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The effect of variable dust charge, dust temperature, and trapped electrons on small amplitude dust
acoustic waves is investigated. It is found that both compressive and rarefactive solitons as well as
double layers exist depending on the nonisothermality parameter. A modified Korteweg—de Vries is
derived. At critical density, the Korteweg—de Vries equation is obtained. Employing quasipotential
analysis, the Sagdeev potential equation with the inclusion of different new effects has been derived.
Because of the presence of free and trapped electrons, the plasma acoustic wave has gained features
of various solitary waves. The Sagdeev potential equation, at a small amplitude, shows that the
ordering of nonisothermality plays a unique role. In the case of a plasma with first-order
nonisothermality, the Sagdeev potential equation shows the compressive solitary wave propagation,
while for plasma with higher-order nonisothermality, the solution of this equation reveals the
coexistence of both compressive and rarefactive solitary waves. In addition, for certain plasma
parameters, the solitary wave disappears and a double layer is expected. Again, with the better
approximation in the Sagdeev potential equation, more features of solitary waves, e.g., spiky and
explosive, along with the double layers, are also highlighted. The findings of this investigation may
be useful in understanding laboratory plasma phenomena and astrophysical situatia@63 ©
American Institute of Physics[DOI: 10.1063/1.1623764

I. INTRODUCTION mation of rarefactive type DA soliton solution in a simple
. . . dusty plasma system. Similarly, Ma and Huliscussed the
Recently, there has been much interest in studying the

) . . éxistence of rarefactive DA soliton solution in a plasma in
dusty plasmas which are characterized as an ionized gas con

. . : . Pfesence of dust charge fluctuations. Using a reductive per-
taining electrons, ions and highly charged massive dust pat- bation th xieet al2° derived t litude DA
ticles. Dusty plasmas differ from the usual muIticomponentur_alon eory, sieetal.— derved small ampiitude

olitons and double layers in dusty plasma with varying dust

plasmas; ™ since the ratio between the dust charge and thé : .
dust mass is nonuniform and it is considered as a new dﬁharges a}nd they have shown that qnly rgrgfactwe sohtary
namical variable. waves exist when the Mach number lies within an appropri-
The growing interest in physics of dusty plasmas notate rggime depending on the system parameters. Also, the
only because of dust being an omnipresent ingredient of oi@MPlitudes of the dust solitary waves become smaller and the
universe, but also because of its vital role in understanding€9ime of Mach number is extended wider for the variable
different collective processegmode modification, new dust charge situation with the case of constant dust charge.
eigenmodes, coherent structures, )ein. astrophysical and The topics of nonlinear grain charge variation and electro-
space environmenfs® The consideration of charged dust Static ion wave¥ have been reported by regarding dust
grains in a plasma does not only modify the existing plasmdrains as point charges, where the Debye length is much
wave spectrd® but also introduces a number of new novel larger than the intergrain distance.
eigenmodes, such as dust acousbd) waves''*2dust ion If streaming particles are injected in plasmas, we often
acoustic(DIA) waves' dust lattice wave$’ etc. find that they evolve towards a coherent trapped particle
Highly charged massive dust grains present in a plasmatate, instead of developing into a turbulent one. This has
may exhibit charge fluctuations in response to certain typebeen confirmed by computer simulatiéh& and
of oscillations incorporated to the plasma. Under this situaexperiment$*?® The onset of an electron trapping is also
tion, the grain charge becomes a time dependent and sefeen in the formation of double lay&tsand computer
consistent variabl&>® The consequent modifications in the simulation?’ It is well known that the presence of trapped
collective properties of a dusty plasma in response to th@articles can significantly modify the wave propagation char-
variation of charge is studied for noncomplicated plasmaacteristics in collisionless plasm&s. Later, Das and
systems/*8 |t may be noted that the existence of DA wave co-workerd®®° used the tanh methdt*3to investigate dy-
on a very slow time scale of dust dynamics was investigatecghamical aspects of various solitary waves and double layers
for the first time by Racet al."* They also showed the for- with the inclusion of trapped and free electrons in cold dusty
plasma system.

