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Dust size distribution for dust acoustic waves in a magnetized dusty plasma
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A reasonable normalization for a magnetized dusty plasma with many different dust grains is adopted, which
varies self-consistently with the system parameters. A Zakharov-Kuznetsov equation for small but finite am-
plitude dust acoustic waves is obtained for magnetized dusty plasma which contains different dust grains by
using the reductive perturbation technique. We study the dust size distribution. Some comparisons are made
between dusty plasma in which the dust size distribution is considered, and the monosized dusty plasma in
which there is only one kind of dust grain whose size is the average dust size. This suggests that both soliton
velocity and width are larger than that for monosized dusty plasma, but its amplitude is smaller than that for
monosized dusty plasma. If there are positively charged dust grains, compressive solitary waves may exist. The
velocity, amplitude, and width of a soliton in multidimensional form for a magnetized dusty plasma which
contains many different dust grains are studied as well.
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I. INTRODUCTION V we study a multidimensional soliton.

Dusty plasma has been studied extensively recently.
Dusty plasma consists of ions, free electrons, and microsized !l NORMALIZATION AND GOVERNING EQUATION
particles. Dusty plasma is thought to play an important role ~ FOR AMAGNETIZED DUSTY PLASMAWITH N
in star and planet formation, such as planetary rings, come- DIFFERENT DUST GRAINS

tary surroundings, interstellar clouds, and the lower parts of \ye now consider a three-component dusty plasma con-
the earth’s ionospherd,,2]. In the laboratory, dust particles sisting of massive, negatively charged dusty fluid, Boltz-
appear as impurities and can significantly influence the beg a0, gistributed electrons, and ions in the presence of an
havior of the surrounding plasni&]. Recently the study of . N > .
dusty plasma has developed rapidly with many application?IXtemarI] staél'c mggnelt\llc fiell=Bk, wher(;\]k IS ﬁ unit v;cl:;or
in both laboratory and space plasfdd. Dust acoustic waves along thez direction. Now we assume that there Medif-
(DAW) were first reported theoretically in unmagnetizedferent dust %rams with different dust size or mass. Thus, we
dusty plasma by Raet al. [5]. On the other hand, at higher N@V€MNio=2j=1ZajNdjo* Neo, WhEreNjo, Ngjo, Neo are the.
frequency, Shukla and Silin showed the existence of dust ioHf"Perturbed ionjth dust grain, and electron number density,
acoustic wavegDIAW) [6]. Recent laboratory experiments '€SPECtivelyZg; is the number of electrons residing on the
on dusty plasmas have confirmed the existence of DAW andth dust grain. Lemg;, my; represent the density and the
DIAW [7-9]. Furthermore, low-frequency electrostatic ion- MaSS, respectively, of thgh dust graing is the electrostatic
acoustic and ion-cyclotron waves have been studied in @otential, andugy;=ug;i +v4;j +WgjK is the jth dust grain
magnetized dusty plasnia0]. However, most of these theo- velocity, wherer, ],k are the unit vectors in the,y, andz
ries have focused attention on dusty plasma containing onlgirections, respectively. We also & and T; stand for the
monosized dust grain,6,10. In practice, the dust grains temperatures of electrons and ions, respectively.
have many different sizefl1-14. Several authors have  \We now define the following quantities. The effective
studied the dust size distributiop5-20. . temperature is defined bYe;=T;Te/uTe+ vT;, Whereu

In this Ppaper, the normallz_atlo_n for a magnetized dusty_ Nio/NioZaos ¥=Neo/NigiZao- The total number density of
plasma with different dust grains is adopted. Furthermore, Al dust grains ig\ltotzszzlndjOv whereng;o is the unper-

Zakharov-KuznetsouZK) equation is obtained which is . . .
similar to that for a monosized dusty plasrfl]. Some turbed densny. O_f thgth dust grains. The avgragg charged
number residing on a dust grain is Zy

different results are obtained. N _
The paper is organized in the following fashion. In Sec. Il = (£j=1MdjoZgjo)/Nior- The average dust size or average
we normalize the equations of motion for a dusty plasmadust radius isa=(2}\‘=lajndjo)/Nmt, wherea; is the radius
with N different dust grains. In Sec. lll we obtain a ZK of jth dust grains; here we assume that all the dust grains are
equation. In Sec. IV we study how one encounters compresspherical. The average mass of dust grains nig

sive DA solitary waves when the plasma contains both nega- Eszlmdjndjo/Nmt_ The effective Debye length is defined
tive and positive dust grains. The amplitude, width, and >

