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The excitation of large amplitude oscillations at a frequency w~w ,; in a radially inhomogeneous
plasma produced by a high-current linear discharge in hydrogen is investigated experimentally. The
plasma density at the axis was of the order of several units of 10" cm~> The oscillations were
generated by a Stix coil, which was the inductor of a surge circuit with stored energy up to 7 J and
a frequency of 6.6 MHz. The spectrum of the oscillations excited in the plasma is investigated.
Excitation resonance is observed at @~wy,. The radial distribution of the high-frequency field in the
plasma is studied, and the type of the excited oscillations is determined. A sharp increase is observed
for the high-frequency field strength in the resonant layer, for which nj=e, At excitation resonance,
up to 70% of the energy stored in the circuit was transferred to the plasma. The high-frequency
field amplitude in the plasma reached 500 Oe and a rapid increase (within a time ~2mw/w) of the
transverse plasma energy, by an amount 7 X 105 eV/cm, occurred. This transverse-energy increase may

be due to turbulent heating of the plasma in the resonant layer.

INTRODUCTION

In this paper we mean by large-amplitude oscilla-
tions those oscillations in the field of which the relative
velocity u; =uij—uLe of the electrons and ions of the
plasma transverse to the constant magnetic field, exceeds
some critical value ucr~[(Ti+Te)/mil*2. As is well
known,“’” upon satisfaction of this condition in a
plasma, small-scale oscillations are excited, the wave-
length of which is much smaller and the frequency much
greater than the wavelength and frequency, respectively,
of the initial oscillations. Scattering of charged par-
ticles by the turbulent electric-field pulsations due to
the development of such instabilities should lead to an
effective heating of the plasma.

Rapid heating of electrons and ions of a plasma by a
strong high-frequency field, upon satisfaction of the cri-
terion given above, has been observed experimentally in
the excitation in the plasma of a direct (wyj <w
~(wHewHi)"?) ' for an oblique (wHj <w
« (wHewHi)"? ?*) magnetosonic wave of large ampli-
tude (w is the frequency of the wave; wHe and wHi are
the cyclotron frequencies of electrons and ions). Here
the heating time of the electrons was less than one pe-
riod of the high-frequency oscillations. Effective heat-
ing of the plasma also occurred in experiments on the
excitation of ion cyclotron waves of high amplitude.'®®
Under conditions of excitation of a fast magnetosonic
wave of high amplitude in a plasma, small-scale high-
frequency oscillations were discovered experimentally
and were identified with one of the possible types of in-
stabilities described above. "’

In experiments for obtaining high-frequency fields of
large amplitude,'™ ! along with powerful energy sources
—shock excited circuits—the phenomenon of resonance
excitation or resonance coupling was also used effec-
tively, wherein the high-frequency field in the plasma
increases significantly when the wavelength and the
frequency of the oscillations generated by the external
source are close to the wavelength and frequency of the
characteristic oscillations of the plasma column. The
energy entering the plasma also increases in corre-
sponding fashion.

In the present research, the possibility of resonance
excitation of high-frequency fields of large amplitude is
explored experimentally in the region of ion cyclotron
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resonance in a plasma column that is highly inhomogene-
ous along its radius. In contrast with the case in which
an ion cyclotron wave is excited in a homogeneous or
weakly inhomogeneous plasma (the corresPonding -
periments are described, for example, in **°)) the prob-
lem of the resonance excitation of oscillations with
frequency w=~wHi in a highly inhomogeneous plasma
becomes complicated if the so-called resonance layer
exists and is characterized by the relation

n’~e;.

(1)
Here n) -k ¢/w is the longitudinal index of refraction,
the value of which is determined by the axial period

A= 27r/k|| of the excited system, and €j= w%i/(wiﬁ—wz)
is the component of the dielectric tensor.

