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Abstract. The conclusions on the violat ion of some of the 
basic principles of statistical mechanics and physical 
kinetics repor ted by M a y o r o v , Tkachev, and Yakov lenko 
[Usp. Fiz. N a u k 164(3) 297 (1994); P h y s . - U s p e k h i 62 (3) 
276 (1994)] are shown to be insufficiently substant ia ted. 
These conclusions have been d rawn from the results of a 
compute r s imulat ion of classical C o u l o m b plasma, bu t it is 
suggested here tha t these results admit an al ternat ive 
in terpre ta t ion . Rejection of the principle of detailed 
ba lanc ing is no t an inevitable consequence of the 
compute r s imulat ion results; tha t this is so also follows 
from an analysis of microscopic processes repor ted in the 
present study. In fact, the behaviour of this type of p lasma 
can substant ial ly depend on near-wal l p h e n o m e n a . A 
l imiting case of the system under considerat ion (two 
part icles with opposi te charges in a closed space) is 
analysed: collisions of the part icles with perfectly reflecting 
walls are found to m a k e the system behaviour ergodic and 
to lead to a dis t r ibut ion function tha t decreases in the 
domain of negative centre-of-mass energies. 

... "The site of devil's dislocation 
has not yet been found" ... 

S I Yakov lenko " H o w we found the dev i l " [2] 

1. Introduction 
In the M a r c h 1994 issue of Physics-Uspekhi there 
appeared under the head ing ' F r o m the current l i te ra ture ' 
an article by M a y o r o v , Tkachev, and Yakov lenko 
(hereafter referred to as M T Y ) "Metas t ab le supercooled 
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p l a s m a " [1]. The au tho r s overviewed the results of their 
compute r s imulat ion of the behaviour of a classical 
C o u l o m b p lasma within a closed space [3, 4]. W e think 
tha t some assert ions and conclusions in Ref. [1] are no t 
sufficiently substant ia ted and deserve comments . 

M T Y have studied p lasma behaviour using the m a n y -
part icle dynamics ( M P D ) compu ta t ion me thod . The M P D 
me thod consists in the numer ica l solution of N e w t o n ' s 
equa t ions of mo t ion for an ensemble of poin t electric 
charges enclosed in a finite space and obeying the C o u l o m b 
law. Accord ing to Ref. [1], in a p lasma, supercooled relative 
to the ionisat ion equil ibrium and confined by perfectly 
reflecting (elastic) walls, the recombina t ion process rapidly 
slows down and a steady state is established tha t is different 
from the one expected for bulk- ionisa t ion equil ibr ium. 

On the basis of the results of their s imulat ion, M T Y 
came to the conclusion tha t one should a b a n d o n the " long-
held views on the statistics of isolated (microcanonical) 
sy s t ems" [1] and predicted the feasibility of the eventual 
format ion of long-lived p lasmoids of the bal l l ightning 
t ype . t 

M T Y state [1] tha t they were able to derive an analytical 
expression for the energy dis t r ibut ion function in an 
isolated p lasma (free from any "external s tochast ic 
a c t i on" ) only "a t the price of rejecting the principle of 
detailed b a l a n c i n g " and , further, tha t " the computer 
s imulat ion results showed the need to reconsider one of 
the fundamenta l principles of statistical mechanics and 
physical kinetics: namely the law of en t ropy rise in its 
present f o r m u l a t i o n " } . 

f W e apologise in advance for the abundance of quotat ions from 
Ref. [1]: this is unavoidable in this type of communication. 