@Author to whom correspondence should be addressed. Electronic mail: Althoth! dUStY plasma physics has much interests and
eltaibany@hotmail.com some papers considered the effect of trapped electfofls,
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self-consistent dust charge fluctuatih¥®> and dust have the following nondimensional equations for the warm
temperaturé? no one has considered the effects of the dustust fluids?®
temperature, trapped electrons, and dust charge variation.

A ; ; ; an d(ngu
The motivation of this paper is the study of the dynamics of 7 d (Nguq) -

nonlinear DA solitary waves in a warm dusty plasma system ot X 0 @
containing both free and trapped electrons. Also, we study
both small and large amplitude DA waves and double layers g + udﬂ + 3Udnd% - Zdﬂ_d’ =0 3
in the presence of self-consistent variational dust charge sys- It X J ax.
tem. 2

The manuscript is organized as follows: The basic equa- —7 =Zgng+Ne—n;, (4)

tions describing the dusty plasma system under consideration

is given in Sec. II. In Sec. lll, using current balance condi-\ynere ng and uy refer to the dust number density and
tion, the dependence of the dust charge on the plasma parai;iq velocity, respectively. Also, oq=(Ty/ZgoTer),

eters _is obtained. In Sec. I_V, using a re_ductive perturbatioq—eﬁ:[ZdondoTiTe/(nioTe+neoTi)]_ We normalize all densities
technique, the small amplitude DA solitary structures argyy NaoZqo. The space coordinate, time t, velocities and

studied. In Sec. V, critical .density for th_e system is discusseq|ectrostatic potentiab are normalized by the Debye length
and the Korteweg—de VriedKdV) and its solution are ob- Nog=(Tedd7Z4onge€?) M2 the inverse dust plasma fre-
tained and the condition under which the double layers Cauency wl=(my/dnZ2ng,e?)¥2 the DA speed Cq

p 0 '

be formed is also found. In Sec. VI, we derive Sagdeev PO= (7, .Ter/my)*2 andT.q/e, respectively.
tential and investigate the existence of different solitary |’ ipe dynamical seystem some of the electrons are at-

waves and double layers and also its tendency to small amneq to the dust grains to form the dust charged grains,
plitude solitons. Section VIl is devoted to the discussion and,hile some of the remaining electrons are bounded back and

conclusion. forth in the potential well, lose energy continuously and, as a
result, being ultimately trapped electrons. By now the ap-
II. BASIC EQUATIONS pearance of the trapped electrons has been supported theo-
The dusty plasma we are going to study, consists of thregetically, and observations of them in the bow shock and in
components; extremely massive and highly negativeljthe dynamics of the beam plasma instability are deserving of
charged dust grains, ions together with free and trapped elegaention. Moreover, Wongt al® experimentally supported
trons. The charge neutrality at equilibrium requires the existence of trapped electrons in plasma waves, and there
is also the observation of such electrons in the soliton struc-
ture in stable plasma waves reported first by Teaal3’ In
whereng,, Nj,, andng, are the unperturbed electron, ion, this case, the electron density is defined from the Vlasov
and dust number densities, respectively, dpg is the un-  equation consisting of free and trapped electrons. Following
perturbed number of charges residing on the dust grain me&chamet®*®and Das and co-workefS;*°the nonisothermal-
sured in unit of the electron charge. ity of the plasma is introduced through the electron densities
For one-dimensional low-frequency DA motions, we that have the normalized form as

Nio=NeoT ZdoNdo (1)

exp(’Bp)erf(NI'By)  for Br=0,

o 1
- fo(X,0)dv=Ng, M(1—erf(VI)+—1{ 2 -
Ne( ) foc o(X,v)dv=ngo| expT)( er(\/—))+\/'8_h Texp(l“ﬂh J FB“exp(Xz)dX) for B,<0.
o

0

wherel'= e¢/T, andf4(x,v) and B, represent the electron mal plasma, we have<0b, ,b,<1/\/z. Thus the nonisother-
distribution function and the ratio of the free to the trappedmality of the plasma is expressed through the electron den-
electron temperatured,./T,, respectively. Considering the sity, n,, by the following modified fornt>-*
Maxwellian distribution, the Taylor expansion of the last _
equation, for¢<1, derives the electron densitg,, as a Ne=nNed exp(l') —G(I)],
combination of free and trapped electrons as where G(I')=30_,[2¢ Db () @+ D211 (2k+1)] with
the nonisothermal parameter definedoas: (1— B5)/ /7.
Now, the dimensionless number densities of ions and
The cases, =1 andg,=0 correspond to the plasma having €/€Ctrons are expressed as
the Ma_xwelhan and flat topped dlstnl_)utlons, respectlvely._ N = expl —sa), (5)
For an isothermal plasma, one can derive the electron density
by imposingb;=0 andb,=0, whereas for the nonisother- N.=r[exp(sB¢)—G(sBd)], (6)

