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Theeffectsof higher-ordernonlinearityanddispersivenesson theion-acousticsolitonsin
a multicomponentplasma,having warm electrons,positive ions andnegative ions have
beeninvestigatedusingthe pseudopotentialmethod.It is observed that drifting negative
ionsconsiderablymodify thepotentialsaswell aswidthsof thesolitarywave.

1. Introduction

Propagationof ion-acousticsolitonshasbeenstudiedtheoreticallyandexperimentally
bymany authors.WashimiandTaniuti[1] first derivedtheKorteweg-de-Vries(KdV) equa-
tion for thestudyof ion-acousticsolitonsin a simpleplasmamodel,assuming,e.g.,cold
ions and isothermalelectrons,collisionlessand unmagnetised.Ikezi et al. [2] first ex-
perimentallyobserved ion-acousticsolitonsin cold plasma.Subsequently, many authors
incorporatedotherparametersof theplasmafor thestudyof ion-acousticsolitonsto obtain
a clearunderstandingfor thebehaviour of solitarywaves[3-7]. Thepresenceof negative
ionsin theplasmahasbeenfoundtogivemoreinterestingresultsthanthatof two-electron-
temperatureplasma,beamplasmaetc.[8-16].However, it hasbeenfoundthattheoretically
predictedvaluesof the amplitude,width andvelocity of the solitary wavesdo not obey
the experimentalresults.To remove the discrepency of the theoreticalandexperimental
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results,severalauthorsconsideredthehigherordercontributionsof non-linearityanddis-
persivenessto the formation of ion-acousticsolitary waves [17-18]. Tagareand Reddy
[19] investigatedtheeffect of higherordernon-linearityon ion-acousticsolitarywavesin
a plasmaconsistingof negative ionsandshowedthepeculiarnatureof thesolitarywaves
which is supportedby the experimentalresults[20-22]. However, the effectsof drifting
ionshave not yet beenfully exploredfor thestudyof ion-acousticsolitarywaves.There-
fore, we have beenmotivatedto studythehigherordercontributionsof non-linearityand
dispersivenessandalsotheeffect of drifting ionson the existenceandpropertiesof ion-
acousticsolitarywaves.In Section2, we derive thenon-linearevolution equationfor the
first orderandsecondorderion-acousticsolitarywavesin adrift negative-ionplasmawith
isothermalelectrons,usingthepseudopotentialmethods.In Section3,numericalestimates
havebeenmadefor thesolitonprofilesandwidths.

2. Formulation

Weassumethattheplasmaishomogeneous,collisionlessandunmagnetised.It consists
of warmpositive ionsandwarmnegative ions.Theionsaremoving with drift velocities.
The temperatureof ions is much lower than the temperatureof electrons,i.e., Ti

�
Te.

Therefore,Landaudampingis neglected.For sucha plasma,the governingequationsin
dimensionlessform are[19],

∂nα

∂t
� ∂

∂x

�
nαuα ��� 0 (1)

∂uα

∂t
�

uα
∂uα

∂x
� σα

Qαnα

∂pα

∂x ��� Zα

Qα

∂φ
∂x

(2)

∂pα

∂t
�

uα
∂pα

∂x
�

3pα
∂uα

∂x
� 0 (3)

∂2φ
∂x2 � ne

� ∑
α

Zαnα (4)

wherene � exp
�
φ � , the subscriptα � i is for positive ions andα � j for negative ions,

nα 	 uα andpα arethenumberdensity, velocityandpressureof theions,respectively, σα �
Tα 
 Te 	 Zα � 1 for positive ionsandZα ��� Z for negative ions,Qα � m j 
 mi, i.e., Qα � 1
for positive ionsandQα � Q for negativeionsandφ denotestheelectrostaticpotential.

