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PROPAGATION OF WAVES IN PLASMA ACROSS THE MAGNETIC FIELD

A. B, Kitsenko and X. N, Stepancv

The effect of the thel-'ﬁil movenment of plasma electrbns
and lons on wave propagation of & low pressure nonrelativistic
plasma (n = 47 nyTa HOZ % 1) acrosc a magnetir* field is 1ia-

vestigated The dispersion equation for .an crdinary wa.ve_._ljz_a.s
soluticns @ (kx), similar to k s, (8 = 4, 2, ...) at any given

wevelength ratio {(x = 1/k) to the Larmorian radius {eof

o type particles having & thermal velocity (see Fig, 1).
(m and Wy - gyro—*‘requency of electrons and ions,).
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The d.spersion ejuation for an extraordinary wave also
has &an analogou'a solution in the field of high frequencies
(o~ ) s (see Fig, 5), as well as a solution, correspording
at k° Q 2\ %y %0 the longltudinal plasma osciilations,

Frequencj es of longitudina.l oscillations, in the cese of a
plasma. with & grester density, when 9 K By Q — 18 ‘Che

Langmuirs frequency of electrons) as a function or the wave
vector, decreace at a rise in kQ ol decreasing from a value

w~3w (8=2 3 ,..)at k§ €1 tow=~ (s — 1)o, at
k9 e > 1 (see Fig, 5)i For & plasma with & small density
(-ne < ), the behavior of plasma frequencies is shown in

Fig, 2 and 3,

——

In the field of low frequencies (o ¢ ®,) the dispersion

equation for sn extracrdinary wave {in case of a cold plasms)
detem.a.nes the frequency © = RVA, which cortespond to the

magnato-sonic wave (VA ~= 18 the Alfven velocity), This
expression eppears to be unacceptable &t kQ , ~ o(s = 1,2,,,.),
when © ~ s o,, In this field it is necessary to compute the
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thermal movement of the ions. ‘‘he behavior frequency of
various branches cf the extraordinary wave in & hot plasmsa &t
® =~ @ 1is shown in Fig, 6.

c-e The auto-excitation of the electron {high frequency)
branches of the eramined oscillatlons, when an ion cyclotron

wave passes through Hhé plasma, due fo bunched instability
was investigated.

1, Introduction

.The propagation of waves in & rlaema scrcss a megnetic field
is characterized by inferesting features near the gyro-frequencies
of the electrons and ions, and freguenciee multiple to them, In
spite of the investigation-of this question by a whole series of
works [1-~13], it caunot be consldeved fully explained. In the
present worg,‘the frequencies ® of ordinaiy and extrsordinary waves
which propagate scross a magnetic field in a nonrelativistic plasma,

. are determined &nd alsc the exci* :ion of high-frequency (electronic)
branches of these osclllations wﬁeh an ion cyclctron wave passes
thfough the plasma 1is investigated, As 1s known, in the case of a
trensverse prcpagation of waves in a plasma situated in an outer
magrefbic field HO, the dispersion equation, which determines the
Trequencles o of these wuves &g a function of the .jave vector Kk,

bresks intc two equa‘ions

Bejwf— gm0 (1)
D ol - imetm " (2)
where'
o' werl,
.'“"1"2-@-—-.*) ra
' hwﬂl~§Z}1;§£;§;U?‘E%kwﬁ3ﬁ‘ﬁw—I?)
: Lo (3)
Sggend 2"&_&:‘-‘7&”&* -.ﬁ' ;‘
. : -Liﬁzﬁg
‘Wz.. 1 ri'l.!} ’fj‘ 3%
it .
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X ¢/® -~ is the index of refraction; O, = (kveaho/ha);/;, ©, =
= eHO/mac ~- 1s the Langmuirian and cyclotronic frequencies of parti-
cles of type 1, g, = -~ 1, g5 =1, In = In(u) -~ 1g the Bessel
= (Ta/ha)i/Q ~- 1is the

s 0 a is the Lsrmorian

function from 'he imaginary arguement,
2

cva

"2
=504
radius of particles with thermal velocity,

thermal velocity, p, = x° va%/qa 2

Equation (1) determines the frequencies of an ordinary wave
which. appears to be purely transverse (the intensity of the electric
field of this wave 1s perpendicular to the direction of propagation
and parnllel to the outer magnetic field Ho). Equation (2) deter-~
mines the frequencies of an extraordinary longltudinei-trsnsverse
wav2 (the intensity of the electric field of that wave is perpen-
diculer to Hy and has a different (from zero) projection in the
direction of propagation).

