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Kinetics of a nonequilibrium molecular gas
B. M. Smirnov

Usp. Fiz. Nauk 155, 545 (July 1988)

Nonequilibrium Vibrational Kinetics. Ed. M. Capitelli,
Springer-Verlag, Berlin; Heidelberg; New York; London;
Paris; Tokyo (1986) pp. 344. (Topics in Current Physics/
Founded by H.-K. von Lotsch. V. 39).

A molecular gas at low and medium pressure excited by
an external source in a nonequilibrium manner has a non-
equilibrium occupancy of the vibrational degrees of free-
dom. This occurs, for example, in a gas-discharge plasma
and, in particular, in molecular mixtures of gas lasers. The
nonequilibrium distribution in the molecular gas determines
the kinetics of the processes in it and affects the yield param-
eters of systems containing a molecular gas. The under-
standing of this fact led to the creation in the sixties and
seventies of the theory of a nonequilibrium molecular gas. A
large contribution to the development of this theory was
made by the editor of the present collection of articles, Prof.
M. Capitelli (Italy). During the years gone by the theory of a
nonequilibrium molecular gas has acquired a finished form:
debatable points have been resolved, as a result of its interac-
tion with experiment the theory has got rid of unnecessary
elements, and has been utilized for the solution of different
applied physics problems. The present book reflects the
present state of the physics of a nonequilibrium molecular
gas.

Without listing the authors of the individual articles in
the book (among them there are several Soviet scientists), I
shall mention the principal problems discussed in the book.
They are the vibrational kinetics of a gas of diatomic and
polyatomic molecules, the investigation of the processes of
dissociation, ionization, dissociative attachment, excitation
of electronic and vibrational levels, and also of chemical pro-
cesses in a nonequilibrium molecular gas. At the same time
and on the basis of the above discussion the following topics
are examined: applied problems of a nonequilibrium molec-
ular gas—plasma-chemical processes, processes in chemical
lasers and in the plasma of molecular lasers, instabilities in
the case of excitation of molecular gases by different means,
separation of isotopes in molecular gases, etc.

The book provides a complete physical picture of pro-
cesses in a nonequilibrium molecular gas, and contains a
description of the physical and applied aspects of this prob-
lem. It contains up-to-date information on the physical ki-
netics of a nonequilibrium molecular gas. Therefore the
book will be useful to a wide range of specialists both in
terms of the information contained in it, and of the physical
concepts and approaches that underlie the analysis of a given
problem.

Lectures on the application of multiple scattering theory in calculations
of the electronic structure of solids

I. I. Mazin

Usp. Fiz. Nauk 155, 546-547 (July 1988)

I. Moertig, E. Mrosan, and P. Ziesche. Multiple Scat-
tering Theory of Point Defects of Metals: Electronic Proper-
ties; Teubner, Leipzig (1987) pp. 220 (Teubner Texte zur
Physik. Bd. 11).

The book under review is the eleventh volume of the
series "Teubner Lectures in Physics" published in the GDR.
It has been written by members of the "Dresden group on
electron theory" at the Technical University of Dresden who
have for a long time and actively carried out calculations of
the electron structure and electron properties of solids. This
has left its imprint on the book: one feels the practical ap-

proach, the authors do not neglect presentation of technical
details, methodologies, etc.

It must be said that calculations of the electron struc-
ture of disordered bodies and crystals with impurities have
been developing very actively recently. The time is now ripe
to have a book that presents in a consistent manner the theo-
retical bases of such calculations. Until very recently there
has been only one publication devoted to these problems—
the well known book of Ehrenreich and Schwarz (1976)
translated into Russian in 1979. However in this book the
presentation is primarily from the point of view of strong
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coupling theory, and not from the point of view of the now
more popular and, probably, more promising multiple scat-
tering theory.

