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JOSCILLATORY STRUCTURE OF A QUASI-STATIONARY MHD SHOCK WAVE IN A PLASMA
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A great amount of attention is presently being devoted to the
structure of collisionless shock waves in a plasma [1,3]. It has been
shown theoretically and experimentally that when wpi7i > 1 and
wHeTe » 1 (wHi e = eH/mj ec is the Larmor frequency for ions and
electrons and 7i ¢ is the free-flight time) the wave has an oscillatory
structure, Here the space scale of the oscillations is of order c/Q,
(where Qg = 4rmez/M) when the direction of wave propagation does
not have a significant transverse component with respect to the direc-
tion of the magnetic field.

All of the past experiments, however, deal with nonstationary
shock waves. Similar studies of collisionless waves in a plasma have
been performed for the almost stationary mode for the flight of arti-
ficial satellites around the earth; in this case, the interaction between
the solar wind and the earth's magnetosphere is studied. Unfortunately,
there is still an incomplete set of experimental data,

To study the structure of a shock wave the authors constructed an
instrument containing a plasma injector [4] and a Michelson inter~
ferometer as the chief elements.

The shock wave was generated by the supersonic flow of a rare-
fied plasma stream around an object, This object was a cylinder 10
mm in diameter and 80 mm long. The plasma sweam moved in a
direction perpendicular to the cylinder.

The light source for the interferometer was a ruby laser working in
the pulsed-Q mode for frame photographs and in the quasi-continuous-
generation mode for chronographic sweeps. The frames photography
made it possible to obtain a picture of the flow with an exposure of
2 +10"%sec, The plasma density distribution as a function of time and
stream velocity was found by chronographic sweeps of the interference
pattern,

The temperature of the electron component was measured from
the scattering of the laser radiation on the plasma.

The following parameters were used in these experiments for the
working part of the plasmoid: ngemax = 5 + 10%° cm™ is the maximum
electron density; Toe = Tgj = Tp = 4 eV is the plasma temperature; v =
=9.3 - 10° em/sec is the directed velocity of the stream.

The length of the working section of the plasmoid was about 107°
sec in a time scale such that the condition that the process be quasi-
stationary (7° > L/v. where 7° is the length of the working section of
the plasmoid; L is the dimension of the body; v is the directed velocity
of the stream) had a very large margin of error.

Hydrogen was the working gas. The plasma injector and plasma
gun were placed in a longitudinal magnetic field whose strength could
be varied from 0-3 kilogauss. Here the plasmoid parameters could be
held to within 10%.
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Fig. 1

We studied the width of the wave front as a function of magnetic-
field strength, In the presence of a magnetic field the effective Mach
number is

- M, . H2 . —c&
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Here H?/8r is the magnetic pressure; pgis the plasma pressure;
¢p and cy are the specific heats at constant pressure and volume, res-
pectively; M, is the Mach number of the stream for H = 0.

When 8 < 1 the magnetic field does not noticeably affect either
the nature of flow or the structure of the shock wave. In this case the
widih of the front is on the order of a few times the width of the mean
free path.

Fig, 2

For larger magnetic fields (8 = 1) the width of the discontinuity
increases, the wave intensity decreases, and the angle increases be-

‘tween the shock wave and the direction of the stream (Fig. 1),

For B ~ 1, practically the only effect of the magnetic field is to
change the effective Mach number of the stream. A further increase
in Bleads to an qualitative change in the form of the shock-wave pro-
file. Figure 2 shows the change in demnsity as the front of the shock
wave is passed through as & function of the quantity 3; wave profiles
1, 2, 3comrespond to B=10, 1, 2. Asis clear from Fig. 2, an in-
crease in magnetic pressure results in the appearance of an oscillatory
wave structure,

Theoretical studies [6] applying to the limiting case 8 » 1 predict
that because of dispersion effects an oscillatory trail moving ahead of
the oblique wave will appear in the presence of a magnetic field; this
wail has a space period

A= ¢Qy! sin 0, (1)

where O is the angle between the normal to the plane of the wave front
and the magnetic field. The oscillations attenuate over a length

A= Q! oy T, sin20. (2)

We can expect Eq. (1) to be valid for finite B above some critical
value when Joule dissipation begins to exceed viscous dissipation.

In these experiments, sin 6 ~ 1 for 82 2, i.e,, the condition
WHeTe » 1 will be a condition for the existence of the oscillatory
mode. For r =2 (Fig., 2) we have wyeTe = 6 and A ~ 8 mm. The cal-
culated value for ¢/Q is 3.0 mm; this value is in satisfactory agree-
ment with experiment to within an order of magnitude.

The authors express their appreciation to R. Z. Sagdeev for his
interest in the article and his valuable comments,
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