As is well known,'2°"**! in the vicinity of this layer,

the square of the transverse index of refraction n;

=k ¢/w has a singularity and the component of the
electric field of the oscillations in the direction of the
density gradient increases rapidly. In particular, it is
known °~*?! that conditions are possible for which the
ion cyclotron wave, which is excited by the external
source on the surface of the plasma column, and which
propagates towards the axis (in the direction of increas-
ing density), will be completely absorbed in the res-
onance layer and then the resonance excitation will gen-
erally no longer take place.

In the present research, the high-amplitude oscilla-
tion spectrum is studied in detail; these oscillations
are excited in the region of ion cyclotron resonance
(w~wHi) of a Stix coil in an essentially inhomogeneous
plasma, created by a high~current direct discharge.
Resonance excitation was observed, the high-frequency
field distribution in the plasma was measured, and the
type of excited oscillations was determined. Here the
phenomenon of a sharp increase in the amplitude of the .
high-frequency field in the resonance layer, predicted
by the theory, has been observed.” When the high-
frequency field was turned on, a rapid heating of the
plasma was observed (within a time of the order of a
single oscillation period).

2. SETUP AND METHODS OF MEASUREMENT

The experiments were carried out on apparatus whose
schematic diagram is shown in Fig. 1. The plasma was
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FIG. 1. Schematic diagram: 1—microwave horn; 2—arrangement for
introduction of probes; 3—diamagnetic probe; 4—discharge tube; 5—coils
for creating magnetic field; 6—coils for creating high-frequency field; A—
anode of sources of plasma; K, K, cathodes of the principal and auxiliary
sources of plasma; C,, C, capacitors in supply circuits of plasma sources;
Py, P,— spark gaps; R, R—ballast resistances; C—capacitors of high-fre-
quency circuit; P—spark gap of high-frequency circuit.

produced by direct high-current discharge in hydrogen
(the initial pressure ~10”° mm Hg) in a quasi-constant
longitudinal magnetic field. The internal diameter of the
quartz discharge tube was a=6.2 cm, the distance be-
tween the cathode K and anode A was 88 cm. The elec-
tric circuit for producing the plasma is quite analogous
to the circuit described by Dubovoi and Fedyakov.[5J
Ignition of the spark gap P; starts first a discharge with
oscillating electrons in the electrode system consisting
of cathode K, ring anode A, and auxiliary cathode K;.
Here the capacitor C; (0.4 uf, 18 kV) discharges through
the resistance R;, the discharge gaps AK and AK;, and
the resistor R>R;=30 . The anode current in this
case does not exceed ~18A and is determined by the
value of the resistance R. Upon the achievement of a
sufficiently high degree of ionization in the discharge
chamber, breakdown of the gap AK takes place. The
anode current reaches a value of the order of several
hundred amperes and the density of the plasma on the
axis exceeds 7x10* cm™®. About 40 usec after break-
down of the spark gap P,, the spark gap P, breaks down
and discharge of the capacitor C, (0.4 ufd, 35 kV) takes
place across the gap AK. The discharge current has an
oscillatory character (period ~2.5 usec), a total length
~10 usec, and a maximum value ~17 kKA. At the end of
this stage of the discharge, the plasma density at the
axis as a rule exceeds 2X10'* cm™>. The transverse
pressure of the plasma, as recorded by a diamagnetic
probe, averaged over the radius of the discharge cham-
ber, amounts to 5x 10*° eV/cm™® and decreases with a
time constant of ~50 usec.

It should be noted that the presence of the auxiliary
direct discharge maintained by the capacitor C, is not
obligatory, but it does significantly increase the sta-
bility of the parameters, from pulse to pulse, of the
plasma produced upon discharge of the capacitor C,.
The distribution of the quasiconstant longitudinal field
H along the axis (Fig. 1) has a homogeneous region of
length ~70 cm in the central part of the system, and
small bulges with maximum voltages at the points of
location of the cathode K and anode A.