Let us note, that the expressions of (3), for the tensor of
dielectric permeabllity Eij’ can pe used only for the fulfillment
of the inequality

lw;:w.lbﬂ«’w- (%)
where Ba - va/c. This conditien denotes, that the dispersion of
frequencles of the cyclotron radiaticn particles with thermsal
velocity, due to the relativistic (transverse) Doppler effect, is
smell in comparison with @ When fvlfilling the conditions of
(%), the cyclotron cscillation damping i3 exponentially small,
Below, we will investigate plzsma oscillations close to
gyroresonences, If the length of the wave is on the order of the
Larmorian radius of electrons or ions (ue ~1orp, ™ 1), then the

square 5f the refractive index, when w =~ W, is on the order c?/vaa.
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. Velues g, ~ QG?AQQQ, if ® is not close to sw . If is obvious
the resonanczss © = s® , are separated only when c?/?aa >> Qae/hhe,

ig_gpe case when the gas kinetic pressure of the plesma is consider-

sbly lower than the magnetic pressure,

|

}

!L : 3y whwny TolH; € 1 (%)

t We will confine ourselves to the investigation of this case.

| When Ny = i1, the qualitative pattern of the frequency depend-
ence ® the wave vector is also the same when n_ # 13 however, for
the determination of frequencies ®(k), a numericsl solution of

eq. 1 and 2 is needed, Upon the fulfillment of condition (5) it

is possible to obtain simple 2xpressions for frequencies o(k), which

are close to S, -

HTANA A R MR A AT R ST T TS T T T S e T

2. Ordinary Wave Frequencles

Let us first of all examine Equation 1 in the case of high

Rt L T T

frequency (electronic) occillations when the movement of icns can
be dilsregarded. In the case of low density plasme (Qa < wh) the

2 2, 2

value g, 1s comparable to @ = O, K ™ 1 with (ke/w)" ~ /v,
2
e *
expressions of equation 3 for'ei'j cannot be used, Therefore, we

only when |& ~- smh|/md =~ B But in this case the nonrelativistic
will examine the case of dense plasma (Qe;b'wé). In this case
haintainiﬂg only a resonance component in the expression for €339

we will obtain

(w-—_&&)I&Q&*'&fn(ﬁ) (em1,2,...) (6)
where
e i (M
<
%

.
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Expression 6 can be used only for He B2, if e < Kps then in

it is also necessary to maintain that a component with n = 0O in

addition to the resonence member, Then we will cbtain
(0 — 2 cac)/ave == — g g of (e}t + j2) -

(8)
where
fs(pre) m s 2-1[2¢ (8 — 151

The behavior of freguencies depending on the wave vector is
shown schemetically in Pig. 1, The frequency close to G et low
. 1/2 '
Ry < g /2 Gecreases (bw|my ~ = n . [[3, +1,])s Lt reaches

minimum at p, nei/z (bw/w, = —4,/1), and then it increases,

approaching asymptoticelly to @ at ”'e’ 1. PFrequencies close to
swe(s = 2,3; ...), decrease upon an increase in Hes reaching a
mininmum at k = kmin~1/ Q e, and inen increase, é.pproaching B, . '
With an increase in the number s of branch oscillations, value kmin
increases, and velue |0 = swel/we decreases in a minimum, whereby

functions (® == s®,)/w, change slowly at k{ ~i.

l

/e

@
4481818, w
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1
)

() e e,

' Fig. 1.
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Clexr expressicns for the refraction index as a fréque‘ncy

functions a w =~ am, can be obtained in case of long wave oscilla-

tions (p.eﬂ 1) et s = 1, 2 and in case of short wave oscillations

:f(u.e 3 1) for any s .

