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The theory of thermodynamic plasma fluctuations is now fairly 
weI1 developed [1-3]. However, in practice, one often comes across 
plasma states which are very far from being in equilibrium. Flucua- 
tions in such nonequilibrtum states have been investigated by a series 
of authors [4-9] in terms of a linear approximation. 

It must, however, be noted that, under specific conditions, ne 
glect of nonlinear effects may turn out to be unjustified, This relates 
particularly to plasma states which are close to being umtable. In this 
region the fluctuations of various physical quantities are very large. A 
similar situation occurs, for example, in the experimentally observed 
"critical opalescence" in plasma, i . e . ,  the anomalously strong scat- 
tering of electromagnetic waves by an unstable plasma [10]. The de- 
pendence of the transport coefficient on ion-sound oscillations at a 
fairly targe ratio Of electron and ion temperatures [11] is another 
example illustrating the insufficiency of the linear approximation, 
Finally, nonlinear effects may be significant in a plasma with highly 
developed turbulence. 

All this points to the necessity of expressing the various correlation 
functions characteristic of fluctuation processes in terms of higher cor- 
relation functions. In doing so, it is natural to confine oneself, for a 
start, to the first approximation in order of nonlinearity, 

The present paper solves this problem for plasma with Coulomb 
interaction. 

1. As i s  w e l l  k n o w n  [12], t h e  s t a t e  of a t w o - c o m -  
p o n e n t  p l a s m a  w i t h  C o u l o m b  i n t e r a c t i o n  c a n  b e  d e -  
s c r i b e d  b y  t he  p h a s e  d e n s i t y  

:vo (,-, p, t) = ).] ~ 0" - -  r~,, (t))  ~ (p - -  p ~  (t) )  
i 

s a t i s f y i n g  t h e  e q u a t i o n  

ON a ON a 
Ot ~- v Or 

- -  ~ f dr 'dp '  OU~b (I r - -  r ' l ,  ON~ 
b Or L) Nb (r ' ,  p', t) ~ = 0.  

H e r e  

a t e d  w i t h  C o u l o m b  i n t e r a c t i o n  w i t h  i n t e g r a l s  in  t he  

s e n s e  of  a p r i n c i p a l  v a l u e .  

T h i s  l a t t e r  p r o c e d u r e  i s  o b v i o u s l y  m o r e  c o n v e n -  
i e n t ,  s i n c e  i t  a l l o w s  us  to  d i s p e n s e  w i t h  t h e  a d d i t i o n -  

a l  f a c t o r .  

We r e p r e s e n t  t he  p h a s e  d e n s i t y  in  t h e  f o r m  of  two 

c o m p o n e n t s  

N~ = <No> + 6N~ 

t h e  f i r s t  of  w h i c h  r e p r e s e n t s  t he  p h a s e  d e n s i t y  a v e r -  

a g e  t a k e n  o v e r  t he  e n s e m b l e ,  w h i l e  t h e  s e c o n d  d e -  

s c r i b e s  t h e  f l u c t u a t i o n s  a b o u t  t h e  m e a n .  By  d e f i n i -  

t i o n ,  (6Na)  = 0. 

E v e r y w h e r e  in  w h a t  f o l l o w s  we s h a l l  c o n s i d e r  

t h a t  t he  p l a s m a  as  a w h o l e  i s  n e u t r a l  a n d  t h a t  i t s  

s t a t e s  a r e  t h o s e  of  q u a s i - e q u i l i b r i u m .  The  l a t t e r  

c o n d i t i o n  t a c i t l y  a s s u m e s  t h a t  s p a c e - t i m e  v a r i -  

a t i o n s  of  t he  m e a n  p h a s e  d e n s i t y  v a l u e s  a r e  s l o w  
in  c o m p a r i s o n  w i t h  t h e  c o r r e s p o n d i n g  f l u c t u a t i o n  

s c a l e s .  

