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’I‘he serles of experunental works, in whlch correlatlon eft'ects

M‘m a turbulent olasma were 1nvest1gated has appeared 1n recent

/3/

P 1mportant characterlstlcs of the plasma turbulence, is. ot' mterest to

years The fact that correlatlon t'unctlons are’ one of the most

such 1nvest1g,atlons. It 1s so that the studylng ot' ‘these t'unctlons

enables us “to know both the frequencnes of turbulent pulsatlon and

Ty
- the leVel of the1r energy. ‘
~ ' The theory now enables : us to obtain ina cons15tent mdnner '

the equatlon descrlbmg the . correlatlon et'fects if the follow1ng as--"

Jal

fsumptlons hold e e ST

.

1) there has to be qua51statlonary ‘and weak turbulence,
2) the spectrum 1s known,’l.e. the dlStt‘lbuth)n ot' energy pul—

satlon dens1ty w1th respect to wave numbers k-

o 3) the relatlve 1ncrease of the correlatlon curve width has ) )

to be small (Aw/w <1 e where Aw lS the w1dth ‘of the

\correlatlon curve, ml is the t'requenc"y ot' lmear plasma : :,',

.

.' _'” oscnllatlons)

K
Ty

As 1s known the" nonllnear dlspers1on equatlon then 1s ot' the

“ form
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v Here _l,< is the sought correlation function of stochastic elec~
“tric fields, that is determined with the relation’

‘.<Ee, Ei* >'=IE¢3(K-K7),

K
€ - 1s the dlelectrlc pe.nmeablhty of "qulet“ (11near) plasma,S( K Kl,K )

and Z(kx,) . are’ concerned w1th the nonhnear current of the second

and thlrd “order w1th respect toE, /5/, Let us define the nonhnear ’

-dlelectrlc permeabillty € (K) (whlch is, the coefflclent at ]E :"vin
the 1ndgced process terms) via relat_lon‘
«s(m—.“’” [T RN KIS (@
PR R A PR S C
then .
B L .A B . - a, E E . . .
FS(k ik gk M T T dA ’ ,
Lo 2yt B Tl L)
m i

€ (7K mRy). e
_ F‘rom (3) follows, if m-va)e ~, the denoniinator ‘goes to zero.
This means that the _equation (3) is not more \m.hd and ca.nnot

descrlbe correlatlon effects near the resonance o= a)z As 1s

/4/

bahon series is of the form

shown in the correct equahon based on, summarlzlng the pertur\— o
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. 1.e.‘may be obtamed in formal way. by replacmg l/e (K) m the righ-

~hand, 51de of eq. (3) by 1/(c (K)+c (K)) As c_(x):c*(-x) we derive

- fmally

f.Ig'e?<~,>-+jf'“'<~>.!?.,.> L
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’I‘he mtegrand of (4) has S(K-K l-fKZ) ,.whic'h correepohds to the deﬂcay
process. The decay process of three waves 1s p0551b]e to be strong
forbldden for example we ;éwl +m2‘Z
at any, theu' phase velocities, ’I‘her'efore, to get the equatlon for '
correlatxons of Langmuir flelds one has to take mto account the '
4—plasmon mteractlons. We would stress that these mteractlons
‘play ‘the principal role in.forming " the quasistationary plasma“;»

fel

In accordance vmth the foregoing we can get the equatlon '

.

- 'sought for [ (Langmulr ; correlatlon) y . '
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is valld for Langmuu‘ pulsatlons




I—Iere N mcludes both the effects descmbed by (2) and the
induced part of.the. 4-plasmon mteractmns (the def1mt10n of 3
and the detailed derivation of eq. (5) see/ /) :

Here examining (5) under conditions set forth a'bove We-wouid :
also suppose that dlspersmn “of oscnllatlons is defmed by ther'mal '
‘motion, e, Aw < kzk ve2/m ot ‘where v, ‘ andm p‘e are the thermal “velo-
city and Langmuir frequency of electrons, respectively. In this case
it can be easily shown 6/ that the kernals of mtegral eq . (5) do :

not depend on o in the approxnmatlon under- consnderatlon.

o, ' in the right-

Therefore we can integrate over “’1 . “”2 ) @,
"hand side of (5), using the .normali'zatien
1t de-vw . e
f o ©¢ T Tk ’ , , R (5

Here Wk is' the quasistationary I‘;angmuii‘rv' mrbuiehce “spectrum’
- defined by 1magmary part of eq. (1) with allowance for the 4—plas--
mon mteractmn terms.. The spectrum of the isotropic plasma tur—
bulence was "examined m/ 6/ We use later the results of these o

works. Let us suppose the solutlon of eq. (5) is

L =0(ko)V, . | - o E (?)