If o~ Wys Ho® 1, then

(kejo)’ = (O exd el [ o (25— DI} '
: (9)
2= (oo, — 15[:«’"; Wy = ak(l — %2)

At |x| ® 1 we will thus obtain

(1‘.9_'-. 08 et - 1 (10)
© | e gt udjet

If &~ 2 o, 'and u, <1, then

(koo m (DB T — 5 & (o8 — 2] (11)
" em20 et

At ® ™~ LR and ;Lehi the refraction index equals

LA _Bjme . ( 12)
o 7 Tnicies (o — wm)PP®

- = e

The conclusion about the poastbhiIlity ¢f wave propagation in
plasma_wi?h & greatér densit& et @ =~ @, was made by Drummond [1],
whq obtained expreséion 10, (Formula 10 was already obtained in
Gershman's work [2], Let us note that the numerilcal results for
k c/m. obtained in report 4 from formule 10, are erroneous, 1i.e,
they lie outside the applicabllity ares of expression 10 either

conditidon e & 1 awvay from frequency w = @, Is disrupted, or

S e s o 45 St
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condition |x| = |1 -- me/clue}/a » 1 close to o = B,).

Exprezsions 9 and 11 were obtained in Stepanov's work [3], and

expression 12 were obteined in Remashvili and Rukhadze's report [4],

and with the consideration cof collisicns, they were obtained in the

report by Demidov and Frank-Kamenetskly [5] also,

An analysis of equation 1 without decomposition by degrees

Re OF i,/'p.e for plasme with an arbifrary ratio of geas kinetic pressure

to thg magnetic pressure was mentioned in the report by Dnestrov-
skiy and Kostomarov [6], in which the appearance of new branches

for the index of refraction at w = 50, Was indicated, and the

.entire pilcture of the behavicr of refraction indices 1is explained

depending on the frequency, Let us note that the results of numeri-

cal calculations of the refraction index in the area w »~ sw_ , given

e

in report 6 are incorresct, 1.e, they belong to the case ﬂe < R and

o~

lie outside of the ares of applicabllity of the initisl dispersion

equation,

In the low frequency area at w = B8O and.ue<ﬂ:1 we will obtain

the following express "on for the frequency from aquation 1,

" w—se __ molxp—mDi(w) (13)
v - " o iy
The schematic behavior of the frequencles depending on k{ 1 is

shown in Fig. 1 for which it is necessary to replace w, by W, and
R by

3, High-Frequency Lonzitudinal Oscillations
We will now go to the investigation of equatlon 2 in the ceue
of high~fre .ency (electronic) oscillations, If the refraction
index is great (kc/m)2 e ue/neyi, then in equation 2 a branch

of longitudinal oscillations, whoze dispersion equation €44 = o,
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will be presented in form of the following , can be separated

YOS = f (o m ’:: z-.ﬁ'(q—hh)fdh) ~-:’ ) (14)

As 1s evident from Fig. 2, on which the form of the functicn

y = £ (») is shown schematically, this egquation has solutions

(a):

stEomERE wl/Q) « fw)
/
|

AR

j (b) lmm, o/,

Fig. 2.
~ KEY: (a) ratio; () frequency.

W = a)s(k) (s =1, 2, ...) corresponding ‘té intersection points
1, 2, ... of curves y = £ (®w) with a straf‘éht line y = mez/ﬁeg.
In the area p <€ 1 from (1%) we will obtain

-8 Ok - ’I'(.I‘C)/!-‘e - . 1 ’
e "’e’lnc'—ll(c'—l) (‘ 2) a'o..) ( 5)

or w\:- a)o(i + £), where

we (D8 4 M, F e 3R 00 DYt (28 —4and)’ (46)
8
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Ir u.eb 1, then for frequencies close fc s oy, we will obtain

the expression

- -

(@ — s o) e =3 Lt (33 b0 . ) (168:)‘

The behavior 6? frequencies ®» = o (k) is shown schematically in
Fig. 3 at Qe?/hbe <3 and in Fig. 4 [2 <:ae?/mé?/ +1<(J+ 1)2.
As is evident from Fig. 4, frequenciles mé(k) at s < [ decrease
monotonrically upon &n increase of k, tending Ho z41and s < f
toward 8 @ ., Frequency o,(k) (J =, <'(Qe2 + wé2)$/2 <(f +4) ®,)
at low Ko rises with an increase of k, if [ > 1, it resaches
maximum at}:Qe ~ 1, then it monotonrically decreases, tending
toward [ ®,. At /] = 1, this frequency monotonrically decreases,
approaching o, with a rise in k@ ,. Frequencies greater than wb(k)
at s > [ increase a't low er, rgaching maximum at er =~ 41, and
then sgein approach s w . Expressions 15 s = [ or s = / + 1 and

