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Theeffectsof higherordernonlinearityanddispersienes®n theion-acousticsolitonsin
a multicomponenplasma,having warm electrons positive ions and negative ions have
beeninvestigatedusingthe pseudopotentiainethod.It is obsered that drifting negative
ionsconsiderablymodify the potentialsaswell aswidths of the solitarywave.

1. Introduction

Propagatiorof ion-acousticsolitonshasbeenstudiedtheoreticallyandexperimentally
by mary authorsWashimiandTaniuti[1] first derivedtheKortenveg-de-VriegKdV) equa-
tion for the studyof ion-acousticsolitonsin a simpleplasmamodel,assuminge.g.,cold
ions and isothermalelectrons,collisionlessand unmagnetisedlkezi et al. [2] first ex-
perimentallyobsenedion-acousticsolitonsin cold plasma.Subsequentlymary authors
incorporatedtherparametersf the plasmdaor the studyof ion-acousticsolitonsto obtain
a clearunderstandindor the behaiour of solitarywaves[3-7]. The presencef negative
ionsin theplasméahasbeenfoundto give moreinterestingesultshanthatof two-electron-
temperatur@lasmapeamplasmaetc.[8-16]. However, it hasbeernfoundthattheoretically
predictedvaluesof the amplitude,width and velocity of the solitary waves do not obey
the experimentalresults. To remove the discrepeng of the theoreticaland experimental
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results,severalauthorsconsideredhe higherordercontributionsof non-linearityanddis-
persvenesgo the formation of ion-acousticsolitary waves [17-18]. Tagareand Reddy
[19] investigatedhe effect of higherordernon-linearityon ion-acousticsolitary wavesin
a plasmaconsistingof negative ionsandshovedthe peculiarnatureof the solitarywaves
which is supportedoy the experimentalresults[20-22]. However, the effectsof drifting
ions have not yet beenfully exploredfor the studyof ion-acousticsolitary waves. There-
fore, we have beenmotivatedto studythe higherordercontrikutionsof non-linearityand
dispersvenessandalsothe effect of drifting ions on the existenceand propertiesof ion-
acousticsolitary waves.In Section2, we derive the non-linearevolution equationfor the
first orderandseconcdrderion-acousticsolitarywavesin adrift negative-ionplasmawith
isothermaklectronsyusingthepseudopotentiahethodsin Section3, numericalestimates
have beenmadefor the soliton profilesandwidths.

2. Formulation

We assuméhattheplasmas homogeneougpllisionlessandunmagnetisedt consists
of warm positive ionsandwarm negative ions. The ions aremoving with drift velocities.
The temperatureof ions is muchlower thanthe temperatureof electronsj.e., T € Te.
Therefore Landaudampingis neglected.For sucha plasmathe governingequationsn
dimensionlesform are[19],

——+ 3-(NaUq) =0 1)

0Uy O0ug  Oa O0pa _  Zq 09

Bt % o T Qe 0x Qu ox @
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wherene = exp(@), the subscripta = i is for positive ionsanda = j for negative ions,
Ng, Uy andpy arethe numberdensity velocity andpressuref theions,respectiely, 0y =
Ta/Te, Zy = 1 for positive ionsandZy = —Z for negativeions, Qq = mj/m;, i.e.,Qu =1
for positveionsandQy = Q for negative ionsand@ denotegheelectrostatipotential.

To study the solitary waves solution using the pseudopotentiainethod[23,24], we
assumehatthe variablesdependon a singleindependentariablen = x—Vt, whereV is
thesolitonvelocity. We alsousethefollowing boundaryconditions

uq:uéo), na:néo), po =1, and ¢=0, as n==a (5)

FromtheEgs.(1) to (4), we get

_V_+_n(naua) =0, (6)
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Integrating(6) andusingthe boundaryconditions(5), we get
9,0
_Na” (Ua” —V)
Ng = 7%( _Vv (10)
Also, from (8), we get
(0) 3
Uy’ —V

InsertingEq. (11) in Eq. (7), andintegratingthe latter usingthe boundarycondition (5),
we obtain

(W2 — U ) — 2V (U — Uy +

304 (ué(o)—V)2 _ Za
o [(Ua—v)z ~1l=-2%g (12

From(10)and(12),thedensityof ionsis

(0) 3
_/ny” 7 Qu
Ng = 6os X (13)
2 2 (O 2
(o= o) 2| (Ve s Zog) - 120807 ()
ch Qa Qané) \

whereagg = U % — 2Vul? + (304)/(Qun)