Ne=Ned 1+ — 30,24 3T2— &b, '52+ 33+ -
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where As can be seen, the dust charge is very sensitive to the small

disturbance ofp. This point is very important to explain how
Nio Neo 1 Ti . . .
= . V= , s= , and B=—. the variable dust charge influences on the shape of solitons
ZgoNdo ZdoNdo (utBv) Te and solitary waves. Obviously, E€) includes strongly non-

Obviously, Eq.(1) leads tox— v=1. linear terms. Thus, its solution can be obtained numerically.
IV. DUST ACOUSTIC SOLITONS

IIl. CHARGING OF DUST GRAINS In order to study the dynamics of small amplitude DA

solitary waves in the presence of variation of dust charges,

Dust particles are charged due to a variety of processege derive an evolution equation from the system of Egs.
including the bombardment of the dust grain surface by2)—(6), employing a reductive perturbation techniduby
background plasma electrons, ions and incident ion beamsstroducing the stretched coordinateg=&4(x—\t), and
photoelectron emission by ultraviolet radiation, ion sputter-r= ¢34 wheree is a small parameter andis the solitary

ing, secondary electron production, etc. In low-temperaturgvave velocity normalized bg 4. The variables\y, ug, Zg,
laboratory plasmas, dust particles are mainly negativelyand ¢ are expanded as

charged when any plasma electrons hitting the surface of the

_ 3/2 2 5/2 cee
dust grains are attached to it and simply lost from the back- Ma=1F &Nt e  Nap T e Nyz+e” Nyg -+,
ground plasm&.In general, the dust charge variatilg is Ug= eUgy+ & ¥2Ugp+ e 2Ugs+ e¥2Ugy+- -,
determined by the charge current balance equ4tion

Zg=1+eZg+8%Zgp+ %23t 8% Zgst- -,
dQq dQq
at Uy et @ =1+ e 2pyt e’ pat eyt .

where Qq is the dust charge variable. We notice that theSubstituting these expansions into E¢&)—(6), and using
characteristic time for dust motion is of order of tens of ¥ =YoZ4 in EQ. (9), then collecting terms of different pow-
milliseconds for micrometer sized graitfswhile the dust €' Ofe, in the lowest order we obtain

charging time is _typ@cally of order of 1¢ s. Therefore, on Ng1=— R, Ug= AR, Zg1= 11, (12)
the hydrodynamic time scale, the dust charge can quickly

reach local equilibrium, at which the currents from the elec-Vhere

trons and ions to the dust are balanced. The current balance —(1+B)(1—-s¥,)

equation reads R=(\*-30¢) ! and NTY (1+8(1-sV,))
leot1io~0. @) The linear dispersion relation is given by
According to the well-known orbit-motion-limited probe y,+1=R (12)

model® we have the following expressions for the electron _
and ion currents for spherical dust grains with radiif§?>3>  from which one can get the wave velocityas

ed N=[30q+[y,+11711" (13

lo=—enr?(8T./mmy)Yn, ex —) . . . o
€ T (8Te/mMe) e Te putting o4=0, this equation agrees exactly with Xé¢ al?°
It is obvious that the inclusion of the dust temperature in-

and . .
creases the velocity and the contrary with the effect of dust
ed charge variation wherg,>0.
_ 2/ N12a [ 1 o ol . )
li=emr*(8T;/mm) n'( 1 T, ) The next order irs,0(£%?) yields a system of equations
. . _ that leads to the MKdV equation
where® denotes the dust grain surface potential relative to
the plasma potentiab. To compare our results with the pre- dpq 12991 At
. : _ — +A¢p; " — +B—7=0, (14

vious ones, we introducé= u/v and the current balance aT IE IE

equation becomes
[exp(sp[ ¥+ ¢]) —G(spe)exp(spY)]
=ad(1-sV)exp —Ss¢), 9) B 1=2\R?, A=B

where V=ed /Ty, a=(B/w;)"? and uj=m;/m~1840. znd
Equation(9) is important for determining the dust charges

where

2(sB)*; 3y,
(6-1) 2

Q4=C®; C is the capacitance of dust grain. We have the _ 4\sB>(1—sW )b,
normalized dust charg&,=W¥/V¥,, whereWV, is the dust 2 3V, (1+B(1—-sV,))’

surface floating potential with respect to the unperturbe
plasma potential at infinite plac®., can be determined from