_ 2\1/2 ; ;
propagation velocity of a soliton are studied as well. In Sec2> Aog= (Terr/4mZaoNioi€") = The inverse of Eﬁec_tlfe
dusty plasma frequency is defined bywyq

=[my/ (47N 23,82 ]2 The effective dust acoustic speed
*Email address: duanws@nwnu.edu.cn is defined byCy=(Z4oTess/Mmy) ¥ The effective dust cyclo-
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tron frequency is defined by.q=BeZyo/wpgMy-

The dimensionless variables that we will use are defined
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I1l. MATHEMATICAL FORMALISM

In order to study dust acoustic waves, we use a traditional

below. The ion and electron densities are normalized b%erturbation method. For long wavelength “”W
) g z

Ntozdo. The dust density is normalized B¥;,. Zg; is nor-
malized byZy,. my; is normalized bymy. The space coor-

dinatesx,y,z are normalized by\p4. The dust velocityﬁ,
time t, and the electrostatic potential are normalized by

<1, we lete to be about the order qka2 + kzz. We study the

small amplitude nonlinear waves which mainly propagate in
the z direction. So we only consider the waves whose ampli-
tude of dust particle density variations, electrostatic potential

Cq, w,jdl, andT.¢¢/e, respectively. The dust grains are as- variations, and the dust velocity component in #rairection
sumed monodispersive, and they emit no electrons. The lattés about the order df? + k2 or about the order of?, the dust
assumption is appropriate for laboratory experiments, but notelocity components in botk andy directions are about the
for astrophysical conditions where photoemission and secrder of (2 +k2)%? or about the order o&®. Therefore the
ondary emission often result in a positive dust charge. Bwariables are stretched as follows:

using the normalized variables, we obtain the following

equations:
Maj | 2 + 2 + 2 0, (1
ot 0X( dj d]) &y( d]vdj) 192( dj dj) 1
(?Udj &udj &Udj &udj
+Ugj—— +0g;—— + Wy
gt diTgx Uiy T I
Zyj I Zy;
= vy, 2
Mgj X wcdmdjvd] )
(9l)dj &Udj &Udj ﬁl}dj
+ Ug; +ug; + Wy
gt diTgx T UdiTgy T NdIT,
Zgj I Zy;
= — -~ Wwcg_— Ugj, ©)
Mg dy My
ﬁWdJ &de (9de (9de Zdj (9¢)
+ Uy + vy + Wy =——, (4
U Toa Ty W T S g @)
wherej=1,2,... N, and also
P Po Pp
+ + =2, NgiZgj+Ne—M;
itz 121 djZdjtNe—N; 5

with n;=pe % and n,=ve%'¢, where g'=T,/To, S

=1/(u+vB"). The Boltzmann distributed ions and elec-

trons are valid for w<<k,Vie,wqK,/K, ,0c, and short

¢ X

AN y

4 B Z—vot |’

T et

and

Ngj Ngjo Ngj1 Ngj2
Uaij 0 €Ugjy Uajz
vaj [ =| O | +€?| evajn | +€*| vaje
Wi 0 Wyj1 Wqj2
¢ 0 b1 Pdj2

Substituting above expansions into Eq4)-(5), we
obtain the following results: wgj;=—(Zg;/voMg;j) b1,
Ngj1=— (NgjoZaj /v5Ma)) b1, vg=21NgjoZg;/My;
vaj1= — (Hweg)(dp1138), Ugj1= (wca) (117,
vaj2= — (Vol 5g) (Mgj /1 Zg;) (P b1/ Imdd), Ugj2=
—(volwgd)(mdj/zdj)(azqsl/agag), where ¢, satisfies the
ZK equation

