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лветвшт 
Using the K B method a local dispersion equation of 

a right ЬааЗ eireularl7 polarised aare and an expression 
for ita eleotrie field are derived, tbo were haying the 
frequency —alia» than tha eloetron cyclotron frequency 
and propagating In a hot inhomogeneous plana. Iha density 
gradient of a plasma is oonatant and parallal to an external 
magostoctatio field. farther the reflection coefficient of 
this «are is derived. 
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1. И П К Ш С Х К Ж 

Heoently а considerable Interest ааа в«ак «arete* to 
the propagation of wavee in an inbonogoiooua plasma, especi
ally la connection with ita instabilitiaa. la [l]and \г~\ 
a aathod haa bean developed to investigate tea propagation of 
eleotromagnetio waves la a inhoaogenooua hot magaetoaotive 
plasma in tha W D approximation. H. S. Haieb. [ Д studied the 
propagation of the oireularly polaxised electromagnetic ware 
in sush a plasma «hen the elaotroatatio field parallel to the 
magnetoatatio field la present, la we show, soae of his oon-
elealone are not eorroet. 

In this paper the propagation of the right-Jiaad circularly 
polarised eleetromagnetle wave In a hot magnetoaetlve plasaa 
la investigated. The plasma tnhomogenelty la simulated by the 
homogeneous gravitational field parallel to the external 
magaetoetatlc field, lne rigth-hand ware propagates in two 
frequency banda, namely for ft)< £ 0 & ( 00^ У 0 is 
the electron oyclotron frequency) and for CO > Cue. /i + 

+(lu£/L. +• A3u*)«i I0t 1» tha electron plasma frequency). 

Ihe plasma temperature affects the propagation moat strongly 

within the first frequency band and particularly In the viol-

nity of CO^ , wnara the phase Telocity of the ware Is much 

••«liar taan the Telocity of light e. Within this frequency 

region the laflaanee of the ion morjment on the propagation 

of the ware i* negligible. In the hot not too danae plasma, 

« е Ш я Ю в а «em be **»£e«*ed and «he ware propagation can be 
•atiMBia by tarn tlnearta^l flaaor eoottlon for electrons 

tsawlaeii wHtttas ШШШ ЩШЧМш. Aštnmtag the wavelength 
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to be Mooh smaller than the ebaraoterietic length of the 
lnhomogeneity, we aolve this set of equations using the WEB 
method. We obtain the dispersion equation for the wave, the 
expression for the eleotrie field and in the second order of 
the K B approximation the reflection coefficient of the ware 
propagating from vacuum into plasma. 

2. BASIC SQtUIZOBB AHD XKEEB 1KB SOLUTION 
We shall first derive an integro-differential equation 

for the eleotrlo field of the righWiand polarized wave pro
pagating in an Izthomogeneous plasma. She z-axis will be chosen 
in the direction of the external homogeneous magnetostatic 
field П -(0 OiHjm A gravitational force which models the 
iahomogenelty is of the form £J 2(^0, ^ J . In what follows 

p* confine ourselves to the investigation of a stable plasma 

so that the stationary distribution function of electrons <f„ 

can be assumed to be Maxwell - Boltzmann, 

where /fbytťj is the local density given by the barometric 
formula, Av 

4£, and ^ are ooaponente of eleotron velocity parallel 

and perpeLdloular to the magnetostatlo field respectively, 

^ is the mean thermal velocity of *Uetrons, ̂ " > * - W . 

As long ,i* the «mpUtnde of the elestrio field of the wmv» 

remains sufficiently small, th* dlstribut^a faneclon fp» 
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electrons м а be expressed «в the evm of the stationary 
distribution Amotion. ,/L and tb* peztnxbation * . She 
perturbation * la governed by the linearised Vlasov equation 

Here A , end A*ťare the charge and шавв of tne eleotron 
respectively, А)&* [0, 0/ Я J) , ®с is the eleotron 
oyolotron frequency (jůc У" й\ • £i (*$"0 ie tne eleo-

trio field of the «are. We can asstne a time dependence of 

all quantities to be of the for* JUik, Then, froa 

the laxeell equations the following equation for the field 

£ О i» obtained 

Che electric field of the propagating ware can be divided 
into a right-hand and a left-band polarised component 

Iq. (1) ie solved by using the method of charaoterietios and 

equation for the еатв С is obtained 
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tu(S) ia the efaaraeteriatiea of aq. U ) , A ' C O ->t» -/V£,f+ 

+ rCt-(lh • *•» *»• ***•* aboaa wavelength ia aaall ооава-
ring with the ehaxaoterletio length of the iohoaogeneity, 
eq. G ) oea be ао1те& by using the 1KB aethod developed for 
thia type of integrodiffertwi.tlal equation* by M.H. Boaenblnta 
and othara [*1̂  > (Šil . She eleotrla field aan than be written 
in the tot* 

where the oaplitude L> and -the wave waetor JU vary alowly 

along the wavelength ao that 

By Introducing azpreaalon (4) late aq. (3) the dlaparaton 

aquation for the local were vector JL (Au) ia obtained in 

the leweet order of the 1KB approodaation 

$•$> ww-4 .̂f*V)" 
• « • - * 
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Iq. (5) i* *»li* vada* tha mMBm#U»aZm{(lů-UtjJl*L )>Ď . 
We obtain tha following expression for tha amplituda of the 
•*"» С С*>) in tha next order of the KB approximation 

С * A Cat It. Li*)) 
where Д la an arbitrary constant. The solution of the 
dispersion equation oan easily be found In tha region of 
small damping (/(й)Ч£к)Дг^/^^ 4К.й}с) . «hare tha 
тесте vector has a small imaginary part, i.e. Щ, * Л,, + %Л^ 
ani I 4,. I » X ^ • Vor the real and lnaglпату part of 
the «are vector «a have from eq. (5) 

