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'\ ' < Tlie series of experimental wOrkS, In which cor;ela~on 9ffeCls 

; :. : ii~)· ~ turbulerit'.!Jlasffi{i were 'imrestigated,. has appeared:··iri ·r'ecerit .• .. 

· ; . ':<yeari1:.;~/ •.. Th·~ ,fact, _that correlati~~ ;~n~tio~s: are on"e 6r the ~o~l. 
• ',• c I ' , ;~ . • -. ' ' • ' ' ' 

· _,' .. -'1 . imp9rtant cha~acteristics ·of· the plas'ma. turbulence, is ;;·f. interest ·to 

. • . . : puc'h i~~~stig~ti~~. It is . sd: th~t the studying _of 'these fu~ctions 
~ .. . ' ' . . 

:: ·. ehables. u~ .. i:o know. both the. fr~quencies. or' . il.trbul~mt pul~~tion and 
·. ~ :· 

the !~vel of. thei~ energ~. 

The' theory. ~ow enabl(~S .. tis. to obtain in· a consistent .~nner 

:-: th.e:·~quation describing the. correlation eff~cts ·if the following as:_ · 

·' sprriptions hold/4/ ·. · · . . . · · · ·' · · . . . 
......... :. 

I.·.~- ,. ··.~ ' . .~ ' ,.,. 
:·,:· ~ :..) '.· 
i' . 

. / 

. : ~ .. 
··,"' 

1) there h.~.s to _be· quas~stationary ~and weak turbulence, 

2) the. spectrum i~ knb~, . i.e. the distribution of energy pul-

sation density with resp~ct to wave numbers k 
' 

3) the relative increase of the correiation curve width has. . : - . . ·. e 
to be smal~ .. (l!.w/w «'1. , where.!!.~ i~ the width 'of _the · 

correlati~~" 
1

CUM, 

'oscillat~~ns)." , ... 

. e . :. 
w 1s the · freq~e~cy of .linea~ plasma 

As .is kn~wn. the·. nonlinear' dispersiori. equatior1 then is -of the. 

j·';,; .. ·• 
i ~: ~. .. t. ' ' .• 
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W ( f (~1< -K ) I< 1 I< 2 
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Here IK is the sought correlation function of stochastic elec-

. tric fields,' that is determined with the relation · 

<Ef, Ef* > ,Ifo(K-K'), 
K K I< 

. t f is the .dielectric pet=meability of "quiet" {linear)_ plasma, S( .K, K 1,K.2 ) 

and , ~ (K .~ 
1

) are concerned wit;h th~ nonlinear cur_re;nt of the .second 

a~d third order with re;~pect to EK '5'~ -~t us_.~efine the nonlinear 

dielectric pe;rmea~ility t,N(K) {which is. the coefficient at . I! · in 

the induced process term~) via relation 

: ·, ~ ' 

{2) . N( ) 4 71 i f ~ , ) f 
( K, "'.-, -\K,K 1 IK

1
d ~- 1 ' 

(l) 

then 

(3) 
~ . N ·' 'f 3 2 'IS( . '2• f f 

(t ,(~<)+~(~<))II(= -2: _. J K.,K 1'~<2>1 II( rl(,dA. 
(l) f ' 

f ( -K - K ) 
' · .. :' '1. 2 . 

~om ( 3) ' follows, if (l) ... (l) e • the denominator goes to zero. 

This means that the equatlo~ {3) is not more vaiid and ~annat 
des crib~ co~r~lation . effects near the resona~ce. w = w f . . • AS i~ 
shown . in/4 / the correct equation ba~ed on summarizing the pertur-. 

~ • : : • T, ~ • c:. ' ;: ' 
bation series is of the .form 

4 

1 . 

_ ... 
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·.·. 

;··.;, .-. 

'-!. 

'1 
I 
j. 

. ··e. e 
3

.2 2. IS(K,K'1 ,K2)1 2I/( -~K 
-!.-J ' . . . . . t ., d 
w2 e·< > N< . f -K +t -K 

e , N e 
(t ( K) + (. (K)) I 

. K 

i.~ •. m~Y. be obtained in_ for~al. way by replacing 1 I · . · · e N · · · 
hand. stde of eq, (3) by 1/(t (K)+t (K )). As dK)=-

finally 

. "'~ -" . ' " . ·~= 3271 
2 

f 
. . w.2 

. · e .. -·e · ' . ' 2 

I s ( K ' K 1• K 2 ) I I K I I K 2 d A 

e N 2 I ( (K) +£" (K) I .. 
·L . 