e
equation 16 are inapplicable, when the hybrid frequency Dy i1s close

to (J +1) W, . In this case, maintaining the components in equation

14 with n = + 1 and the resonance member n = [ or n = [ + 1, we will

obtain

o = g (1 +§) : (17)

where

Ll kA (18)

- —————— -

’rgqé equations 17 and 418 it follows, that frequency w,, as vell

. o
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Fig. 3.
KEY: (a) frequency; (b) wave
“vector

»
i
/!

UL, o/ w,
. .
4
83

. (@)

]

1

’(b)- ! el w, uy,

", ‘Fig., 4. e
KEY:. (a). frequency; (b).wave
vector, L

as the adjoining frequency mz-:l., cr a)L+1, cannot be so convenientlj

close to 1 o, at a glven ued 1 even in the case, when W= 1 W,

("slots" by Gross)., At Wy= 1 . and 1 = 2, expressions 17 and 18
were obtained in Gross report [7] &and at 1 = 2, 3, ... — in the

Sitenko and Stesanov report [8],
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The expressions for the refraction index of longitudinal
oscillations can be obtained in & clear form at He 4 1 and uepi.
If w» B, Wy <€ 1, then, < g 4

-

R @9)
At ke z24dend o~ s w, we have [4]
_]ic.-[ . a2t ]ll’ . (20)

(3%)/% aae (w — s one) 8* 5s°

4, An Extraordinary wWave (High Frequencies)
Let us now examine equation 2 in the general case of plasma with
grealer density in the field of high frequencies, At "Le"”e in
expressions 3 for €447 .80 and €409 it is possible to leave only

the resonance components ~ w/(® -- s ®,). Then we will obtain
. G';:g‘_s—:k?:(lk) (¢=1,2,...) - (21)

where

s (pae) == 8 (P — ie) [(#¥}ped ++ 1) I = 1Y I} (22)

At swall p  the functlon Pg(ke) =~ 8 ues/es (s + 1)1 increase
in oo resching maximum at Ke ™ i, and then decreases, approaching
i
oy (kg) =~ 8/(2m) /2%3/2’ (At u, > 1 function @  (k,) 8nd f_ (ke)
coincide ssymptotically, therefore the refraction index of the

extracrdinary snd crdinary wave is determined by one and the very
same formula 12 [4]).
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In the area p, $n, in the tensor €14 it 1s necessary to
consider also the components with n = + 1 in addition to the resonance

camponents ~ w/(e -— & :ne). In this case we will obtein

- - -

w—sue e 9y (%) (23)
e 1420 a/pe(e - 1)

.At.p.ey L this formule coincides with formula 21

In addition to the oscillations branch in the field of low
He. there is still another branch, whose frequency 1s determined by

expression

@—dme  #(0—1)[841)ket+20x)
" e (xe + pte)

© e e oae s

L) (62,3, ...) (24)

The frequency of that branch settles away much farther from s w,
than the frequency det;ermined by formula 21, 1In the area ue> Ngs
expression 24 transforms into expression 15 for a freguency of
longitudinal waves (in the Genominator of equation 15 in the case
in question of dense plasma mee/ﬂez in comparison with 1./(82 - 1)
can be disregerded, In this way waves with the frequencies of
equation 24 are the long wave part of the branch of plasma
oscillations, _

The behavior of frequencies wB(k) depending on k@ o for both
branches is shown schema,tic‘ally in Fig. 5.

