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A possiblo dofinition of entropy similar 1o the elassical hinatie theory
ol gases ix considered and Boltzmann H theorem is extended (o the
cleetrostatic weak plasma turbulence, 1 is shown that in a weakly
turbulent. plasma entropy must inevease and therefore it is irvovewsible
in contrast to the stable Viasov plasina

1. INTRODUUTION

The concopt of cntropy und Boltzmann 7 theorem ix of fundumentul importanee
wm the kinetic theovy of gases and  irveversible thormodynanues (Chapman &
Cowling 1952) Accordmg Lo 1T theovem any hinolic equation which, is applicable
to a veal system st hiwve some propesty [T which is the negative of entropy
ol e system whose time rate of chango di idi must be negulive or zoro {ov all
the timo 1t is also well known that the equations of motion lor o system
expressed microscopically are time rovessible.  Therefore the ncversilnlity ol
the system is related to the colloetive behaviour of the elements of (he systent.

Tor low density plasma the appropriate kinetic equation is the Viasov equa-

tions. (Krall & Triselpic 1973)
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where f, 15 the probability density function of olectron (@ = 1) ad won (@ = 2),
x and p wre the position ad velocity vecelors, respectively. E and B are the
electric fiold and magnetic induction vector, g, and m, wre 1espeetively the

charge and the mass of the electron and ion.

1t s woll known that the Viesov equation is reversible and thevefove the

cutropy of such system re iuins constant

In the present work the theory of weak clectrostatic turhulence s considercd
An H function as well as entropy similar to the classical kinotic theory is defined
1t is shown that the time rate of change H id negative or zero for all the time and
therefore the enttopy of the woeakly turbulent plasma must, incrouso sl thor ¢lore

it is irroversible.
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2 BourzyanN H TieorsM N A TURBULENT TPLASMA

Torbudence has heen the subject ol o large wumber of investigations
CEsytovich 19720 David 1972), The equation governing the cnsemble average

ol the disterthution fupetion of the electrons

Fﬂx.v./) - ,/.|{va'.” k (2)
v unven by Tokker Planch oquation (Grey & Paul 1971, Gray & Schmidt
1971)
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wheve Drpf s e total time devivative along the zeroth trajector v of the eloctron,
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The ditlucivity tesor D ois teladod (o the eperey spectiom of the random clee-

frapstitic potentiol S(h = @) i,
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whote o the wane vector and o s the frequency We assume that for the
Juravy o
Py~ 1, o (6)
We now adetine au o fonetion sunilee 4o (e elassieal theory  (Nakaywman
1967

I, Jdx | doliy 0 L. o A7)

Note that the experession tesembles thad of the claseical theory (Nakayama 1967)
in telerence hut we considered {he ensemble ayevige of the dist@ibution funetion

and not the dostantaneoes one. Thoe entropy may now be dofined as
N X, 11, o (R)

The time dornvative of /1 becomes
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* Amgnlne braekots stand for the ensemble averago.
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It is now obvious that forastable plasma DF, Dt 0w honee dit, di o,
Therefore a stable Vinsov plasini ix veversible

For a turhulent ])]llﬂllll. hFl‘“' N wiven |b) o () Diveet suhstifution
of v (3) ineq. (9) after intogration by part gives

dH, [ oF,
dt - Idx r dv J"l o ' iy :

{1
From cq. (3) 1t is clear that s a positive defindte svmmetie second order
tensor  Therefore the integral on the right hand wide s pesitive or zera at all
the fime. Thus

dll,

au - 1] forall ()

The cquality Tiolds when AR dp - 0

Tovr the ions with tHe assumption (6G) we find

i, o
dt =)
I term ol entrop vowe find
ltl\l .
ac 0, forall N )

Therefove wo conclinde that althorgh o stable Viasov plema s veveesible the

anstable plasma which is weakly tw balent beeomes mveveraihle
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