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During RFionospherianodificationexperimentsvhenapowerful radiowave from a Earth-
basedradio transmittejoperatingin the high frequeny (HF) range,is injectedvertically into
the overheadoverdensaonosphericplasma,the level of ion acousticand Langmuirwavesis
strongly enhancechearthe RF reflectionpoint wherethe HF matchesthe local ionospheric
plasmafrequenyg. However, sometimes wealker enhancemens obsenedat a higheraltitude,
on thefar sideof theionospheridayerwherethe RF frequeng matcheghe local plasmafre-
gueng. Theobsenationswereascribed Gangulyetal.,1983;Ishametal.,1990)to a coupling
from the injectedO-modeto the Z-modewhich propagatesrom the lower matchingheightto
the higherone andthereis strongenoughto resonantlygeneratdon acousticand Langmuir
waves.We would lik eto pointoutthattheremight beanalternatve explanationof thiswave re-
generatioreffect. This explanationis basedn theresultobtainedoy Lisitchenko and Oraevskii
(1972) who demonstratedhe possibility of Langmuir wave regeneratioron the far side of a
rectangulafar sideof barriervia akinetic plasmaeffectevenif the barrieris denseenoughthat
regular barrierwave tunnelingbe totally negligible. Carryingthis a few stepsfurther, Erokhin
and Moiseev (1983)pointedoutthe possibilityof anelectricplasmawvave perturbationjmping-
ing uponaninhomogeneouverdenseglasmabarrier Thekinetic tunnellingeffectis dueto
the trappingof electrongansidethe electrostatiovell formedby the barrierandcan,in away;,
be seento be akinto anechoeffect. Erokhin and Moiseev did, however not considera specific
shapeof the electrostatiqpotentialassociatedvith the barrier and, hence,did not determine
what electrostatigpotentials,or, alternatvely, what plasmadensity profile for which sucha
wave field regenerationwould be possible.Let us consideran inhomogeneouplasmabarrier
in theionospherandassumehatits associatedalancingelectrostatigotentialis givenby
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whereg, = const and L is the characteristicspatialscaleof the inhomogeneity The ions
are heary enoughto be consideredo be immobile in this confining potential,and constitute
a neutralizingbackgroundnly. If we arerestrictingoursehesto the one-dimensionagpatial
problemandneglectcollisions,we describethe electrondistribution function f(x, v, t) by the
1D Vlasov equation

of of e _Of
. _< _ _E'_ —
ot + Uax m  Ov
Here,—e andm arethechageandmassof theelectronrespectiely, and £ is theelectricfield,
which in the generalcaseis a sumof the electrostatidield £y, = —d¢/dz, the self-consistent
field £ andtheexternalperturbatiorfield £¢**. Assumingthe externalfield £¢** to beasmall

perturbationwe expressf as f = f, + 0 f, where f; is the equilibrium electrondistribution
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function without the field E¢** andd f is a small perturbationof f, dueto the externalfield.
Then,for anequilibriumstate Eq.(2)takestheform
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with the generalsolution f, = F'(¢), where F' is an arbitrary function of its amgument,e =
mv? — ed(x).
Let theplasmain thevicinity of thepointz = 0 becharacterizedy a Maxwell distribution
with constantemperaturd’ anddensityN. Then,taking Eq.(3)into accountwe have

o(0) = T2 capl— ] @
with
no(a) = Neapl~ 22T, vr? = _ ®

Let F; andw; betheamplitudeandfrequeng of the externalperturbation As the electricfield
of this externalperturbationwe choosethe model E¢*(z, ) = E16[k(x + x1)]coswit. Here
x = £z, arethepointsof plasmaresonancelefinedby the conditionw; = wy.(£z1), with w,
theplasmafrequeng, andk is afactorthatcharacterizethe spatialscaleof the electricfield in
thevicinity of the plasmaresonancgoints+x;. This choiceof externalperturbatiormodels,
e.g. local plasmaoscillationsdrivenin the vicinity of the plasmaresonancen the caseof the
obliqueincidenceof anelectromagnetigvave polarizedin the planeof incidence.
To first perturbatve order Eq.(2),takestheform
0 0 e 4] d
% + v% — REO% =ev(E“"+ E®) = £ (6)
Sincewe areinterestedn layer penetratiordueto the preseration of the memoryof anexter-
nal perturbationof the form of ballistic oscillationsof the electrondistribution function (Van
Kampenmodes),the self-consistentield may be neglected. Fouriertransformingin time, we
find thatin theballistic approximatiorthe characteristicef Eq.(6)give

v(z,€) = %[e + ed(z)], df{i:w - i%(wa + eEff"t% @

In the linear approximation the electronsmoving in the negative and positive directions
of the x axisareindependenobf eachother They are superimposen eachotherbut do not
interactandwe canconsidetthe perturbationseparatelyTheresponsef theelectrostatidield
to adistribution functionperturbations obtainedirom theequation

E?g_tE = —4ndj, dj(z,t) = —e/ vo f(z,v,t) dv (8)
Hered; is the currentdensity We find the linear perturbations) f~ and 6 f* of the distri-
bution function which correspondgo the electronsmoving with negative and positive veloc-
ities, respectrely, from Eq.(8). Introducingtheseexpressionsgnto equationfor currentden-
sity (8), taking into accountthe fact that external field modulatesonly electronswith ener
giese > ¢, = —ed(+ 1), andtaking the inverseFourier transform,we canobtainthe linear
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responseof the electrostaticfield to the external perturbationat the plasmaresonancepoint
T = X1 aS
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with

where+z, (¢) aretheturning points,definedasthe pointswherethe electronwith total enegy