Equation 2 has been numerically solved at low e and o = o,
in Drummond's report [1], which mentioned the possibility of wave
passage with a frequency of w =~ W, through dense plasma, (The
numericel results of the report [1] are erroneous, because at e ~ 1
for calculations & formula suitable only for p, 41 is used). The

expressions for the refraction index of an extreordinary wave at

12
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wave vector.

o~ao and D~ 2 w, and L < 1 were obtained in report [3]. In the
Dnestrovski-Kcstomarov report [9] an analysis of equation 2 1n.the
general case (ue <14, He™ 1, e 2 1) wes made and shown for the
existence of ni . oscillation branches at o~ g Dy . Let us note,
that the numerical calculations of the refraction index, developed
in report 9 at w ~ s ®, &re invalid, i.e, for them condition 4 of
the applicability of the expressions 3 for €44 used in tnis case
is disrupted, Schematic graphs for k c/w, which correspond to

waves with the frequencies equation 21, are given in the Demidov
report [10].

5, Low-Frequency Plasma Oscillations

In case of low frequency piasma oscillations (w << wé) equation

€44 =0 has the following form at Hest 1

g-;(x +§';;) -/(a)..g.iﬂ'hm-;n)law == ' (25)

—— . . vo. - — — - -

It 13 obvious that eguetion 25, as well as equetion 414 has a

number of solutions @ m mh(k) (emd, 2, 3, oss), lying in the interval

L
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In case of long wave oscillations [k 4 X 1) ve find from

- equation 25
.—su Lo, -
- q‘lﬂ‘:‘-xm-n b=l3...) ., (26)
or :
o = o5 (% + §) ' (27)
where

k= [ + Q{1 + QP

PR LN - +T.(-k'-:"i'_)]'
21+ 00w | S —de® T aTimpe ] !

=

Expression 27 for a plesma oscillation frequency at Tq = O
. was derived by Koerper .[11]. A consideration of the thermal
movemrent of plasma‘ particles, which leads to the limitation of
refrection indices of an unusual wave at w — @y is given in report
3, 12, and 13, (Let us note, thai in report 3 the thermal movement
of electrons was not considered; in report 12 the thermai movemens
of ions was not consideredy; in addition the coefficient at Nt’ in
formula 12 of report [12] should be multiplied by 2.) ' '
In the area of short wave oscillations (u.i }1) from eq, 25,

we have

S TR T (28)

——— . v omas x mem an N

[}

The dependence of the frequencies m'(k) on kqi is schemtically
represented in Fig, > and Fig, 4 (it i3 only necessary to maske a
replacement of w, by ®, . by 4 snd @, by wk).
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26 and 27 are inapplicable, In this case
= on(l + &)

where

3(&'—1)

ol - 255 pw]”

6. The Extraordinary Wave (Low Frequencies)

If the hybrid frequency W is close to s @, then expressions

(30)

Let us first of all mention, that eq. 2 in & hydrodynamlc

approximation (ue< i, by < 1) hes a solution CENUR in the ares

corresponding to a magnetic audio wave

: k
wﬂkVA"M‘;{—;"

where

Ta=H(dxngm)i

(32)

(31a)

On the other hand, maintaining the resonance components in 513 » We

will obtain

w—ty ~ nw(n) 18
- - m’ P' “ (‘ 12 0')

(32)

where function tps(ui) is de};emined by formule 22, or (at low p’i)

- __'. (=01, () (m=peg)
" A — o) =33, .0

Function 33 has an extremum at peints By = B where

15
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ol - et e = o o e e [P

¥ | Sy = [ Ko+ )} fob 4 (P +O (4=2,3,...) (33a)
apgd function 32 -- has in pointé By = uT =28 ui(s 1,2, 4.4)e
The branch of oscillations with & frequency of eq. 33 passes in the

E | ‘ares ”1;’”1 into longitudinel oscillations, investigated above M

(see formula 26),

Expressions 31 end 33 are applicable in the narrow area at

hy = sani. In'this case instead of eq, 31 and 33 we will obtain

WS Ak A

W = W, Where

+
f' 5 oL —8wf 1 mill. 1 w18 ]
| SRkt (v et B - At
E | :
+20 (e —1p NP oz 3, .0 (34)
£ 1
E () 04 — o 1 [\ BN ILALRY
| == [ -] = 1 {5 1] |
.;‘, ‘f’
| T e=h - (341)
2 - 1/2
3 At an increase in differential |(u;/%;)™”“ -- 1| formulas
i :
3 34 and 34! chenge respectively into formulas 31, 33 and 31, 32,
! 2L AL put ) (35)
'% where ' .
: put () = 5 (8 + 1P
_’,; . : x=al +1)\""I“"l‘o)//3¢-—
'éf y Formulas 35 &% |x| 3 1 changes into formules 32 and 33, '