Eq. (9) with ¢=0 and it has the form of dpi(n) d?¢y(n)
$1(17)—0; —0; 2
1 dn dy

o= gginlad(1-s¥,)]. (10 n=E— Uy, (15

quing the boundary conditions

—0 as|y|—;
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the stationary solution of Eq14) is given by V. DERIVATION OF THE KdV EQUATION

¢1= dumsecti n/wi, (16 The propagation of compressive solitoftsat admitted
where the amplitudep,,, and the widthw, are given by only) depends on the sign of the nonlinear coefficient of the
(15u,/8A)? and 4/B/u,, respectively. Asi,>0, there exist MKdV equation,A. We can ensure that the dispersion coef-
solitary waves with positive potential only. Ag, increases, ficient of the MKdV equationB is always positive and thus
the amplitude increases and the width decreases. The inclthe DA waves are compressiveAf>0. If A=0, corresponds
sion of the dust temperature and dust charge variation i the critical density ratiaj,, the MKdV equation breaks
observed as increment of the width but decrement of thelown. The conditionA=0 can be satisfied if3,=1 (all
amplitude. These effects will be studied later numerically. electrons are isothermabr at

c

+ BW AL~ T o)+ B(Wo—2)2+ B2+ Wo(Wo—2))
2(V,—1) '

Now, one has to seek for another equation suitable for de- On the other hand, wheA— 0 but #0, Eq.(20) would
scribing the evolution of the system. Using the stretchingreduce to
coordinate® ¢=gY(x—\t), and r=¢%%, and following

3
the procedure used before, we obtain the same relations as %+D¢i’2(£1+3a_¢31+c¢1%20, (21
Eq. (11) for the lowest order of [coefficient ofO(&)], and JT 9¢ 2 2

to the orders®2 we get where we have usédAg,— 2D ¢,/3. This equation has a

double layer solution of the forff

Ng2= — Rz, Ugy= —NReh2, Zgy= y1o+ v23 >, (17) .
4(sB)¥%, . $1=— (1—tanf (é-uom)/w])?, (22
[y1i=R+D] o= 5~ 72|17 (18
3(6—-1) .
with
If we consider the next-order is; O(e?), we obtain a sys- 4D\ 2 —16D2 5
tgm of equations, with the aid of Eg&L0), (11), and(17), m:<§) , uo—ﬁ, and w= 5\/—3BC.
yields
(23
Ibr  Ipiiby P dy However, Eq(22) has the same form obtained by Schathel
—+A +B—3 +C¢,—+=0, (19 59 - . ;
T & & & and Daset al,,”” its amplitude and width strongly depend on
the introduced effects. Obviously, the formation of the two
where types of DA double layerécompressive and rarefactivele-
(6—1)(6—p?) pends on the sign d, while C should take negative values.
-l 2" "7 _1\2 N
VI. QUASIPOTENTIAL ANALYSIS
_ —s(1+B)H1-sV,) o .
73—2\1,0(1+’8(1_Sq,0))3- Now we turn our attention to investigate the properties
of large amplitude DA solitary waves. We assume that all
The solution of this equation witA=0 is given by variables in Eqs(2)—(6) depend only on a single variable
_ R {=x—Mt, where( is normalized by 4 andM is the Mach
$1= damSech 7/wo], (20 humber(solitary wave velocity divided b,). In this sta-
where the amplitude,,,, and the widthw, are given here by tionary frame and using =¥,Z4, Egs.(2) and(3) can be
3u,/C and 2/B/u,=0.5w;, respectively. Also, asi, in- integrated to give the following expression for dust number
creases the amplitude increases and the width decreas@§NSity:
Since y,=0, y;=0 andu,>0, Eq. (20) clearly indicates 1
that only rarefactive soliton waves exist. The form uf Ng= 5 , (29
agrees exactly with that obtained by Xé¢ al?® When one V1+2(Vg($)/(M*=30y))

