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- B macrogmeM COOGIIEHMM paccMarprBaeTca He/muefimoe
NPOXOXASHHEe MOUIHORX IaPMOHNYECKOM 3IeKTPOMArRATHOR BOMHEI
yepea C/IOX HEOOHOPOAHOY NAa3Mbl, IVIOTHOCThL XOTOPOA B HEBOI-
MymennoMm coctosEmz Ny (X) sBnsercs mnaeuoi (B macmrabe Ba-
KyyMHOH HMHBI BOJHEI £/& ) by=n # nonepexHON XOOPAEHATHI

X ©u B IIAPOKOM HETeppaie Ax>> NPeBLINAeT KPUTHYSC—
xoe snavemme N.= Z=32 .

OrpainvsBUCh 3[AeCh CIyYaeéM HOPMAILHOr'O NAaNeHHAN (ner-

KO odo0maeMoro Ha HAK/IOHHOE MM BOMH G SVGKTPHYECKWM IO~
neME 4 YN, ) m paccMmaTpERag numsNeXTPEYECKYIO NpOHENAE—
MocTs mnasmu € = {- N/N. xax noxamsuyo dysxmmo ammmty-
mot monst E=J(%,|E(x)* ) , EomkpeTHEt BEA XOTOpPOH Ompe—
[enaeTed MeXaHN3MOM He/MEe#HOCTH, 3aIMileM YDPaBHEHHe ANd
aMIVIHTYAB B BHOO ’

2
%*“28(*,-!51’)&:3 (k=2 .- (1)

Bragane nocrtporM peieHne 1) B NpHOIAXEHHHA IreOMeTpH-
YecKOll ONTHKH (BKB-npuG:mmexme . Iojaraa scioay B mwiasme

-1
BumomHenpLME yciosga € >0 , & << K , EMeeM
E=E°E°' “oxp (- ¥k L V& dx ) ai, roe B, - ammmryna
napaomefi BOIHBI B Baxyyme. Torna o safaHHOro BHAA HEMH—
mefimoctn &€ = J(x, |E 12 ) nomywaeM TPAHCUGHASHTHO® YpABHENHE,
onpenesomee PACI[~Ie/IeHHe NONS ¥ JJPOHANAGMOCTH ;
[El=E 4" “(=:, |EV ) wm £=J(x, % ) . Hampumep, npz
e=g ralE R (Bo=1—MNe) &
=& (X)) + .
E=¢& (&) ' (2)

Ornpeneniiemast sTEM CooTHOWmenneM oapucmMocTs € (€,) Heon~
Hosnawa (cM. puc.1) W MMeeT HENpepPLIBHYIO HOMONKXIeABHYIO
BeTBb, HA KOTOPOH MIasma SBNAETCS NPOSPAYHON name HpuE~-o?
Tlpr sToM & = o E° / €, ,(X) u ycroBHe NpEMEIHMOCTH I'€UMETPH =




YeCKOR ONTHEW BHINONHEHO, €CIH 0(£ >> = ‘ d&o . Taxmm 06~
pasoM, NpH COGMONeHHH nocnennero x-xepaxaenc'ma, 'r.e. ayd [moc—
TaTOwHO mwiapHOK ¢yHEmEA &,(X) H me CIMMEOM MANBIX aMILHE—
TyA nmapjamomel BONMHB], CYMECTBYIOT CTALHOHADHBIE DELIGHHS, B
KOTOPHIX KOHIEHTpandd masMbl, CKOJIL Obl OH& HA 6bUia Be/H -
XA B HeBOSMYMIERHOM COCTOSIHNH, YASPXWBAETCH IO/IEM BOJHLI
HA YpPOBHe, He NpeBHUIAOMEeM XpHTHueckoro. Hyxuo, xonewno,
EMETh B BHAY, YTO AJIS CO3AQHHS TaKWX CH/ILHO BOSMYMMEHHLIX
cranmonapabx cocrosEmi (TeK Xe XaK W [N PaCCMOTPEHHEBIX
B [1] ) TpebywoTcs amMwmTynH mazAmel BOTHE I'OPASHO GOMb~
mue, 4eM Ang HX noaaepxanusd, KpoMe Toro, saMeTHM, 4YTO Ta~
KOI'C THOA pelleHMS BeChMA KPHTHYHHI IO OTHOWEHMIO K HOTeDPSM
SHRPrEA B n1asMme, ‘Ilpy mo6OM KOHEYHOM SHAYEHHH YACTOTHI
cronkropenu#t ¥ # 0, TAK Xe Kak R CAy4ae NOJYHPOCTPAHCTBA
C pearofl rpamuneft [2] , BoEa MOXeT IPOHHEKHYTH B IAA3My
JMmb HA EKOHEYHOe pACCTOSHHe;