! The dependence of frequencies o (k), determined by formulas

31-36, on the wave vector k is shown in Fig., 6. Let us discuss the
individual sections of curves 1, 2, 3; ... in Flg, 5 in greater de-~
tall, Curve 1 in sres by < %y corresponds to maénetic audio

oscillations with the frequency of eq, 31. In the area By ™%y the

ffequency of this wave 1s determined by formula 34+ for w, ( in this

16
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(a)y

WeTTs, a:;/au,
C

LEF Y
() / mndi scune, o
Tig. 6.
-~ KFY; (a) frequency; (b)-wave-—— .
vector. .

%

1

. o) 2
case © — o~ —n, /20, 18 i~y | $%,7), and at p, >n, (i =

”1' » nie) by formula 32, Curve 1 reaches maximum at by ™ QMi {in

2
this case B == a)ia - ”i

wi), and then drops; At Wy 1 curve 1 has
e minimum ¢ == mi'v —_— 'niwi) . With a further increase of Hy curve '
1 spproaches asymptotically to W, .

The frequency of the branch of osclllations corresponding to
curve 2 is determined by formulas: 32 at Hy <Ny at By %%y 34t
for w, (in this case w— ; ~ nii/awi, if fug-- ny | Snie); 3 —
in area uy <py < lmi,; 34 for w_ (8 = 2) and 33 in the area lmi <
<p.i<z$, (8 = 2), Curve 2 reaches maximum %i p = b, o= 6.3)11; (in
thlis cese w — 2 a)i " o niwi), and then decreases, convertiﬁg,
into a brench of longltudinael oscillations, whose frequency tends
toward Wy, when u, » 1.

Curves /=2 8 == 1 = 3, 5, 7, whose form at by < Wg dre

determined by formuls 33, decrease af low Hyo reaching maximum at

Hy= B (in this case w — 8 W, N uis wi), and then they increase,

At By ™ UKy the forma of these curves iz determined by formuls 35
+ . .
for @ 7 (W == 8 &y N wm g0y, LF jlye usl 8 nia). ¥When
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leg=— u0|<l?M1? the form of the curve is determined by formula

32. That curve re-~hes maximum at B = u+ (in this ® — 8 wi A

n13+1wi); it then dec.eases, reaching minimum at By =, ~1 (0 —

5 W ~ aé“imi)’ and then approaches s w,. ‘
Point g is displaced to the right with an increase of é, and

value o at an increase of s decreases),

Curves | = 28 =4, 6, ,,, are determined by formulas: 32

. at ky < Koo 35 fo~ a;_at By * Ky (in this case ® — s w, niswi),
33 8t py < Ky <-n182 (Ing== wol >n12); 34 for w,: at p,=~ szui;
31 at sani <y < (s + 1)2n1, 3% at p o~ (8 + 1)2”1 (in this case
it is necessary to replace s by 8 + 1 in formula 3%, 33 at (s + :L)2
%y < wy<¥ 1 (here it 1s also necessary to replace s by s +1). 1In
this area “1”"’1 thls curve determines the frequency of plasma
oscilleticens which deqréaSes with an increase in By approaching
5 Wy« Curve [ = 2 5 has a maximum at hy= W (in this case ® -~

8 + 41

(8 +1) Wy - Ny mi), which lies below the minimum of curve

S =238 + 1 at point Wy= k_, where p_ is determined by formula 33,
in which s should be replaced by s + 4.

The obtalned expressions for frequencies can be used only at
2 2, 2 ‘
8" <€ Q, /v . |

Let us note that for curve sections w(k), which decrease with

an increase in k, group and phase veloclties of the waves are .

directed in opposite directions.’
. J
7. Excitation of Electronic Oscillations When Ions Cyclotron
Waves Pass Through Plasma

When an ion cyclotron wave passes through plasma, electrons

end ions acquire o relative velocity u in the field after that
wave has passed, If ubvi, then in the plasma beam inatabllity

may originate [44], We will examine the excitation of extreordinary

; ﬂgﬁ 18
2 Ny Py " o
s ’ ¢ .

