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DuringRFionosphericmodificationexperimentswhenapowerful radiowavefrom aEarth-
basedradio transmitter,operatingin the high frequency (HF) range,is injectedvertically into
the overheadoverdenseionosphericplasma,the level of ion acousticandLangmuirwavesis
strongly enhancednearthe RF reflectionpoint wherethe HF matchesthe local ionospheric
plasmafrequency. However, sometimesaweaker enhancementis observedat ahigheraltitude,
on the far sideof the ionosphericlayerwheretheRF frequency matchesthe local plasmafre-
quency. Theobservationswereascribed(Gangulyet al.,1983;Ishamet al.,1990)to a coupling
from the injectedO-modeto theZ-modewhich propagatesfrom the lower matchingheightto
the higheroneandthereis strongenoughto resonantlygenerateion acousticandLangmuir
waves.Wewould liketo pointout thattheremightbeanalternativeexplanationof thiswavere-
generationeffect. Thisexplanationis basedontheresultobtainedby Lisitchenko and Oraevskii
(1972)who demonstratedthe possibility of Langmuirwave regenerationon the far sideof a
rectangularfarsideof barriervia akineticplasmaeffectevenif thebarrieris denseenoughthat
regularbarrierwave tunnelingbetotally negligible. Carryingthis a few stepsfurther, Erokhin
and Moiseev (1983)pointedout thepossibilityof anelectricplasmawaveperturbation,imping-
ing uponan inhomogeneous,overdenseplasmabarrier. Thekinetic tunnellingeffect is dueto
the trappingof electronsinsidetheelectrostaticwell formedby thebarrierandcan,in a way,
beseento beakin to anechoeffect. Erokhin and Moiseev did, howevernot considera specific
shapeof the electrostaticpotentialassociatedwith the barrier, and,hence,did not determine
what electrostaticpotentials,or, alternatively, what plasmadensityprofile for which sucha
wave field regenerationwould bepossible.Let usconsideran inhomogeneousplasmabarrier
in theionosphereandassumethatits associatedbalancingelectrostaticpotentialis givenby���������	��

������� ���� �����������! #"$ &% (1)

where
��
'�)(+*-,/.10

and
�

is the characteristicspatialscaleof the inhomogeneity. The ions
areheavy enoughto be consideredto be immobile in this confiningpotential,andconstitute
a neutralizingbackgroundonly. If we arerestrictingourselvesto the one-dimensionalspatial
problemandneglectcollisions,we describetheelectrondistribution function 2 �3� �54�� 06� by the
1D Vlasov equation 7 27 098 4 7 27 � �):;=< 7 27 4 � � (2)

Here,
� : and ; arethechargeandmassof theelectron,respectively, and < is theelectricfield,

which in thegeneralcaseis a sumof theelectrostaticfield < 
>�?�A@B�DCE@F�
, theself-consistent

field <HG andtheexternalperturbationfield <>IKJML . Assumingtheexternalfield <>IKJML to beasmall
perturbation,we express2 as 2 � 2 
 8&N 2 , where 2 
 is the equilibrium electrondistribution
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function without the field <>IKJML and N 2 is a small perturbationof 2 
 dueto the externalfield.
Then,for anequilibriumstate,Eq.(2)takestheform4 7 2 
7 �O8 :; @B�@P� 7 2 
7 4 (3)

with the generalsolution 2 
Q�SRT�VUM�
, where

R
is an arbitrary function of its argument,

UQ�; 4 �W� : ���3��� .
Let theplasmain thevicinity of thepoint

�X� � becharacterizedby aMaxwell distribution
with constanttemperatureY anddensity Z . Then,takingEq.(3)into account,wehave2 
[�VUM�\� ,D
[�����] ^[_ 4a` : �Fbdce� 4 �^ 4 �`gf (4)

with ,D
a�3���\� Z : �Fbhce� : ��
Y � ���� � � � f ��4-` � � Y; (5)

Let <ji and k i betheamplitudeandfrequency of theexternalperturbation.As theelectricfield
of this externalperturbation,we choosethe model <>IKJML ��� � 06�H� <li N cnmo��� 8 � i � f (+*E. k i 0 . Here�p�	ql� i arethepointsof plasmaresonancedefinedby thecondition k i � kDr I �sql� i � , with k�r Itheplasmafrequency, and

m
is a factorthatcharacterizesthespatialscaleof theelectricfield in

thevicinity of theplasmaresonancepoints
qj� i . This choiceof externalperturbationmodels,

e.g. local plasmaoscillationsdriven in thevicinity of theplasmaresonancein thecaseof the
obliqueincidenceof anelectromagneticwavepolarizedin theplaneof incidence.