J A relaxation towards thermodynamic equilibrium needs an 
intervention from outside that would make the system partly 'forget' 
its previous state. At this point one should pluck up courage and 
implicitly formulate the principal conclusion: given that the fulfilment 
of the laws of statistical mechanics requires a stochastic action from 
outside and that these laws correspond sufficiently well to what we 
observe in real life, there should exist an external source of stochastic 
action. We call it external stochastiser—its other name is devil" [2]. 
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Strictly speaking, such radical conclusions on the 
infringement of fundamenta l principles do not follow 
from the simulat ion da ta [1]. In our opinion, these da ta 
admit an al ternat ive in terpre ta t ion tha t does no t require 
either the rejection of the principle of detailed ba lanc ing or 
a revision of the basic concepts of physical kinetics and 
statistical mechanics . Figurat ively speaking, if the roo f 
leaks, this is not a sound reason for b reak ing down the 
foundat ion . 

2. The principle of detailed balancing: 
for an against 
This is a fundamenta l principle of statistical physics, which 
states tha t in an equil ibrium system every microscopic 
process proceeds at the same ra te as the cor responding 
reverse process [5]. The principle of detailed ba lanc ing does 
no t m a k e it necessary to specify explicitly the kind of the 
equil ibr ium; different microscopic processes can have 
differing rates depending on the condi t ions prevail ing in 
the system. A n apparen t violat ion of this principle might be 
due either to the lack of an ac tua l equil ibrium in the system 
or to an inadequa te account of all the channels br inging the 
system to or removing it from a given state. 

M T Y believe tha t the recombina t ion 'freezing' is related 
to the conservat ion of dynamic m e m o r y in a p lasma 
isolated from any external act ion by perfectly reflecting 
walls. However , one can notice, on one hand , tha t there was 
no analysis of the correlat ion functions, a l though the latter 
might afford evidence on the dynamic m e m o r y conserva
t ion. On the other hand , there are no da ta whatsoever on 
the e lementary r e c o m b i n a t i o n - i o n i s a t i o n processes tha t 
might reveal the dynamics of microscopic processes in 
the observed behaviour of the p lasma. Evidently, the 
observed re ta rda t ion of the recombina t ion process m a y 
be explained either by the relative drop in the ra te of 
recombina t ion or by an increase in the ra te of ionisat ion. 

The lack of detailed informat ion on the spa t io tempora l 
evolut ion of the e lementary processes (in par t icular , on the 
lifetimes of the b o u n d states of the part icles and specific 
decay mechanisms) makes it difficult to establish the origin 
of the so-called unexpected proper t ies of the simulated 
p lasma confined by perfectly reflecting walls in the M T Y 
paper [1]. Moreover , it seems to us , to say the least, 
unjustified to d r aw radical conclusions on the basis of 
indirect evidence. 

At this point , one should recall tha t the Bo l t zmann 
dis t r ibut ion does, in fact, follow from the principle of 
detailed ba lanc ing only under some addi t iona l assumpt ions 
(cf. Ref. [6]); in general , these assumpt ions are not valid 
under the condi t ions of computer s imulat ion [1]. Therefore, 
one is no t entitled to infer a violat ion of the principle of 
detailed ba lanc ing from the mere fact tha t the derived 
dis t r ibut ion function differs from the Bo l t zmann dis t r ibu
t ion. 

3. Analysis of microscopic processes 
In Ref. [1], the in terpre ta t ion of the s imulat ion results is 
based on the implicit a ssumpt ion tha t the 'unexpected 
p roper t i e s ' of the simulated classical C o u l o m b p lasma are 
due to bulk p h e n o m e n a in the p lasma; the perfectly 
reflecting walls are assumed to play only one role, namely 
isolate the p lasma from the 'outs ide stochastic ac t ions ' 

( M T Y regard this isolation as indispensable for the 
establ ishment of the presumed equil ibrium state). 
Actual ly, these assumpt ions are far from being evident; 
they need justification, which is no t provided in Ref. [ 1 ] . | 

W h e n the to ta l n u m b e r of part icles in the system under 
considerat ion is N0 ^ 10 , a significant pa r t of them is 
located in the layer adjoining the walls, where the behaviour 
of the part icles substant ial ly differs from the bulk behav 
iour. Consequent ly , there are no reasons to regard the 
system considered in Ref. [1] as adequate ly represent ing the 
bulk proper t ies of classical C o u l o m b p lasma. Moreover , the 
characterist ic part icle t ime of flight from wall to wall 
T W A L L =L/VT t u rns out to be comparab le with (or a little 
longer than ) the fastest characteris t ic t imes of part icle bulk 
p h e n o m e n a (here L and VT represent the system size and 
part icle the rma l velocity, respectively), and is much shorter 
t han the three-body recombina t ion t ime: T W A L L <^ T R . 