compares between the expression of the amplitude and thghere we have imposed the appropriate boundary conditions
width of the MKdV and KdV solutions, he may deduce thatfor |ocalized disturbances, Vviz.$— 0ng3— 1,U3—0Nge

the case of MKdV has a larger amplitude and width than_,, n.— ; as¢— * o, and

those of KdV but we will prove later, using numerical analy- . 1 (o

sis, that the nonllne_ar terms have t_he major role in the cal- Vd(d’):f Z,db= _J V(p)de. (25)
culation of the amplitude and the width precisely. 0 Vo Jo
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Although, we can evaluate the value ¥, [Eq. (10)] the v

4 M
value of ' has a complicated form and is given by Bs 1-exp(Bsé)+ fo G(spg)dg |+ < (1-exp—s¢))

/ 2V
1-/1+ Wzi—(;'))](MZ—wd):o,

_i ad(l—sV)exp —se)
Y= 58" expspd)—G(sB) | @ o+

The introduction of the nonisothermal term in this equationand

prevents us to put a general recurrence relation for the du% expl — sé) — v[expl Bsd) — G(Bsd)]

surface potential. For isothermal plasma, Exf) agrees ex-

actly with that obtained by Xiet al?° 2Vy( )
Substituting for the normalized number densities of ion +<Zd/ 1+ m) =0

and electrons, the dust charge number and the dust densi_}y )
number into Poisson equatiagd) and integrating it, impos- 1Nn€se coupled transcendental equations can be solved nu-
ing the boundary conditions for localized solutions; namelymerically for the largest positive potential amplitude and up-

d

$—0 anddé/d{—0 as{— =, we get per Mach number of the associated double layer.
Now, we use the tanh methdd®3to investigate the ef-
1{d¢)\? fect of introducing new effects into our system. If we expand
E(E +V(¢)=0, (27)  the expression for quasipotential aroupie: 0, for small am-

plitude we will recover all the results of the small amplitude
DA soliton obtained by the reduced perturbation technique in
Sec. IV and Sec. V. For example, for sméill we can write

to the order ofO(4°?)

where the Sagdeev quasipotential reads

_ 14
V(¢)—E

¢
1—exqsﬂ¢)+J0 G(Sﬁ¢)d¢} Y1 2y,
Va(d)=¢+ 5 ¢+ ¢

M
+5(1-exp(—s4)) Substituting forV4(¢) and the dimensionless number den-
sity of dusts, electrons and ions into E@8) we have

+[1—\/1+ 2Vd(¢) }(M2—30) (28) 1
(M?=30y) v V($)=5{(M?=30q) '~ 1-y,}¢?

The overall Sagdeev potential analysis requires the condition 2[4(sB)%¥0,
for the existence of soliton structure qualitatively\&sp) to + 5| 300-1) Vo
be negative. Otherwise double layers might be possible. This

condition is strongly sensitive at the edgeés=0 and ¢ Equation(27) can be rewritten as

= ¢, around which the classical potentM( ) <0 is ex- 42

pected. The condition yields the requirem&{0)=V(¢,,) — | =a,;¢%—a,¢°? (30)
=0 andV’'(0)=V’(#,) and in betweerV(¢) is always dg

negative. From Eq(28), these conditions lead to where a;,=M/B and a,=8A/158. Equation(30) has the
soliton solution as Eq.16). For a slightly larger values ap,
(29 we can get, following the same procedure, the soldtion

