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Abstract.

The physical sense of main ideas, presented now in plasma physics, is discussed.
An attempt to clarify the true images of objects, really used in plasma physics during
the processes of calculations, is made. The construct "Coulomb collision" with the
properties of Boltzmann collisions plays the key negative role in physics of fully
ionized plasma. A new concept of fully ionized space plasma is considered.
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1. Introduction.

Physics of the solar wind and internal Sun meets with great di�culties,
connected with impossibility to describe the observed properties of fully
ionized space plasma in framework of a uniform internally consistent
theory (Alfv�en and Arrhenius, 1976; Alfv�en, 1981; Chertkov, 1985).
The theory of fully ionized plasma is not able to give explanations
for results of laboratory experiments in the �eld of controlled fusion
(Gott and Yurchenko, 1996). The aim of the paper is to show that all
the di�culties are not accidental ones. They stem from the profound
errors in the ordinary way of theoretical calculations, replacing the
parallel interaction of charged plasma particles by series of so-called
consequent "Coulomb collisions" with very rapid loss of information
about previous state of plasma. The most part of errors is connected
with simpli�ed methods of formulating the problems and setting up the
boundary conditions for space and laboratory plasma. An analysis of
logical chains and identi�cation problems arising during the process of
comparison of initially declared items of plasma models with the true
items of the models and with real objects in space plasma is presented
here.

2. Di�culties in Space Plasma Theory.

2.1. Unsolved Problems in Space and Solar Physics.

A concise and not complete list of unsolved till now problems in space
and solar physics is the following.
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(1) How can the Sun, having the surface temperature of about 6; 000
K, heat the corona up to about 2; 000; 000 K (Zirin, 1966; Gibson,
1973)? (2) How can the Sun accelerate the solar wind to supersonic and
super-Alfvenic velocity (Brandt, 1970)? (3) How does a moving solar
wind proton receive energy more than twenty times higher than its
initial kinetic energy (Parker, 1963)? (4) Why does not the solar wind
get cool even at distances of 1� 10 AU (Chertkov, 1985)? (5) Why can
the solar wind be perfectly described by isotropic hydrodynamics, when
the mean free path due to so called "Coulomb collisions" in plasma is
more than 1AU? When the mean free path is provided by the Larmor
precession in magnetic �eld (Baranov and Krasnobayev, 1977), one can
receive only anisotropic MHD description of plasma (Chertkov, 1985).
(6) Why the apparent thermal conductivity for electrons is much higher
than that for protons (Hundhausen, 1972)? When the mean free path in
plasma had been produced by the above mentioned Larmor precession,
this ratio would have been the opposite one (Chertkov, 1985). (7) Why
does the theoretical relaxation time for ordinary space objects similar
to coronal loops or helmets exceed 1011 years, contrasting with the
observed relaxation time about hours (Chertkov, 1998b; Nakariakov et
al., 1999)? (8) Why does not the measured solar neutrino 
ux coincide
with the calculated one (Bahcall, 1989)?

An analysis showed that all these problems are interrelated and con-
nected with drawbacks of plasma theory for fully ionized space plasma
(Chertkov, 1985; Chertkov, 1997a; Chertkov, 1998a).

2.2. History of Plasma Physics.

The history of physics of the fully ionized plasma had two bifurcation
points: the one in 1937 and the other in 1946. Both were connected with
the preference of simpli�ed calculation methods over deep analysis of
real plasma properties. Then the theory confronted with the results of
controlled fusion experiments, and till now it is not adequate to ex-
perimental and empirical data. L.D.Landau suggested in 1937 a model
of fully ionized plasma with so called "Coulomb collisions" (Landau,
1937). They replace the complicated simultaneous interaction of many
charged particles by a series of arti�cial consequent collisions with small
change of impulses. The main feature of the model, which is very im-
portant for our investigation, is a very rapid loss of information about
previous state of plasma, implicitly introduced in calculations with
the use of a hypothesis equivalent to Stosszahlansatz by L.Boltzmann.
It is the well known "integral of collisions" in the form by Landau.
A.A.Vlasov demonstrated in 1938, that the integral diverges (Vlasov,
1938). Vlasov suggested the equation with a self-consistent �eld. It
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is a model with parallel interaction of particles, keeping information
about a previous state of plasma. The fundamental di�erence between
the method of descriptions of charged particle systems, suggested by
A.A.Vlasov, and the method by L.Boltzmann is the following { citation
from (Vlasov, 1950): "1. A denial of principle of point-like localization
of particles in sense of classical mechanics. 2. The behavior of every
particle of the system is described with the use of f-function, stretched
in the phase space. 3. Not only close but arbitrarily distant interactions
of every particle with all the collective of particles are considered.
Mathematical apparatus of the method assumes two interpretations
of the sense of f-function: it can evaluate a statistical dispersion in a
position of the point-like particle, or it can be a generalization of the
notion of particle by itself, giving the image of the particle, stretched
in phase space of six dimensions."