Table 1 presents the characterist ic t ime scales for the 
three p lasma simulat ion versions discussed in Ref. [1]. He re 
N, T, 3, and t represent the p lasma number density, 
t empera tu re , and the nonideal i ty pa ramete r , a long with 
the actual t ime of s imulat ion-system observat ion, respec
tively. The listed values of the th ree-body recombina t ion 
t ime T R and the C o u l o m b collision t ime T 0 were calculated 
with the use of the wel l -known formulas given in Ref. [1]. 
W e have normal ised all these t imes to T E I = N~l^3/VT, 
which represents the characterist ic t ime of flight of an 
electron over a mean inter-ion distance. 

Table 1. Real parameters of three versions of simulation [1]. 

N/cm~3 r / e V s T r / T d ToAei T w a l l / T e i 

10 2 0 1.7 0.12 46 4.6 x 101 1.4 8 
10 1 7 0.28 0.28 59 3.2 x 102 3.3 8 
10 1 4 0.1 0.0006 50 8.5 x 104 13.5 8 

The physical mean ing of the aforement ioned t ime 
deserves special considerat ion: this t ime plays an impor t an t 
role in the M T Y concepts . Nevertheless , in their opinion, 
" this characteris t ic t ime does no t appear in the t rad i t iona l 
app roach to kinetic p rob lems based on a cut-off Bogolyu-
b o v c h a i n " [1]. Firs t of all, T E I does no t depend on the 
m u t u a l interact ion between part icles and makes sense even 
in the ideal gas. In reality, this is a purely k inemat ic 
characterist ic t ime. Imagine a very sharp pe r tu rba t ion of 
p lasma density (or of some other integral p rope r ty of the 
medium) . Let its initial spatial scale be very small (of the 
order of N~l^)\ the original condi t ions will be restored in 
t ime T E I . Of course, such a process could be called relaxat ion, 
bu t this would no t relieve one from the necessity to analyse 
the cor responding correlat ion functions and to determine 
the correlat ion decay t ime. In a nonidea l p lasma the latter 
m a y tu rn out to be of the order of T E I , its precise value being 
determined by the mechanism of part icle m u t u a l interact ion 
— wha t an occasion for recalling the well k n o w n effects of 
the spin echo and p lasma echo type! 

It follows from Table 1 tha t the statistical and kinetic 
proper t ies of the system we are considering here depend to 

f i t is noteworthy that M T Y do not discuss the physical nature of the 
so-called outside stochastic action: the demonological [2] and 
philosophical [3] aspects of the problem have been considered by 
Yakovlenko in separate publications. 
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a large extent on the near-wall ra ther t han on bulk 
p h e n o m e n a . This is especially so in the K n u d s e n gas 
case (see the thi rd s imulat ion version in Table 1). In 
Ref. [1] the choice of the b o u n d a r y condi t ion type 
described as a box with mir ror walls is mot iva ted as 
follows: the often used per iodic b o u n d a r y condi t ions br ing 
the s imulat ion far away from the initial dynamic equat ions ; 
hence, they "a re inadmissible in studies of the fundamenta l 
proper t ies of p l a s m a s " . In our opinion, however , the mode l 
with perfectly reflecting walls, a l though very interest ing in 
itself, m a y move the s imulat ion even further away from 
reality: this is due to l imitat ions in pa rame te r s available for 
use in compute r s imulat ion. 

