear dust-acoustic solitar Loanaves
m a collisional. magnetized dusty plasmas comprising neuatively charged cold dust grains. isothermal
clectrons. two temperature isothermal ions and stationary neutrals. The reductive perturbation method
is used to reduce the basic set of fluid equations to a DZK equation (12). It is found that. the present
system adimits coenistence of both compressive and rarefactive solitons.

. . . . . . . . . . Y
The compressive (rarctactive) soliton amplitude increases (decreases) with L.t and B
However, [31 decreases the compressive soliton amplitude and increases the rarelactive ~oliton

amplitude.

The width of the soliton decreases with Q.\’O and T while it increases for 1= 0 - 0.6 and

decreases for 1=0.6 < I At critical density of low temperature ion. the DZK tails 1o describe the
svstem that torced us to apply a new stretching and then we get a DMZK equation (19).

The feature of the soliton that describes by Lq. (19) differs from the soliton that described by oy,
(12). On the other hand. the compressive and rarefactive soliton amplitude decrease with L oand B

while the compressive and rarefactive soliton amplitude increase as B increases.

There exist also some critical points that make the nonlinear coefficients of the DZk and DMZ K
equations become zero. then they aiso fail W describe the svstem and we replace the previous two

stretchings with a newer one.

Applyving this stretching lfeads us o
problem and allows only rareiactive solitons

ct the ZK type Lg. ¢23) which covers and sohves this

S
18

[n conclusion. the model and the results presented here may be applicable to some dusty space
plasma environmeuts. such as Saturn’s L-ring. noctilucent clouds. interstellar molecular clouds and
mside ionopause of Hallev's comet.

Also the present analysis can be applied tor collisionless (i.c. vV, = 0) dusty plasma svstems. such
as outside ionopause of Halley™s comet. Saturn's F-ring. Saturn’s spokes. zodiacal dust dise (1AL )
and supernovae shells. but one has to be carcful about the choice of plasma parameters.
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Fig. 1. Graph of the amplitude o, vs. W, for =125 =0.0001, B, =0.1,M=1.5,

v, =2, t=3and /=0.5.

Gy f -
1 ‘
1 1.5 z I8 g

Fig. 2. Graph of the compressive amplitude Gooovso ey, for 1, =0.3, B, =0.0001,
B.=01,M=13,v,=2,t=3and /=05,

& or »
-l.6%
- - -~ =7
-1.9¢
-1.74 ~
1 1.5 2 2.5 Hom

for i, =04, B, =0.0001, B, = 0.1,

M=15v,=2,t=3and (=05,

Fig. 3. Graph of the rarefactive amplitude ¢ vs. U
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Fig. 4. Graph of the compressive amplitude ¢, vs. B, for u, =035, 1, = 1.2, M= 1.3,
v, =200 = 300 = 0.3, By = 0.1 (solid liney. B, = 0.13 (dotted liney and 3. = 0.2
(dashed line).

f
‘I"‘ |
-l J I : j
o ;
1.7 . |
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0 Ooonnl KRNI 0onnng AR ]r-»l‘ 1

Fig. 3. Graph of the rarefactive amplitude ¢ |, vs. B, for w, =04, 1, =12, M =13,

v, =2, t=3.=03.p,=0.1(solid line). B, = 0.13 (dotted line) and 3, = 0.2

{(dashed line).
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Fig. 6. Graph of the width 0 vs. ¢ for v, =2, 1=3,Q = 0.1 (solid line). 2 = 0.3 (dotted

<

liney and €2 = 0.5 (dashed line).
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