A.A.Vlasov developed his theory on the base of the second inter-
pretation (Vlasov,1938;1945;1950;1966;1978). But almost all the other
works in the �eld of physics of fully ionized plasma use (or, at least,
imply) the �rst interpretation (Landau and Livshits, 1979; Galeev and
Sudan, 1984; Klimontovich, 1997).

The work (Ginzburg et.al., 1946) appeared under the title "About
Inconsistency of Works by A.A.Vlasov on General Theory of Plasma
and Physics of Solid Body" and declared, that all the results, obtained
in criticized works, were erroneous. The base of the statement was the
fact, that A.A.Vlasov, in the process of solution of his equation, calcu-
lated a singular integral in sense of principal value. In 1946 L.D.Landau
formulated a new way of calculation for these singular integrals - a
special rule to go round the integration path. It allowed him to obtain a
"collisionless damping" of waves in fully ionized plasma, solving Vlasov
equation, which keeps entropy (Landau, 1946).

In 1946 BBGKY chain, named by the names of all the authors,
(Bogolyubov-Born-Green-Kirkwood-Yvon) was suggested (Bogolyubov,
1946; Born and Green, 1946; Kirkwood, 1946; Yvon, 1935). It is a chain
of connected equations for the series of linked partial distribution func-
tions, describing stochastic behavior of an ensemble of interacting parti-
cles, starting from Liuville equation for the ensemble. Liuville equation
is equivalent to the full system of exact dynamical equations (Newton
equations) for all the particles. BBGKY chain is the main instrument
of statistical physics now (Libo�, 1969; Koga, 1970; Cercignani, 1975).
However, N.N.Bogolyubov was the �rst, who demonstrated the diver-
gence of the chain for fully ionized plasma (Bogolyubov, 1946). Vlasov
equation was adopted as the �rst approximation for collisionless plasma
in framework of BBGKY chain, and a combination of Vlasov equation
with integral of collisions by Landau occurred the second approximation
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(Clemmow and Dougherty, 1969; Akhiezer et al., 1974). But these two
approaches { by Landau and by Vlasov { contain direct contradictions
and it is not a solved problem (Koga, 1970; Chertkov, 1998a). All the
statistical methods, applied in present day plasma physics, contain di-
vergence (Balescu, 1975; Krommes, 1984; Yerofeyev and Malkin, 1989).
The divergence is removed with additional hypotheses, ordinarily with
the hypothesis about Debye screening (Debye and H�uckel, 1923) or
weakening of correlations (Klimontovich, 1982). But, as it was shown
in (Koga, 1970; Schmidt, 1991), di�erent parts of the theory are not co-
ordinated; regions of validity of these parts do not coincide; comparison
with experiments can be made very conventionally.

Let us discuss the physical sense of main ideas, presented now in
plasma physics. It will be connected with the clarifying of true im-
ages of objects, really used in plasma physics during the processes of
calculations.

2.3. "Coulomb Collisions" in Collisionless Plasma.

The image of the "Coulomb collisions" is the fundamental of present
day plasma theory (Shkarofsky et al., 1966; Krall and Trivelpiece,
1973). It stems from the unnecessary analogy of Boltzmann gas col-
lisions and particle interaction through a self-consistent �eld in fully
ionized plasma. This analogy is incorrect and lead to the heavy errors.
It replace the parallel interaction of plasma particles with no loss of
memory about its prehistory by a series of consequent "collisions" with
very rapid loss of memory. This rapid loss take place only for simply
not ionized gases (Kravtsov, 1989; Chertkov, 1997a). The di�erence
in evaluating of plasma electrical conductivity in framework of conse-
quent "collision" concept and in framework of empirical estimations
can amount fourteen orders in magnitude for the solar wind plasma
(Chertkov, 1985; Chertkov, 1992). What is the cause of contradictions?

The formula for cross-section of Coulomb interaction between two
charged particles was obtained by E.Rutherford for the case of bom-
barding of the foil target by a beam of �-particles (Rutherford, 1911).
The direction of the beam was approximately normal to the plane of
the foil target; the foil was very thin; the density of the beam was very
small. All these conditions created the possibility to treat the result
of bombarding as the sum of consequent pair interactions between
a certain �-particle and a certain nucleus of an atom of the target.
Di�erent results of interaction (di�erent angles of de
ection) were ex-
plained by introducing of a collision parameter, which is so small, that
cannot be controlled. The collision parameter (aiming distance) b could
be determined as the distance from the centre of the target particle
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to the straight line, continuing the initial undisturbed trajectory of
the incoming bombarding particle. The supposition about stochastic
distribution of the aiming distances during the bombarding helped to
solve the inverse problem and to determine the structure of atom. The
formula by Rutherford has many con�rmations, obtained in controlled
experiments in the �eld of atomic physics (Born, 1963). It should be
added, that all the con�rmations correspond to the same scheme of
experiments, keeping the validity of pair collision approximation.