In this connect ion, it would be helpful to compare the 
existing bulk recombina t ion theory with compute r s imula
t ions employing per iodic b o u n d a r y condi t ions . A detailed 
compara t ive analysis of the two compu ta t ion schemes (with 
either mirror-wal l type or per iodic b o u n d a r y condi t ions) 
would also be very interesting. 

4. The role of perfectly reflecting walls 
In Section 4.2 of Ref. [1] entitled " A n o m a l o u s drift 
t owards posit ive energ ies" one reads , " In order to 
interpret reasonably the results of the ab initio s imulat ion 
we had to pos tu la te a s t rong drift a long the energy axis 
from the zone of negative to the zone of posit ive electron 
energies. This drift is due to the microfields p roduced by all 
the charged pa r t i c l e s" . 

The hypothes is of the microfield origin of the a n o m 
alous drift finds in Ref. [1] no convincing confi rmat ion. 
Ins tead, one learns from the final summary tha t "it is also 
necessary to investigate the mechanism of the drift a long the 
energy axis caused by the microfield discovered dur ing 
M P D compute r s imu la t i on" . The possible influence of 
perfectly reflecting walls on the format ion of this drift is 
neither discussed, nor even m e n t i o n e d ! . 

The confinement of the plasma-filled space imposes 
some obvious l imitat ions on the behaviour of two kinds 
of part icle b o u n d states (particle aggregates), namely large 
b o u n d states with sizes exceeding the wall- to-wall spacing 
and small-size aggregates with nonzero centre-of-mass 
velocities relative to the walls. In fact, the elastic reflection 
of part icles from the wall does no t exclude the energy 
exchange between the centre-of-mass and orbi ta l mot ions . 
Therefore, the inter-act ion of a bound-par t i c le aggregate 
with a perfectly reflecting wall t u rns out to be, generally 
speaking, an inelastic collision. It yields a nonzero con
t r ibut ion to the redis t r ibut ion of part icles between the free 
and b o u n d states. 

Consider n o w a part icle b o u n d state (aggregate) 
compris ing two particles with opposi te charge signs. A 
collision of such an aggregate with a perfectly reflecting wall 
m a y result in its ' ionisa t ion ' (a ' r ecombina t ion ' is also 
possible). In order to shed some light on the influence of the 
wall u p o n the ergodic proper t ies of C o u l o m b systems, it is 
appropr i a t e to consider the simplest case of a ' p lasma ' 
consist ing of only two particles confined in a closed space. 

f This is rather strange because in the same article M T Y emphasised the 
important role of walls obeying all kinds of reflection laws but this one. 
In particular, it is noted in Ref. [5] that in the case of thermostated walls, 
the relation between the temperature of the gas T and the wall r w a l l in 
equilibrium is given by T — 3rwall/4(!?). 

Accord ing to the ergodic hypothesis , the t ime-averaged 
value of any dynamic variable should coincide with its value 
averaged over the phase space with the b[H{pi, qt) — H0] 
measure . He re H0 represents the to ta l energy, while the 
Hami l ton i an H has the form 

= £ + £ - 7 T ^ T 7 . CD 
m -021 

Thus , on the assumpt ion of the validity of ergodicity, the 
dis t r ibut ion over the b inding energy of the aggregates 
should satisfy the equat ion: 

f(e9H0)= | dPidqiSlHip^-HolS&ip^-e], (2) 

where 

E(pi,qi)=H(pi,qi)-
(Pi +Plf 

2(ml + m2) 
(3) 

represents the to ta l energy of the part icle pair in the centre-
of-mass reference frame. The integrat ion in formula (2) 
should be per formed over all m o m e n t a and a certain 
domain V of the configurat ion space. Should this doma in 
be invar iant with respect to some t rans la t ions and 
ro ta t ions , one would have to t ake into account the 
cor responding integrals of mo t ion in E q n (2). 