The high-frequency oscillations in the plasma were
excited by a Stix coil, which consisted of eight two-turn
sections of diameter 8.5 cm with an axial period
A= 21r/k|| =20 cm. This coil was the inductance of a
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shock-excited circuit with a characteristic frequency
of w/2m=6.6 MHz and stored an energy of 7J. The
quality factor of the unloaded circuit amounted to 35.
The maximum amplitude of the intensity of the longi-
tudinal alternating magnetic field Hz on the axis in
vacuum amounted to 180 Oe. The density of the plasma
was estimated from the cutoff of microwave oscilla-
tions with wavelengths 8.1, 4.0 and 2.3 mm. The char-
acter of the radiation distribution of the density was
established by simultaneous observation of the incident
microwave signal and that reflected from the plasma.
To measure the field Hz on the axis of the system, we
used a magnetic probe, which consisted of a 10-turn
coil of diameter 3.5 mm. This probe was introduced in
the plasma through an aperture in the cathode K into
the insulating quartz tube with outside diameter 6 mm.
The maximum distance from the cathode, to which the
probe is introduced, amounted to 40 cm.

The azimuthal and radial components of the alternat-
ing magnetic field Hy and Hy were measured by mag-
netic probes comprising 20-turn coils of diameter 2 mm.
To obtain the radial distribution of Hyp after a single
pulse, a probe was used that consisted of 8 such coils.
The distance between the axes of the neighboring coils
was equal to 4 mm. All these probes were introduced into
the plasma from the side, in the region between two
neighboring sections of the excitation coil, in a quartz
tube with outside diameter 4 mm. At the time of the
direct discharge, the plasma is at a potential of the or-
der of the voltage on the anode. To avoid breakdown at
the probe and destruction of the quartz tube, all the
probes were insulated from ground by broadband isola-
tion transformers. The signal received by the probe
was integrated by an RC network with an integration
constant of 2 usec. The absolute calibration of the
probes was carried out by the method described by
Brown and Shepherd.'*’

The transverse pressure of the plasma was estimated
from the change in the diamagnetism, which was recorded
by a ten-turn coil in the electrostatic screen which en-
closed the discharge chamber and which was placed be-
tween two neighboring sections of the Stix coil. The
signal induced in the diamagnetic probe was integrated
by an RC network with an integration constant of
200 usec.

The effectiveness of the transfer of high-frequency
energy from the circuit to the plasma was characterized
by the transfer coefficient @, which is the ratio of the
energy absorbed in the circuit in the presence of the
plasma, after subtracting ohmic losses in the circuit
itself, to the total energy stored in the capacitor circuit
before switching it on. The value of @ was determined
with the help of apparatus for measurement of the
logarithmic decrement.'® A high-frequency magnetic
probe served as the pickup for this apparatus; it
yielded a signal proportional to the current in the circuit.

In obtaining the experimental results described
below, the high-frequency field was turned on ~7 usec
after termination of the current of the direct discharge.
The distribution of the plasma density over the radius
at this instant of time, for H=4.5%10°® Oe, is shown in
Fig. 8a (see below). From several independent esti-
mates, the plasma density at the axis at this instant was
found to be in the range (2.5-5)% 10" cm™?, while the
density averaged over the radius amounted to about

6x 10" cm™>. The density distribution shown in Fig. 8a
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FIG. 2. Upper trace—simultaneous oscillograms of the direct dis-
charge current and the high-frequency current; lower trace—diamagnetic
signal; scale—35 usec/div.

did not change materially throughout the high-frequency
pulse. The sequence of operations and the change in the
transverse pressure of the plasma in the region w~wgj
are graphically illustrated in Fig. 2. In particular, it
follows from the oscillogram shown that a significant
heating of the plasma takes place upon turning on the
high-frequency field.

3. RESULTS OF THE MEASUREMENTS
A. Spectrum of Oscillations Excited in the Plasma

The dependence of the high-frequency energy fed into
the plasma on the intensity of the constant magnetic field
H is represented by a twin-peaked resonance curve
(Fig. 3). At the maxima of a, 65% of the energy stored
in the circuit flows into the plasma (in individual pulses,
this value reached 70%). In what follows we shall for
brevity denote the field H~4.5%10° Oe, which corre-
sponds to the minimum value of a in the valley between
the peaks, by Ho, and the fields corresponding to the
maximum absorption by H; and H, (H; <Ho <Hs).