It c a n  b e  s h o w n  t h a t  6 N a s a t i s f i e s  t h e  e q u a t i o n s  

06N a c95N a 
-~ -. q- v or 

O <Na> 
. , ,  Y fdrdp 

b 

OU ab( I r - - r ' l )  
Or 6Nb (r ' ,  p ' ,  t) = 

= ~ f  d r ' d p ' - - - -  
b 

aU a5 0 

6Q~b = 6Na (r, p, t) 6Nb (r ' ,  p ' ,  t ) .  (1 .2)  

Final ly ,  one can e s t ab l i sh  the fol lowing re la t ions  
[12],  w h i c h  w i l l  b e  r e q u i r e d  l a t e r  on:  

ea % 
Uab (r, 3,) = - '7--  (t  - -  e-Z~), 9~ > 0 (1.1 

i s  t he  m o d i f i e d  C o u l o m b  i n t e r a c t i o n ,  g o i n g  o v e r  i n -  

to  C o u l o m b  i n t e r a c t i o n  f o r  ~ ~ ~ . T h e  i n t r o d u c t i o n  
of  i n t e r a c t i o n  (1.1)  i s  a g e n e r a l l y  a c c e p t e d  f o r m a l  

d e v i c e ,  u s e d  in  o r d e r  to  e x c l u d e  t h e  s t r i c t l y  e n e r -  

g e t i c  d i v e r g e n c e s  w h i c h  a r i s e  in  t h e  d e s c r i p t i o n  

of  a s y s t e m  of  p a r t i c l e s  w i t h  C o u l o m b  i n t e r a c t i o n  

[13]. The  F o u r i e r  t r a n s f o r m  of (1.1) d i f feJ :s  f r o m  

t h a t  of t h e  C o u l o m b  i n t e r a c t i o n  b y  t h e  f a c t o r  
~ 2 / ( k  ~ + ~2), w h i c h  e n s u r e s  t h e  c o n v e r g e n c e  of  
i n t e g r a l s  in  k - s p a c e ,  a n d  t h e  s i g n i f i c a n c e  of t h e  
a b o v e - m e n t i o n e d  p r o c e d u r e  l i e s  in  t he  f a c t  t h a t  
t h e  p a s s a g e  to  t h e  ~ ~ h a s  a l r e a d y  b e e n  r e a l i z e d  

in  t h e  e n d  r e s u l t s .  H o w e v e r ,  one  c a n  s e e  t h a t  t h e  
o p e r a t o r  l i m  (~2 / k 2 + k2) f o r  k ~ '~ i s  e q u i v a l e n t  to  

r e p l a c i n g  t h e  i m p r o p e r  i n t e g r a l s  in  k - s p a c e  a s s o c i -  

<N~) = na i l ,  (1 .3)  

(6N~ (r, p, t) 6No (r ' ,  p ' ,  t)> = 

= 6ab6 (r - -  r ' )  6 (p - -  p ' )  nbs q- 

+ n~nbga~ (r, r ' ,  p, p ' ) ,  (1 .4)  

<6Na (r, p, t) 6ND (r ' ,  p ' ,  t) 6No (r", p", t)> = 

= 6aoSac6 (r - -  r ' )  6 (r - -  r") 6 (p - -  p ')  8 (p - -  p") n c / c +  

-}- 8~b8 (r - -  r ' )  8 (p - -  p ')  nancgae -t- 

+ 6~c8 (r - -  r") 6 (p - -  p") ncnbgbr q- 

q- 5be5 (r '  - -  r") 6 (p' - -  p") nanbgab -~- n~n~n~,d.bc, (1.5)  

g~b = / ~  - - / J b ,  dab~ = 

- labo - -  ga~/c - -  g~J .  - -  gaJb - -  /~/~L. 
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Here  n a is the number  of pa r t i c l e s  of type  a in 
unit volume, and gab and dab c a re  double and tr iple  
co r r e l a t i on  functions respec t ive ly .  

2. Fluctuat ion p r o c e s s e s  in a p lasma  a r e  given 
by the double co r re l a t ion  function 

<6Na (r, p, t)6N~ (r', p', t)>. (2.1) 