W e no te tha t in Ref. [1] M T Y use a dis t r ibut ion 
function / ( e ) over part icle to ta l energy in the l abora to ry 
reference frame, and their criterion for the existence of a 
b o u n d state a m o u n t s to the negative sign of this energy. 
Such a restrict ion does not cor respond to a m o r e adequa te 
criterion involving pair correlat ion functions. In par t icular , 
this app roach is unab le to distinguish two-part ic le aggre
gates from many-par t ic le ones. It is also evident tha t in 
weakly nonidea l p lasmas the criterion based on the / ( e ) 
function would unde r r a t e the number of two-part ic le b o u n d 
states: for instance, a two-part ic le aggregate with a 
sufficiently high centre-of-mass velocity may, indeed, 
have a posit ive to ta l energy. In our analysis we use a 
different criterion: the part icle aggregate is regarded to be in 
a b o u n d state if E(pi9 qt) < 0 (which means tha t the part icle 
orbi ts are elliptical in the centre-of-mass reference frame). 

Consider n o w two ra ther evident proper t ies of in te
gral (2). Firs t , one has / ( e , / / 0 ) 0 o n l y if £ < H0; in this 
case f(e,H0) ~ (H0 — s)d^ ~l with e —> / / 0 , where d is the 
dimension of the region V. Second, it is easy to derive an 
asymptot ic expression for f(e9H0) when e < 0 and 
|e| > e2/L, where L is the min imal characterist ic length 
of the region V. W e have: 

f(e,H0)^{\5/'2 (4) 

There are certain doma ins V, for which the integral (2) 
can be calculated analytically, bu t the cor responding 
analyt ical expressions are too cumbersome to be r e p r o 
duced here. 

W e have used our computer to test the ergodicity of the 
system; the computer s imulat ion was performed as follows. 
W e assigned two uni t -mass part icles with uni t electrical 
charges of opposi te sign to move within a square with 
perfectly reflecting sides (mirrors) . The square-shaped 
b o u n d a r y id = 2) was set up to have uni t length sides. 
Explicit expressions for part icle trajectories are readily 
derived from the appropr i a t e formulas of mechanics . 
The compu ta t i ons are thus reduced to finding out which 
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of the part icles had a collision with a wall, and when and 
where did this event (particle reflection from the wall) 
occur. This makes numer ica l solut ion of differential 
equa t ions unnecessary. By finding the roo t s of algebraic 
equa t ions much higher accuracy can be achieved. F o r 
instance, after several t h o u s a n d s of collisions, the relative 
change in the part icle to ta l energy was of the order of 10~ 7 . 

W e plot ted the dis t r ibut ion function f(e9H0) t hus 
obta ined in the form of a h i s togram represent ing the 
residence t ime of the system in states with b ind ing energies 
in the (e, e + Ae) interval. The results of a typical c o m p u t a 
t ion of the function f(e9H0) with H0 = 0.3 obta ined after 
abou t 10~ 4 collisions with the wall are shown by the b roken 
line in Fig . 1. The tail of the dis t r ibut ion was cut off at 
e = —10. The max imal b ind ing energy m o d u l u s |e| in our 
s imulat ion was 10 3 . The solid curve represents the ana ly t 
ically calculated dependence (2). The two curves were 
normal ised to m a k e the integrals of b o t h functions coincide. 

Figure 1. Energy distribution function in the centre-of-mass system for 
the case of two particles in a closed space. The solid line represents 
formula (2); the broken line shows the results of computer simulation. 