L.D.Landau was the �rst, who applied Rutherford formula to the
quite di�erent spatial situation, arising in a volume with completely
ionized plasma. Of course, no pair collisions can occur in this case. This
circumstance sometimes was pointed out (Koga, 1970), but sometimes
was not (Krall and Trivelpiece, 1973). The model of fully ionized plasma
with so called "Coulomb collisions" dominates in textbooks on plasma
physics (Clemmow and Dougherty, 1969; Landau and Livshits, 1979;
Klimontovich, 1982). Theory of "weak plasma turbulence", criticizing
model of pair interaction, uses this notion as well (Tsytovich, 1971).

There are several congruent ways to count the result of these "Cou-
lomb collisions", e.g., on the de
ection angle of a probing particle: to
calculate a di�usion in the impulse phase space (Landau, 1937); to
apply Fokker-Planck equation (Shkarofsky et al., 1966); to calculate a
mean square deviation of de
ection angle for a probing particle (Krall
and Trivelpiece, 1973); to develop special diagram method (Balescu,
1963); to use BBGKY chain with hypothesis about weakening of corre-
lations (Klimontovich, 1982). These methods are interrelated and use
the same system of suppositions (Koga, 1970). All of them give the
logarithmic divergence after integration over collision parameter b: �nal
results contains

R
1

0 db=b. The divergence is eliminated with the aid of
the hypotheses, that bmin (minimal value of b) should be equal to �DB
(De Broglie wave length) and bmax (the maximal value of b) should
be equal to RD (Debye radius of screening in plasma) { see (Krall
and Trivelpiece, 1973). We shall discuss both hypotheses below. But
the matter is that the divergence is caused by quite other reason. It
is the non-pair nature of particle interaction in fully ionized plasma
(Chertkov, 1998a).

2.4. Divergence of BBGKY Chain for Completely Ionized

Plasma.

The most detailed analysis of system of postulates, basing BBGKY
chain, and, respectively, the related methods, was given in the work
(Koga, 1970). Let us recall, that Liuville equation is equivalent to the
full system of Newton equations for the system of interacting particles
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and has no statistical character; it has the shape (d=dtD(N))along = 0.

Here D(N) is the density of points, representing our system of N in-
teracting particles in phase space; it is a function of 6N + 1 variables:
r1; :::rN ;p1; ::pN ; t; r1; :::rN are radius-vectors of particles; p1; ::pN are
their impulses; t is the time. "Along" means, that the full time deriva-
tive is taken along the phase trajectory, along which the evolution of
the state of our system occurs. The transition from Liuville equation
to BBGKY chain was made under special assumption, that D(N) has a
symmetry relative to rearrange of coordinates and impulses of any two
particles. This assumption puts very essential conditions for dynamical
processes, which could be described by the chain. Let �1 be a charac-
teristic time scale of main movement in the system; �2 be the same
for 
uctuations; let �1 >> �2; The symmetry can arise from averaging
over time �12, when �12 << �1 and �12 >> �2 (Poincar�e, 1910). Li-
uville equation keeps information about initial condition of the system.
Statistical sense of averaging over time is following. It is equivalent to
the set of suppositions about the interaction of particles. The main
suppositions are: (1) if the interaction between the particles is weak,
mutual e�ect of two particles, colliding with the i-th particle during
the time �12, should be small; (2)if the interaction is strong, the time
�12 should be enough small in order to the i-th particle can interact not
more than with one particle during this time. It is necessary, that there
exists a hierarchy of time scales: �1 >> �2 >> �3 >> :::, where �1 is a
characteristic time of external and macroscopic forces; �2 is the same of
pair interaction; �3 is the same of perturbation of pair interaction from
a third particle, and so on. Thus, BBGKY chain becomes irreversible
on account of the way of averaging of the chain equations.

The conditions, necessary for obtaining of BBGKY chain, limit the
possibility of its applications. The main conditions are: (1) time scales,
used at obtaining of the chain, should coincide with time scales of
dynamical processes in real systems; as a consequence, only two �rst
equations of the chain have a certain physical sense; (2) the gas should
be rare�ed enough in order to two particles, interacting with the i-
th particle consequently during the time �2, do not e�ect mutually
in this time interval; (3) the gas should be dense enough, in order to
distribution of particles in the vicinity of i-th particle can be assumed
as a uniform one and a hypothesis like Stosszahlansatz can be applied;
(4) the time scale of external force should be much more than �12.

The possibility of constructing of kinetic theory on the base of
BBGKY chain depends upon the properties of modeled real system.
It is obvious, that the condition (2) cannot be satis�ed for Coulomb
interaction. Most probably, that �2 � �3 � �4:::. But in this case
no Debye screening e�ect should occur in electron gas. Divergence of
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integral of collision for Coulomb interaction is caused by the neglecting
of interaction between �eld particles (Koga, 1970).