To make clear the nature of the observed absorp-
tion, the shape and distribution along the axis of the
oscillations excited in the plasma were investigated.

It should be noted that introduction, along the axis of the
plasma, of a quartz tube with a probe to measure Hy
did not change materially the regime of the direct dis-
charge and the shape of the resonance absorption
curves (Fig. 3). Figures 4a—e are oscillograms of the
high-frequency current in the excitation coil (the upper

traces) and of the field Hz on the axis (the lower traces).

These oscillograms were obtained at a single position of
the probe for the four more characteristic values of H
in the interval from 3 to 6 kOe (oscillograms in the ab-
sence of the plasma are given for comparison). It fol-
lows from the oscillograms that everywhere in the con-
sidered interval of H the high-frequency field in the
plasma is a superposition of two oscillations with differ-
ent frequencies, and that at the absorption maxima these
frequencies approach each other and the amplitude of
the oscillations in the plasma grows appreciably (a re-
verse transfer of high-frequency energy from the plasma
to the circuit is even evident in Figs. 4c and 4d). In the
region of maximum absorption, the amplitude of the
field H, in the plasma on the axis increased by a factor
of about four in comparison with its value in vacuum

and reached 700 Oe.

Figure 5 shows examples of the frequency spectra
obtained as a result of Fourier analysis of the oscillo-
grams of the high-frequency current and the field Hy
on a ‘““Dnepr-1’’ electronic computer. The dependence
of the characteristic frequencies of the oscillations ex-
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FIG. 3. Dependence of the high-
frequency energy entering the plasma
on H. The vertical dashed line de-
notes the magnetic field correspond-
ing to the ion cyclotron resonance
at the characteristic frequency of
the circuit without plasma.

FIG. 4. Oscillograms of the high-frequency
current in the coil (upper trace) and the field
H, on the axis: a) without plasma;b) for H <
H,; ¢) for H=H,;d) for H = H,;e) for H > H,.

cited in the plasma was constructed from these data
(Fig. 6). Measurements of the distribution of amplitude
of the field Hz along the axis have shown, the longi-
tudinal wavelength of the oscillations at frequencies
corresponding to branch 1 and to branch 2 are close
to the axial period A =20 cm of the exciting current.

B. Radial Distribution of the High-Frequency Field in the
Plasma

To determine the type of oscillations excited in the
plasma, we carried out investigations of the radial dis-
tribution of the field Hy and also of the phase shift be-
tween Hy and Hy. Upon introduction of a quartz tube
(transverse to the plasma column) along which the
probes which measure Hy and Hr were moved, the
plasma perturbation produced by the tube was manifest
in the fact that the mean value of @ at the absorption
maximum decreased to a value of the order of 60%, and
the mean scatter of the values of @ from pulse to
pulse increased appreciably.

As a consequence of the instability of the plasma
parameters, the radial distributions of the field Hyp,
measured by the 8-turn probe, differed significantly
from one another in the different pulses. Nevertheless,
they could be divided into two basic groups, correspond-
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FIG. S. Frequency spectra of oscillations of the field H, (at the left)
and the high-frequency current (at the right) without plasma a) and in
plasma: b) for H <H,, ¢) for H, = H and d) for H > H,. The vertical
dashed lines denote the frequency of the characteristic oscillations of
the circuit without the plasma.
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FIG. 6. Dependence of the frequency of oscillations excited in the
plasma on the intensity of the constant magnetic field. The straight
line a denotes wyj/2m, b, c—the locations of the absorption maxima.

ing evidently to different initial parameters of the plasma
column and corresponding to different conditions of
excitation of the oscillations. These distributions,
measured at H=4.65 kOe, are shown in Figs. 7a, b. In
both groups, the Hy(r) dependence has a well-pro-
nounced maximum for some value of the radius ro,. The
difference between the distributions (see Figs. 7a, b)

is that in the case of the distribution in Fig. 7a, for

the case of a decrease in r, the function Hep(r), passing
through a maximum, changes sign. In the case of the
distribution in Fig. 7b, the maximum of Hy is always
located at some larger radius.