The evident agreement between the analyt ical formula 
and the compute r s imulat ion results confirms the ergodicity 
of our two-par t ic le classical ' p l a sma ' model . One should 
m a k e it clear tha t such a large n u m b e r of par t ic le-wal l 
collisions was needed only to scan the largest possible pa r t 
of the isoenergetic surface and to accumula te da ta for 
statisitical evaluat ion. W e obta ined similar results for a 
large ensemble of equal- total -energy part icle pai rs no t 
interact ing with each other . In this case a few collisions 
with the wall yield reliable s imulat ion da ta . The dis t r ibut ion 
function (2) is here different from the Bo l t zmann dis t r ibu
t ion bu t this can be explained wi thout rejecting either the 
principle of detailed ba lanc ing (cont rary to Ref. [1]) or the 
ergodic hypothes is for our system. Thus , the difference 
between the dis t r ibut ion function / ( e ) repor ted in Ref. [1] 
and the one expected for a bu lk- recombina t ion p lasma m a y 

be due to the influence of perfectly reflecting walls. Indeed, 
it follows from the characterist ic t imes listed in Table 1 tha t 
this influence cannot be neglected. 

In Ref. [1] the recombina t ion re ta rda t ion was a t t r ibuted 
to incomplete system intermixing ( that is, re tent ion of the 
dynamic memory) . Z h i d k o v and Galeev [7] arrived at a 
similar conclusion with regard to the re tent ion of the 
dynamic m e m o r y for the condi t ions of computer s imula
t ion [1] for an u n b o u n d e d p lasma by calculat ing the 
L y a p u n o v exponents . In Ref. [7], re tent ion of the dynamic 
m e m o r y was a t t r ibuted to the presence of invariant tor i in 
the C o u l o m b system phase space, which would na tura l ly 
lead to ergodicity violat ion. 

The existence in u n b o u n d e d p lasma of fairly small 
part icle aggregates, weakly interact ing with the rest of 
the system, and of the cor responding invar iant tor i is 
beyond any doub t . However , it follows from the agreement 
of the analytical and computed curves in Fig. 1 tha t 
perfectly reflecting walls br ing abou t complete destruct ion 
of the invar iant tor i and format ion of a dis t r ibut ion function 
tha t decreases in the negative energy range . Thus , it is 
possible to d r aw another conclusion from the results of the 
compute r s imulat ion [1], namely tha t the ergodicity of 
C o u l o m b p lasma improves instead of being violated. 

5. Conclusion 
The main results of the present work are as follows. 

The need to reject the principle of detailed ba lanc ing 
does no t inevitably follow from the compute r s imulat ion 
da ta repor ted in Ref. [1]. This need is not confirmed by our 
analysis of the dynamics of microscopic processes. 

The relat ions between the characterist ic t imes in the 
compute r s imulat ion [1] indicate tha t near-wal l processes 
can significantly affect the behaviour of the p lasma. 

A n analysis of the limiting case of the system under 
considerat ion (two opposi tely charged part icles in an 
enclosed volume) shows tha t collisions of part icles with 
perfectly reflecting walls lead to an ergodic p lasma 
behaviour with a dis t r ibut ion function tha t decreases in 
the doma in of negative centre-of-mass energies. 

Var ious in terpre ta t ions of the compute r s imulat ion [1] 
tha t do no t t ake into account the wall effect to which we 
have d rawn a t tent ion are in our opinion unfounded . 

Of course, we could no t dwell here on all the aspects of 
the discussed study. Let us jus t ment ion tha t the ra ther 
hypothet ica l ana logy between p lasma ionisat ion and me t -
astable states occurr ing in phase t rans i t ions of the first kind, 
ment ioned in the title of Ref. [1] and the abstract , bu t 
practical ly not e laborated in the text of the article, leaves 
m o r e quest ions t han answers. 
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Comment on the article 
4On the interpretation of computer simulation of 
classical Coulomb plasma' by A M Ignatov, 
A I Korotchenko, V P Makarov, A A 
Rukhadze, A A Samokhin 

S A M a y o r o v , A N T k a c h e v , S I Y a k o v l e n k o 

Fallacy of the new interpretation. The main content of the 
article by Igna tov et al. consists in a new in terpre ta t ion of 
those results of our compute r s imulat ion tha t have been 
repor ted fully in Ref. [1] and briefly described in our review 
article [2]. W e found a re ta rda t ion of the recombina t ion 
relaxat ion in a system compris ing a large number ( ~ 1000) 
of C o u l o m b part icles enclosed in a three-dimensional b o x 
with perfectly reflecting (perfectly elastic) walls. Igna tov e-
t al. a t t r ibu te this effect to the ' ionisat ion ' of the b o u n d -
part icle aggregates at the walls. They believe tha t ionisat ion 
of a b o u n d pair of part icles occurs u p o n collision with the 
wall: to ta l energy of the part icle pair is then redis t r ibuted 
between the energy of mo t ion of the two-par t ic le aggregate 
as a whole , and the b inding energy of the pair of particles. 

