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ABSTRACT 

The equation for the evolution of the electron velocity 

distribution, in a stable uniform electron-ion plasma, is extended 

to wave-numbers so small that collisional damping exceeds Landau 

darning for electron plasma waves. 

0 
* 
Work done under auspices of the U. S. Atomic Energy Commission. 
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It is generally realized1  that the standard plasma kinetic 

LI 
equation for a stable uniform Coulomb plasma, that of Lenard, 

Balescu, and Guernsey, 2  has a serious defect in principle. Its 

derivation is based on the Bogolyubov synchronization assumption, 

that the electron correlation function g() relaxes to an asymptotic 

state at a rate much faster than the rate of variation of the 

electron velocity distribution f() . However, in the various 

derivations of the L-B-G equation, one finds that g(), relaxes 

at the rate YL
(the Landau damping rate) while f() 

characteristically relaxes at the rate v(V) , the electron-ion 

collisional frequency. Comparing the two rates, one observes 

that for 

k < kD  (2nA 
	

(1) 

(where k is the Debye wave-number and A is the Debye parameter), 

is exceeded by y [the mean collisional frequency, defined 

in Eq. (18)], so that the Eogolyubov assumption is violated. 

It is also realized1  that g(I) actually relaxes not 

at the rate YL(k)  predicted by the standard derivation, but 

rather at the rate 7 (T) , the true damping coefficieht for an 

electron plasma wave . The latter is known to be 3  

=+ 

	
(2) 
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for k << k . Thus, as k - O, the rate 	= 	is 

appropriate for the relaxation of g() 

The present paper utilizes this idea, heretofore based 

on intuition, to derive a kinetic equation valid for arbitrarily 

small k . The Bogolyubov. assumption. is now valid at small k 

for fast: electrons [such that v(V) <Ky ]; this limitation is 

acceptable, since only fast electrons can resonate with fast 

plasma waves (k < kD  (t)) , and only for the latter is the 

present modification in theory needed. 

The validity of the Bogolyubov assumption implies that 

the momentumof an electron is a Markov process. Neglecting 

large-angle scattering, we may thus utilize the standard Fokker-

Planck equation, for the moientum probability density f() 

. 	f(;t)  

) =) f() 	- 	[D() 	Here 	is the flux 

density in momentum space, is the dynamic friction, and D 

is the momentum diffusion tensor. As is shown by Thompson and 

Hubbard, 5  these quantities may be exoressed as 

J(p
-,
) = F (p) f(D) - D(p) 	- f(p)  

= e2 f d3k 	k 	
.  

k 

U_ 



2
.) 	
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D() = 	e f _dk 	 . 	 (6) 
(2) 

4 . 	Here 	is the contribution of polarization to dynamic friction, 

K(i,a) is the dielectric function, and c(1,) is the micro-

potential spectral density: 

= fd
3s[(ø(t) Ø( + , t + 	e(-i 	+ i) 

(7) 

The L-B-G equation is obtained if one replaces K by the Vlasov 

function Ky and C by the expression 5  obtained from the 

6 
test-particle theorem. 

For collisionally-damped. electron 7  plasma waves, the damping 

is w 	<< W) . Hence, in (5), one may use the resonance 

approximation for the range (1): 

-1 - 
Lu K (k,w) = - 31 	[Re K(,a)]  

Since the inclusion of collisions does not modify Re K , we see 

that 9. is insensitive to the damping mechanism, as one would 

- .. 	 expect on intuitive grounds. 

However, D is modified by collisions. That the Rostoker 

expression' 6  is no lorger valid for .0 is clear, as one can 

check by testing it, in the case of thermal equilibrium, with 

the fluctuatioi-dissipation the6rem:5 



- 

it 

 

- 

C(,w 	
k2 

) - - 
	

Im K 1(,) -  (9) 

where, for k - 0 

.2 

K(,a) = 	
- 	e 2 
	 (10) 

(+iV) 

To obtain a valid expression for C in the range (1), we again 

make the resonance approximation, now in the form: 

[() 3(w- 	+ g  

where 	is the positive frequency of the wave 	, and 

00 

	

k 2 	r() E 2 	j 	dw c(I) 	 (12) 

	

is the energy of the wave8 	 The contribution of the range (1) 

to the diffusion tensor (6) is thus 

= 

 22f

d3k 
 

(2) 

where the integration is over the range (1). Not surprisingly, 

this is identical to the expression obtained in the quasi-linear 

theory, 9  although the conventional derivation and conditions of 

validity of the latter are quite different. 

The wave energy 	
() , in turn, may be obtained from 

11 
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the steady-state condition: 

= 2 7(k) 	() , 	 (14) 

where 	is the emission rate. The part of the latter due to 

longitudinal bremsstrahlung may be calculated, by the method of 

Mercier, 
10 to be 

22 
= e 

e <v)2nA, 	 (15) 

where 	<m = fd3P -m f() . 	 (16) 

In addition,. there is the collisionless emission rate, 	, 

the longitudinal Cerenkov radiation, which vanishes with k 

From (14) and (2), we obtain 

0 

£B(k) +,  
- 	 kin(1) 	- 
v + 2yk) 	 v 

(17) 

The mean collisional frequency v deperds functionally12  on f 

22 
= 	

<v>. 	 (18) 

As. a check on (17), we may evaluate it for a Macwéllian f() , 

and obtain the Rayleigh-Jeans foimula 	() = 8 . Noting 

that 	B(k) is independent of k , we may define an effective 



electron temperature for non-Maxwellian f(), by °eff 

in the range (i). 

Substituting (17) into (15), we may easily evaluate 

We find, that, for v >> <v> £nA, 

k 	I-vv 

	

ne 	 (19) 

valid approximately for any f() . In contrast, the standard 

k /2 theory, using 	= 	YL(k) , would yield a result highly 

sensitive to f() . We note that, in magnitude, the contribution (19) 

is sm41ler, by a factor (enA), than the contribution of all 

waves k < 	 Y to D , and, by a factor (nA2,  than the "dominant" 

contribution, from k > kD , representing collisions dthin the 

Debye sphere. 

Thus the present considerations represent a correction of 

-1 13 
i the same order in A 	as the terms n the L-B-G equation, but of 

higher order in (enA 1  

I wish to thank Dr. P. P. J. M. Schram and Mr. C. S. Liu 

for the benefit of helpful discussions. 
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