Substituting (7) into (5) and using (6)- we get
K

1 ) -y . .
d(k,w)= — ' (8)
N cuz(!iez_lz+%’)-l“)2 s (M) 2 . . ‘

here
wk 'wk wk
y.sgaf[{(k,kl.kz'ka Vk? dee2et dk dk ,dk, . -
s ,
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a. and b  are the numerical coefficients depended upon the

pla'sniak parametérs choée_n, ® = o '%' EWTI'—’ W=/W, dk. is the ‘total
. 0le B

energy of turbulent- pulsations  per cm”,
By virtue of the quasistationary
d-m: L R e
—_— =(y' +y 8)W =0, . Le, y.=-y .
dt . k k . .
The fljmction_(B) was found using the BESM-6 computer for the

following parameters (taking place in astrophysical conditio\ns)A

=107 o =56x100 T =T ,v =48x10" ,v =24x107°,

~Tot e e , o
Besides we u‘s‘e' the spectrum W,  computed in/6/ . We have ‘=_:;-‘f. .
shown later (Fig,1) plots “of oko)at x = 0.2, 0.4, 0.6, 3.2.

The results of calculatlon show that the width of the corre-
lation cuwe»lncreases w1th mc_:rea.smg x :and has’ a"maxlmum at
X=Xy = O, 6, which fﬁé ‘maximum of tui'bulehce spetcrum 'c"olr’r'eSp'ohds‘ "
to (W(x )-—maxW(x)) . Then the width of curve decreases ‘with in- '
creasing x , We can see from this that the mcreasmg of the -
correlation curve: mdth can be smaller than that determmed by
linear - theory (Ao =sv, ) at some values x .

The shift. of the ‘curve maximum'as functlon of X is deter=
mined maxnly by the linear d1 spersion and is proportlonal to

e/wpew . Therefore. it mcreases “with mcreasmg x It should

be_ noted that the correlation associated with the thermal motion



'same X e, in thlS case the condltlon Aw <k v., /w . 'is'

R

“".becomes very. small at small X and can ‘be: less than Ay: at the

pe. o
broken, Then it is necessary: to solve edq. (LS) todether with. the

] ‘equatlon for the spectrum in Wthh kernals depend on. frequency

' mth the method above-mentloned

Thus' the correlation effects can affect the form of quasxsta- ‘

: tionary turbulence spectrum. The correlatlon. curve “.Wldth may b‘ek

- lation effects bemg at plasma—beam experlment

I ,;perlmental data is observed if .the level of turbulence 1s of LIO

.f;ff_:qualltatlvely estlmated at " Aw v? / O e r- from_the formula
. v k2v2 - 1/2 ’
Ao =Aw ‘( ) . And: in the reglon of a very small X

N AO) LCL) . .

( k<v /v, ) 1t is very. 1mportant to take 1nto account the Coulomb

colhslons in the kernals of equatlons descrlbxng the spectrum and
correlatlon functlon. ’ ' o .
The calculatlon r‘esults . for correlatlon curves at —T—- 0 ‘

and the same p1asma parameters are of qualxtatlve character due e

to the above-mentloned restrlctlon. e SR " o ".,

“Leét us then consider as an example the calculatlon of corre—

-

. Using the spec—-.‘
trum found experlmentally we obtalned the results presented in:

i Thus, suff1c1ent1y good c01nc1dence of calculatlons and ex— g
-.3“
ngl',

a -

l\/Iore detalled comparlson demands further experlmental and theore-

» t'1ca1‘ study.. e

. Thus, our results are: : o e ‘ S
1 There are obtamed the plots and calculated the w1dths : .‘,'
. of correlation ‘curves of weak turbulent plasma )
2, The correlatlon effects .can, affect essent1a11y the form of
- .the statlonary turbulence spectrum even 1f the level of 1ts ' g

energy is qu1te small



3, The method ' above developed enables us

a) to associate (in a single way) the width of correlatlon
function with the energy level of turbulence and can be
used for dlagnostlc purposes v1a correlation measure ~
ments° ;

b) to find (reconstruct) the turbulence Spectrum via corre-

lation curves with the aid of the method descrlbed 1n/ / )

and equatlon
12

Am.(.exp‘er_) =a ' [ Rk k l,k z'ka)wk “Wk,‘,:wk dkl dkzhd k3 .
» VT aa ! . 3 fanir
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E‘lg.l The correlatlon functions at dltferent walues / / correspondlgg
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F‘xg.2. ’I‘he correlation : functlons calculated for plasma—beam expen—- ’
ment at- = 10, R S