This in terpre ta t ion is wrong : 
1. U n d e r the condi t ions of our compute r s imulat ion the 

aforement ioned effect is very weak. Actual ly, the n o n -
inertial effects in the course of the part icle-pair reflection 
from the wall are negligibly small because of the great 
dispari ty between the electron and p r o t o n masses (please 
no te tha t in our compute r s imulat ion of part icle dynamics 
we a t t r ibuted to the part icles their t rue masses). Even simple 
est imates show tha t the effects considered here are weak, 
and this was confirmed by direct compute r s imulat ions. In 
the case of an infinite ion mass these effects are al together 
absent , bu t , as expected, s imulat ions with infinite ion mass 
yielded an electron dis t r ibut ion function practical ly indis
t inguishable from tha t for the case of the ion mass equal to 
the mass of a p r o t o n . 

2. In the supercooled p lasma we are cosidering here 
(the initial condi t ions conform to full ionisat ion of the 
p lasma at a low tempera ture ) any energy exchange between 
the t rans la t iona l and ionisat ion degrees of freedom tha t is 
reversible in microscopic te rms would be expected, accord-
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ing to generally accepted concepts , to favour recombina t ion 
ra ther t han ionisat ion, in contras t to the views of Igna tov et 
al. W e have also verified this directly in our compute r 
s imulat ions. In the case of part icles of equal mass the 
dis t r ibut ion function over the to ta l energy was found to 
app roach the recombina t ion dis t r ibut ion. As expected, the 
number of b o u n d electrons exceeded tha t observed in an 
e l e c t r o n - i o n p lasma under similar condi t ions . W e repor ted 
elsewhere [3] the results of our many-par t ic le dynamics 
s imulat ions for part icles of equal masses with an analysis 
of the effects of noniner t ia l behaviour of the centre-of-mass 
system on reflection from the wall. 

Thus , the re ta rda t ion of recombina t ion re laxat ion under 
the condi t ions of our compute r s imulat ion cannot be 
a t t r ibuted to the deformat ion of the bound-e lec t ron dis
t r ibut ion p roduced by part icle reflection from perfectly 
elastic walls, as has been suggested by Igna tov et al. 

Other erroneous statements. The article by Igna tov et al. 
conta ins a number of further substant ia l misconcept ions in 
the unde r s t and ing of the three-body recombina t ion process 
and misrepresenta t ions of the results obta ined by other 
au thors . In par t icular , one has the impression tha t Igna tov 
et al. have restricted their s tudy of our research to reading 
the popu la r science l i terature they refer to , instead of our 
original scientific publ ica t ions listed in the references to our 
review article [2]. Let us dwell here only on a few examples. 

1. It follows from Section 3 of the article by Igna tov et 
al. tha t these au tho r s have no t unde r s tood tha t the t ime of 
the establ ishment of recombina t ion relaxat ion (i.e., the t ime 
for the establ ishment of the dis t r ibut ion at the ' th roa t of the 
s ink ' ) is much shorter t han the recombina t ion t ime (the t ime 
required for the bulk of the electrons to pass t h rough the 
' th roa t of the sink') . After an u n s o u n d jux tapos i t ion of 
var ious characterist ic t imes in Table 1, the au tho r s came to 
the misguided conclusion tha t the to ta l system observat ion 
t ime in our compute r s imulat ion was too short . This is 
par t icular ly surprising, since this p rob lem has been analysed 
in detail in our s tudy [1] (cited in our review [2] also as 
Ref. [1]). One can also find there a compar i son of the 
characterist ic recombina t ion re laxat ion t imes with the to ta l 
system observat ion t imes; all these t imes together with the 
calculat ion pa rame te r s are t abu la ted in Ref. [1]. It is 
no t ewor thy tha t in our review [2], discussed by Igna tov 
et al., we reproduced Fig . 1 from the original work [4]; this 
figure il lustrates the incompat ibi l i ty of re laxat ion t imes 
derived from simulat ion and from t rad i t iona l theory. 