To study the solitary waves solution using the pseudopotentialmethod[23,24], we
assumethatthevariablesdependon a singleindependentvariableη � x � Vt, whereV is
thesolitonvelocity. We alsousethefollowing boundaryconditions

uα � u � 0�α 	 nα � n � 0�α 	 pα � 1 	 and φ � 0 	 as η �� α (5)

FromtheEqs.(1) to (4), weget � V
dnα

dη
� d

dη
�
nαuα ��� 0 	 (6)
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Integrating(6) andusingtheboundaryconditions(5), weget
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(10)

Also, from (8), weget
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InsertingEq. (11) in Eq. (7), andintegratingthe latterusingtheboundarycondition(5),
weobtain� u2
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From(10)and(12), thedensityof ionsis
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where
b1α � V 2 � a0α � and
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b2
2α ' 12σαV 2
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V + 1, 2 -

After expansionof theright-hand-side,Eq.(14)canbewritten in theform
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Takingthetermsup to φ2 in (15),weobtain
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(16)

Equation(16)givesthesolitarywave solutionlike thefirst orderKdV equation,
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2B

sech2θ / (17)

where
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4

η
-

Thewidth of thesolitonis
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A

-
(18)
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Takingtermsup to φ3, afterintegration,wegetfrom (15)<
dφ
dη = 2 >

α1φ2 ? α2φ3 @ α3φ4 A (19)

where
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3
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2 B

Integratingagain,we finally obtain the soliton solution like the secondorder KdV
equation
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A (20)

whereψ
>
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It is to benotedthat in the limit α3

>
0, D2 of Eq. (21) becomesequalto D1 of Eq.

(18), if negativevalueof
E

α2
2 is taken.

3. Results and discussion

From the expressions(17), (18), (20) and(21), it is observed that negative ions and
the drift velocity of the ions affect the formationof ion-acousticsolitonsin the plasma.
It is to be notedthat the resultsof previous authors[19] canbe recoveredfor the non-
drifting plasmafrom our presentresults.To investigatethe effectsof the drift velocity
andof negative ions, we considerthe plasmashaving H O @ OK , HeO @ Cl K andAr O @
SFK5 ionswith differentionic temperature.Usingthesolitarywavesolutions(17)and(20),
potentialsφ C 1D andφ C 2D havebeencalculatedfor differentnegativeion concentrations,ionic
temperaturesandmassratiosof negative ion andpositive ion andareshown in Table1
andTable2. The potentialsφ1 P > φ C 1D ) andφ2 P > φ C 1D @ φ C 2D Q areplottedin Fig. 1. and
Fig. 2. Figure1 shows that an increaseof the massratio of negative and positive ions
decreasesthesolitonamplitude.But from Fig. 2, we observe that thesolitonamplitudes
for thefirst-ordersolutionfor bothH O @ OK andHeO @ Cl K plasmaφ1 is negative,while
φ2 is positive for H O @ OK andnegative for H O @ Cl K plasmas.The widths of solitons
arenumericallycalculatedandshown in Table3 andTable4. Figures3 and4 illustrate
the variationof the widths of the solitonsfor differentnegative ion concentrations.It is
observedthatwidthsof thesolitonsincreasefor higherconcentationsof negative ions. It
is alsoobservedthatD2 R D1, i.e., thehigher-ordercontribution of thenon-linearityand
dispersivenessdecreasesthewidth of thesolitons.
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TABLE 1. Potentialsof thesolitarywavesin negative-ionplasmas.Thevalueof n S 0Tj was
assumedequal0.1.

HeUWV OX ions,σ Y 0 Z 06
θ φ S 1T φ S 2T
0 0.39081 0.15893

0.4 0.33438 0.12525
0.6 0.27809 0.09656
1.0 0.16412 0.04965
1.2 0.11920 0.03432
1.6 0.05882 0.01590
2.0 0.02761 0.00723

HeUWV Cl X ions,σ Y 0 Z 13
θ φ S 1T φ S 2T
0 -22.63323 0.98575

0.4 -19.36567 0.73302
0.6 -16.10512 0.53916
1.0 -9.505227 0.25789
1.2 -6.90336 0.17427
1.6 -3.40675 0.07865
2.0 -1.59903 0.03535

H UWV OX ions,σ Y 0 Z 24
θ φ S 1T φ S 2T
0 -3.54221 9.66045

0.4 -3.03082 5.37433
0.6 -2.52053 3.31291
1.0 -1.48762 1.28316
1.2 -1.08041 0.82072
1.6 -0.53317 0.34904
2.0 -0.25025 0.15290

Ar UWV SFX5 ions,σ Y 0 Z 047
θ φ S 1T φ S 2T
0 0.1499 0.0802

0.4 0.1283 0.0643
0.6 0.1067 0.0503
1.0 0.0629 0.0265
1.2 0.0457 0.0185
1.6 0.0225 0.0086
2.0 0.0105 0.0039