Riaie X
R 2




f' iy

and ofdinary vwaves in dense plasma investigated above by an ion
stream caused by the field of a cyclotron wave, We will assume
that the wave length of .the excited waves.lg considerably smaller. ..
than the length of an ilon-cyclotron wave and the time of develop-'
ing the instebllity is considerably less than the time of tufhing
the ions in the magnetic field H,. Then the value u(t) can be
considered as e constant value and the effect of the magnetic
field on the perturbed movement of ions may be disregarded.

The contribution of ions into the tensor eiJ in the reading

system in which electrons rest, equals

’ a8 a2k,
& =—__(¢a-1;“ux_)’ i 51:"‘:1”"""—_“ (n—'k_u:—)'
O (oiouix)t 4 kPuv® Otk us
Eay = [S:(O) :kux)' : P o= ""g—w(u—k“:)' ( 36)
e o R - o
b ol (w—ku  » ‘~‘s.: =T (k)

Disregarding the components « 513'2, we will obtain from the

dispersion equation

det [(k by — &8 dy) + (wooy + o')] = 0 (36a)
two equations
(kc/w)."...“’...'l!o . (37)
1
(G.x.x +3y) (o)t (83, + 811°) (899 + 83y') = 6350 vm D (38)

L]

where €442 Epo2 533 and €4 p Are determined by formulasa %, in which

. ~
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. 1% 1is only necessary to consider the contribution of the electrons,

Let us first of ell examine the excitation of & usual wave,

Assuming

o= k) +6 |f<o®) (39)

where ws(k) 1s a solution of eq. 37 at ;= 0, determined by

OISR R

formula 6, we will obtain w(k) = k u, at resonance which

& . —1+i3!l'[ e K 34yt (0 — 2 00g) ]m (40)
= : 2 4 (0xP = Mg} Ls (ua) 8 o0y

g At u~u~v_ (k@ ~1) by the order of magnitude e ~ (n %n_/m )1/3
S z X e e N e e/ i

= !

: : w .

3 8

In case of the excltation of a longitudinal-transverse extra-
ordinary wave, whose frequency is determined by formula 21, we will

find ws(k) = K u,., in resonance conditions that

x. 3 :“x\‘ N "A;‘s‘ ol E ‘\ o 'V.V-‘ i

; £l 3)2] (e ) (1 L (41)
f + % out) o :

:

: . 2 1

: At u~ v, ®m ~1 we have e ~(n "me/m,) /Bwe.

;‘ Let ug now investigate the excitation of longitudinal
oscillations,., The dispersion equation of these oscillations, €44
£3

3 + 511' = 0, has the form

1 QI S (oxp—sa) Tnlms) g

% 1 -3_2«" ™ ooyt g v Rl U (42)
E L .

4 ~

., S

£,
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The component « ﬂi plays a substentisl role in equation 42 at o »~

k u . Assunming w = k u t g, we will fird that

L - > 8 - . < -3

i
[(aemen S i ep—ma rdmd e — 1] (+3)

-— -

g

Hence 1t 1s evident that the excitation of oscillations (Im £ > 0)
tekes place at s D <k u, < D5 Where o is the frequency of EF
longitudinel oscillations (g 4= G at » = ®_(k)). The increment of
increase in expression 43 increases at k u — . However, ex-
pressicn &3 can be utilized only at }m% —k gx|2>|ei;‘ At |a% —_

k ux|<§ ¢ the increment reaches & maximum velue

14§31 < I <. P oy -
e R (+4)
” . &= -

"
If p~ 41, u~sv,, then e ~ (me/mi) /3ag. At v, <t u <@ v_ and
ke 31 formula LY coincides with the result of report 1%,