More detailed measurements of the function He(r)
were carried out by a single probe in a series of re-
peated discharges. The probe was moved in steps of
3 mm. To decrease the effect of scatter of the plasma
parameters, we used a so-called monitor probe. This
probe, which measures Hyp, was introduced into the
quartz tube from the opposite side and was placed in the
most probable location of the maximum of H¢ for the
distribution of Fig. 7a. To plot Hq,(r), we picked out
only those oscillograms of the signal from the movable
probe which corresponded to a sufficiently large ampli-
tude of signal from the control probe (not less than
300 Oe).

The signal from the probe which measures Hr, and
which is located in series with the probe which meas-
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FIG. 7. Distribution of H¢ (r) in plasma, obtained with the help of
an 8-turn probe.

2, mw cm™?
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'FIG. 8. Radial distributions: a)
plasma density; b) the field H¢ and ¢)
the phase difference between H¢ and H;.
The vertical dashed line denotes the
location of the wall of the discharge
chamber.

ures Hp, was recorded simultaneously. The results of
the measurements of Hp(r) carried out in this manner
at H=4.65 kOe are plotted in Fig. 8b, along with the
radial distribution of the plasma density (Fig. 8a) and
the radial distribution of the phase difference A6(r)
between Hep and Hp (Fig. 8c). It should be noted that
the amplitudes Hy, are plotted on Fig. 8b without ac-
count of direction. It follows from this figure that there
actually exists a plasma layer in the vicinity of some
radius r=ro=1.5 cm in which Hy, increases sharply,
and that in this same layer a discontinuous change by
180° takes place in the phase difference between Hy and
Hy. This difference corresponds at r<r, to the ion
cyclotron oscillations (Fig. 9a, the total vector of the
transverse alternative magnetic field H) rotates in the
direction of the Larmor rotation of the positive ion), and
at r<ry, to a fast magnetosonic wave (Fig. 9b, H} ro-
tates in the direction of the Larmor rotation of the elec-
tron). Under the distribution conditions shown in Fig.
7b, the quantity A6(r) is close to zero at r<r, (Fig. 9¢).

The maximum measured value of the amplitude Hgp
at the point r=r, amounted to 500 Qe. It can be as-
sumed that, in the absence of the quartz tube, when the
maximum of the dependence o(H) was more clearly
delineated, this quantity was larger.

C. Heating of the Plasma

As has already been pointed out above (see Fig. 2),
turning on the high-frequency field leads to the rapid
increase in the transverse energy of the plasma. The
dependence on H of the increase in the transverse
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FIG. 9. Oscillograms of the field Hy (upper trace) and H¢ (lower
trace) in resonance absorption a) for r > 1,; b) for r < r,, the distribu-
tion a in Fig. 7; ¢) for r < r,, the distribution b in Fig. 7; scale—0.1
usec/div.

pressure of the plasma, averaged over the radius, cal-
culated from the diamagnetic signal, after the high-
frequency field is turned on, is shown in Fig. 10. As
follows from the drawing, this dependence is similar
in its general features to the «(H) dependence. The
oscillograms of the high-frequency current in the ex-
citation coil and the diamagnetic signal, taken with a
short sweep in the region of maximum «, are shown in
Fig. 11, It follows from these oscillograms that, first,
the plasma begins to heat up not from the moment of
turning on the high-frequency field, but after a lapse of
some time comparable with the length of the period of
the oscillations; second, the duration of the significant
heating is also of the order of the period 21/w=~1.6
%1077 sec.

