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The existence of collisionless thermal waves in a plasma was first demon-
strated experimentally in [1]. The occurrence of ion-acoustic noise on the
front of a thermal wave was noted in [2, 3], i.e., the feasibility of a sta-
tionary discontinuity was demonstrated [4].

In the present paper we considered experimental proofs of the existence
of a stationary heat discontinuity in a collisionless plasma {(electronic shock
wave) and the connection of its parameters with the theoretical concepts [4,
51.
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Figure 1 shows the structure of the thermal-wave front, obtained with the
aid of an internal diamagnetic probe introduced into the chamber during a dis-
charge in hydrogen (a) and in argon (b). The initial plasma was produced by
two high-frequency generators inside of a glass tube of 8 cm diameter and
250 em length in a longitudinal homogeneocus magnetic field 0.5 - 5 kOe. The
initial gas pressure in the experiments was in the range (4 - 10) x 10~* Torr,
the charged-particle concentration was 2 x 10!'3 cma, and the initial electron
temperature was 10 eV. The local heating of the plasma to the electron tem-
perature “v300 eV was with the aid of a narrow loop that generated an oblique
magnetosonic wave of large amplitude, the energy of which was absorbed by the
plasma in the region under the loop (the experimental setup is described in
detail in [1, 31).

As seen from Fig. 1, there exists a region of wvalues where an nT wave, of
the shock-wave type, is produced with a sufficiently steep pressure drop. The
velocity D of such a wave depends on the mass of the gas ions and decreases to
about one half when a discharge in argon 1s used.

A similar structure of the wave (see Fig. lc) was obtained from measure-
ments with the aid of a double electric probe of special design. The double
probe at electrodes with equal gathering surfaces, shifted relative to each
other by a distance Az, much shorter than the characteristic scale of the wave
in the direction orthogonal to the surface of the front.

Control experiments performed on the afterglow plasma with electron tem-
perature ~0.5 eV have shown that the length of the front and the veloecity of
the wave remain the same, i.e., they are independent of the initial tempera-
ture TOe' The detailed structure of the front, however, is altered somewhat,

namely, the pedestals vanish and as a result the front as a whole becomes
steeper.

The velocity of the internal wave can be written in the form [4]
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(1)

where a = (M/m)l/" [5]. Consequently, the velocity of the thermal wave should
depend on the mass of the ions like M-!/%, Since in the experiments the quan-
tities Qmax and no/nhO are conserved at a specified geometry, initial pressure,

and surge-circuit voltage, the mass dependence should become manifest in ex-
plicit form if one satisfies the requirement concerning the establishment of
the spectrum of the ion-acoustic noise over the width of the discontinuity.

The experimental values measured on the nT profiles were DH = 2.5 x 10°
cm/sec and DAr = 1.2 x 10° cm/sec and those measured with a double electric

probe were DH = 2.7 x 10% cm/sec and DAr = 1.3 x 10% em/sec. In both cases

DH/DAr ~ 2.1, as against the theoretical value 2.4,

In experiments with a xenon plasma, the wave velocity decreases in ac-
cordance with the relation given above.

The width of the thermal-wave front can be obtained by recognizing that
the current velocity of the cold electrons u depends on the potential ¢ pro-
duced by the hot electrons. This dependence becomes manifest when account 1is
taken of the effects of induced scattering of ion-acoustic waves by ions.

413



o ny Using the equation for the growth of the
’ T T noise energy
! :
|
) v | vl ® ® | J
I [ ——-=(dmw—- ~-a— =-b (2)
j dJt YTe kvy, kvy, n.T.
451 1
- ’/i*:, 4 and Ohm's law
4 - I )
Ix
o A S ‘s &
® "w’eff
Fig. 2. Dependence of where
the potential ¢ on the 174
density of the hot elec- o =(j!) v s =k T
trons n, , argon. ¢ = m ’ A T
60 V, ny is in relative "
units. and also the system of equations
3 4T, FY
2 dr  "ox
anh au ()4)
—— n.—
at ox

‘o 2
-V
nh = f (f—z—- - o.)dv
- o0
we can determine the density profile ny of the hot electrons.

The main section of the stationary front (nhT

or &) is determined by the
expression

h

Ax = 21 M a ) . a.-f-. (5)

(a +1)? 4an) o Ak

Consequently, Ax ~ (M/m)l/“. The experimental values give a ratio
AXAP/AXH v 2, which agrees sufficiently well with the calculation. The ex-

perimental values AxH v 5 - 7 em and AXAr A 15 cem likewlse do not contradict
the estimate (5).

Finally, we note that from the ®(x) and nT(x) plots in Fig..1l we can
plot the function nh(é) (see Fig. 2), from which it follows that the condi-
tion d(B<I>/8nh)/dnh > 0, obtained in [4], is satisfied for the section with
stationary profile.

We have thus shown that a stationary electronic shock wave exists in a
collisionless plasma. The electronic shock wave can arise also in other situa-

tions, for example 1f a relativistic strong-current beam is effectively de-
celerated in a plasma [4, 6].
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1. It is known [1] that the energy spectrum of the conduction electrons
in a metallic plate placed in a parallel magnetic field # differs significantly
from the energy spectrum of the bulky sample. Besides the magnetic Landau
levels, there exist [2] magnetic surface levels due to the electrons skipping
along the surface of the metal (see Fig. a). The dependence of the magnetic
surface levels on H exhibits characteristic features, but these turn out to be
inessential [3, 4] when the thermodynamic properties of metals are considered.
(A more detailed analysis of the literature [3, 5 - 7] concerning this ques-
tion can be found in [47.)

When considering the contribution of the magnetic surface levels to the
thermodynamic quantities, it is necessary, as demonstrated in [3], to take into
account the deviation of the magnetic surface levels from their quasiclassical

(s)

values. The surface part of the magnetilc moment M is written in the quasi-

classical approximation in the form

Ms) =g g3 G UL (1)
quas quas

Calculations EM] using the exact values for the magnetic surface levels have
shown that oll) = 0. Analogously, the ?ughor calculated the next term in the
expansion (1), and it turned out that o 2) =9 Thus, the electrons skipping
over the surface of the metal (Fig. a) make no essential contribution to the
thermodynamic properties of the

metals. As will be shown below, a x
an appreciable contribution to N’ e’ e’ N
the thermodynamic gquantities 1is a
made by electrons that are tan- i
gent to the surface of the

metal (see Fig. Db). ’ ]

2. Assuming a quadratic iso- 7
tropic dispersion law € = p%/2m
of the conduction electrons in <2)
the plate we obtain for the ther- e
modynamic potential Q(H, T) in the
temperature region T << €p

415