Hapaay ¢ paccMoTpeHHBIM reome'rpoonmqecmm’ PEIKH ~
MOM pPACHPOCTDAHEHHS B HEOAHOPOOHLIX CIOGX BO3MOMHBI TaK-
He DeXEMEI C CHABHLIM OTPaXEeHHEM BOMHE! ( THNR H3y4EHHEIX
‘B (8] ) Ina onpenenenug BCelt COBOKYNHOCTH BO3MOMHBIX pe-
MeHu# B IISBHOM H3OMHPOBAHHOM CJI0@ GBHUIO IPEANPHHATO WTHC~
JleAEOe HHTerpHpOBAHAS YpPABHEHAS (1) n[jig oo ¢ napaGoma ~-
QeCEKAM (ueaoamymemm npodnmeM KOHIEHTPAINA IPA CTPHE~
Imonnoﬁ xezmaennocm

- %U- a? ) EXPK x=<0 i l’mw(re »)(3)
1 =0

&a

PeaynsTaTsl BEIYHCHEHHA IpeACTABJISHHEl NS 3HAYGHHA na-
pamerpoB  { = 1,5; K& = 50 ma puc.2 B BEAe rpaduxa za—
BHCEMOCTH EOS((HII HeHTA IPOXOKARHAS BOJHBI T (no mommoc—
TH) OT KBagpaTa OTHOmMeHEmE aMIMTYAM nanaome# sommer B,

K KpatuyecxoMy momo B¢ . Kak BmawM, npencTaBieHHas 3aBuU—
CEMOCTEL HBIgeTCH HeOAHO3NauHOl, Eeé HEXHAAG BETBb COOTBETCT=
EyeT COCTOSHHEM, HCCilefoBaEHbM B [8] nna 6eckoHewHoro m—
HOHHOroO Cnos; 34eCh AMEeT MeCTO NOUTH IIOMHOe OTPAXeHHe H

c pocrom E, Touxa oTpaxemua cMemaerca Bray6b cinos, Kore
NA TOYKA OTpAXeHHS JOCTEraeT Mmaxcmmyma cmog ( X =0),
UpPOECXONAT NEPecKOK C HmxHel sermz ma mepxmoio (¢ T = 1),
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COOTBETCTBYIOMYIO PAGCMOTDRHHOMY BHIIE DEXAMY I'€OMETpO-—
ONTHYECKOTO IpoXOXnenrs, KpoMe oTux HByX KpafiHRX BeThef,
HMEeTCH HeCKONBLEO NPOCMEXYTOYHHIX "POSOHAHCHLIX" BeTBel, B
Kpafiumx Toukax KoTopex T = 1 (BBEAy wpesprmafino BLICO—
KEX Tpe6opamEmii K TOYHOCTE MANMEHOrO CYETA HA STHX BOT=—
PEX, OHM GLUIE DACCHHTAHE! He IOJHOCTHI0). IIpoMexyTouHEe
BETEH COOTBETCTBYIOT PACCMOTPeHHBIM B [4] pesomarcam, Boa-
HEKAIOMMM OpX ONPeAC/IOHHOM 34KOHE HePeNOBAHHI B ClI0e OG-
nacTefi C MONONATENLHEIM M oTpruarensaenM € . Ilpam KQs>1
STH De3OHAHCH HMEIOT OYEHEL BBHICOKYO PAJHANKORHYI AOGPOT-
HOCTb K NpPH HAMHYHH YXe BOChMA MAJLX IOTeph B IIasMe
JOIDKHEY CHJIbHO XOA&BJIRTLCH, )
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TRANSMISSION OF A POWER ELECTROMAGNETIC WAVE
THROUGH AN INHOMOGENEOUS PLASMA LAYER

V.B.Gil'denburg
Radiophysical Research Institute,Gorkii,U.S.S.R.