¢5/2

M>M|= +30'd

vi+1

a, 8a,a;+3a3 ¢
This fixes the lower limit ofM, which is equivalent to the #(£)= da, 822 Sec \/ 32

value of A obtained in Sec. IV. We also prove later by nu- P —
merical investigation that the lower Mach number should be 8a,a3+3a;
one but not zero as in Ref. 19. However, our result agrees (3D
exactly with Xieet al?® wheno4=0. The upper limit of\ Equation(31) can be transformed to a shock-like wave solu-
for which negative solitary waves exist can be found fromtion as Eq.(22) or a soliton solution like Eq(20) for ad-
the conditionV( ¢,in) =0, whered,,, is the minimum value justed constant values. However, this form agrees exactly
of ¢ for which the dust densityy is real. This minimum  with that obtained by Dagt al*®° However, the constants
value variation due to the inclusion of the dust charge flucenclosed are dependent on the charge fluctuation and dust
tuation, trapped electrons and dust temperature effects is inemperature. Other types of solitons, viz., spiky type solitary
vestigated in the next section. waves, collapsible waves, etc., can be obtained by taking
The critical upper limit of Mach numbeM ., for which  higher order terms. Since the expression\¢e) derived in
positive plasma solitary waves exist can be found from theEq. (28) is exact, one can expand it up to any desirable
conditionV( ¢ ma0 =0, wWhered .« is the maximum value of power of ¢ and then can obtain all different types of solitary
¢, meanwhileV(¢) is tangent to theg¢-axis for which  waves depending on the nonisothermal parameter, dust tem-
dV(dma/dp=0. On the other hand, for the formation of perature and the charge variation effect obtained by pertur-
double layer the following equations must be satisfied: bation theory. For higher power @f, we haveZ, as
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Z4=1+ y10+ v20%%+ 32+ y,0°?,

where
_ YaitYa2T Va3t Va4
YaT 150 (1+ B(1—sV )
and
Yar= —8B0y(sB)¥A1—SV,), yar= — 155y, W (1

—BH(1-sV,)),

_ —-15 P2 _5b1 v
Ya3 8%71727511 01Ya4 2b271’}’a1 o

Thus, Sagdeev potential can be given as

1
V()= 5{(M?=80q) '~ 1-yi}¢?

2[4(sB)¥, (6—1)(6— B2
5| 3(6-1) _”}‘b%r ¢3( 6(5+B)°

1 1 1
+571(M?*=309) "= 2 y5— §(M2—3Ud)_2>

2 2 16(sB3)%%
+¢7/2[§72(M2_30'd) 1—774+W_1)2-

In this case, Eq(27) becomes

2

(d¢ =a;p*—a,¢°°—azp>— a0’ (32

d¢

where a;=C/3B, a,=8F/35B, and F= (B/6)[21y,(M?
—304) - 15y,+8(sB)%?vb,]. If a,=a;=0, we have a
soliton solution like

¢= pamsechd {Iws],
where the amplitudep;,, and the widthw; are given by

S. K. El-Labany and W. F. El-Taibany
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FIG. 1. Z, is plotted(a) against plasma potential disturbangéor different
B values with=10 andB=0.5, and(b) againsts for different 8 values

with ¢=2 andB,=0.9.

be obtained in a similar manner and it has an explosive soli-
tary wave profile in the plasma acoustic dynamics. Also, if
we proceed and take higher nonlinearities terms, we Egve

(35M/8F)?” and #/B/M = w,/3, respectively. The variation ag

of the amplitude and the width of the soliton is considered in

Sec. VII. We can reform Eq32), using ¢= 62, as

2

=ab’(f —6)°, (33

&

where F =—a3/3a,, a=a,/4, and a§= 3a,a,. Equation

(33) can be solved for the soliton profile and the solution can

be obtained as an implicit function af in the following
form:
)z

(34)

1—-tankt

1/2 g
| -

d()=r"?

F
(F—Wﬁ(@

Z4= 1+ y10+ ¥20%2+ 3>+ y4°*+ y50°,
where

_ =717
V5T 180 (1+ B(1—sV,))®

and

Yo1=— S (1+ B)(1—sVo)[—2+B(3—sT,+ B(3
—2B+2sV(B—1)))],

Yho=38"Voy1[1- B(1—sV)
X (14 B(5+B—sW,—2B%(1-sV,)))],

Yos=—3(SBY 071X (1—sV,)[3+B—2B%(1—sV,)],

This solution gives a profile of spiky solitary wave defined in
the region G<¢({)<+\F and is affected bya; and ag,
which are functionally dependent on the dust charged grains,
as well as by the trapped electrons throaghanda, and all

of them are functions of the dust temperature. On the other
hand, for the region defined @&s<0, the soliton solution can