The maximum value of the increase in the transverse
energy of the plasma, measured by the diamagnetic probe
and averaged over the radius, amounted to 7x 10"
eV/cm® in the described experiments (only the dc com-
ponent of the diamagnetic signal is taken into account).
Under the assumption that this energy is distributed uni-
formly over the length =88 cm of the plasma column,
we obtain the value 3J for the total increase in the
transverse energy at the maximum of the diamagnetic
signal. This amounts to about 70% of the high-fre-
quency energy input to the plasma at the absorption
maximum. In this estimate, we have not taken into
account the energy losses due to cooling of the plasma,
which are always considerable, since the diamagnetic
signal due to the high-frequency field falls off rapidly
after cessation of the oscillations.

4. DISCUSSION OF THE RESULTS

The plot given above of the characteristic frequen-
cies excited in the plasma against the intensity of the
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FIG. 10. Dependence of the
increase in the transverse plasma rat }{ }
pressure, due to the high-frequency
heating, on the intensity of the {
constant magnetic field.

FIG. 11. The high-frequency current in the excitation coil (upper
trace) and the diamagnetic signal: scale—0.25 usec/div.

constant magnetic field (see Fig. 6) is similar to the
dependence of the characteristic frequencies of an
oscillatory system with two degrees of freedom on the
detuning, which is well known from the theory of vibra-
tions (see, for example, 18]y In the given case, the
parameter which determines the detuning (or ong of
the partial frequencies) is the intensity of the constant
magnetic field, on the value of which depends the fre-
quency of the characteristic oscillations of the plasma
column. The difference of the graph shown in Fig. 6
from that usually considered in the theory of vibrations
is that the difference between the frequencies of
branches 1 and 2 is increased in the region of maximum
absorption, evidently as the consequence of an increase
in the coupling between the circuit and the plasma in
this interval of magnetic fields.

From a somewhat different viewpoint, branch 2 rep-
resents the induced oscillations of the plasma column,
excited by the axially periodic high-frequency field
flowing along the Stix coil. The frequency of these
oscillations differs from the frequency of the charac-
teristic oscillations of the unloaded circuit as a con-
sequence of the reactance inserted in this circuit by
the plasma. Branch 1 represents the frequency of the
characteristic oscillations of the plasma column, the
longitudinal wavelength of which is equal to the axial
period A of the exciting current. This frequency also
undergoes a perturbation as a consequence of the
strong coupling of the plasma with the circuit. The
natural oscillations of the plasma column, at a fre-
quency different from the frequency of the circuit, are
excited because of the finite (different from zero)
width of the spectrum of the exciting current.'?>**]
The increase of a in Fig. 3 is due to the closeness of
branches 1 and 2, i.e., to resonance excitation. The
maximum transfer of energy from the circuit to the
plasma takes place near those values of H where the
difference between the frequencies lying on branches 1
and 2 is minimal.
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In agreement with known data,'*’*"***] we might have

expected also excitation, in the plasma, of oscillations
with the frequency of the exciting current and wave-
length corresponding to the wavelengths of the free
oscillations of the plasma column. These oscillations
would be due to the finite length of the exciting coil.
However, in contrast with our experiments "’ on the
excitation of a fast magnetosonic wave it was not pos-
sible to separate such oscillations in the experiments
described for the measurement of the distribution of the
field Hz along the axis. Evidently, this is explained by
the strong spatial damping of such oscillations, which are
in turn due to the smallness of the longitudinal group
velocity of the wave near w=wHj.

Even without analyzing the data on the radial distribu-
tion of the high-frequency field in a plasma, it can be
established that the oscillations excited in the plasma do
not constitute a fast magnetosonic wave. Actually, in the
frequency range and plasma densities under considera-
tion (we assume the density averaged over the radius
to be 6x 10" cm™®) the approximate dispersion relation
for the fast magnetoacoustic wave can be represented
in the form %

o=omck (k k)" 05

(2

where we can set k; ~ n/a~1 for the fundamental radial
mode of the oscillations. As a result we find that res-
onance excitation of the fast magnetosonic wave in the
experiments described should take place at H~ 1.6
kOe, which is much less than Ho= 4.5 kOe.