Fig. 1. The structureof the solitary waves for the ions HeUWV OX and Ar U�V SFX5 for
differention temperatures(φ1 – first order, φ2 – secondorder).
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Fig. 2. Thestructureof thesolitarywaves(first orderandsecondorder)for theionsH [�\
O] andHe[W\ Cl ] for differention temperatures(right).
TABLE 2. Width of thesolitonsin negative-ionplasmas

He[ \ O] ions,σ ^ 0 _ 06

n ` 0aj D1 D2

0.10 2.4506 2.0382
0.15 2.5419 2.1343
0.20 2.6497 2.2453
0.25 2.8007 2.3985
0.30 3.0090 2.6077
0.35 3.3008 2.8983
0.40 3.7615 3.3577
0.45 4.5558 4.1545
0.50 6.8657 6.5028

He[ \ Cl ] ions,σ ^ 0 _ 13

n ` 0aj D1 D2

0.10 2.0446 1.0573
0.15 2.0532 1.0912
0.20 2.0645 1.2673
0.25 2.0796 1.3154
0.30 2.0985 1.3616
0.35 2.1233 1.4291
0.40 2.1882 1.4466
0.45 2.1919 1.5109
0.50 2.2405 1.5526

H [W\ O] ions,σ ^ 0 _ 24

n ` 0aj D1 D2

0.10 2.1157 1.5864
0.15 2.1350 1.6179
0.20 2.1606 1.6530
0.25 2.1914 1.6895
0.30 2.2313 1.7318
0.35 2.2797 1.7785
0.40 2.3415 1.8373

Ar [W\ SF]5 ions,σ ^ 0 _ 047

n ` 0aj D1 D2

0.10 2.7840 2.3961
0.15 2.9753 2.5941
0.20 3.2367 2.8620
0.25 3.6436 3.2774
0.30 4.3411 3.9898
0.35 6.0331 5.7230
0.40 43.1331 43.0714
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Fig. 3. Thevariationof thewidth of solitaryvaveswith theconcentrationof negativeions
for theionsHebWc Cl d andH b�c Od (D1 - first, D2 - secondorder).

Fig. 4. Thevariationof thewidth of solitarywaveswith theconcentrationof negativeions
for theionsAr b SFd5 andHebWc Od .
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4. Conclusion

A theoreticalinvestigationof the ion-acousticsolitonsin multi-componentplasmas,
consistingof warmelectrons,positive ionsandnegative ions,hasbeenmade.Pseudopo-
tentioal methodhasbeenapplied, taking into considerationthe effects of higher-order
non-linearityanddispersiveness.Numericalestimationsof thepotentialsandwidthshave
beenmadefor plasmasof (Hee +Of ), (Hee +Cl f ), (H e +Of ) and(Ar e +SFf5 ) ions with
different ionic temperatures.It is observed that for (Hee +Of ) and(Ar e +SFf5 ) plasma,
bothpotentialsφ1 andφ2 arepositive, while for plasma(H e +Of ), φ1 is negative andφ2
is positive. It is very interestingto observe that for (Hee +Cl f ) plasma,both φ1 andφ2
arenegative. Tagare[19] andotherauthorsobtainedthesametypeof negative andposi-
tive potentialsin a negativeion plasmaat thecritical densityof negative ions,considering
the modifiedKdV equationandusingthe reductive perturbationmethod.The first- and
second-orderKdV equationhave not beenstudiedusingthe pseudopotentialmethodaf-
ter the non-linearterm vanishedat the critical density. We plan to make an exhaustive
studyof the ion-acousticsolitary wavesat critical densityof the negative ions usingthe
pseudopotentialmethod,andalsoto try to obtainthedouble-layersolution.
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DOPRINOSIVIŠEGREDA IONSKO–AKUSTIČNIM SOLITONIMA U PLAZMI S
VUČENIM NEGATIVNIM IONIMA

Učinci viših redova nelinearnostii disperzije na ionsko-akustǐcne solitone u više-
komponentnojplazmis vrućim elektronimai pozitivnim i negativnim ionimaseistrǎzuju
primjenompseudopotencijalnemetode.Pokazujeseda vučeninegativni ioni znatnomi-
jenjajupotencijalei širinesolitonskihvalova.
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