The �nal result of BBGKY chain for fully ionized plasma is a com-
bination of Vlasov equation (a regular part, keeping memory about
prehistory) with an integral of collisions for Coulomb interactions (a
stochastic part, bringing relaxation to equilibrium state). Divergence
of integral usually is eliminated by introducing of Debye screening.

2.5. Debye screening.

Debye screening was suggested for explanation of behavior of diluted
solutions of strong electrolytes in water (Debye and H�uckel, 1923).
Mean electrostatic potential  is determined by Poisson equation � =
�4��=", where mean charge density � is obtained from the equilibrium
Boltzmann distribution � = �ieziniexp(�ezi =kT ); " is the dielectric
constant, e is the electron charge, zi is the valence of i-th ion, ni is
the concentration of i-th ions, k is the Boltzmann constant, T is the
temperature. Under the condition of electric neutrality �inizi = 0; the
condition of smallness of electrostatic interaction in comparison with
the thermal energy jezi j << kT ; and boundary conditions at r ! 0:
 ! ezi=("r), and at r !1:  ! 0 the solution of Poisson equation is
 = (1="r)eziexp(�r=RD), where RD = (4�e2�iz

2
i ni=("kT ))

�1=2 is the
radius of Debye sphere of ion screening. Comparison of the theory with
experiments demonstrated very good agreement but only for zi = 1 and
for mole concentration in the range of 0.0001 - 0.001 (Moelwyn-Hughes,
1961; Izmailov, 1966). Diluted solutions of strong electrolytes are very
simply reproducible systems and they were studied very thoroughly, in
contrast to fully ionized plasma. Enhancement of mole concentration
immediately led to breaking of condition jezi j << kT . For our inves-
tigation it is important, that the theory is valid, only when Coulomb
interaction is a small addition to the main interaction in the system, i.e.,
the thermal collision interaction between neutral molecules of water,
which establishes the thermal equilibrium, and, respectively, Maxwell-
Boltzmann equilibrium distribution function (Antropov, 1969).

The theory of low temperature partially ionized plasma has no con-

icts with experiments (Zhukov and Ovsyannikov, 1994). All controlled
physical experiments, con�rming the model of "Coulomb collisions",
were made in partly ionized plasma with very low ionization (10�5)
(Dougal and Golstein, 1958; Kulik et al., 1984; Yakubov, 1993; Fortov
and Yakubov, 1994). Very low ionization can create conditions, approx-
imately similar to pair Coulomb interactions with continuous stochasti-
zation, caused by collisions with neutral components. The point is that
short-ranged interactions have quite di�erent properties in compari-
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son with long-ranged ones (Chertkov, 1997a; Chertkov, 1998a). There
are no mechanisms to establish Debye screening in completely ionized
plasma (Koga, 1970); that is why usually it was introduced "by hand"
with no explanations and no justi�cations.

2.6. Boltzmann Collisions.

In 1872 L.Boltzmann suggested the kinetic equation, which, according
to his opinion, explained the Second principle of thermodinamics {
the law of enhancement of entropy in a closed system (Boltzmann,
1909): [(@=@t)+v(@=@r)]f = IBc . Here f = f(r;v; t) is the distribution
function of particles over components of coordinates r, velocities v and
the time t. The kinetic equation contains a regular part (the left side)
and a statistical one (the right side), which was called "the integral
of collision". Calculations of IBc incorporated the energy conservation
low, the impulse conservation low, and Stosszahlansatz. The last is
equivalent to a supposition, that after each individual collision the par-
ticles are scattered over full solid angle 4� with equal probability. This
approach was criticized by E.Zermelo, J.Loschmidt, and H.Poincar�e
(Haitun, 1996). They pointed out, that Stosszahlanzatz is incompati-
ble with Newton mechanics. L.Boltzmann changed his substantiation
several times (Boltzmann, 1909). But later, in XX century, it turned
out, that Boltzmann approach can be very useful for many applications
(Libo�, 1969; Balescu, 1975; Cercignani, 1975). However, the problem
of substantiation of Stosszahlanzatz remained non-solved.

E.Hopf and N.S.Krylov (Hopf, 1939; Krylov, 1950), examining the
model gas of rigid spheres, demonstrated, that slight disturbances of
trajectories of colliding rigid spheres give very quick amplifying of ini-
tial angular disturbance for individual particle at consequent collisions
{ Figure1. This amplifying at every collision is proportional to the