To first perturbativeorder, Eq.(2),takestheform7 N 27 0 8 4 7 N 27 � �t:; < 
 7 N 27 4 � : 4 � < IKJML 8 < G �\� @ 2 
@�U (6)

Sincewe areinterestedin layerpenetrationdueto thepreservationof thememoryof anexter-
nal perturbationof the form of ballistic oscillationsof the electrondistribution function (Van
Kampenmodes),theself-consistentfield maybeneglected.Fourier transformingin time, we
find thatin theballistic approximationthecharacteristicsof Eq.(6)give4 ��� � UM�\�vu ^; cwU 8 : ������� f � @ N 2yx@P� �{z k 4 N 2ax 8 : < IVJMLx @ 2 
@�U (7)

In the linear approximation,the electronsmoving in the negative andpositive directions
of the

�
axisareindependentof eachother. They aresuperimposedon eachotherbut do not

interactandwecanconsidertheperturbationsseparately. Theresponseof theelectrostaticfield
to a distribution functionperturbationis obtainedfrom theequation7 N <7 0 �|�~} _ N�� � N�� ��� � 06���|� :����� � 4 N 2 �3� �54�� 06��@ 4 (8)

Here N+� is the currentdensity. We find the linear perturbationsN 2 � and N 2D� of the distri-
bution function which correspondsto the electronsmoving with negative andpositive veloc-
ities, respectively, from Eq.(8). Introducingtheseexpressionsinto equationfor currentden-
sity (8), taking into accountthe fact that external field modulatesonly electronswith ener-
gies

U9��U r�� � : ���sq�� i � , andtaking the inverseFourier transform,we canobtainthe linear
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responseof the electrostaticfield to the external perturbationat the plasmaresonancepoint����� i asN < ��� i � 06�\�O�Qz ^[_ : � <li; Y m k i : ��� xP� L � ��e� 2 
-�KUM�/� : � � xP�V�y� � ^ : � � x��V�+� 8 : � � xP�V��� ��@�U 8 (-��(-� (9)

with� i �KUM�\� � J��
 @F�4 ��� � UM��8 � J��J � @F�4 ��� � UM� �
� � �KUM�\� � J��
 @F�4 ��� � UM� �

��� �KUM�\� � J �
 @F�4 ��� � UM� (10)

where
ql���[�KUM�

aretheturningpoints,definedasthepointswheretheelectronwith total energyU
hasavanishingkineticenergy,

UW�O� : ���sq������ .
To calculatetheintegralsin Eq.(9)weusethestationaryphasemethod.Thestationaryphase

point,
U�� U i , in the first term in Eq.(9) is calculatedfrom the condition

� � i � � wherethe
primedenotesa derivativewith respectto theargument.Fromtheanalysisof this equationfor
thestationaryphasepoint we concludethatthefirst termin theRHSof Eq.(9)hasa stationary
phasepoint only for profiles(1) with "t¡ �P�

The correspondingelectricfield excited at the
right.handplasmaresonancepoint hastheformN < �3� i � 06�9� } _ �£¢ � : � <ji; Y m k

�£¢ �i 2 
-�KU i �¤ � � �i �KU i � ¤ i
¢ � (�*�.�c k i 0¥� ^ k i � i �KU i ��� _ } f � "�¡ �

(11)

It follows from theanalysisof thesecondterm in theRHSof Eq.(9)that thederivative of the
function

� � doesnot vanishfor any valueof
U

if "�¦� �
. In the particularcase" � �

, the
function

� � is aconstantandtheintegral is easyto calculate.TheresultisN < ��� i � 06�9� § _ : � <li; m k i 2 
[�KU r ��.azK,�� k i 0¥� ^ k i � � � � � � � _ �^ u ;^ : ��
 �¨(�*-,/.10 �?" �©�
(12)

The stationaryphasepoint for the third term in the RHS of Eq.(9) is definedthroughthe
condition

� � � �VU � �ª� � , andthe electricfield excited at the right-handplasmaresonancepoint
for profiles(1) with "� �

hastheformN < �3� i � 06�9� } _ �£¢ � : � <ji; Y m k
�£¢ �i 2 
-�KU � �¤ � � �i �KU � � ¤ i

¢ � .yzs,«c k i 0¥� ^ k i ��� �VU � � 8|¬ _} f � "� �
(13)

From the point of view of wave penetrationof plasmalayers,it is importantto know the
coefficient of regenerationfor a wave or external perturbationon the far side of an opaque
region. We restrict ourselves from now on to a considerationof an amplituderegeneration
coefficient ­ � " � , definedasthe ratio betweenthe regeneratedfield amplitudeandthe initial
field amplitude. First of all, let us find the amplituderegenerationcoefficient for the caseof
a purely parabolicpotential