In conclusion the authors thank A, I, Akhiezer for evaluating

the work and for useful council,

Literature
1. Drummond, J. E., Phys, Rev, 110 (1958) 293,

2. Gershman, B, N. "Zh. eksp, teor, Fiz," (Journal of
Experimental and Theoretical Physics.) 24 (1953) 659,

3. Stepanov, K. N. "Doklad na 1 konterentsii Fizikotekhich
eskogo Ingtituta Akademil Nauk Ukreinskoy S8R pc fizike plazmy i
probleme ypravlyaemykh termoyadernyx reaktsly (Khar'kov, iyunt-iyult
1959); v sbornike Fizika Plazmy i Problemy Ypravliyaemogo Termoyader
nopo Sinteza (K. D, Sinel’nikov, red,)., Izdatell'stvo Akademii Nauk
USBR, Fiev 1 (1962) 52" (Report at the ist Conference of the Physics-
Technical Institute of the Academy of Sciences of the Ukrainian
S8R for Plasma Physics and the Problemx of Controlled Thermonuclear

FTD-KT-23-671-67 | o1

L ~ L - — e e e e e — . P i o

e —as




. Y
RO VN

,.
. N N

PN - % s b, ;
2 ALV NI BT bt dens # b T

PR TR P ey

e o o — v R, -

Resctions (Khar'kov, June-July 1959); in the Collection of Plasma
Physics and the Problems of Controlled Thermonuclear Synthesis
(X. D. Sinel'nikov, editor). Publiehing House of the Academy of
Sciences of the Ukrainien SSR. Kiev 1 (1962) 52.

4, Remazashvili, R. R., A. A. Rukhadze, "Zh., tekhn, fiz.,"
(Journal of Technicel Physics), 32 (1962) 6k%,

5., Demidov, B, P,, D. A, Frenk-Kamenetskiy., "Zh tekhn Fiz,"
(Journ=al of Te:hnical Physics}, 33 (1963) 703.

6. Dnestrovskiy, Yu., N., D, P, Dostomerov. "doklad na
Vsesoyuznoy konferentsii Ministerstva vysshego obrazovaniya po
radioelektronike (Xar'kov, noyabr! 1959); Th, eksp., teor. Fiz" (Re-
port at the All-Union Conference of the Ministry of Higher Education
for Redic Engineering (Xnar!kov, November 1959); (Journal of
Theoretical Physics) %0 (4961) 14ch,

7.. Gross, 2, P. Phys. Rev, 82 (1951) 232,

8, Sitenko, A, G., K. N. Stepanov., "Zh. eksp teor, Fiz,"
(Journal of Tneoreticel Physics), 31 (1956) 642.

9. Dnestrovskiy, Yu. d., D. P, Kostomarov. "Zh. eksp. teor.
Fiz," (Journal of Experimental and Theoretical Physics), 41 (41961)
1527.

10, Demidov, ¥, P. "Dokl. Akad, Kauk. SSSR" (Report of the
icademy of Sciences of the USSR) 143G (49l1) 41342,

14, Xorper, K., 2. Neturforsch. 12a (1957) 815.

iz, Demidov, V. P., D. A. Frank-Kamenetskly, V. L, Yakimenko,
"Zh., tekhn, Fiz" (Journal of Technicel Physics) 32 (1962) 1484,

13, Kitsenko, A. B., K. N. Stepanov, ‘v sbornike Fizika
Plazmy i Problemy Upravlyayemogo Termoyadernogo Sinteza (K. D.
Sinel®nikov, red.). Izdatel’stvo Akademii Nauk USSR, Kiev"

(In the Report of Plasme Physics and Problems of Controlled Ther-
monuclear Synthesis (K. D. Sinel’nikov, editor). Publishing
Fouse of the Academy of Sclences of the Ukrainian SSR, Kiev 3.
(1963) 3.

14, Kurilko, V. I., Vi I. Miroshnichenko. "v sbornike
Fizika Plazmy 1 Problemy Upravlyayemogo Termoyadernogo Sinteza
K. D. Sinel'nikov, red). Izdatel!'stvo Akedemii Nauk USSR. Kiev"
In the Report of Plasme Physics &nd the Problems of Controlled
Thermonuclear Synthesis (K. D. Sinelfnikov, editor). Publishing
ngae of the Academy of Sciences of the Ukralnian SSR. Kiev 3 (19€3)
161,

Manuscript submitted 4/6/64

FTD-HT-23-5671-67 22

LTV