∆γ0

∆γ1

Probing

Particle
Particle 1

Particle 2

Figure 1. Amplifying of initial angular de
ection from undisturbed trajectory by
collision in gas of rigid spheres. Continuous lines represent the undisturbed trajec-
tory; dashed lines represent the disturbed one; �
0 is initial de
ection angle; �
1
is the de
ection angle after �rst collision.
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ratio (l=a), where l is mean free path in the gas and a is the radius
of the sphere. As the mechanism of amplifying acts independently
throughout the space for all the particles, it leads to the very quick
phase mixing, to the loss of information about previous microscopic
state of the gas. Physical sense of this was analyzed in the work by
Yu.A.Kravtsov, who calculated the in
uence of some real sources of
disturbances for real gases (Kravtsov, 1989). Let �r0 be a mean square
root transversal displacement of trajectory of an individual particle
during its movement between collisions, caused by slight 
uctuating
�elds. Enhancement of transversal displacement �r is proportional to
�r0(l=a)

t=t0�1, where t0 is the time between collisions. After the time
tR = t0[ln(l=�r0)= ln(l=a)] it will be �r = a and every particle will
lose all the memory about its previous movement. The in
uence of an
ordinary thermal electromagnetic �eld with a temperature about 300K
on the real air neutral molecules due to induced electric dipole moment
gives the value �r0 � 10�14cm; at l � 10�4cm and a = 10�8cm the
amplifying coe�cient isKA � l=a � 104, and tR � 2:5t0. It means, that
after second collision every particle of the air at normal conditions loses
information about its prehistory. For smaller in
uence (e.g. interaction
with neutrino) the result very slightly depends upon its intensity: for
�r0 � 10�1000cm will be tR � 250t0. The actual disturbing agent { the
300K electromagnetic �eld { passes to the air the energy about 10�20 of
the internal energy of the air, and during the time about 10�8 � 10�9s
all the particles, and the system as a whole, lose the memory about
prehistory (Kravtsov, 1989).

We should draw attention to the simplicity and e�ectiveness of this
mechanism of stochastization. It is the real stochastizator, acting in
di�erent systems with short-ranged interactions. Only for these systems
the values of l and a are �nite and KA > 1 (Zaslavsky, 1984; Zaslavsky
and Sagdeev, 1988). Similar processes could take place from interaction
with low-frequency photons and phonons instead of 300K electromag-
netic �elds (Herzenstein and Kravtsov, 1998). The essential in this
stochastization mechanism is the amplifying. Presence of an e�ective
real stochastizator in systems with short-range interaction justi�es the
assumptions, made during the obtaining of Boltzmann equation and
BBGKY chain. Moreover, it justi�es the thesis by L.Boltzmann, that
the Second principle of thermodynamics can be derived from Newton
equations. It means, that the Second principle is not a prime law of
nature, but it is a secondary one, derivable from prime laws under
special conditions for certain situations (Chertkov, 1998a).

But there is no process of rapid loss of previous information in

the space fully ionized electron-proton plasma far from macroscopic

conductors (Chertkov, 1997a; Chertkov, 1998a). It is connected with
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long-ranged character of Coulomb forces. There is no ampli�cation,
KA = 1. And it is the central point of our review.

2.7. Consequences of Absence of Stochastizator in Space

Fully Ionized Plasma.

As we have seen in sect.2.6, it is the real stochastizator, that provided
the validity of statistical approximations in mentioned �elds of physics.
It cannot be the way of averaging of initial Liuville equation, as it was
declared sometimes { compare with (Koga, 1970), sect.2.4. But in a
case of fully ionized space electron-proton plasma, when an e�ective
stochastizator is absent, an eventful surprise waits for theoreticians:
all the statistical methods for main processes (including correlation
functions, Markov processes, Fokker-Plank approach, BBGKY chain)
are invalid; the notion of probability cannot be applied to evolution of
the system; fully ionized plasma is an object of the theory of dynamical
systems and not of the statistical physics (Chertkov, 1997a; Chertkov,
1998a). There is no probability without honest mixing, it is known
since Pascal times. The probability as a notion is determined from
the hypothesis about equal a priori probabilities (Yaglom and Yaglom,
1973).

The construct "Coulomb collisions" is a profound failure of theoret-
ical physics in XX-th century. Explicating the process of calculations
in framework of this concept, we can see, that calculations imply the
existence of several special mechanisms: 1) for switching on the pair
interaction between the probing particle and the 1-st �eld particle,
all the other �eld particles being switched o�; 2) for switching o�
the 1-st �eld particle after a small time period, and mixing all the
particles and their velocities; 3) for choosing the 2-nd �eld particle and
switching on the pair interaction between the probing particle and the
2-nd one, and repeating the process. It is obvious, that this calculation
cannot be a good �rst approximation to the processes in any real fully
ionized plasma. Very roughly something like that can occur in partially
ionized plasma at very low level of ionization. A clear evidence of mis-
understanding of the problem is denomination of Vlasov equation with
the selfconsistent �eld as "Boltzmann equation for Coulomb plasma",
practicized in almost all textbooks. Vlasov equation, keeping entropy,
is valid for real fully ionized plasma, but only in original interpretation
of its author (Chertkov, 1998a).