¢ hasavanishingkineticenegy, e = — e¢(+ ;).
To calculateheintegralsin Eq.(9)we usethestationaryphasanethod.Thestationaryphase
point,e = ¢, in thefirst termin Eq.(9)is calculatedfrom the conditionh! = 0 wherethe

prime denotesa derivative with respecto the agument.Fromthe analysisof this equationfor

the stationaryphasepoint we concludethatthefirst termin the RHS of Eq.(9) hasa stationary
phasepoint only for profiles (1) with « > 1. The correspondinglectricfield excited at the
right.nandplasmaresonancg@oint hastheform
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cos[wit — 2wihy(€r) — Z], a > 1 (11)

It follows from the analysisof the secondermin the RHS of Eq.(9)thatthe deriative of the
function h, doesnot vanishfor ary valueof € if « # 1. In the particularcasea = 1, the
function h, is aconstaneandtheintegral is easyto calculate Theresultis
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= const, a =1 (12)
mkw;

The stationaryphasepoint for the third termin the RHS of Eq.(9) is definedthroughthe
conditionhj(es) = 0, andthe electricfield excited at the right-handplasmaresonanceoint
for profiles(1) with o« < 1 hastheform
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5E($1,t) = 4

From the point of view of wave penetratiorof plasmalayers,it is importantto know the
coeficient of regenerationfor a wave or external perturbationon the far side of an opaque
region. We restrictoursehes from now on to a consideratiorof an amplituderegeneration
coeficient K («), definedasthe ratio betweenthe regeneratedield amplitudeandthe initial
field amplitude. First of all, let us find the amplituderegeneratiorcoeficient for the caseof

a purely parabolicpotential (@« = 1). Insertingexpressionfor the equilibrium distribution
functioninto Eq.(11),we obtain

K(a - 1) E1 ™ k’UT

It shouldbe rememberedhat %! is the spatialscaleof the electricfield amplitudein the
vicinity of the plasmaresonancegoint. This scaleis determinedoy the effective electroncol-
lision frequeny or the resonancexcitation of plasmawaves. From the condition of validity
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of the perturbatve approachwe find that (w;/kvr) < 1. Thus,the amplituderegeneration
coeficient (14) maybe of orderof unity or less. Thisis understandable view of the factthat
in the particularcaseof a parabolicpotential,the electronswill move alongelliptic trajectories
in thephaseplane.As aconsequencall electronghatextractenegy from the externalpertur
bationat the left-handplasmaresonancgoint, arrive simultaneoushat the right-handplasma
resonanceoint andthereirradiatetheir enegy coherentlyin the form of a similar perturba-
tion. It worthwhileto notethatwe carry out our studyof the penetratiorof aninhomogeneous
plasmaayerin theballistic approximation Hence the expression®btainedmaybe usedonly
for obtaininga ratherrough estimateof the regeneratiorcoeficient. In orderto calculatethis
coeficient morecorrectly onehasto take boththe self-consistenelectricfield andanelectron
collisiontermin Eq.(2)into account.

For this reason,in the caseof potentialprofileswith o # 1, we considerthe amplitude
regenerationcoeficient normalizedto K(« = 1). In otherwords, this normalizedcoefi-
cient,which we call 3, equalsthe ratio betweerthe field amplitudeg11) or (13) andthefield
amplitude(12). Thus,we obtain

_ K(a# 1) [V2amvr €+ egq € — € € — €
Bi = m = T, ( T )2( T ) exp(— T ) (15)

wherei = 1fora > 1landi = 3fora < 1.

Froma qualitative analysisof Eq.(15)it follows thatthe amplituderegeneratiorcoeficient
K () for layerswith a: # 1 is smallerthanthe coeficientfor a paraboliclayer, Eq.(14),when
the stationaryphasepointse; ande;s lie in thehighenegy region,i.e.,whene; — ¢, >> T. If
the stationaryphasepointe; liesneare,, i.e.if ¢, — ¢, ~ T, thenj; mayhave avalueof order
of unity.

In conclusiontheeffectof alinearkineticwave regeneratioronthefar sideof anoverdense
plasmainhomogeneitywasinvestigatedor a classof plasmaprofilesdescribedy electrostatic
potentialsof the form (1). The externalperturbationwaschosenso asto modela peakof an
electrostatidield which appearsn the vicinity of the plasmaresonanceoint for the caseof
anobliqueincidenceof anelectromagnetievave, polarizedin the planeof incidence uponan
overdenseplasmalayer Expressiondor the electricfield regeneratedn the far side of the
plasmalayer at a symmetricpoint of plasmaresonancevas obtained. For the caseof a con-
fining potentialwith parabolicshape = 1, we wereableto confirm the conclusion,made
by Erokhin and Moiseev (1983), that a phasefocusingconditionssatisfiedonly for electrons
reflectedonceat theturningpoint. We demonstratethatfor layersconfinedby anelectrostatic
potentialof non-parabolicshapen # 1, the phasefocusingconditionis satisfiedeitherduring
thedirectpassingf the electrondbetweerthe plasmaresonancgoints,or aftertwo reflections
of the electronsby the walls of the potentialwell. Estimatesof the amplituderegeneration
coeficients K () andits dependencen the shapeparametery was made. In the caseof a
parabolicconfiningpotential K («) may be of orderunity. As for the transmissiorthroughthe
plasmaayer, onemusttake into accounthelineartransformatiorratio betweertrans\erseand
longitudinalwaves. It follows from the analysisthattheratio 8; mayrangein magnitudefrom
beingexponentiallysmallto theorderof unity. Consequentlythelinearkinetic regeneratioref-
fectexistsformally for any valueof the parametetr which definesghe shapeof theelectrostatic
potentialwell, but the regeneratiorcoeficient may vary betweerbeingexponentiallysmall to
be of the orderof unity, dependingn «.
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