Iy dpy Py I [PP PPy
F+A¢10”_§+B(9_§?+C(9_§ (?_62_-1-0”_772_ =0 (6)
with A= —(31208) 2L 1 (NgjoZ/mG;) — (vol2)s*(vB'2

wavelength compared with the ion gyroradius. The lineariza- ;) B=v,/2, andC=(vy/2)[1+ (1/wcd)zN ].

tion of Egs. (1)—(5 yields 1+1/(k’\p)—[w5d/(w?
— w2 (K2 1K?) — (w34 0?) (K3/k?) =0, where  \p
=Apehpi /(A3 A3) Y2 andipe (Ap;) is the electroriion)
Debye radius. In the limit olw<w.q, it is found thatw
=k, Cql[1+K; (p§+NB) +KINGIV if KZ (p3+AB)=K] pgp
<1, andk?\3<1, and we find thatw~k,C4(1— 3k%p3p
—1Kk2\2). Itis clear that dust size distribution modifi€s,
=wpghg (dust acoustic wave velocity and pgq
=Apwpd/wcy through the modification ofw,y and wcq,
which is different from that reported by Ra&o al.[5] where

j=1NdjoMq;

It is clear that one-dimensional limit follows when
k? p3p<1, in which case the effects of dust polarization drift
disappear. It is found that both the nonlinearity coeffici&nt
and the dispersive coefficie® are not affected by external
magnetic field. It is suggested that for one-dimensional
waves propagating in thedirection the magnetic field does
not affect the nonlinear waves.

IV. CONTRIBUTION OF DUST SIZE DISTRIBUTION

they only studied the dusty plasmas composed by monosized Now we describe the different dust species in a discon-
dust grains. However they are same for dusty plasmas dfnuous model. We start with two different dust species, with

monosized dust grains.

respective grain sizes; anda,, and densitie®Ny; andNgs.
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easy to note that the solitary waves are compressive since
A>0 which is an interesting result. It is also known that the
secondary electron emission from spherical grains can lead
to oppositely charged dust grains either due to different
grains following different charging histories or due to differ-
ent dust sizg13,14. We now assume that there are two
kinds of dust grains, wherg,<a,. If they are all positively
charged, which is not a usual case, then there are compres-
sive solitary waves. For another case based on the experi-
mental result$13,14], we assume that there are two different
dust grains which are oppositely charged. For smaller dust
grainsZ41 <0 which are positively charged, and for larger
0.0 0.4 0.2 0.3 04 05 onesZ4,>0 which are negatively charged. Then we have the
s following equations:

40

30

10 |

FIG. 1. The variations oA/A with respect tos for different v

=0.2,050.8.1. .2 Nai|Zga|?  NgolZgo|?
T A i Kma> ®
The average size is logically given by=(Nga; meL m=2
+Ngoa2)/ (Ng1+Ngo). We then define the following quanti-
ies: - ~3a3 - ~ - 3 [ NgilZga)® a1\ ® N2 |Zgo|®
ties: mgi=m(ay)~aj, Zgi=Zgi(aj)~a;, mMg=m(ap) Ao > [ Nail4d [ (81} Nd2|£d2 } 9
~a3, Zgo=Za(a)~a2, Mg=m(a)~a®, and Zy=Z4(a) 203\ (kpad)? az/ Ng1|Za| |
~a. We also define the following velocitiesw3,
=25 Ng1 /Mgy, V5= 25 Ngo /Mgy, v2=7Z4(Ng; ltis easy to note thatj is always positive. But the sign &

+Ng,)/My. It is noted that the total charge that resides onis determined by the sign of A;=1
the dust grains is the same as the case where all dust grains(@;/a,)®(Ng2/Ng1)|Zg2/Zg1|3.  As>0  means  that
have the same mean radius. We introduce the quantiities (Ng2/Ng1)|Zg2/Z41|°< (a/a;)8. For typical dust grains re-
=a,/a,, v=Ng,/Ng;. To model a realistic power law, we ported in Ref[13], a;=0.01 um anda,=0.1 um, so there
assume thab<1, v<1. The following ratio is investigated: are compressive solitary waves when the inequality
(2, +v2)v2=1+v(1-8)%8(1+v)>>1. ltindicates that (Ng2/Ng1)|Zgp/Z41]3<10 is satisfied.
two dust species increase the propagation velocity of solitary
\évavtes. Of course the same reasoning holds for three or more,, \uULTIDIMENSIONAL SOLITARY WAVE SOLUTION

ust species.