When this is ca lcula ted  in the f r a m e w o r k  of the 
l inear  theory ,  the t r ip le  s imul taneous  co r re l a t ion  
function is neglected,  as a resu l t  of which the r igh t -  
hand side of the s y s t e m  of equations (1.2) is a lso 
neglected.  The s y s t e m  then turns  out to be se l f -  
consis tent ,  which ensu re s  the solution of the p r o -  
blem.  In the f i r s t  approximat ion  in o rde r  of  non-  
l inear i ty  the co r re l a t ion  function (1.5) is p r e se rved ,  
and co r re spond ing ly  the r igh t -hand  side of (1.2) is 
a l so  re ta ined.  As a resu l t ,  it  b e c om e s  n e c e s s a r y  to 
supplement  the sy s t em of equations (1.2) for  6Qab. 
However,  leaving this quest ion open until a la te r  
s tage,  we shal l  fo rma l ly  take the r igh t -hand  side in 
s y s t e m  (1.2) to be given and solve the initial p r o b -  
lem with the initial condition 

6N a (r,. p, t = 0) = 6Na (r, p, 0). 

To do this we apply the uni la tera l  t ime Fou r i e r  
t r a n s f o r m  and the coord ina te  Fou r i e r  t r a n s f o r m  

ONa (k, p, (o) = S dt g dr 6Na (r, p, t) eli{ '~+i~ 
0 

( - ~ 1  dk p, co) e -i(~ 6N~ (r, p, t) = I I &06N~ (k, 

S t ra ight forward  calcula t ions  give 

5N. (r, p, t) = ~Na (r --  vt, p, 0) --  

"t' ' i i <SN~ (r, p , t )  6Nb t , P ,0)> = ~ dk&0d[k(r-r')-~q • 

• (p) 6Nb (p'))k,~+io-{-<6na (r, p, t) ~tN~ (r', p', 0)> (2.5) 

where  

, s [ 
(~Na (p)6Nb (p))k,o~+io = co + i0--kv 6ab6 (p -- p') rlb)~b @ 

+ nanbGab (k, p, p') - -  

4n eaebnanb/bk Ola t 
k~ ~ (to + 10 -- kv) e (co + iO, k) 

4~ O/a 1 
- -  Z -~- eae~nanbnck Op e (o) + iO, k) j dp" G---cb- (k--L" p ' '  p') ] (to + i0--kv") 3" (2.6) 

c 

Here Gab in the Four i e r  t r a n s f o r m  of the pai r  
co r r e l a t ion  function 

g~b (r, p, p') = ~ a~b (k, p, p'l e ~k~ . 

The f i r s t  t e r m  in (2.5) coincides with the resu l t  
of l inear  theory  [6] (on condition that for  the pai r  
co r re l a t ion  function we use the " l inear"  pai r  c o r -  
re la t ion  function). Both the las t  and the f i r s t  t e r m  
contain nonl inear i ty ,  s ince ins tead of Gab we mus t  
now use the "nonl inear"  pai r  co r re l a t ion  function. 

If we  turn  Out at tention to the s t ruc tu r e  of the 
c o r r e c t i o n  t e r m  in (2.5), it becomes  obvious that 
the second t e r m  in (2.4) does not contr ibute to 
the double co r re l a t ion  function. Taking only the 
f i r s t  t e rm into account,  we have 

4~iea 0 dk' Qa (k --  k',  k',  p, co) (2.7) Aa (k, p, ~)  -- (2~)~ 0p 

4 ~ i e a e  b 
-- ~ ~ n~ f dr'dp'SNb (r', p', 0) • 

b 

O]a e-i[o)t-ik(r-r')] 
• I dkdo~k ~-~ k~ (o) + iO -- kv) (to @ i0 -- kv') g (to + i0, k) 

+ Ona (r, p, t) (2.2) 

where  

4~ea2 O] a 
e (co, k ) =  t + ~ ~ n a f d p t _ - - - ~ k - ~  

a 

6ha(r, p, t) = t fdkdo)e-i('~t-kr) t [ ~ -- kv + i0 iAa (k, p, (o) - -  

4 n i e a e  b O l a  " d ' - A b ( k ,  p ' ,  0)  
- - ' > 1 , - - - ~ - - - n ~ k ~ "  f P (o+iO--kv')s(to+iO, k)] (2.3) 

b 

and A a (k, p, w) is the F o u r i e r  t r a n s f o r m  of 

OUab 
Aa (r, p , t )  = ~ f d r ' d p '  Or Op (SQ,b-<6Qab}). (2.4) 

b 

Multiplying (2 .2)by  6N b (re, P t, 0) and ave rag ing  
the r e su l t  over  the ensemble ,  we find without dif-  
f iculty 

where  

Qa (k, k', p, co) = ~ eb! dp'SQab (k, k', p, p', co). (2.8) 
b 

It is convenient  to r e p r e s e n t  re la t ion  (2.5) in a 
s l ight ly  different  form.  Multiplying (2.5) on the 
left by the opera to r  

ea!dp 
(z 

we find without difficulty 

<Sp (r, t) 6Nb (r', p', 0)} = 

= f dkato d[k(r_~,)_,~ll(Sp6Nb (P'))k.~,+io.,.' (2.9) 

where  

8 (co + iO, k) 