Just the same error exists in theoretical astrophysics for long-ranged
gravitation forces: the mean free path in gravitating systems of many
bodies was evaluated using image of "gravitational collisions" (Chan-
drasekhar, 1942; Spitzer, 1987). The result was the same as in plasma
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physics { the logarithmic divergence. There is no possibility to check
directly the dynamical evolution of gravitational clusters by controlled
experiments or by observations. Debye screening is absent for grav-
itation forces, and to "cure" the divergence, the solutions with ex-
panding Universe were suggested (Bisnovatyi-Kogan and Shukhman,
1982; Zakharov, 1984). But observations rather are incompatible with
this hypothesis of expanding Universe (Vaucouleurs, 1970; Troitskii,
1993; Troitskii, 1996). To obtain a correct solution of problems in
gravitational many body problems, there are some simple recipes: the
systems should be �nite; the initial state should be stable or, at least,
not catastrophically unstable, because to study a slow instability on a
background of a quick one is useless (Polyachenko and Fridman, 1976).
These recipes are valid for plasma physics, but usually they do not used
(Chertkov, 1997a). As a very characteristic example we can analyze
"collisionless damping".

2.8. Collisionless Damping in Fully Ionized Plasma

One of the central topics in modern plasma physics is the "collisionless
plasma damping" (Landau damping). It is a subject of any textbook in
this �eld. Solving Vlasov equation, which is reversible in time and keeps
entropy, L.D.Landau obtained damping of oscillations in collisionless
plasma (Landau, 1946). A standard interpretation of the damping is
following. It is the result of interactions of electrons, having velocity vx,
and a plasma wave, having phase velocity !=k (! is angular frequency
and k is module of wave vector). The wave with !=k > vx gives its
energy to the electrons; the wave with !=k < vx receives energy from
the electrons. Maxwell distribution of electrons over velocities is a di-
minishing function, that is why there is a damping of the wave (Landau
and Livshits, 1979). F.F.Chen stated, that this simple linear treatment
is reversible in time, thus, it is inadequate and a non-linear treatment is
required. But some paradoxes appear in the next approximation as well
(Chen, 1984). I.A.Kvasnikov, discussing this interpretation of Landau
damping, noticed, that the model, in framework of which this inference
was made, do not contain the description of very this interaction wave-
electron, because Vlasov equation do not describe point-like electrons
(Kvasnikov, 1987). Yu.L.Klimontovich pointed out to the true colli-
sional nature of the damping (Klimontovich, 1997). V.N.Soshnikov paid
attention to the fact, that Sokhotsky-Plemelj formula, and, respectively,
all the result by Landau, stems from only one of variants of performing
the double limit transition in initial integration. The result depends
upon the details of limit transitions. Sokhotsky-Plemelj formula is only
a special case, and not a general solution. The result, directly opposite
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to the one by Landau, i.e., integration over an other contour, has the
same rights for existence. E.g., there are physically natural solutions in
a shape of non-damped standing waves. Cauchy-Riemann conditions
are not ful�lled for analytical continuation (Soshnikov, 1991). There
are di�culties with reproducing of Landau damping in numerical cal-
culations; the direct confrontation is very complicated because Landau
damping is an asymptotical result; it is unclear how to formulate the
boundary conditions in numerical calculations (Birdsall and Langdone,
1985). Comparison with controlled experiments were made for spatial
damping instead of temporal (Chen, 1984). All the controlled experi-
ments referred to the partly ionized plasma with predominant role of
collisions with neutral atoms (Krall and Trivelpiece, 1973).

Comparison of solutions of the same problem, suggested by di�erent
authors, revealed the contradictions. Let us discuss the correspondence
of the initially stated formulation of the problem and the problem,
which in fact was solving in L.D.Landau work. The initial distribution
function { Maxwell one { fM(r;v; t) is not natural for Vlasov equation,
because this equation contains no mechanisms to establish this func-
tion, but it is admissible; and, probably, a special tool have prepared
this initial function and then the tool was switched o�; but the con-
dition, that the �rst approximation distribution function f1(r;v; t) is
much less, than fM(r;v; t), requires a new special tool, acting through-
out the space and providing this condition. The role of this tool can
play: (1) a non-ionized component of plasma; (2) a macroscopic con-
ducting wall, which can damp plasma oscillations; (3) special beings,
relatives of Maxwell demon. The action of this tool is of prime im-
portance for the regarded problem, but it never was mentioned in
initial formulation of it (Chertkov, 1998a). The problem, which really
was solving, should be formulated with following addition: to solve
Vlasov equation, when a special mechanism, keeping Maxwell distri-

bution, is working. As Vlasov equation itself cannot preserve Maxwell
distribution, some paradoxes appear. Several suggested ways of solution
(Landau, 1946; Van Kampen, 1955; Van Kampen, 1957) used some
di�erent mathematical operations, which should correspond to a mod-
i�cation of initial formulation of the problem, introducing damping,
which was not contained in Vlasov equation. Any statements, e.g.,
about analytical properties of integrated functions, corresponded to
pre-solution of problem (Stix, 1963); to ful�ll this pre-solution one
should have a special tool (see above). But the solution is unstable
relative to small change in this formulation (Soshnikov, 1991). The
problem is badly posed in mathematical sense; it was used the equation,
which is not adequate to the problem, when the problem is "to �nd
damping".
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Proper formulation of the problem should be the following: "to �nd
the distribution function and the plasma waves, when initial conditions
before t = 0 are set up in space and since t = 0 boundary conditions
on boundary surfaces are set up". It is a very complicated problem. In
this formulation it never was solved (Galeev and Sagdeev, 1984).