Yoa=—S(BYoy1)*(1—s¥,)[1-28(1—-sV,)],
Yos=8b18(SB) YW, y2(1—sWo)[1+ B(1—sV,)],

Vo=~ 3S(BY72)%(1=sV¥,)[ 1+ B(1-sP,)].
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Thus, Sagdeev potential can be given as

4(3,3)3/2b
306-0 1_ 7’2} $572

1 2
V($)=5{(M*~30g) P~ 1-n}e?+ 5

(6-1)(6-p% 1

1 1
! ¢3( 6(6+ B2 571(M2_3‘7d)_1— FRAE E(M2—30d)_2)

3
2 2 16(s3)%b,
7120 — 2_ -1_ _ PR —
S(6+p% 1 5 3 1 1
N 2a5-1) a’st g(M?=80¢) = 271(M?=30g) "+ §7§(M2_30d)71+ 373(M?=3ag)"*|.

In this case, Eq(27) becomes
d¢
d7

where

2
=a,¢%—a,p*?—azp’—a,0"*—as¢*, (39

s6+8% 1 5 3 1 2
T2a6-1) 27" Z(M2—3Ud)_3—571('\/'2—3%)_24' ZV%(M2—3%)_1+ 573('\/'2—3%)_1 :

ag=

Based on the similar mathematical manipulation used before(35yis written as
de)\?
dg

:ar 02(F r_ 0)4,
with the following relation:a’ =as/4, a,a,=16a,a5, aza,= —6a,as, andfF '=ayl/das. The wave solution
2

r? 1
d()=—| 1- . (36)

4 14 F'
tan J?F*(wm—m——(—
{ 2 \2(e(-r")

This solution represents a profile of a spiky solitary wave inthe dust particle will have a stable charge more quickly for
the region G<¢({)<{F ' while in the region defined a$ small percentage of trapped electrons, that can be explained
<0, the soliton solution has an explosive solitary wave pro-as, for quickly stable charge, there are much free electrons

file. contribute to charge the dust surface. The same behavior is
the same foB,,<0. Figure 1b) shows the dependence B
VII. DISCUSSION AND CONCLUSION on the ion—electron density and temperature ratios. As the

In this paper, by employing the reductive perturbationte_mperature or thg deqsity of ions increases thg dust charge
technique, we have studied the effects of adiabatic variatioiill increase but with different manner. There exists a maxi-
of charges, dust temperature and trapped electrons on DRUM admitted density value which can be callgh, near-
solitary waves in an unmagnetized dusty plasma. The currer@St which the changes have significant and rapidly violence
neutrality from ions and electrons on the dust grains cause&hanges. Alsogn,y increases and admits a larger region for
an adiabatic variation of dust charges which modifies theharging dusts, ag decreases.
shape of DA solitary waves. However,\ equals to the lower limit of the Mach num-

Now, we investigate the numerical analysis of the non-ber. These changes strongly affected the admitted Mach
linear equations obtained in this paper. First, we study théumber regime for waves propagation. The dependence of
dependence of the dust charging effect on the electrostatibe velocity of the small amplitude DA waves on the physi-
potential[Fig. 1(a)]. The dust charge number increases withcal system parameters are shown in Fig. 2. Although, the
a large slope increment from its unperturbed value to anclusion of the dust temperature increases the velocity of the
higher one corresponding to electrostatic potential variationwave, the increase of the ion to electron density or tempera-
If B,>0 (particles have kinetic energies larger than the theriure causes a decrease ©f Also, the effect of the dust
mal energy and the amount of trapped electrons decreasegharge fluctuation is observed as a decreaseviith respect
the charge residing on the dust surface will increase. Alsato the constant dust charge dusty plasma.
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FIG. 2. The variation of phase velocitx against system parameter
variations.

The inclusion of both the free and trapped particles
forces the system to be governed by MKdV equatid4).

S. K. El-Labany and W. F. El-Taibany

soliton only. The dependence of the amplitude on system
parameter variations in both cases is investigated in the Fig.
3. We can conclude that:

(1) The amplitude¢, increases as the trapped electrons
amount or the ion temperature increases. §a13, ¢,
increases very rapidly then it goes in a decremental be-
havior. The effect ofoy, that evidence from its depen-
dence on constar is to decrease the amplitude.