ThepZK equation(6) also has a one-dimensional station-  In this section we study a multidimensional solitary wave
ary solitary wave solution as followsi,o= ¢pnseci[{  solution of Eq.(6). In order to do this, we assume that there
—Uug7/w], whereg,,=3uy/A andw=2B/u, are the am- IS a solution of ¢1=¢1(X), where X={+N1{+N,7
plitude and width of the soliton, respectively. For a typical —®’ 7. Then we obtain that there is one soliton solution as
dusty plasm#22], we estimate that the second termfofan  follows [25]:
be neglected compared with first term. Therefore, we obtain

3 8 gz, $1=(30'IA)secR(3\ o' [[B+C(AT+N3)](X—Xo)),
A%—F_ —2
Voi=1 my;

()
where we have assumed that and all its derivatives tend

) ) to zero whenX—oo, and X, is a constant. The soliton am-
It is clear thatA<0, B>0, andC>0, therefore the soliton plitude and width are 8'/A and 2\/[B+C()\§+)\§)]/w’,

is rarefactive. We now study a dusty plasma with two differ- . ; P
. ) . respectively. For continuous power law distributidi, 12,
ent dust species. Then the ratio AfA is A/A=(1+v6°/1 P Y b 2

T )[(v+ 8)/(5+ v ]2 where A and A are the coeffi-  We find thatv§/vi=[(B=1)*(c™#=1)(c> P~ 1) B(B
cients of the nonlinear term in ZK equatic8) for different ~ —2)(c'”#~1)?] and A/A=[v3(B—1)*(c A 2~ 1)(c* #
dust grains and average dust grains, respectively. Figure 4 1)3]/v3(8+2)(8—2)%(c* #—1)* wherev, and A are
shows the variations oA/A with respect tor and 6. It those with the average dust size of the power law distribu-
seems thatA/A=1. We also find thatA/A increases ag tion, respectivelyc=anax/amin, Wherea,,,x andan,, are
increases and decreasesdasicreases. the maximum and the minimum dust size for the power law
For monosized dusty plasma, the change of polarity ilistribution, respectivelyC can be rewritten asC=uv,/2
well known in the literatur¢23,24]. It has been observed by +(Uo/2w;2)d)c': wherec’ ZEJN=1ndjOmdj . Then we obtain
the dust detector on the Ulysses spacecraft during its Jupiter
encounter that for very small grains in the size range
0.03 um<a<0.14 um, the grains are all positively charged
due to secondary electron emissidi8]. For this case it is

(9]

! B (v+ 8% (1+v)?

(v+6)° (10

||
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FIG. 3. The variations ot'/c’ with respect toc for different

FIG. 2. The variations ot'/c’ with respect tod for different 5=3567.

v=0.2,0.5,0.8,1.0.

We now conclude that, for a dusty plasma composed of
for two different dust size distributions, whece is that for  different dust grains, different dust size distributions can let
monosized dust grains. Figure 2 shows the variations oboth the soliton velocity and the width become larger, while
c’/c’ with respect tov and 8. It seems that’'>c’. For the the soliton amplitude becomes smaller.
case of a continuous power law distribution, we find that We conclude that if there are positively charged dust

grains which are usually smaller ones, the values of the soli-
ton velocity as well as the soliton width may be very large,
¢’ 2-B(c*P-1)(c'F-1)? 1y  @nd the soliton amplitude may be very small. The possibility
;‘ 4-B (2 h-1)3 ’ (1) of_ Co_IIisions among the _dL_J:_;t grains will be much increased. It
- will increase the possibility of the accretion of the dust
grains due to collisions and Coulomb attractions. This is an
interesting result for both laboratory and space dusty plas-

Figure 3 shows the variations of/c’ with respect toc for
different 8. It is noted then that different dust size distribu-
tion can let the coefficien€ of ZK equation(6) become
large. For saturri ring the grain radii ranged from 0,m6m
to 10.0um and followed a power law distribution witf ACKNOWLEDGMENTS
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