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Fora semiconductorpiezoelectricplasmacoupledhelicon-acousticwavesareinvestigatedby usingthereductiveperturbation
method.Theequationgoverningthenonlinearcoupledwaveis a mixed modifiedKdV andBBM equationalongwith anaddi-
tional term.A one-solitonsolutionof this equationis obtained.

Thepropagationof nonlinearwavesin piezoelec- ô ~ = ~i
0ô ±+ ~u0a j± , (6)

tric semiconductorplasmashasbeenstudiedexten- D±=c’E+ —/JaZuT (7)
sively in recentyears[1—51.In theabovementioned — -

papers Brillouin and Raman scatteringhavebeen j~= — nev± . (8)
studiedas well as modulationalinstability via the
nonlinearSchrodingerequation,andthe Benjamin— Eq. (1) is the electroncontinuityequationandeqs.
Bona—Mahoneyequationhas beenobtainedin the (2), (3) are the electronicequationsof motion in
investigationof coupledelectron-acousticwavesin the perpendicularand parallel directions respec-
suchplasmas. tively. Eq. (4) is thelatticeequationof motion and

We considerit an n-type piezoelectricsemicon- eqs. (5) —(8) areMaxwell’s equations.We notehere
that since heliconsare circularly polarized waves

ductorplasmain order to investigatethe nonlinear
behaviourof coupledhelicon-acousticwaves. The propagatingparallelto the ambientmagneticfield

the fluctuating quantitiesin the perpendiculardi-
basicequationsnecessaryfor carryingout thisanal-

rections have all been expressedin the formysisfor the one-dimensionalcaseare the following
[5 6] a±= a~±ia~,where ±correspondsto the left andrighthandedcircularly polarizedwavesrespectively.

(1) The quantitiesn, v, u, E andB representthe elec-
tronic numberdensity,theelectronvelocity, thelat-

a,~±+ v~a2v± tice displacementandthe electricandmagneticfield
intensitiesrespectively.We further note thatp, fi, ~‘

(vZB+ —w~u±), (2) and ~j are the lattice ion massdensity, the piezo-
m m electriccoupling constant,the dielectric tensorand

a, v~+ v~a the magneticsusceptibilityrespectively.Finally a~
and i~ are the electrongyrofrequencyandthe elec-

e
= — — (v~B~— v~B~)— a Zn, (3) tron thermalvelocity respectively.In orderto apply

thereductiveperturbationmethodwe expandin the

(patt—ceazz)u~=$a~E± (4) following manner,

aZE±...±la(B±, (5) n=n0+e
2n

1+..., (9a)
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Vz=�
2VZI +.... (9b) The coefficientsa

1, a2 anda3 are givenby the fol-
lowing expressionsrespectively,

Heren0 is the backgroundnumberdensitywhich is
taken to be homogeneousand constant.All quan- a — — [(A

2C2)(PA2~~Ce)22fl2/�’]2
titieswith subscripts±are expandedin the follow- ~ 2A2w~(pA2— Ce + JJ2Ce/�’)

ing way,

a±=�a±1+�~a±2+.... (10) a2=(p22—ce) 2A(pA~—ce+;~c~/e’)(A2—v4)’

We note herethat in eq. (9) theleadingorderterms — 2 15
for fluctuations in the numberdensityandthe par- a

3— Wc a1 /
allel velocity are of order �2, this is becausefor hel- where w1, is the electron plasma frequency and
icon waves fluctuations in the above mentioned c= (�‘ ~) — l/2 is the velocity of light in the piezo-
quantitiesdo notcontributeto the lineardispersion electricsemiconductor.
relation. We further note that for quantitieswhich It canbe seenthat eq. (13) resemblesthemodi-
havesubscripts±thelowestorder (i.e.order e) de- fled KdV and Benjamin—Bona—Mahoney(BBM)
terminesthe lineardispersionrelation for helicons. equation[10,111.TheBBM equationis considered
Furtherwe introducestretchedcoordinates: to be moreappropriatein describingthe nonlinear