(Sp6N~ (P'))k,~+~o,r. = 

(Db (k, co ~ i0, p') + 1Fb (k, co + i0, p', r'), (2.10) 

o ~  (k, co + iO, p') 

l_(o--kv" + i0 r ~eana~dPto--kv§ (2.11) 
a 
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�9 ~ (k,  (o + i0 ,  p' ,  r') = (~o + i0, k) e i~ '  

t [ . ,  OX 
• I d p  ( ~ ) + ~ \ k  -@p) x 

X ( Q . ( k - - k ' ,  k' ,  p, o~) 6N~(r', p', 0)) (2.12) 

We sha l l  s e e  l a t e r  that  the  dependence  of q'b on 
r ~ is  a s p u r i o u s  one.  With  the he lp  of r e l a t i o n s  (2.10) 
- (2.12) i t  i s  not h a r d  to r e p r e s e n t  (2.5) in the f o r m  

= ~ dkdo) ei[icfr_r,)_~t ] X <SX~ (r, p, t) 5N~ (r', p ' ,  0)) 3 (2~)'~ 

• [X~ (k, co + i0, p, p', r ')  

4~ o/~ (Sp~N~ (P'))~,~+~o.e.~ (2.13) 
k. ~ eanak Op eo--kv + iO j 

w h e r e  

Xob (k, c0 + i0 ,  p, p ' ,  r') = X~(~) (k, (0 + i0 ,  p, p')  + 

+ Z,,~(~ (o + iO, p, p', r ' ) ,  (2.14) 

i 
X,,~(~ (k, o) + i0, p, p') -- o ) : 0 - - k v  [5~5 (p - - p ' ) n d ~  + 

;-- n~Go~ (k, p, p ' ) l ,  (2.15) 

i eikr" -J~iea f dk" 
~'b(~(k~~ i O ' p ' p " r ' ) - - o ) + i O - - k v  ~ ~ •  

0 
X k '  ~p <Q~ (k - -  k ' ,  k ' ,  p, o) 8N~ (r', p' ,  0)). (2.16) 

It should  be noted  that  the fo rm of the r e l a t i o n  
be tween  the c o r r e l a t i o n  funct ion (6NbN} and 
( 5 p 6 N )  is  of the s a m e  fo rm as  in the l i n e a r  t h e -  
o r y  [ 6 ]. 

3. Re l a t i ons  (2.9) and (2.13) a r e  s t i l l  only  a 
f o r m a l  so lu t ion  of the p r o b l e m  posed ,  s ince  the  
funct ion 6Qab is  a s  ye t  unspec i f i ed .  Thus i t  i s  
n e c e s s a r y  to c o n s t r u c t  a s y s t e m  of equa t ions  
d e t e r m i n i n g  5Qab. Mul t ip ly ing  the equa t ion  for  
6N a by 6N b and the  equat ion fo r  6N b by 5N a and 
adding  the r e s u l t s ,  we f ind 

a5 Q ~b 
Ot 

- y ,  
r 

= ~ idr"dp"  
c 

- -  ~- (v  a~: + v  ~r, ] 

ou~a~ 6Qb~ + nb -~JT- 

Or Op 

oube O l 
' Or" Op" (3.1.) 

w h e r e  

6H~br = 8N~SN~6N,; . 

Sys t em (3.1) a l l ows  one to e x p r e s s  6Qab by 
m e a n s  of a p a i r  d i s t r i b u t i o n  funct ion,  the f l u c -  
tua t ion  of phase  dens i ty ,  and a t r i p l e  s i m u l -  
t aneous  c o r r e l a t i o n  f u n c t i o n  However ,  if we 

l i m i t  o u r s e l v e s  to t ak ing  into account  the f i r s t  
c o r r e c t i o n s  in o r d e r  of n o n l i n e a r i t y ,  then the 
r i g h t - h a n d  s ide  of (3.1) can be neg l ec t ed ,  which a u t o -  
m a t i c a l l y  c l o s e s  the  p r o b l e m .  

