
Preface to the first Russian edition 

The requirements of modern technology have made it necessary for scien
tific research to penetrate into the domain of very high values of the state 
variables, such as with high concentrations of energy, very high tempera
tures and pressures, and extreme velocities. In practice, such conditions are 
encountered in strong shock waves, in explosions, in hypersonic flight of 
bodies in the atmosphere, in very strong electrical discharges, etc. 

A great variety of physical and physical-chemical processes can occur in 
gases at high temperatures: excitation of molecular vibrations, dissociation, 
chemical reactions, ionization, and radiation of light. These processes affect 
the thermodynamic properties of gases, while at high velocities and with 
sufficiently rapid changes in the state of the fluid the rates of these processes 
also affect the motion of the fluid. Of special importance at very high tem
peratures are processes related to the emission and absorption of light and 
radiative heat transfer. The enumerated processes are of interest not only 
from the point of view of their energetic effect on the motion of the gas, but 
also frequently lead to changes in the composition of the gas and its electrical 
properties, to the emission of radiation from the gas and many optical 
phenomena, etc. An appreciable portion of this book is devoted to the study 
of all of these problems, comprising the newly-arisen branch of science 
termed "physical gasdynamics." 

Of great scientific and practical interest is the study of strong shocks in 
solids. Recent achievements, which have permitted the compression of solid 
bodies by means of shock waves to pressures of millions of atmospheres, 
have opened new paths for the investigation of solid media at ultra-high 
pressures. Considerable attention has, therefore, been devoted to these prob
lems in the present book. 

Many scientific disciplines are interwoven here, including gasdynamics, 
shock wave theory, thermodynamics and statistical physics, molecular 
physics, physical and chemical kinetics, physical chemistry, spectroscopy, 
the general theory of radiation, the elements of astrophysics, and solid state 
physics. Many of the physical processes and phenomena considered are of 
differing character and are not directly related to each other. The result of 
such diversity in the material is the absence of obvious continuity in the 
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contents of the book. Certain chapters are quite independent, and deal with 
completely different areas of physics or mechanics, so that not all chapters 
are related to each other. Hence, the reader interested in one or another 
particular topic will find it sufficient to become acquainted only with the cor
responding chapters. 

In examining the most diverse problems, even those of mathematical 
character, we endeavored primarily to explain the physical essence of the 
phenomena using the simplest mathematical tools, frequently resorting to 
estimates and semiqualitative analysis. At the same time, we attempted to 
help those physicists, fluid mechanicians, and engineers who work in the 
corresponding areas of applied physics and engineering, and to supply them 
with practical tools for independent analysis of many different and complex 
physical phenomena. For this purpose, the treatment of the majority of the 
phenomena examined is carried through to specific numerical results, the 
formulas for the calculation and evaluation of various quantities are pre
sented in a convenient form for practical work, a large amount of useful 
experimental data and reference material is cited, etc. 

The book is of a theoretical character and the description of experimental 
apparatus and methods is kept to a minimum. However, the presentation 
and comparison of experimental results with theoretically predicted values 
has been given an appropriate amount of attention. 

The journal literature in "physical gasdynamics" is immense. As far as 
we know, however, no attempt has been made, either in the Soviet Union 
or elsewhere in the world, to present a systematic and generalized exposition 
— in a single book and from a single point of view — of the material in this 
new area of science. Apparently this book is the first attempt in this direction. 

The literature cited in the text reflects the fact that the book was written 
during 1960 and 1961. However, references to more recent works and brief 
additions were added in those sections dealing with problems which are 
being developed at an especially rapid pace. This refers primarily to Chapters 
V, VI and VII. 

The great variety of the phenomena and the large scope of the material 
forced us to limit the presentation to far from all the problems related to the 
vast area under consideration. We have not considered the more mathemati
cal aspects of hydrodynamics, nor such problems as that of supersonic flow 
past bodies. We have only barely touched upon electromagnetic phenomena, 
and have not dealt at all with thermonuclear fusion, behavior of a plasma 
in a magnetic field, nor magnetohydrodynamics and magnetogasdynamics, 
combustion, detonation, etc. A great many books dealing with such problems 
are already available. 
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The selection of the material for the book has been to some extent a 
subjective one. A significant place in the text is devoted to phenomena which 
were investigated by the authors in their own studies. Thus, the authors' 
original works have served as a basis for part of the text — almost com
pletely in Chapters VII I and IX, to a considerable extent in Chapters VII , 
X and XII , and partially in Chapter XI . Chapter I represents a complete 
revision of an earlier book by one of the authors, 'Theo ry of Shock Waves 
and Introduction to Gasdynamics," published by the Academy of Sciences 
of the USSR in 1946. 

We should like to express our especial gratitude to A. S. Kompaneets, 
who is responsible for working out a number of problems dealt with in the 
book and for many useful criticisms and remarks on the manuscript. We 
are grateful to L. B. Altshuler and S. B. Kormer for their remarks on the 
manuscript for Chapter XI , which is based on their work to a large extent. 
We are also grateful to M. A. El'yashevich who read the manuscript carefully 
and made valuable comments. 
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