The paper deals with the nonlinear transmission of -
a power harmonic electromaguetic wave through an inhomo-
geneous plasma layer whose density in an undisturbed
state N,(x) 4is a smooth function ( in the scale ot a
vacuum wavelength /W ) of a transverse coordinate

X and in a wide interval Ax ==~ C/W it exce-

eds the critical value Nc- mwz/ 4xe? . R

Confining ourselves to the case of normal incidence
(easily generalized on the oblique ome for the waves
with an electric field ELVN, ) and considering the
plasma permittivity & = i - '3“‘ _as the local funce
tion of the field amplitude &~ §(x, |E (x)1°)
whose concrete form is determined by the nonlinear mecha-

nism we write an equation for the amplitude in the form:

2 .»
d S vk (x, [E)P)E=0 (“‘“cq) (D



Let us construct first the solution of (I) in the
approximation of geometric optics (WKB approximation).

~1
If the conditions €= 0, Ed?t £ /2

1

<= K are
fulfiled all through the plasma we have

e goé"/l'exP(“"kr’]gdx) , where £ 1s the umpli-
tude of an incideht wave in vacuum, Then, for the gi-
ven type of nonlinearity &= (%, IE lz) one
obtains the transcendental equation determin the
field and permittivity distributions: !E l=E°¥—’ "(x, lElz)
or & = 4 (x, E’:/\EE,~ ) . For example,if é*é,(x%dlﬁlz

(60‘1_N°/Nc)’ 0(52

[J

E-goX)r (2)
The dependence &L&o) determined by this relation is

not single-valued (see Figure I) und has the continuous
positive branch at which the plasma is transparent even
when £ —— ~ == . In this case é=0(25:/éf (x)

and the applicebility condition of geometrical optics is
ful.iled if & Ei» —:—(—

inequality, ‘.e. for a sufficiently smooth functiong,(x)

[4
—a‘f‘. Thus, keeping the latter

and not much too low amplitudes of an incident wave, the
stationary solutions exist in which the plasma concent-
ration,whatever it is large in the nonperturbated state,
is kept by the wave field on the level mnot exceeding
the critical ons., It is of course necessary to have in
nind that to create such strong perturbated stationary
states ( apparently it concerns some results of [I] ),
the amplitudes of the incident wave are %o be much larger

than those to conserve them. Besides it 1s necessary
~-10—



to note that the solutions of such a type are raphef
critical relative to the energy losses in plasma. At
eny finite value of frequency collisions ¥#0 ,as in
the case of half-space with sharp boundarypl, the wave
may penetrate into the plasma on the finite dlstance
only.

Along with the WKB propagation regime considered
in nonuniform layers the regimes with strong wave ref-
lection may also occur ( as in [3] ). To.determine all
the set of possible solutions in a smoothly isolated
la yer the numerical integration of equation [I] is
made for the layer with a parabolic (nonperturbated) pro-

file of concentration at the strictional nonlinearity:

1- (1—5:)9)(9'- -‘Erlz) 2= G
&~ ¢ o k Ee ’ 2 4"1(.02 (3)
{ , x>0 Ef——e_f(Te*Ti)

The results of calculation are given for the parame-
ter values q =I,5; ka =50 in the Figure 2 as the
graph of wave trensmission coefficient T ( over the
power) versus the square of ratios of the incident wave
amplitude E, to the critical field E. . As is seen,
this dependence 1s ambiguous. Its low branch corresponds
to the states investigated in [3] for the infinite li-
near layerj here takes place nearly full reflection and
with the increase of E, the reflection point is
shifted deep into the layer. When the reflection point
achieves the maximum of the layer ( X=(0 ), the Jjump
from the low branch to the upper branch ( with T« 1

-



occurs corresponding to the above-considered regime.of

the geometrical optic transmission. Besides tl'zese two
extreme ﬁranches, there are some intermediate "resonance"
branches, in the extreme points of which T = 4 ( due. 4
to the extreordinary high requiments to'the p'recision, of
machine counting oix these brénchea, they have be'eﬁ calcu-'»
lated incompletely). The intermediate braaches correspond
to the resonances considered in [4] , arising at the
defiﬁite alternation law in the layer of regions with
positive’and negative & . At ka--1 these resonances
have very high radiation Q-factor and in the presence
of rather small losses in plasma they must be suppressed. .
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