Th~- integrand of (4) has o(K-K 1-:-1<2) '_which correst: 

process •. The decay process of three waves is po: 
1~ 

'f 
. .' . :·· forbidden, for e'xample, (l)e 1:- (l)e + (l) e- is valid for La.t 

'. . -' •· ·. . I' 2 
> -.. ) 

~ 
!I 

. ~ 

l 

t 

' ~ . ... , ..,, 

at an~ their _Phase velocities. Therefore, to· get the 

· correlations of Langmuir fields Ot:le has to. take . intc . '.· ' ' . ' '~ ' : ' . -. . . - : ' ' . . ' 
4~plasmon inferactions~ We would stress ·that these 

play .the principal . role in forming 

turbulence spectrum/
6

/. 

the quasistatic 

In accordance With the foregoing we can get 

sought for I! ·_. {Langmuir · correlatio!'l) 

·=.' 2f·ff 
0 

. 
2 

~~ '(K,K ,1< ,K )I I I I 
~ 3271 I 2 3 K I K 2 K 3 

IK = ~J 'I}(K )+('! (K) 12 
dA' 

dA'=O(K-K -K -K )di< dK dK 
1- ·2 3 I 2 3 
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(l) 

tction of stochastic elec-

(linear) plasma, S( ,K, K 1,K2 ) 
' ~" I, . 

tr current of the ,second 
.. - •: ' 

t5 define the nonlinear 
o":;;\ 

:oefficient at I e · · in 
... ; K 

. ' 
(2) 

·.:. .. 

d>.. 
(3) ... 

rriinator goes to zero, . 
:e valid and cannot 

~~e ~=c./ .. As i~ 
>ummarizing the pertur-

'• 

.-

l ,.:· 

L 

"j i . ,. 

. . 

i.t? •. may be obtained in .formal. way by replacing l I ( e(K) in the righ­

hand side of eq; (3) by 1/(/(K)+cN(K )) •. ~s t(K)=£*(-K.) we derive 

~ir;.ally 

d>. • (4) 

·The in. tegrand of (4) has o(K-K -1< ) , which corresponds.to the decay 
I 2 

process. The decay process of t!'ree waves is possible. to be strong 

, ;., for~idden, for example, c) ~ w~. + w; is valid for La..ngmuir. pulsati<;ms 

at any .their phase velocities~ Therefore, to get the equation for 

correlations of Langmuir fielC!-s one has to take into. account' the . 

4.:.plas~on interactions~ We would stress. that these interactions 

play the principal . role in forming 

turbulence spectrum f6 f, 
the quasistationary plasma· .. 

In accordance With the foregoing we 
r sought for I K . (Langmuir · correlation) 

l
; < . . . 

1
2 e · e e 

2 - , K,K ,K ,K) I I I 
Ie=~f--- I -2 a ~<t K2 ~<a 

K w2 .j}(K)+~N(K)j2 

5 

. 
can get the equation. 

d ,\ , (5) 
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.. 

' •'· 
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Here ·, N includes both the effects described by ( 2) and the 
~ ~ t ::= 

induced part of. the 4-pla~mori interactions, (the definition .of ~' 

and the detailed derivation of kq. (5) • see/
4

/). 

Here examining (5) under conditions set forth a"bow ~e would 

also suppose that di~persion. o( oscillations is defined by tnermal 

. motion, i.e. !leu < k 2 v 2f eu ' where v and eu are the thermal vela-
. e pe . e • pe 

city and Langmuir frequency of electrons,· respectively. In this case 

it can be easily shovvr/6/ that the kernals of integral eq • (5) do 

not depend on eu in the approximation under consideration. 

Therefore we can integrate over (u 
1 

, eu
2 

, eu 3 in the· right­

. hand side· of (5), using the .normali;;ati~n 

f 
fl deu = W k,eu k (6) 

Here Wk is the quasistationary Langmuirturbulehce spectrum· 

defined by imaginary part of eq. (1) with allowance for the 4-plas­

mon interaction terms. The spectrum of the isotropiC plasma tur­

bule~ce' wcis. examined in/6/. We u5e later the. results of these 

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

e 
I ~<ll(k,w)Wk 
k,eu 

(7) 

Substituting (?)'into (5) and using (6) we get 

s .y. 