So, we can see, that the combination of mentioned simplifying con-
ditions implicitly introduces in calculations a process of the rapid loss
of information about the previous state of plasma. Sometimes processes
of that kind can take place: e.g., cases (1) and (2), but there is no such
a device in a real stellar wind or inside a star (Chertkov, 1998a). All the
paradoxes of the theory can be eliminated by introducing Boltzmann
gas into collisionless plasma (Stix, 1963), but it does mean, that no
collisionless damping can occur in a fully ionized plasma.

3. New Concept of Fully Ionized Space Plasma.

Thus, fully ionized space plasma must be an object of a theory of dy-
namical systems { sect.2.7. Only few methods can adequately describe
this plasma. They are: (1) Vlasov equation (in original interpretation
of its author); (2) direct computer modeling of Coulomb interaction
between protons and electrons (Chertkov et al., 1989; Mayorov and
Yakovlenko, 1994; Chertkov and Shalyapin, 1999); (3) phenomenologi-
cal modeling with a posteriori determination of parameters of modeled
medium (Chertkov, 1985; Chertkov, 1992; Chertkov, 1994b).

The empirical estimate of plasma electrical conductivity in the solar
wind near the orbit of the Earth � � 2 � 101s�1 and near the Sun
� � 2 � 103s�1 was made from comparison of the observed radial
gradients of the interplanetary magnetic �eld and the calculated ones
(Chertkov, 1985; Chertkov, 1992). Small systematic deviations from
Parker spirals turned out to be important. This estimate does not
follow from the standard plasma theory. It di�ers from the value given
by Spitzer (Spitzer, 1962) by 1013 � 1014 times. It must be noted, that
this value of � should be treated with caution. Due to the method of
obtaining it may be used only for "large- scale" description of slow
processes similar to the solar coronal expansion. It cannot be valid for
quick processes, strongly changing the state of the plasma, e.g. for the
process of interaction of this plasma with planetary magnetospheres.

Using this estimate, a model with induction heating of corona and
acceleration of the solar wind was suggested. The observed slow changes
of solar super-large-scale magnetic �elds are su�cient to account for the
observed coronal power and solar wind power (Chertkov and Arkhipov,
1994; Chertkov et al., 1998; Chertkov, 1999).
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To explain this key empirical estimate of � on the microscopic level,
we should understand, what are causes of the observed state of plasma.
The plasma in the solar wind cannot be in the state close to the lo-
cal thermodynamical equilibrium: non-thermal processes of the solar
wind creation (induction heating) and absence of quick stochastization
prevent it from relaxation to this state. The doubling of a character-
istic volume of plasma, moving in the solar wind out of the Sun with
hypersonic velocity, is more rapid process, than the process of relax-
ation for the pressure in this volume. This twofold increasing of the
volume is connected with a huge energy transfer through its surfaces;
the transferred energy is more than the total internal energy, contained
in the volume. Empirical data con�rm the existence of non-equilibrium
phenomena in the solar wind. Contemporary plasma theories are based
on the supposition that the energy 
uxes through plasma are small and,
hence, the plasma state is close to the local thermodynamic equilibrium.
But the observed heat transfer in the solar wind can be provided only by
non-chaotic electron movements. They are induction electric currents,
creating the solar wind (Chertkov, 1994b).

Analysis of conditions for plasma in the solar wind and inside the
Sun allowed to suggest a new concept for space fully ionized plasma.
The main features of the new plasma model are the following. There
is almost no chaos in the fully ionized electron-proton plasma. A sub-
stantial part of internal energy in plasma is contained in some non-
degenerate forms. Big portions of electrons have de�nitely directed
but not chaotic velocities. Debye screening is not complete both in
space and time: all the particles systematically move, being specially
organized. The main process in plasma is the simultaneous (paral-
lel) interaction of particles with excitation of the powerful resonant
self-consistent electric �eld. This �eld is created by quasi-regular struc-
tures - oscillating cells, "dynamical crystals" - with characteristic sizes
about the radius of Debye sphere and with frequencies about plasma
frequencies for electrons and protons. Spatial and temporal shape of
these oscillating cells are similar to well known convective cells with
cooperative toroidal movements of particles. Separate movements of
protons and electrons provide strong interaction between these di�erent
kinds of particles. The cells form the oscillating systems of higher order
- sublattice for electrons and sublattice for protons. The �rst is in
the state of faster moving, while the second moves relatively slowly.
Between these two sublattices there is strong interaction. They are
mutually embedded. On the macroscopic level it leads to a possibility
of hydrodynamical description of plasma. The plasma is similar to a
dielectric with positive full energy (in absence of gravitation �eld). The
new class of plasma waves should appear - the transversal waves similar
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to the same waves in ordinary solid bodies (Chertkov, 1985; Chertkov,
1994b).