~ (11) evolution of long wavelength waves, it is also re-— Z— — ferredto asthe regularizedlongwaveequation.Had

Here A is a velocity parameterwhich is determined thelastterm on the left handside beenmissingthe
later.We notethat this orderingis the sameas that equationcould probablyhavebeencalleda “mod-
used in ref. [7] for obtaining the modified KdV ified BBM equation”andit hasbeencheckedthata
equationfor Alfvén waves.We now substitutethe solution of the form A0sech~ fits the equation.
orderingschemegivenby expressions(9)—(11) in However,thepresenceof thelasttermaltersthissit-
thesetofequations(1)—(8) andcollecttermsin dif- uation andbelow we haveattemptedto write a sta-
ferentordersof �. In lowest order,i.e. in order�, we tionary one-solitonsolution of eq. (14). Following
obtainthe lineardispersionfor circularly polarized ref. [71wemoveto a frameof referencemovingwith
coupledhelicon-acousticwaves.We assumethat the the wave. This is done by changing variables:
first order fluctuating quantitiesa~1are propor- ~= — ~urwhere~uis thearbitraryvelocity with which
tional to exp(ik~)andobtain the expression thesolitarywave propagates.Substitutingthis in eq.

(PA
2Ce) [(A2c2)(A±w~/k) —CO~A/k] (14) wecanintegrateonce.Furtherweseparateinto

realandimaginarypartsby taking
=$222w~/e’k. (12)

v-~-=A(~)exp(±iØ).
In expression (12) A=w/k is the phasevelocity of .We finally obtain from the realandimaginaryparts
the coupledhelicon-acousticwave.

From terms of order �2 we obtain an expression d~A+ fl~A + fl
2A

3fl
3A

5= 0, (16)
relatingVZI andV±

1.We obtain A ~— A
2 ~l7

8CVZI =A/[2(22—v4)]ôçIvI2, (13) where

where IvI2=v~+v~. ~ —l’a
Finally in order�~we obtainthe equationfor the ‘~‘ — / I’

evolutionof the amplitude of the coupledhelicon- P2 = (PA2~~e)t0~ ({2/L[ (22 C2) (PA2Ce)

acousticwave.In obtainingthis equationthe com- — 22R2 1 ~.~22~v2~ —‘

patibility andsecularityconditionshavebeenused ~‘ / ~ TFi

[8—10].This equationhasthe form

a~v÷+a
1ô~v±+a2~IvIv+ +ia3ô~IvI

2v± y=2w~/p(A2—v4)

=0. (14) Inordertofindasolutiontoeqs.(16) and(17) we
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havetriedthe solutionof thegeneralizedKdV equa- a simplified onesincecollisionsbetweenthecarriers
lion [12] which is of the form andthe latticewere neglected.If, however,thesecol-

lisions are includedthenperhapsan externallyap-
A=Ao(Ao+coshK?1)~, (18)

plied electric field hasalso to be includedin thecal-
whereA0, A~, ic and n aredeterminedbelowafterput- culations— this would counterbalancethewaveform
tingeq.(18) into eq.(16). Wetaken= ~andcollect dampingout immediately (dueto collisions). The
termsin different ordersof cosh,c~andafter some inclusionof collisionsandthe externalelectric field
algebrawe obtain the following expressions, would ofcourseleadto theright handsideof eq.(14)

to be nonzero.This in turn would imply thatan ex-
[

2(PA2Ce +P2Ce/�’ )j 1/2 act (one-soliton)solution would not exist, and a
K= Aw~(22C2) (PA2— Ce) — 22fl2/�’ perturbativetechniquewould havetobeusedtogive

1/2
2 I2~t(A2—v4\ an approximatesolution.We hopeto reporton this

A
0= —l

(Op \, ~OA2— Ce ) investigationsoonelsewhere.

r 2w~(1+ fl

2~~e )]_1/4
XI 1+—
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