The experimental data given in Sec. 3B indicate the
presence in the plasma of a resonance layer character-
ized by relation (1). The plasma density ny=5.2x10* x
k (wfji/w?~1) calculated from (1) depends strongly on
the ratio wHi/w. The exact value of this ratio under
experimental conditions is not known, in view of the
large width of the spectrum of excited oscillations.
Also, one should not attach great significance to the
agreement between the density n(ro)=~1.7x10'* cm™®
at the point of resonance, determined from the graph
of Fig. 8, with the value calculated from Eq. (1). The
most convincing proof of the existence of the resonance
layer are the sharp increase in the field Hy at r=ro
(Fig. 8b), the jump in the phase difference between Hp
and Hy at r=r, (Fig. 8¢c), and the change in the direc-
tion of the vector of the transverse magnetic field on
going from the region r >r, to the region r<r,.

From consideration of the approximate expres-
sion for the transverse index of refraction of the low
frequency (w « (wHewHi)"?) oscillations in a plasma
(see, for example, "*°%)

i (e:—ny?)2—e,?

: (3)
&y—ny
it follows that a fast magnetosonic wave will be excited
(i.e.,n] >0 at nf| «<¢€,) in the near-axis layer of the in-
homogeneous plasma, the density of which increases
monotonically in the direction from the periphery to the
axis, if the density in this layer exceeds the value (for
a hydrogen plasma)

Wne

n 5,2 A0k, (“’_" + 1) Omt
@ [0]

(4)

It can be assumed that under experimental conditions,
when a quartz tube was introduced into the plasma, this
density n;~10™ ¢m™ was not achieved in all pulses.
The distribution in Fig. 7b could also correspond to the
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case in which the density n was everywhere less than
n; for r<ry, and therefore the value of ni remained
negative and the fast magnetosonic wave was not excited.

Thus, in these experiments, the phenomenon of ex-
citation resonance turned out to be possible in spite of
the presence of the resonance layer. Even by itself, this
fact indicates that the absorption mechanism in the res-
onance layer and the thickness of the layer are such that
the wave is not completely absorbed in the layer, and
partially penetrates through it into the region r <r,.

The conditions for the existence of characteristic radial
modes of the entire plasma column as a whole are
guaranteed in the same way.

The maximum measured value of the azimuthal mag-
netic field in the resonance layer, Hyp =500 Oe, corre-
sponds to a radial electric field Erqu)/n” ~650 V/cm.
The corresponding transverse current velocity u
:k||cH(p(ro)/41ren(ro) amounts to about 5% 10" cm/sec.
The maximum possible thermal velocity of the plasma
ions at the instant of turning on the high-frequency field,
which can be estimated from the diamagnetic signal,
amounts to ~10’ cm/sec, i.e., much less than the cur-
rent velocity. Under these conditions, small-scale
high—freguency oscillations of the type previously con-
sidered '*! should be excited in the plasma. It can be
assumed that the rapid heating of the plasma that is
observed upon turning on the high-frequency field is due
to interaction of the electrons and ions with these oscil-
lations. The threshold character of the heating also
supports this explanation.

Actually, as has already been pointed out above, the
plasma begins to heat up not immediately after the
high-frequency field is turned on, but after a lapse of
some time of the order of the duration of the period of
oscillations, when the amplitude of the oscillations in
the plasma (Fig. 4) and consequently, the current
velocity reaches a certain large value.

The authors express their deep gratitude to I. Yu.
Adamov, V. I. Kononenko, V. T. Pilipenko for help in
carrying out the experiments, and to K. N. Stepanov and
A. V. Longinov for useful discussions of the research.

DExperiments on the discovery of the resonance layer have been de-
scribed previously [*3].
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