1 N 2 I 2 <IJ(k,eu)= ;- 2(R tf+~) +(·y) 
eu •. c .eu 

(a) 

here 
W ·W W 

s . 2 k 1 k 2 k3 y = a J R ( k , k 
1 

, k 
2 

, k 3 ) k dk 1 d k 2 dk 3 . 
W· k 

6 

' . 

( 
~ 

;.;' 
:..'r .. 
) 

q 
~~ 
!' ,r; 
,,. 
i/ 

f 
l 

f 
:ll 

•',r 

\ f, 

~ 
:l 

'· 

y 1 =-v -y +bJQ(k,k )W dk + 
e · k . 1 . k 1 . 1 

. . 2 2 . 2 
+aJR(k,k ,k ,k )(!{ W W -k W W -k W \1 

, t' 2 ·,a t k2 k3_ 2 kt'ka·· 3k 1 

a ' and b are the numerical coefficients depend 
. ' N 17 w w JW. 

plasma parameters chosen,.eu =wpe 6 ~· = kdl 
?30 e 

energy of turbulent pulsations per em • 

,By virtue of the qu~sistationary 

..!Lw· =(y 1 +y s)W =0 
d t k k 

i.e. s 
Y· = -y 

The function (a) was found using the BESM-6 com 

following parameters (taking place in astrophysical 

w -6 . 3 . 7 
-T = 10 • eu = 5.6 X 10 • T = T • v = 4.8 X 10 

. n
0 

e pe. · e I . e 

Besides we use the spectrum W k computed in/
6

/ 

shown later (Fig.l) plotS 'of <ll(k,eu) at x ;;. 0.2, oA 

The results of calculation show that the widt 

lation curve increases With inc:::reasing x- and has 

x"' x 0 = 0.6, .which the maximum of turbulence spet' 

to' (W(x
0

) =maxW(~)) • Then the width of curve deerE 

creasing x • We can see from this that the incre 

correlation curve· v•idth can be smaller than that d 

linear theory (!leu"' v e) at ·some values· x 
The shift. of the curve maximum ~as functia'n. 

mined mainly by the linear dispersion and i~ prof: 

k 2 v 2 ; ~ • ·Therefore it increases' with increasiriJ 
e pe · 

be noted that the correlation associated with the t 
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scribed by ( 2) and the .. 
he definition of I' 

~t forth above we would 

is defined by thermal 

are the. thermal 'vela-
•e 

~spectively. In this case 

(integral eq • (5) do 

r consideration; 

w
2 

, w 
3 

-in _the right-

(6) 

rturbulence spectrum· 

>wance . for the 4-plas­

is'otropiC plasma tur­

e· results of these 

i) is· 

(7) 

re get 

(a) 

y 1 = -11 - y . + b f Q (k 1 k . ) w d k 
e - k 1 . _k 1 1 + 

+afR(k, k 1k 1k )(k2 W W -k2 W W -k 2 W W, )dk dk dk 1 t' 2 3 1 k
2 

k
3

_ 2 k 
1 

k
3 

3 k
1 

k 
2 

1 2 3' 

a . and b are the numerical coefficients depended upon the 

plasma parameters cho~en, w N = (JJ "
6 

_W_ • W =J W k d k . is · the 'total 
pe 'jOTe 

energy of turbulent- pulsations per em • 

. By virtue of the qu~sistaUonary:-

.!Lw =(y 1 +y s)w .. o 
d t k k 

i.e. a 
Y- = -y 

The ft.inction (a) was found using the BESM-6 computer for the 

following parameters (taking place in astrophysical conditi?ns) 

w -6 - 3 7 6 
--=10 1W =5.6xl0 1T =T 1 v =4.8xl0 1 !1 =2.4xl0-. 
noTe pe. e I ' e e 

Besides we use the spectrum W k computed in/6/ • We have 

shown later (Fig.l) ·plots 'Of <l>(kl w) at x ;, 0.2, 0,4, 0,6, 3,2. 