We sha l l  s e e k  the so lu t ion  of the in i t i a l  p r o b l e m  
for  s y s t e m  (3.1) without  r i g h t - h a n d  s ide  by the F o u -  
r i e r  method .  Thus,  

~Q~,,, (k, k' ,  p, p', ,,)) ~: 

= i dt I dr dr'6Q~ b (r, r',  p, p', t )eq  (~'+i~ , 
o 

5Q~I, (r, r ' ,  p, p' ,  t) : 

a s  a r e s u l t  of which we a r r i v e  at the  equa t ions  

5Q,,b (k, k' ,  p, p', ~o) = i6Q.~. (k, k', p, p', 0) 
(n -}- i0 -- kv --  k'v' 

~ 4ae a e c O],~ t 
- -  z . j -  7 -  n . k  ~pp co L ~0 -- kv -- k'v' 

c 

x 

> fdp"6qb~ (k, k' ,  p', p", ~o) 

~7 4:t%ec , Orb t 
- -  a.a ~ n~k ~ ~0 + i0 - -  kv - -  k'v" 

r 

x fdp"SQ~(k, k',  p', p", co) 

5Q:,b (k ,k ' ,  p, p ' , 0 )  = 5Q.~ (k, k ' ,  p, p' ,  t = 0 ) .  (3.2) 

We note that  5Qab is  s y m m e t r i c  with r e s p e c t  to 
the  subs t i t u t ion  of a, k, p r e s p e c t i v e l y  by b, k ~ p,t 
and v ice  v e r s a .  In so lv ing  (3 2) we sha l l  fol low the 
me thod  out l ined  in [14, 15 ]. We i n t r o d u c e  

Q .  (k,  k ' ,  p ,o~)  = ~ e b  !dp'6Q~ b (k,  k ' ,  p, p' ,  ~o). 
b 

Mult ip ly ing  (3.2) by  e b s u m m i n g  over  b and i n t e -  
g r a t i n g  ove r  pt, we find 

e @ - -  kv q- i0, k') Q~ (k, k ' ,  p, co) = 

f ifQa b (k, k', p, p', O) 
= ~ eb dp' ~ + i 0 - -kv - -  k'v" 

b 

8aeie a O] a . 

--  k2 n , k  ~ M  (k ' ,  k ,  (o - -  k v  + i0 ,  r ( 3 , 3 )  

w h e r e  

M (k ,k ' ,  m , m ' ) = 2 ~ , e ,  idp  Q~ (k,k',p, co') 
O - -  k v  

a 

Now m u l t i p l y i n g  (3.3) by  ea6(W ~- co + kv), s u m -  
m i n g  ove r  a and i n t e g r a t i n g  ove r  p, we obta in  

((o' + i0 ,  k ' )  [ M  (k, k ' ,  ~o - -  ~o' - -  i0 ,  ~'o) - -  

- -  M (k,  k ' ,  a~ - -  ~o' + i0 ,  a ) t =  (3 .4)  
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=~.~e.  fdp ~e~ idp'  i~Qab (k, k', p, p', O) 
to' - -  k'v' + i0 

a b 

5 ( o  - -  r - -  k v )  - -  

- -  M (k' ,  k ,  r + iO, r x ( 3 . 4 )  �9 

x [e (o) - -  o~' - -  iO, k) - -  e (o~ - -  (o' + iO; k)] . ( con t 'd )  