(2) The amplitudeg,,, slows down with a larger slope for
6<3 after which the slope will change to a smaller one
until 6 goes closest t@,,,x the amplitude behaves the
opposite behavior with a large slope increment. These
behaviors agree with that obtained by Xé¢al?° and
that stated by Shukla and MaméhThe 3 increment
gives the amplitudeg,,, a chance to increase faf

< JOmax- Here, the inclusion ofy4 causes an increment of

¢-m that contrast thep,,, behavior.

On the other hand, the amplitude of MKdV solution has

The solution of this equation admits compressive DA solitarya smaller magnitude than of KdV solution and the width in
waves. Atd, or B,=1 the MKdV equation fails to describe- the case of MKdV has a larger one than of KdV, that dis-
the system. This forced us to apply a new stretching and wagrees with the well known before and stated later by

get the KdV equation, Eq(19), that admits a rarefactive
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FIG. 3. ¢4, is plotted(a) againstg,, for =20, 8=1, o4=0.005,(b) againstg for §=30, 8,,= —0.7,04=0.001 andc) againsts for o4=0.001,3=1, and
Br=—0.7 and(d) ¢,, is plotted agains® for o4=0.001 and differen values.
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: /
Now, we take off the small amplitude waves and go to 5
investigate the effect of the dust temperature and dust charge / g
fluctuation on large amplitude waves and the Sagdeev poten- : : : ”1'0 ¢

tial. Figures 4—6 show the dependence of the Sagdeev po-
tential and maximum Mach number on the system param-
eters variation. Thus, we can observe that the inclusion of the
charge fluctuation increases the allowed Mach number re-
gime with respect to the constant dust charge. However, the
admitted velocity regime is extended due to the inclusion of (c)

trapped_parucles especially for the. flat topped dlsmbUteq:IG. 5. The variation of the Sagdeev potential against variation of the
ones. Higher temperature dust particles cause an incremeitcn number, wheres=10, 4=0.5, 8,=0.3, 54=0, M=1.75 (solid

of the Mach number that also can be done by raising the i0Burve, M=1.5 (dotted curvg, M = 1.25 (dashed curveandM =0.9 (lower
temperature but with different responses and extend the adurve, (b) againsts, where=0.5, 8,=0.1, 04=0, M=1.7, 5= 10 (solid
mitted regime. By investigation in Figs. 5 and 6, we observefurve, =15 (dashed curve and 5=20 (dotted curvg and (c) againsts,

the dependence of the Sagdeev potential on wave \{eIocit&l‘iﬁegzj&ggzgfb;ﬁ&egﬂ:ui-/;, B=0.1 (solid curve, B=0.6

that varies from the subsonic region to the supersonic one.

The admitted solution transit from the rarefactive feature to

the compressive one due to increasing of the wave velocity.

The minimum potential valueg,,, decreases ag in- Figure 7 shows the variation of the soliton solution; that
creases. Also, The ion and dust temperatures increase tldeduced from the inclusion of the second order nonisother-
area of the negative Sagdeev potential that allows rarefactiveality to our system, corresponding to system parameter
solitons. This effect can be overcome by the inclusion of thevariations. The allowed feature is the compressive one in-
trapped electrons that works on the opposite way. creases with any increase in the ion temperature or density.
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FIG. 6. The variation of the Sagdeev potential agafsin (a) and(b), whereé=5, =0.5,04=0, M= 1.7, the variation 0f3,=0.1-0.7, in(b), in the step
of 0.2 from the lower curve to the upper one, and the variation of the Sagdeev potential agaimg¢t,d), where5=5, =0.5, 3,=0.3,M=1.7 and the
variation of04=0-0.1, in(d), in the step of 0.05 from the upper curve to the lower one.

The contrary is done by increase of the nonisothermal paeffects drastically change all the solitary waves and double
rameter. layers observed in such system. On the other hand, the Mach
Thus, we can conclude that the dust temperature andumber lies within an appropriate regime depending on the
charge fluctuation effects must be included to investigate theystem parameters. The results obtained in this paper agree
dusty plasma systems containing trapped electrons. Thesxactly with those obtained by Xiet al?° (by neglecting the

—p= 0.1
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FIG. 7. ¢3, is plotted(a) againstg;, for §=20, 8=1, o4=0.001 andb) againsté for 04=0.001 andB,= — 0.7 and differen{3 values.
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