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In previously published papers [1,2], plasma containment was characterized by the energy
lifetime_re. The value of T is governed by the total rate of energy loss and yields no in-
formation on the concrete loss mechanism. Actually, the plasma can lose energy 1) together
with the charged particles, 2) with the thermal conductivity (ionic or electronic), and 3)
with line and continuous emission, and also with the fast neutral atoms produced as a result
of charge exchange of the cold gas by the hot ions. We have estimated separately each type
of loss, which is accordingly characterized by the times of diffusion (TD), thermal conducti-
vity (TH), and radiation + charge exchange (Tr), respectively.

The experiments were performed with the TM-3 apparatus [1] under macroscopically stable
discharge conditions in hydrogen. The value of T, was determined from the diamagnetic effect
and from the current-voltage characteristics of the discharge. To measure the rate of charged-
particle loss we measured, besides the electron density (by radio interferometry) also the
rates of ionization of the hydrogen atoms by determining the absolute intensities of the
hydrogen Balmer lines [3]. The energy flux incident on the liner wall with the radiation and
with the fast neutrals was registered with a semiconductor thermocouple. The value of T could
be calculated from the relation l/'re = 1/1'D + l/‘rH + l/Tr.

It is of interest to compare the experimentally observed quantities with two limiting
cases: 1) the maximum loss rate determined by the Bohm formula, and 2) the minimum rate de-
termined by the classical transport coefficients. In comparing the experimental integral
characteristics with the theoretical local ones, difficulties are encountered because of the
lack of reliable information on the concentration and temperature gradients. In all the cal-
culations we have assumed arbitrarily that the radial distributions of all the quantities are
described by Bessel functions of zero order, and used the temperature and concentration values

averaged over the cross section. In this case

T, = 32/(2.h)2D; T, = a2n/(2.h)2k,

H

where a is the plasma radius, assumed equal to the diaphragm radius, and D and k are the

D

diffusion and thermal conductivity coefficients. Thus, although the accuracy of the lifetime
measurement is not worse than 30%, we cannot expect an accuracy better than 200 - 300% in the
comparison of the experimental and theoretical quantities.
The theory developed by Galeev and Sagdeev in [L4] yields different expressions for the
transport coefficients, depending on the frequency Ve of the collisions between the electrons.
I. Region of trapped perticles, Vg <V = (v, H /aH )23/ (Hz and H

1 YTed ¢
longitudinal and azimuthal magnetic fields, respectively, v Te = thermal velocity of the elec-

- intensities of

trons, € - a/R, and R - major radius of torus). In this region, the diffusion coefficient is
«n 1/2/H 1/2

II. Transition region, v, < v_< v

1 5-3/2; D= (Te3/2/H¢Hz)62/a.
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III. Region where the trapped particles no

2
The thermal-conductivity coefficient k = yDn

longer play sny role: v, > v,. D = nee/H:Tel/2,

(where y is a mumerical coefficient) turns out to be
larger in our experiments for the ionic component.
Figure 1l shows the results of the measurements
of the diffusion loss of the plasma and the theoreti-
cal values calculated for the same parameters. The fi-
gure shows also the loss rates calculated by Bohm's
formula. All the experimental data were taken for
Fhe end of a rectangular current pulse, where the
plasma characteristics can be regarded as finally
established. The abscissas represent the ratio ve/vl.
In the entire considered range of ve/vl, the experi-
mentally measured loss rate is 5 - 10 times larger
than the value expected from classical theory. The
Bohm loss rate exceeds the experimental diffusion rate
by 15 - 100 times and the experimental rate of loss
with thermal conductivity by 10 - 30 times. Since the
ion-ion collisions remain gquite frequent at low con-
centrations, owing to the low ion temperature, all the

considered regimes pertain, from the point of view of
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Fig. 1. Reciprocal lifetime with
respect to diffusion vs. vg/vy:

1l - experiment, 2 - theory in re-
gion I, 3 - theory in region II,
4 - rate of Bohm diffusion.
Dashed - proposed transition from
one region to the other.

classical heat conduction, to the transition region. Figure 2 shows the measured and theoret-

ically calculated reciprocal lifetimes with respect to heat conduction as functions of the

electron concentration. In the experiment, Ty characterizes the energy flux from the entire

plasma, and not only from the ionic component, so that we chose for the theoretical calculation

an expression having a similar meaning:
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Fig. 2. Reciprocal
lifetime with re-
spect to heat con-
duction vs. ng: 1 -
experiment, 2 -
theory, 3 - rate of
energy transfer 45,
from electrons to
ions in Coulomb
collisions.
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ry=102/2,02(0 (T, +T,)/T,).
At low concentrations, the experimentally measured l/rH is much larger than the theoretical one,

but at ng N3 ox lO13

It should be noted that the greater rate of loss from the plasma at low concentrations

the two valués coincide.

cannot be attributed to ionic thermal conductivity within the framework of classical theory,
for in Coulomb collisions the energy transferred from the electrons to the ions is too low
(see curve 3 of Fig. 2). The classical electronic thermal conductivity is also small. A plasma
with low concentration apparently is characterized by the presence of nonclassical processes.
The anomalous resistance observed under these conditions [5] may also be evidence of the
development of instabilities.

On the other hand, we have assumed throughout that there are no impurities in the plasma.
The presence of an appreciable impurity content at low electron densities can greatly increase
the classical transport coefficients.

The fact that at sufficiently large concentrations the rates of energy loss from a real
plasmsa agree with the calculated ones cannot, likewise, serve as evidence of the existence of
classical transport coefficients, since the functional relations predicted by the theory are
not observed. Only the absence of a dependence of the transport coefficients on the longi-
tudinal magnetic field agrees with the theory. It is probable that both the classical mechan-
isms and the instability are equally responsible for the loss, thus greatly hindering the
interpretation of the experimental results.
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Distributed parametric generators of electromagnetic radiation were first realized in
opties [1]. 1In view of the large dimensions of the resonant system (compared with the wave-
length), it is possible to generate in such systems in principle, Jjust as in lasers, radiation
with a large discrete spectrum - at a number of modes simultaneously. An important factor in
this case is the possibility of controlling the process by means of mode synchronization, which
leads, in particular, to the production of short pulses. However, these phenomena have not
yet been observed in parametric generators.

We present here the results of an experimental investigation of multimode parametric
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