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A method is described for the determination of the electron temperature and electron concentration
profiles behind the front of a shock wave. It is based on simultaneous measurement of emission and
absorption by the ionized gas in the infrared region of the spectrum (A = 10.6 microns). Results of an
experimental investigation of ionization and recombination processes in xenon at T = 8200—9200°K are
presented. Good agreement between the experimental data and recombination theory based on a modi-

fied Fokker-Planck theory is obtained.

1. INTRODUCTION

THE investigation of the structure of strong shock
waves is of interest mostly because of the possibility of
obtaining information concerning the elementary proces-
ses that lead to the excitation and ionization of gases.
The results of numerous investigations* ! of ionization
relaxation behind the front of shock waves in monatomic
gases offer evidence that the mechanism of the ioniza-
tion processes changes over the length of the relaxation
region. Therefore, in the general case, it is possible to
separate the following three zones in the development of
the ionization process: 1) initial zone, where the forma-
tion of the priming electrons takes place; 2) the zone of
evolution of the electron cascade in elastic electron-
atom collisions; 3) the zone adjacent to the equilibrium
region and characterized by the influence of recombina-
tion processes on the ionization kinetics.

There are different opinions in the literature con-
cerning the mechanism of formation of electrons in the
initial zone of the ionization process; the probable proc-
esses considered were atom-atom collisions (including
the impurity atoms) and photoionization. Thus, for ex-
ample, in”®’ it was shown that a small admixture of air
noticeably influences the time of ionization relaxation in
monatomic gases. However, if we consider pure gases
with an impurity level less than 107, then the formation
of priming electrons as a result of atom-impurity proc-
esses can be neglected. In this case the mechanism of
electron formation in the initial zone will probably de-
pend on the intensity of the shock wave. It is advantage-
ous here to distinguish between (i) weakly ionizing shock
waves with clearly pronounced atom-atom zones,

(ii) strongly ionizing shock waves when there is prac-
tically no atom-atom zone and the formation of priming
electrons is due to photo-ionization, while the zone of
evolution of the electron cascade is adjacent to the front
of the shock wave, and (iii) shock waves having a clearly
pronounced pre-frontal structure.

In a number of investigations performed with weakly-
* ionizing shock waves 74 they measured the profiles of
the growth of the electron density in the atom-atom zone

and showed that in monatomic gases there is realized a
two-stage ionization mechanism, in which the atom is
first excited, followed by ionization from the excited
levels. In this case, the process determining the rate of
ionization is the excitation of the atom. As a result, it
was possible to determine the cross section for excita-
tion in atom-atom collisions for a number of gases
(argon, xenon, krypton).

The laws governing ionization in the zone where the
electron cascade developed in electron-atom collisions
have been investigated to a lesser degree, this being due
to the lack of a reliable method of plasma diagnostics
with sufficient sensitivity and time resolution in the
region of relatively high electron densities. The diffi-
culty of investigating this region is compounded by the
fact that to obtain information on the rate of the ioniza-
tion process it is necessary to measure, simultaneously
with the determination of the profile of the electron den-
sity, also the profile of the electron temperature behind
the front of the shock wave.

The purpose of the present investigation was indeed
to develop such a method and to investigate exhaustively
the zones of the development of the electron cascade and
of the near-equilibrium zone behind the front of the
shock wave in xenon, so as to obtain the values of the
ionization and recombination rate constants, and ac-
cordingly the cross sections of these processes. The
proposed method consists of simultaneously recording
the emission and absorption of the plasma behind the
shock-wave front in the infrared region of the spectrum
(A =10.6 ), making it possible to determine the distri-
bution of the electron density and of the temperature. It
is known that in this region of the spectrum the main
contribution to the processes of emission and absorption
of light are made by free-free transitions of the elec-
trons in the field of the ions. In fact, the ratio of the
contributions of the bound-free and free-free transitions,
for all atoms, at frequencies below threshold, is ap-

proximately exp(hv/kTe) — 1, and therefore at a tem-
perature on the order of 1 eV the contribution of the
bound-free transitions at a wavelength 10.6 p is small
and can be neglected.
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