Mak ing  the  s u b s t i t u t i o n s  k '  and  w '  - w '  --* co' 
in  Eq. (3.4), and  s u b t r a c t i n g  the  equa t i on  thus  o b -  
t a i n e d  f r o m  (3.4) i t s e l f ,  we have  

e ( o '  + iO, k ' )  M (k,  k ' ,  (0 - -  c o ' . - -  iO, o )  + 

+ e (o) - -  o)' - -  iO, k) • M (k', k, e)' + i0, co)-- 

i6Qab (k, k', p, p', 0) e b dp = 
- -  2~ ~_.~ e~ I dp' ~-~ (to" --'--k'W-~ i-o3-o(to----d" ---'---(.<'--- iO) 

a b 

= e ( (o ' - - iO ,  k') M (k, k ' ,  c o - - ( o ' + i O ,  (o) + 

+ e (~o--r + i O ,  k ) •  k, ( o ' - - i 0 ,  o))--  

Se t t ing  (3.7) in  (3.3), we have 

Qo (k,  k ' ,  p, (o) = ~ ,  e~ x 
b 

fdp 
' i6Qab (k, k', p, p', O) 

s (to - -  kv  + iO, k') (o)-- kv - -  k'v" + iO) + 

+ S e t ,  f dp' Sec  sap "--ff eanak Op 2ni3 ~o- -kv- -u+iO 
b c 

iSQbc (k, k', p', p", O) 
8 (to - -  u + iO, k) 8 (u + iO', k') (to - -  u - - k ' v '  + iO) (u - -  k'v" + iO) ' 

F o r m u l a  (3.8) a l s o  g ives  the  exp l i c i t  e x p r e s s i o n  
for  the  func t ion  e n t e r i n g  in to  the r e q u i r e d  d o u b l e  
c o r r e l a t i o n  func t ions  (2.9)-  (2.11). 

4 .  Se t t ing  (3.8) in  (2.16), r e p r e s e n t i n g  6Qab (k, k t, 
p, p t  0) by the F o u r i e r  i n t e g r a l  in  c o o r d i n a t e  space ,  
u s i n g  (1.5) and  then  p a s s i n g  once  aga in  to the  k - r e -  
p r e s e n t a t i o n ,  we f ind a f t e r  c a l c u l a t i o n  

- - _ _  ~. ifiQa b (k, k', p, p', O) dp' 
I ~_~e,~ f dp ~e~  .~(to'--k'v'--iO){to--to'--kv+iO)" (3.5) 2~i 

a b 

C o n s i d e r i n g  (3.5) as  the b o u n d i n g  r e l a t i o n  for  a 
c e r t a i n  func t ion  of the  c o m p l e x  v a r i a b l e  t ,  which  
v a n i s h e s  for  Iw'l ~ : o ,  we conc lude ,  by  a w e l l - k n o w n  
t h e o r e m  f r o m  the t h e o r y  of a n a l y t i c  f unc t i ons ,  tha t  

a ((o', k ' )  M (k,  k ' ,  r - -  co', 0)) + 

Zab(s) (k ,  (o + iO, p, p' ,  r ')  = 

4~i ~ dk' 
: Xab( ~ ) ( k , o  + iO, p, p')  - -  ~ 3 ~  • 

ea k' 0 
X t o - - k v + i O  ~ p ~ e ~  x 

c 

i Nac b (k, k', p, pl, p') 
X dp~ - (co --  Akv --  k'vl + iO) e (o) --  Akv + iO, k') -~" 

+ e ((o - -  o ' ,  k ) M  (k', k, o)', r = 

_ I \7 e i6Q~ (k, k', p, p', O) 
2ai /~ aldP ~-~ebldP' (to'--k'v')(to--to'--kv) " 

a b 

(3.6) 

R e l a t i o n  (3.6) a l l ows  one to e l i m i n a t e  the  q u a n -  
t i ty  M (k, k ~ w - wt, w) , f r o m  (3.4), a s  a r e s u l t  of 
which  we f ind 

M (k', k, co' -- iO, co) __ ~1I (k', k, ~' -}- iOto) 
e (co" - -  iO, k') e (to" + iO, k') - -  

�9 , 1 l 
: ~ e a  fdp  ~]eb fdp 2~i o - - t o ' - - k v + i 0  

a b 

6Qaz) (k, k', p, p', O) 
X i e(to-- to'+ iO, k) X 

>( e (to" - -  iO, k ' )  ( ~ "  - -  k ' v "  - -  iO)  8 (co' + iO,  k ' )  ( o "  - -  k ' v "  - ~  iO)  " 

Whence  we ob ta in ,  f r o m  the S o k h o t s k i i - P l e m e l  
f o r m u l a s ,  