The results of calculation show that the width of the corre­

lation curve increases with in<;:reasing x- and has·la maximum at 

x= x 0 = 0,6, which the maximum of turbulence spetcruni "corresponds. 

to' (W(x 0)=maxW(~)) .Tnen the width of cur\re decreases :with in-

creasing X • We can see from this that the increa,~ing of the 

correlation curve· vddth can be smaller than that determined by 

linear theor-Y ( f..w ""II e ) at ·some values,, X 

The shift. of the 'curve ~aximum ~a.s funct-ion of X -is deter.: 

mi~ed mainly- by the linear dispersion and i~ proportional to 

k 2 2 1 - .· · • Therefore_ it increases' With incr-easing' x • It_ should V e Wpe 

be noted that the correlation associated with the th'ermai 'motion 

7 



'/ 

.. 
' 

becomes very small at small x and ~n be ~less than 11 y • at the 

same x , i.e. in this cas~ the,~~:mdiuo~~ /1cuL;<k
2 ~ .. :/ ~pe is 

broken. Then it is necessary. to ·s_olve eq. (1.5) together with. the 

equation for the spectrum in .which kernals depend on. fr~quency · 

with. the·· method ab~v~-mentioned. 
Thus· the correlation effects can affect the· form of qu(_lsista­

tionary turb)-llence sp~ctrum. The. cor~e'lation. curve .. width· may be 

'qualitatively estimated_ at .11cu N > k
2 v: I cu pe : _ 

from . the formula · 

k 2 v 2 t/2 
11cu =i1cu ( e ) And· in the region of a very' small X 

N L /1cu Lcu pe 

( k<v /v ) it is very important ·to take. into ·account the Coulomb · 
. e e 

collisions in the kernals of equations describing the spectrum and 

correlation function. w - -5 

The calculation results . for cor,relation curves at ~~=.10. 

and the same pl?-sma· parameters are of qtialita:tive charade~ (lue 

to the. ab'ove-mentioned restrictiorl. 

·. Let us. then consider as an example the calculation . of corre""­

lation effects being at plas~a-beam expe_~im.e~/1./. Using th~ spec-: 

trum found ·experimentally we obtained the · results presente;d in-

F;ig.2 • 

;. 

.. Thus, sufficiently good coincidence of calculations and ex-. --· .. . . :. . .· . . .. w· .. -a 
perimental data is observed if .the level of turbulence is of ~.10 . · 

. . 0 e 

MQre detail~d comparison demands further experi':lental and theore-

' ,..,_ 

tical stuc:iY•. 

Thus, qur results are: . . 

1.. There are obtained· the plots and calc1:.t1ated the widths.. 

of correlation -curves of weak turbulent plasma. 
" . . - . : -.-

2~ The correlation effects can affect essentially the form of· . . . ' -. . . . . . ·.· 

. the stationary t~rbulence spectrum even if the level. of its 

.. ef!ergy_ is . quite small •. 

8 

. ' 

. ., 
,.··· 

; > 

3. The method -above developed er,1ables 

a) to associate (in a single way) the wic 

function with the energy level of turbt 

used for diagnostic purposes via carr 

men~; 
b) to find {reconstruct) the turbulence s}: 

lation curves with the aid of the metl 

and equation 
2 

Llcu.(exp'er)=a Lw J R(k,k t'k 2'k 3)Wk ·wk~ wk c 
· · 1 ·-:.. a 

k .· 
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'2 2 
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:he . form of quasisf?.­

::urve ,width· may be 

from the forrriula · 
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~· , f 

~ ~· ' I 

of a very' small x 

:lccc;;unt . the Coulomb · 

ing the spectrum and 

w ·, -5 ·: :· ' 

'1 curves at · ~-= ~~-
·-·' , , . _ e _· :, ,.. • . I· 

tative character due · 

calculation 'of corre:::. 11/ ' ' .. · 
: • Using the spec-, 

suits presente;d in. 

alculations and ex- · . . . . . <\v .. -a 
rbulence is of ---;r-"',10 : 

0 o1 e 
peri~ental and .theore-

.cuiated the widths. .. 

nt plasma_. · 

5,entially t,he form of· 

-en if. the level. of .its 

•' I'' 

.. .... , 

3. The method -above developed er,1ables us 

a) ·to associate (in a single way) the width of correlation 

function with the energy· levei of turbulence and . can be 

used for diagnostic purposes via correlation measure -

ments; 

b) to find (reconstruct) the turbulence spectrum via corre­

lation curves with the aid of the method described in/6/ 

and equation 
. k 2 .... '. .· 

~w.(exp'er)=a WI R(k,k 1 ,k 2 ,k: 3 ,)Wk 1·W~Wk 3dk 1 dk
2 

dk
3

• 

k 
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