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An attempt of a contactless determination of the degree of turbulence of a plasma is made on the

basis of Stark broadening of the hydrogen H , and

spectral lines. The value of the turbulence, de-

fined as the ratio of turbulent oscillation energy to plasma diamagnetism, is ~1.6 x 107,

AS is well known, hydrogen atoms are subject to the
linear Stark effect. By virtue of this, observation of the
width of the spectral lines of the Balmer series makes
it possible to obtain in relatively simple manner
information concerning the electric fields in a plasma.
In"! | a method was proposed for determining the aver-
age energy of the potential noise in a plasma from the
magnitude of the Stark broadening of the H B Hy, and Hg
lines for a magnetosonic discharge, where the intensity
of the turbulent pulsations is small.

It was therefore of interest to determine the energ
density of the noise in turbulence heating by currents 2],
when the electric fields of the pulsations are sufficiently
strong (Ep, > Ep, whereNE is the intensity of the ap-
plied electric field and E, > Eo, where E, = 2.6en*”
is the magnitude of the Stark field and characterizes the
average effect of line broadening by the microfields of
the plasma ions).

To this end, we used a toroidal setup of the
‘‘Tokamak’’ type with turbulent heating, described in
detail in®!. The discharge was produced in hydrogen at
a pressure 5 x 10#—10"° Torr. The longitudinal mag-
netic field reached 15 kG. The quasistationary current
was turned on at the maximum of the field. The intensity
of the electric, corresponding to a rapidly growing cur-
rent with amplitude 5 kA, was 40 V/cm and was pro-
duced by discharging (in a transverse section through the
jacket) a capacitor bank with C ~ 20 uF through an ac-
tive resistance of 2 ohms. The plasma column inside
the chamber was limited with a diaphragm having an
aperture 2a = 4 cm.

The light emerged from the chamber through a peep-
hole and was directed with the aid of a reflecting mirror
and a long-focus condenser to the input slit of a UF-85
camera coupled to an ISP-51 spectrograph. The record-
ing element was a photomultiplier. The light flux at the
output of the optical system was analyzed with the aid
of a moving slit, the width of which in most experiments
was 50 p. The accuracy of slit motion was within +1 pu.
The input slit had a width of 50 u. The reproducibility of
the process from experiment to experiment was moni-
tored with the aid of a system consisting of a UM-2
monochromator with a photomultiplier at the output; the
latter registered the total light of the investigated line.

In addition, we registered the following parameters:
the quasistationary and ‘‘fast’’ currents, the amplitude
of the circuit voltage, the diamagnetism of the plasma.
Chord measurements were made of the concentration
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with two impact parameters a = 0 and a = 1.5 cm, using
a microwave interferometer at a wavelength A = 4 mm.
The plasma resistance was determined from the
oscillograms of the ‘‘fast’’ current I and the circuit
voltage U,. The signal of the latter was registered from
a voltage %ivider placed in the transverse gap of the
jacket. In calculating the anomalous resistance of the
plasma, we used the formula
a ar
Relt)y=(0e= bg—). ®
where @ = 0.7 is the coefficient of coupling between the
primary winding of the transformer and the plasma
loop, and B is a coefficient determined from the relation
(1) at Ry(t) = 0. The maximum value of the resistance
in the phase of turbulent heating was ~1 ohm, which ex-
ceeded by two orders of magnitude the resistance of the
initial plasma prepared by the quasistationary current
Io.
Principal attention was paid in the experiments to the
behavior of the pair of lines H, and H_ , since these
lines are close to the maximum of the spectral sensi-
tivity of the photomultiplier photocathode, and their Stark
constants differ by a factor of 2!, Figure 1 shows
typical oscillograms of the glow for the core and the
wing of the Hy line at the instant of operation of the
‘“fast’’ current. The line profile is shown in Fig. 2 for
different instants of time: a—after 7 ~ 0.5 usec,
SA(H,) = 4 A; b—after 7 ~ 2.5 usec, SA(H, ) = 2.5 A,
when the anomalous resistance of the plasma has already
vanished. In the latter case, the profile of the line dupli-
cated with a great degree of accuracy a Gaussian pro-
file (dashed line).

FIG. 1. Oscillograms of the glow
of the spectral line of hydrogen H:
a—on the wings, b—in the nucleus,
an oscillogram of a ‘““fast” current
pulse I, = 5 kKA.
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FIG. 2. Profile of hydrogen spectral line H’Y at different time inter-
vals from the start of the turning on of the “fast” current: a—after 7 =~
0.5 usec; )\(Hy) =4340.4A, 67\(H7) =4.0A; b—after 7 =~ 2.5 usec; )‘(H7)
= 434044, SN(H,) = 2.5A.

Figure 3 shows the half-widths of the lines H B and Hy

as functions of the time. The curves show two clearly
pronounced maxima. The first probably results from
the Stark broadening in turbulent electric fields. It is
precisely in this time that the profile of the lines H
and H), is far from Gaussian and a maximum of the
anomalous resistance is registered. In addition, an
estimate of the Stark broadening introduced by the
plasma concentration (in our case n~ 6 x 10" cm™) is
larger by one order of magnitude than the measured
value. )

The decrease of the half-width of the line is due to
dissipation of the oscillation energy into heat, and the
subsequent rise has probably a Doppler origin. The
temperature of the neutral hydrogen atoms calculated
from the line broadening, with allowance for the Stark
effect, was 60—80 eV, and this can serve as a lower
estimate of the ion temperature.

The line broadening, which is connected with the
electric field by the relation

Ao = —a,— Emw
2,6e

makes it possible to determine the magnitude of the
microfields: for the H 8 and Hy lines we have E,
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FIG. 3. Half-widths of spectral
lines of hydrogen Hg(a) and H, (b) SAA b R,
and anomalous resistance of plasma 4 B
as functions of the time. )\(HB) = '
4861.3A AH,) = 4340.4A. s
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~ 6 keV/cm. Since measurements with the aid of a
diamagnetic pickup yields nT ~ 10* erg, it follows that
by knowing the energy density of the turbulent oscilla-
tions (assuming that ion sound builds up)

woi? Em?
T e 8’
we can estimate the degree of turbulence of the plasma
W/nT =~ 1.6 x 1073, corresponding to our earlier meas-
urements of plasma radiation®’.
Thus, the use of Stark broadening of the Balmer lines
of hydrogen makes it possible to determine by a contact-
less method the degree of turbulence of the plasma.
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