� " � �-�
. Insertingexpressionfor the equilibrium distribution

functioninto Eq.(11),weobtain­ � " �t®o� � ¤ NP¯ �V°�± �y² � ¤¯ ± � u ³_ k ±´[µP¶ (14)

It shouldbe rememberedthat
m � i is the spatialscaleof theelectricfield amplitudein the

vicinity of theplasmaresonancepoint. This scaleis determinedby theeffective electroncol-
lision frequency or the resonanceexcitation of plasmawaves. From the conditionof validity
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of the perturbative approach,we find that
� k i CPm 4a` �  �

. Thus, the amplituderegeneration
coefficient (14) maybeof orderof unity or less.This is understandablein view of thefactthat
in theparticularcaseof a parabolicpotential,theelectronswill movealongelliptic trajectories
in thephaseplane.As aconsequence,all electronsthatextractenergy from theexternalpertur-
bationat the left-handplasmaresonancepoint, arrive simultaneouslyat the right-handplasma
resonancepoint andthereirradiatetheir energy coherentlyin the form of a similar perturba-
tion. It worthwhileto notethatwe carryout our studyof thepenetrationof aninhomogeneous
plasmalayerin theballistic approximation.Hence,theexpressionsobtainedmaybeusedonly
for obtaininga ratherroughestimateof the regenerationcoefficient. In orderto calculatethis
coefficient morecorrectly, onehasto takeboththeself-consistentelectricfield andanelectron
collision termin Eq.(2)into account.

For this reason,in the caseof potentialprofileswith " ¦� �
, we considerthe amplitude

regenerationcoefficient normalizedto ­ � " � ®o�
. In other words, this normalizedcoeffi-

cient,which we call · , equalstheratio betweenthefield amplitudes(11) or (13) andthefield
amplitude(12). Thus,weobtain

· � � ­ � "�¦� ®o�­ � " �t®o� � ] ^ " _ 4a`� i k i � U � 8 : ��
Y � i ¢ � � U � �¸U rY � �£¢s¹ : �Fbd� � U � �¸U rY �
(15)

where
zº�©�

for "¸¡ �
and

z¥� ¬ for "� �
.

Froma qualitativeanalysisof Eq.(15)it follows thattheamplituderegenerationcoefficient­ � " � for layerswith "&¦� �
is smallerthanthecoefficient for a paraboliclayer, Eq.(14),when

thestationaryphasepoints
U i and

U �
lie in thehighenergy region, i.e.,when

U � �¸U r ¡�¡ Y . If
thestationaryphasepoint

U � liesnear
U r , i.e. if

U � ��U r¼»¨Y , then · � mayhaveavalueof order
of unity.

In conclusion,theeffectof a linearkineticwaveregenerationonthefarsideof anoverdense
plasmainhomogeneitywasinvestigatedfor aclassof plasmaprofilesdescribedby electrostatic
potentialsof the form (1). The externalperturbationwaschosenso asto modela peakof an
electrostaticfield which appearsin the vicinity of the plasmaresonancepoint for the caseof
anobliqueincidenceof anelectromagneticwave, polarizedin theplaneof incidence,uponan
overdenseplasmalayer. Expressionsfor the electric field regeneratedon the far sideof the
plasmalayer at a symmetricpoint of plasmaresonancewasobtained.For the caseof a con-
fining potentialwith parabolicshape," � �

, we wereableto confirm the conclusion,made
by Erokhin and Moiseev (1983), that a phasefocusingconditionssatisfiedonly for electrons
reflectedonceat theturningpoint. Wedemonstratedthatfor layersconfinedby anelectrostatic
potentialof non-parabolicshape,"&¦� �

, thephasefocusingconditionis satisfiedeitherduring
thedirectpassingof theelectronsbetweentheplasmaresonancepoints,or aftertwo reflections
of the electronsby the walls of the potentialwell. Estimatesof the amplituderegeneration
coefficients ­ � " � and its dependenceon the shapeparameter" wasmade. In the caseof a
parabolicconfiningpotential,­ � " � maybeof orderunity. As for thetransmissionthroughthe
plasmalayer, onemusttake into accountthelineartransformationratiobetweentransverseand
longitudinalwaves. It follows from theanalysisthattheratio · � mayrangein magnitudefrom
beingexponentiallysmallto theorderof unity. Consequently, thelinearkineticregenerationef-
fectexistsformally for any valueof theparameter" whichdefinestheshapeof theelectrostatic
potentialwell, but theregenerationcoefficient mayvary betweenbeingexponentiallysmall to
beof theorderof unity, dependingon " .