The suggested model should be checked. The measurements of elec-
tric �elds of plasma oscillations in the solar wind could be a crucial
experiment. But a metallic vehicle does with the primordial plasma
oscillations in the solar wind just the same as every person does with
the Earth's vertical electrostatic �eld: in the presence of a person this
�eld is equal to zero, but in the absence it is 100 V m�1 and the most of
people has no notion about it. The traditionally measured electrostatic
�elds in the solar wind is not the primordial ones but the result of a
plasma-vehicle interaction. A theory of this interaction is not complete
now. The relative value of measured plasma wave electric �elds should
be correct. In frame of the suggested new concept the spacecraft must
suppress the primordial oscillations in its vicinity. The correct mea-
surements could be made with the use of micro-electroscope, moving
in plasma and observed from spacecraft (Chertkov, 1994b).

The resonant properties of three-dimensional plasma cells were in-
vestigated by numerical simulation (Chertkov et al., 1989; Chertkov
and Shalyapin, 1999). The adopted parameters correspond to the con-
ditions occurring in the solar interior, but the results could be of interest
for other objects with completely ionized plasma under conditions quite
di�erent from local thermodynamical equilibrium. Equal number of
protons and electrons, interacting according to Coulomb law, move
inside a cubic box. The particles have �nite sizes equal to De Broglie
wave length �DB , their electric charge is distributed over this volume;
it prevents a process of imploding for particles with di�erent charges.
Speci�cally directed alternating in time external electric �elds, applied
only near the surfaces of the box, arise powerful resonant oscillations
of plasma. The energy of oscillations are comparable with the total
energy contained in this volume. The amplitude of this external �eld is
the same as the amplitude of presupposed oscillations, which are set up
in ambient plasma. So, the investigated oscillations are searching under
condition, that they are established in the vicinity of the modeled box.
Boundary conditions are made maximally favorable for excitation of
resonant oscillations in the box. The result is the following: a time-space
self-organization occurred in the box; several closely linked rotationally-
oscillatory structures appeared in the box; they are similar to convective
toroidal structures; the characteristic size is Debye radius; the charac-
teristic frequency is plasma frequency. Only electron movements were
investigated. The result con�rms the new model of fully ionized plasma.

Controlled experiments con�rm the existence of regular space-time
structures in completely ionized plasma. The details of structures can-
not be determined by unique way (Berezin et al., 1983).
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4. Conclusion

We saw, that the image of "Coulomb collision" with the properties of
Boltzmann collisions played the key negative role in physics of fully ion-
ized plasma. To compensate the heavy errors in evaluating of real space
plasma parameters, which were connected with this image, the theory
of "fast spontaneous magnetic re-connection" (Petschek's model) was
invented. In contrast to "Coulomb collision" theory, the last theory
contains obvious errors (Chertkov, 1994a; Chertkov, 1997b). But the
consequences of the �rst theory are much serious. J.N.Bahcall, who
gave a �ne analysis of solar neutrino problem in the monograph (Bah-
call, 1989), wrote (inverse translation from Russian): "the ratio of the
time period between strong Coulomb collisions, which aim for restor-
ing of Maxwell distribution, to the time period between reactions of
synthesis, which ruin this distribution, is r � 10�22 � 10�30; that
is why even for the tail of distribution there is a reserve of twenty
orders in magnitude". J.N.Bahcall absolutely precisely reproduced the
main idea of contemporary plasma physics. It is the identi�cation of
arti�cial construct "Coulomb collision" with real Boltzmann collision.
The identi�cation is incorrect and leads to con
icts of the theory and
experiments { see sect.1. We saw, that the supposition about loss of
microscopic information in fully ionized space plasma was connected
with inadequate calculation method. The new concept sect.3 allows one
to calculate a series of models for internal Sun to solve the problem of
solar neutrino. It could be done with the new distribution function for
plasma: oscillating one (Chertkov, 1985; Chertkov, 1998c).

The new concept radically changes the way of description of space
plasma. All the notions, based on probability (e.g., correlation func-
tions) should be used in quite di�erent sense - closer to the one, used
for regular structures with small chaos (Klimontovich, 1990).

The problems for the solar wind, mentioned in 2.1, could be solved
in the framework of the model of induction heating, based on the new
plasma concept sect.3 (Chertkov, 1994b).
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