M(k',k,o',to) 1 [" du .-1 f b l  
e((o',k') = ( 2 n i ) 2 ) ~ j e ~  dp~]e  dp' • 

a b 

ibQat, (k, k', p, p', 0) 
X a(m--u+iO, k)(o~--u--kv-}- iO) >( 

{_ 4~ i C, k'tla(to-}-iO, k, to--u+iO, Ak, v) 
(-A~)~Tt~ art 8(to--u-~iO, Ak) s(u-~iO, k') X 

Ned b (k, k', pt, p~, p') (4.1) 
• ~'er 2ea  I dp, (o)--u--Akv,+iO)(u--k'v~-}-iO) 

c d 

w h e r e  Ak = k - k ' a n d  

, i 0 t (k' Ota~ ( 4 . 2 )  
~q (o~, k, co, k ' , v )  = e~,~nato --kv Op to'--k'vk Op} 

Nabc (k, k ' ,  p, p' ,  p") = 

= ~ a b ~ a c ~  ( p  - -  p') 5 (p - -  p") nJc + 5~b5 (p - -  p') • 

• n~ncGac (k, p, p") -4- 6ac5 (p - -  p") ncnbGcb ( - -  k ' ,  p", p') + 

-4- 5b~5 (p' - -  p") • nbn~Gab (k' - - k ,  p, p') + 

+ n~nbn~Dabc (k, - -  k ' ,  - -  k + k' ,  p, p ' ,  p") (4.3) 

' f  da~ = ~ dk dk' e~[(k+k')r-k'r'-kr X 

X Dab~ (k, k', - -  k - -  k ' ,  p, p ' ,  p"). (4.4) 

It s t i l l  r e m a i n s  to c a l c u l a t e  'I'd" To  do th i s  we 
e m p l o y  the obv ious  r e l a t i o n s h i p  

i 

as  a r e s u l t  of which  we o b t a i n  

I i l ] 
>( (u--k'v'--iO)e(u--iO, k') (u--k'v'.-~iO) e(u+iO, k') " 
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4 a i  l ip X ~ b  == - -  (2a)s  ~ (~  _q_ i0, k)  

U-. kv-:~0 x 
a c 

X k 0 Nact, (k,  k' ,  p, pl,  p') 
Op ((o --  Akv -- k'Vl + iO) e (~o -- Akv + iO, k') @ 

I f duk'tl (~ + iO, k, ~,-- u + i~), Ak)  4 ~  

(co - -  ~ - -  h k v ~ @  iO) ( u - -  k ' v l  -I- 
t d 

w h e r e  

k, k') =Ze  fdp o k', v) 
a 

i s  the  funct ion i n t r o d u c e d  in [15]. 

The r e l a t i o n s  (2.9)-(2.11) and (4.5) d e t e r m i n e ,  in 
the f i r s t  a p p r o x i m a t i o n  in o r d e r  of n o n l i n e a r i t y ,  the 
double  c o r r e l a t i o n  funct ion of c h a r g e  d e n s i t y  with 
p h a s e  d e n s i t y  th rough  the f i r s t  d i s t r i b u t i o n  funct ion,  
and p a i r  and t r i p l e  c o r r e l a t i o n  func t ions .  M o r e o v e r ,  
in o r d e r  to p r e s e r v e  the o r d e r  of s m a l l n e s s ,  the 
c o r r e l a t i o n  funct ions  s u b s t i t u t e d  in (2.11) should  
c o r r e s p o n d  to the f i r s t  a p p r o x i m a t i o n  in o r d e r  of 
n o n l i n e a r i t y ,  so  that ,  j u s t  as  in r e l a t i o n  (4.5),we 
m u s t  confine o u r s e l v e s  to l i n e a r  c o r r e l a t i o n  funct ions .  

The ana logous  r e l a t i o n s  ( 2 . 1 3 ) - ( 2 . 1 5 ) a n d  (4.1) 
t o g e t h e r  with the F o u r i e r  t r a n s f o r m  (2.10), d e t e r -  
m i n e d  above ,  r e p r e s e n t  the double  phase  d e n s i t y  
e o r r e l a t o r  in t e r m s  of c o r r e l a t i o n  funct ions ,  and 
a r e  thus,  in fact ,  the so lu t ion  of the p r o b l e m  posed .  
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