M. A. Liberman. A contribution to the theory of
ionizing shock waves in magnetic fields. The develop-
ment of high-power electro-magnetic shock tubes in
which a dense hot plasma is formed behind the front of
a strong ionizing shock wave (SW) in a magnetic field,
has become a promising trend in the field of controlled

DA more detailed exposition of this problem will be found in
the paper, which the authors have submitted to Uspekhi
Fizicheskikh Nauk [Soviet Physics-Uspekhi}.
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thermonuclear fusion.! In nature, such waves are for-
med in the ionosphere and in outer space, In spite of
more than twenty years of study of ionizing SW in mag-
netic fields, aspects of the problem still remain un-
clear. Moreover, the calculated structures of such
waves disagree even qualitatively with observations.’
Whereas theory®* predicts that compression of the
magnetic field should be observed behind the gas-dy-
namic discontinuity in the structure of the wave, the
experimentally observed magnetic-field compression’
leads the pressure pulse.®
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Special theoretical interest in the problem isassocia-
ted with formulation of boundary conditions. Since the
three conservation equations (mass flux, momentum,
and energy) are insufficient for derivation of the Hugo-
niot relations for the four variables that characterize
the state of the gas (density, velocity, temperature,
and magnetic field), an additional equation is needed.
A generalized Chapman-Jouguet condition for normal
ionizing waves was used as this supplementary condi-
tion in Refs, 7 and 8, while in Refs. 3, 4, and 9 the
supplementary condition was treated as a corollary of
the existence of wave structure.

In solving these problems, it is natural to seek an
additional relation as a consequence of the stability
requirement, in much the same way as is done in blast
theory. Then ionization stability of the gas before the
wavefront is necessary in addition to hydrodynamic
stability,'"!! Let us consider the elementary case of a
transverse shock wave. If v; and Hy, v, and H; are the
velocities and magnetic fields in front of and behind the
wave, the magnitude of the induced electric field (as
yet undetermined) in the nonmoving gas ahead of the
front is E = (v, — v;H,)/c. The ionization-stability
principle means that not only the temperature, density,
and velocity, but also the electron density must be
homogeneous in the gas ahead of the ionization-wave
front. (The conductivity ¢ of the gas can be regarded
as zero at a given electron concentration if the magnet-
ic Reynolds number is small: Rm=4moy,L/ct<«<1,)

Thus, the rate of production of electrons in the in-
duced electric field should be zero ahead of the wave-
front, i.e., the induced electric field should be equal
to the threshold value of the breakdown field £, of the
gas. Thus the sought additional relation is

v Hy — vpHy = cEp. (1)

The possible magnetic structures of the ionizing wave
depend on the relation between the intensity of the wave
and the value of E, for the particular gas, If the lar-
gest value of the induced field is £y = (vy - vy)H /¢
>E,, the boundary condition is given by formula (1).
Then the structure of the wave consists of a region of
compressed magnetic field behind which there may be
a gasdynamic (viscous) discontinuity if the shock-wave
intensity is above critical. (The appearance of a gas-
dynamic discontinuity is necessary for high-intensity
waves because more energy than H?/87 cannot be dissi-
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pated on compression of the magnetic field.)®*'!* Figure
1 shows experimental values of v,H,/viH, for an ioni-
zing shock wave in hydrogen and the values calculated
from (1).

At low magnetic fields and high gas densities, when
E . <E,, the ionization-stability principle can be sat-
isfied only if the degree of ionization of the gas ahead
of the front equals zero everywhere up to the gasdy-
namic discontinuity. Then if the magnetic field is not
compressed in the gasdynamic discontinuity, we have
H, =H, as the supplementary boundary condition in-
stead of (1). Estimates show that nontrivial magnetic
structure (with magnetic-field compression in the gas-
dynamic discontinuity) is possible only in a very dense
gas in weak magnetic fields:

Ne (em?) > s b, B, ()<< 101 ~ 104,
c10eq
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