2. In the aforement ioned Section 3 of the article its 
au tho r s correctly state tha t for the de terminat ion of the 
physical na tu re of T E I it is necessary to find the correlat ion 
decay t ime. This is exactly wha t we have done in Ref. [5], by 
analysing, in par t icular , the correlat ion functions of p lasma 
microfields together with the electron and ion poten t ia l 
energies. The definition of this t ime is to be found on page 
281 of our review [2], where there is a direct reference to this 
research. 

3. In Section 4 of the article its au tho r s use the results of 
their analysis of a two-dimens ional system of two part icles 
with equal mass in order to interpret our results. W e find 
this puzzling: even wi thout any calculat ions it is obvious 
tha t for two energy-isolated part icles the equil ibrium 
dis t r ibut ion will no t be Bol tzmannian . It does no t mat te r 
wha t kind of mechanism (a wal l -dependent or some other 
one) drives the relaxat ion t owards equil ibr ium. The dis-
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t r ibut ion for "a large ensemble of part icle pai rs no t 
interact ing with each o t h e r " discussed by Igna tov et al., 
is indeed radically different from the equil ibrium dis t r ibu
t ion for an ensemble consisting of as few as ten particles. 

The quest ion h o w m a n y part icles are required for a 
dis t r ibut ion approach ing to the Bo l t zmann dis t r ibut ion was 
qui te tho rough ly analysed in the Append ix to our 
article [1]. Let us recall tha t we compared in greatest detail 
the results of our s imulat ion no t with the Bo l t zmann 
formula bu t with the recombina t ion dis t r ibut ion derived 
from the t rad i t iona l theory based u p o n the principle of 
detailed ba lancing in its t rad i t iona l formulat ion. 

4. In the final pa r t of Section 4, Igna tov et al. assert tha t 
Z h i d k o v and Galeev [6] reached a conclusion similar to 
ours concerning the re tent ion of dynamic m e m o r y in a 
system compris ing m a n y C o u l o m b part icles. In reality, 
these au tho r s have come to a diametrical ly opposi te 
conclusion: namely tha t the "mo t ion is Lyapunov-uns t ab le 
and, consequently, s tochas t ic" . Incidentally, this result was 
obta ined in Ref. [6] because of fallacious analysis of the 
na tu re of mo t ion of the dynamical system (see Ref. [7] for 
further details). 

5. In the footnote to Section 4 Igna tov et al. ascribe to 
us an evidently e r roneous assert ion tha t g a s - w a l l equi l ib
r ium occurs with the t empera tu res of the gas and the wall 
no t being the same. W h a t we have stated in our paper s was 
different [1, 8]. W h e n the reflections of the part icles from 
the walls are inelastic (a case also simulated in our 
compute r ) the equil ibrium is violated; therefore, one has 
to independent ly verify whether the part icle dis t r ibut ion is 
Maxwel l ian (which we have done in our s imulat ions) . The 
equil ibrium violat ion under the reflection law we have 
selected manifests itself in the requi rement of different 
gas and wall t empera tu res at equal heat fluxes to and 
from the wall. 

Since lack of space prevents us from dealing with other 
misconcept ions in the article by Igna tov et al., we leave it to 
the readers to find out for themselves the real state of affairs 
by becoming acquain ted with our original publ ica t ions . 
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