Thereforefrom Eq. (9), puttingthe valuesof ny andne, we get

Lo _ i ° Q 2Z, 22 \? .,
W_e +§Zq W (bla'l‘a([))i (bla'i‘a) _b2aa (14)

where

b« =V?+ags, and
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After expansiorof theright-hand-sidekq. (14) canbewrittenin theform
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C=

NI =

dig = b1 + bog, and
d2a = bla - b2a-

Takingthetermsupto ¢? in (15), we obtain

d’p
= Ap— B¢?. (16)

Equation(16) givesthe solitarywave solutionlik e thefirst orderKdV equation,

¢ = % seche, (17)
where
A
0=14/-n.
4ﬂ
Thewidth of thesolitonis
2
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Takingtermsupto @3, afterintegration,we getfrom (15)

2
(j—g’) — o1 — a2 + s (19)

where

2B
a;=A, 0(2:?, and 0(3:?

Integrating again, we finally obtain the soliton solution like the secondorder KdV
equation

¢ = 2 , (20)
(0 — 4a105) (2cosRy—1) +as

wherey = n,/01/2 = 6. Thewidth of thesolitonis

2 _ 0.6905x5
Dy= —— cosh! | ———=— +1.6905. (21)
Va1 J \/ 03— 40103

It is to be notedthatin thelimit az = 0, D, of Eq. (21) becomesqualto D; of Eq.
(18),if negative valueof 4 /a% is taken.

3. Resultsand discussion

Fromthe expressionq17), (18), (20) and(21), it is obsened that negative ions and
the drift velocity of the ions affect the formation of ion-acousticsolitonsin the plasma.
It is to be notedthat the resultsof previous authors[19] can be recoseredfor the non-
drifting plasmafrom our presentresults. To investigatethe effects of the drift velocity
andof negative ions, we considerthe plasmashaving HT+ O~, Het+ CI~ andArt+
SF; ionswith differentionic temperatureUsingthesolitarywave solutions(17) and(20),
potentialap and@@ have beencalculatedor differentnegativeion concentrationgpnic
temperaturesind massratios of negative ion and positive ion andare shovn in Table1
andTable 2. The potentialsgi(= ¢V) and @, (= ¢V + ¢*?) areplottedin Fig. 1. and
Fig. 2. Figure 1 shaws that an increaseof the massratio of negative and positive ions
decreasethe soliton amplitude.But from Fig. 2, we obsene thatthe solitonamplitudes
for thefirst-ordersolutionfor bothHt+ O~ andHe™+ CI~ plasmag, is negative, while
@, is positive for HY+ O~ andnegative for HT+ CI~ plasmas.The widths of solitons
arenumericallycalculatedand shavn in Table 3 and Table4. Figures3 and4 illustrate
the variation of the widths of the solitonsfor differentnegative ion concentrationslt is
obsenedthatwidths of the solitonsincreaseor higherconcentationef negative ions. It
is alsoobsenedthatD, < Dy, i.e., the higherordercontribution of the non-linearityand
dispersvenessiecreasethewidth of the solitons.
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TABLE 1. Potentialof the solitary wavesin negative-ionplasmas.The valueof ngo) was
assumeequall.1.

Het+ O~ ions,0 = 0.06 Het+ Cl~ ions,0=0.13
0 (p(l) (p(Z) 0 (p(l) (p(Z)
0 | 0.39081| 0.15893 0| -22.63323 | 0.98575

0.4 | 0.33438| 0.12525 0.4| -19.36567 | 0.73302
0.6 | 0.27809| 0.09656 0.6| -16.10512 | 0.53916
1.0 | 0.16412| 0.04965 1.0| -9.505227| 0.25789
1.2 | 0.11920| 0.03432 1.2 -6.90336 | 0.17427
1.6 | 0.05882| 0.01590 1.6 -3.40675 | 0.07865
2.0| 0.02761| 0.00723 2.0 -1.59903 | 0.03535

HT+ O~ ions,0 =0.24 Art+ SFK ions,o = 0.047
0 (p(l) (p(Z) 0 (p(l) (p(2)
0 | -3.54221| 9.66045 0| 0.1499 0.0802

0.4 | -3.03082| 5.37433 0.4| 0.1283| 0.0643
0.6 | -2.52053| 3.31291 0.6 | 0.1067| 0.0503
1.0| -1.48762| 1.28316 1.0| 0.0629| 0.0265
1.2 | -1.08041| 0.82072 1.2 | 0.0457| 0.0185
1.6 | -0.53317| 0.34904 1.6 | 0.0225| 0.0086
2.0| -0.25025| 0.15290 2.0| 0.0105| 0.0039

i (A7,SF)

. . . , 0=0.067 :
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Fig. 1. The structureof the solitary waves for the ionsHe*+ O~ andAr*+ Sk for
differention temperaturegp, — first order @, — seconcbrder).
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Fig. 2. Thestructureof the solitary waves(first orderandseconcbrder)for theionsH™* +
O~ andHe*+ CI~ for differention temperaturegight).