A. oosplete sat of the. solutions of eq. (3) in the first order 
of the «KB approximation oan be written in the for» */ * f 
(7) E-'W C V +A%JL ' 

A^Ae. the DiuNrt i f\4 / \ , era Independent and oan be determined 
from betndary tonaitlons. Apparently, we can see from tha 
presiding sAprasHtBn t*iat both the «area propagating in tha 
ttsaetion of as inheopgenelty ant the «are propagating in 
«ft» «»Oflf« «iraatio* are %п»Л. lb* the eleatsl» da le 

J T «a» «at» pmaga?lmg inte the plasma zvon vaewam ( i . e . 
JU-+ • * > having the onlt amplitode and the 
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ani 

£ 

м equal to t (X^tu-Wt) » *• в * * « • (5), (6) 

where « 

She preceding foxnola for the eleetrio field can be used only 
for those M/ , for which the condition 
is fulfilled. 

3. ШПВСТ1СН CUEHUUUBS 
She refleotion coefficient for a plana the density of 

which slowly 'varies la spaoo is different from sero only In 
the aeeond order of the K B approximation [•"].. I» paper \z\ 
the kinetic effects were shown, for electrostatic wares, to 
lead to essentially greater war» reflection than follows fro» 
the simple sagaotulvojudjuaaloal theory. In the following, 
the reflection ooeffloient is derired for the right-hand po
larised war» propagating into the pis—a fro* vaetgm. She 
solution of eq. (3) Is thus supposed te bate the few 



- 8 -

where УМ i s at least a firat order «Ball quantity la 
the KB expansion, lor the fxmction ItfJ^ve then bare 

щ to * 
uher* 

in expression for З л ( X ) la eoaplioated but for «bat 
follows we need only «ho result that for ±УУП Ль —0 the 
value of ЛО*П/ £>/п (JC) la finite and 

А.-* О 

In faet, the terns with ^ » Í, -/, 2-, 3 la integral (8) 

can be shown to be snail comparing with the ten. with /H**T. 

lo ceapufce the Integral la (8) the aethod of Saddle points 

is used. Aa equation for saddle points of integral (8) is 

of the fora 

za era) и мл 
the fwotlea» WC(»-bk)/l*r) «ai ? ( X ) are «надо. 

Ц> мг» la th» appe* half af the to*laae 

<Z%!&*0 J «A***» ««WW*»** tt* »Ha* A " 0 & 3 . 

w í re i ' * - , . • - ' ' i - . f У. ••••:'•• 
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which Ilea la the region «here | -i.'Vy. /l*)-AJe.)l « 7 
Solving eq. (9) «ithin this region of the k-plane the asjnp-
totio «xpreaaion of the functions ' and oan be nsed, 

Г • * (Г6В--4.) ' 
for the saddle point Ж*д we then get 

K-KV-KŤŠ* 
She integration path 6 4 in integral (8) can be shifted 
in the ooaplax plane in order that it passes through the 
saddle point and runa along the curve of steepest descent. 
Integrals on the sections of the deformed integration path 
(the outre L» in Tig. 1) connecting the original curve 

CJ with line of steepest desoent can be neglected for 
M/ _».- oo t !•••• AC*-) -*• Л/у. , OJhen, for lf/^- »o) 

we obtain 

4 

She ooaplex refleotion coefficient It&jb) i s given by 

f 
TTaing (10) wa obtain the following адоеяеШ for thf a&o* 
lvta value of « и reflection ooeffieient J к £ - * * ) (of the 
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war* propagating from vaounm into the plana 

(ID l*(—)l —5Í7T A 

*» COHCIOBIW 

Using the 1KB method we пате deriTed an expression for 
the eleetrio field of the right-hand circularly polarized 
ware in a hot collieionless plaena with the density increasing 
exponentially in spaee. The wave is damped collisionlesely 
propagating both in and opposite to the direction of the 
density gradient. The amplification of this wave predicted 
in [5 J was obtained from an vmcorrect dispersion equation. 
The author included some terms proportional to \_L <</_, / 
that are of the first order of the 1KB the approximation. 
Recently, H.F. Bachynski and B.f. G-ibbs experimentally 
verified the Helen's theory and they observed no space ampli
fication of the waves as a consequence of an inhomogeneity. 

•hen a right-hand polarised wave propagates into the 
plasma from vacuus the movement of particles plays no impor
tant role. She reflection coefficient (11) is the same as 
that derived from the magnetohydrodynaaios with ty. • 0 

[7] and consequently the wave reflection slight. A weak 
influence of the kinetic effects oa the reflection eoeffioient 
of the right-hand polarised wave can be explained by an 
Interaction of this wave with the resonant particles by 
•sens of the anomalous Soppier effect. She electrostatio 
waves, Investigated is [2 "J, interact with the resonant 
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paxtielea by aeons of the бегепкот effect; aa a consequence, 
in computing the integral analogous to (8) saw saddle pointa 
appear in the upper half of the K-plane. In the oaaa of tea 
right-hand polarised «are these aaddle pointa, eonneoted 
with kinetic effeeta, ehift to the lower half-plane and in 
calculation of the reflection ooeffleiant they do net play 
any sola. 

Stimulating dlaonaaiona with Dr. J. Yáclavik axe 
gratefully acknowledged. 
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Tig. 1.1 C.f ia the original Integration path, C^ 

is tht distorted integration path, C 3 is the curve of 
steepest desoent, Л>л is a saddle point, Av is the wave 
number in vacuum, 6" is a out of the complex plane. 
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