The general structure of the book is as follows. The first
two chapters are introductory. In them general concepts of
band theory are presented: the density-functional method,
the muffin-tin approximation for the potential, supercells,
etc. However, it should be noted that in their design these
lectures are intended for specialists who are well acquainted
with the above topics. Apparently the most valuable for the
reader are the following two chapters—the third and the
fourth, devoted to the theory of scattering by an isolated
potential and by a system of scattering potentials. In spite of
their brevity the authors have presented in these chapters
quite consistently the most important equations of the theo-
ry of multiple scattering.

The fifth, sixth, and seventh chapters form a kind of a
separate unit little related to the preceeding part. In them the
authors described the methods of calculating concrete phys-
ical quantities or effects, specifically the de Haas-van Alfen
effect, the residual resistance and the thermo-emf, the mag-
netoresistance and the Hall constant. Unquestionably, the
choice of these particular topics is determined only by the
field of scientific interests of the authors—Moertig and Mro-
san, and not by their particular importance from the point of
view of applying the theory of multiple scattering. However,
the presentation of the methods of solving the Boltzmann
equation in crystals, in particular the method of Fermi su-

face harmonics, is of wider interest.
It appears to be somewhat strange to segregate certain

technical topics into a separate chapter—the eighth one,
which contain only 8 pages. In fact it consists of a description
of a model potential of a point defect which would have been
more appropriate in the introductory part, and of a presenta-
tion of the tetrahedral method of intregration over the Bril-
louin zone which, it is true, was first developed by the Dres-
den group, but today is so widespread that it is well known to
every physicist engaged in calculations of electron structure.
The remaining technical problems (some of them, however,
also seem to be superfluous in such a course of lectures) have
been relegated to an appendix.

Finally, in the last chapter concrete quantitative results
obtained by the Dresden group are presented.

The book is provided with quite a detailed bibliogra-
phy—more than 300 titles.

On the whole the impression of the book by Moertig,
Mrosan, and Ziesche is approximately the following: the
book is not devoid of faults, first of all there is an inconsis-
tency in the choice of material. At the same time one can find
in it quite good presentation of a number of topics which are
not present in monographs available to the Soviet (and,
probably, also the foreign) reader. It will be useful to those
who are involved in the theory of multiple scattering as ap-
plied to disordered solids and impurities and in calculations
of the transport properties of solids.

A new book on the mechanics of turbulence
A. M. Yaglom

Usp. Fiz. Nauk 155, 547-549 (July 1988)

M. Lesieur. Turbulence in Fluids, M. Nijhoff, Dor-
drecht, Holland; Boston; Lancaster (1987) pp. XII + 286.

The book by the well-known French scientist M. Le-
sieur is basically devoted to the study of homogeneous and
isotropic turbulence, with much attention being paid to the
examination of conclusions following from the approximate
"two-point closures" of the equations of the mechanics of
turbulence. These closures are based on certain hypotheses
which make it possible to close the equations for two-point
correlation functions of turbulent pulsations (or, which fre-
quently turns out to be more convenient, for the Fourier
transforms of these functions, i.e., of the turbulence spec-
tra). From this point of view the book under discussion is
closely related to the well-known book by Leslie on the me-
chanics of turbulence,' which has the same special features.
However, in comparing these two books one is immediately
struck by the fact that they differ sharply from one another.

Leslie's book is considerably greater in volume, and the
greatest amount of space in it is occupied by a very detailed
and accurate presentation of the two very first "two-point
closures" which in 1973 appeared to be fundamental ones—
the approximation of the direct interactions due to R.
Kraichnan that appeared in 1959, and the modified theory
developed somewhat later by the same author (which in con-
trast to the initial approximation already agreed with the
well-known general results of A. N. Kolmogorov and A. M.
Obukhov), in which the approximation of direct interac-
tions is applied not to the Euler but to the Lagrangian turbu-
lence characteristics (both these "two-point closures" are
briefly discussed also in the book of Ref. 2). Lesieur's book,
on the other hand, is written much less systematically: many
awkward calculations have been omitted or merely indicat-
ed (with references to articles where they are presented in
complete detail). For this reason the new book (in contrast
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