TABLE 2. Width of the solitonsin negative-ionplasmas
Het+ O~ ions,0 = 0.06

Het+ ClI~ ions,0=0.13

n” | D1 D, n” | D1 D,
0.10 | 2.4506| 2.0382 0.10| 2.0446| 1.0573
0.15| 2.5419| 2.1343 0.15| 2.0532| 1.0912
0.20| 2.6497| 2.2453 0.20| 2.0645| 1.2673
0.25| 2.8007| 2.3985 0.25| 2.0796| 1.3154
0.30 | 3.0090| 2.6077 0.30| 2.0985| 1.3616
0.35| 3.3008| 2.8983 0.35| 2.1233| 1.4291
0.40| 3.7615| 3.3577 0.40| 2.1882| 1.4466
0.45| 4.5558| 4.1545 0.45| 2.1919| 1.5109
0.50 | 6.8657| 6.5028 0.50| 2.2405| 1.5526
Ht+ O~ ions,0 = 0.24 Art+ SK ions,o = 0.047
n§0) D1 D2 ngO) D1 D>
0.10| 2.1157| 1.5864 0.10| 2.7840 2.3961
0.15| 2.1350| 1.6179 0.15| 2.9753 2.5941
0.20| 2.1606| 1.6530 0.20| 3.2367 2.8620
0.25| 2.1914| 1.6895 0.25| 3.6436 3.2774
0.30| 2.2313| 1.7318 0.30| 4.3411 3.9898
0.35| 2.2797| 1.7785 0.35| 6.0331 5.7230
0.40| 2.3415| 1.8373 0.40 | 43.1331 | 43.0714
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3.0

Fig. 3. Thevariationof the width of solitary vaveswith the concentratiorof negative ions
for theionsHe™+ CI~ andHt+ O~ (D - first, D, - seconcbrder).
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Fig. 4. Thevariationof thewidth of solitarywaveswith the concentratiorof negative ions
for theionsAr*SF;, andHet+ O~.
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4. Conclusion

A theoreticalinvestigationof the ion-acousticsolitonsin multi-componenplasmas,
consistingof warm electronspositive ions and negative ions, hasbeenmade.Pseudopo-
tentioal methodhas beenapplied, taking into consideratiorthe effects of higherorder
non-linearityanddispersienessNumericalestimationf the potentialsandwidthshave
beenmadefor plasmasf (Het+0O™), (Het+CI~), (H*+0O~) and (Art+SFK;) ionswith
differentionic temperatureslt is obsered that for (He"+O~) and (Art+SK;) plasma,
both potentialsg; and @, arepositive, while for plasma(H*+0O~), ¢ is negative and g
is positive. It is very interestingto obsere that for (Het+CI~) plasma,both ¢; and g
arengyative. Tagare[19] andotherauthorsobtainedthe sametype of negative and posi-
tive potentialsin anegative ion plasmaat the critical densityof negative ions,considering
the modified KdV equationand usingthe reductive perturbationmethod. The first- and
second-ordeKdV equationhave not beenstudiedusingthe pseudopotentiainethodaf-
ter the non-linearterm vanishedat the critical density We plan to make an exhaustve
studyof the ion-acousticsolitary wavesat critical densityof the negative ions usingthe
pseudopotentiahethod,andalsoto try to obtainthe double-layeisolution.
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DOPRINOSIVIéEGREDAVIONSKO—AKUSTIéNIM SOLITONIMA U PLAZMI S
VUCENIM NEGATIVNIM IONIMA

Ucinci viSih redova nelinearnostii disperzije na ionsko-akusténe solitone u viSe-
komponentnoplazmis vru€im elektronimai pozitivnim i negativnim ionimaseistrazuju
primjenompseudopotencijalnmetode.Pokazujese da vuCeni negativni ioni znatnomi-
jenjajupotencijale Sirine solitonskihvalova.
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