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ELECTRIC CONDUCTIVITY OF A HIGH-
DENSITY XENON PLASMA

S. I. Andreyev and V. Ye. Gavrilov

The purpose of this work is to experimentally investigate the
dependence of specific electric conductivity (d) of xenon plasma on
temperature (T) under conditions of the high concentration of
charged particles when the concept of Debye screening is not used.

The measurements were made in quartz tubes with a diameter of
d = 7.5, 10.5, and 15.6 mm at a distance of 1 = 150 mm between
electrodes. The temperature was determined from Planck's formula
for the spectral density of the brightness of an absolutely black
body b p(T, X). Magnitude b p(T, X) was determined from the trans-

port equation
= (1)

where e is the transparency of the plasma which-was measured by
illuminating the plasma with an independent source, and bI is the
spectral density of the plasma brightness which was measured by
comparison with a standard EV-39 type source [1]. The temperature
values thus obtained with a variation in bA and e-• at different
wavelengths coincided for the same discharge mode within the limits
not exceeding 3000 K.
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The resistance of the plasma column (R) was determined at the

moment of the maximum current pulse (tm) from the equation

____-- __ __ )_ (2)

where U0 is the initial voltage to which capacitor C charges.

Moment of time t was determined from the condition =0. The

oscillographic notation of the current i(t) was integrated and

differentiated graphically. To increase the accuracy of the graphic

integration and differentiation, the current oscillogram was in-

creased to dimensions determined by the thickness of the oscillo-

graph beam. The accuracy of the oscillographic notation i(t)

obtained by a special shunt was moni.tored by methods described in

work [2].

The resistance of the entire discharge circuit without a

discharge envelope was measured in like manner and was subtracted

from the values of R obtained in the presence of the discharge.

The voltage between the electrodes of the discharge tube at moment

tm amounted to a magnitude on the order of a kilovolt (or several

kilovolts), so that the electrode voltage drops were negligibly low.

To connect the electric conductivity of the plasma in the

center of the discharge column with the plasma temperature at the

same point the radial temperature distribution whose results we

described earlier £3) were investigated. In accordance with this

investigation the radial temperature distribution of plasma under

our conditions is described by the equation

Tj 1 ,1,o0 , * 1 ( 3 )

where T0 is the temperature on the axis of the plasma column of

diameter d, and r > 0.25 d.
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Measuring R and T under different discharge-current densities,
we established the function between the values of F and T, average
in the cross section, in the first approximation. To calculate
a(T) in the second approximation, distribution (3) in the expres-

sioni

I (4

2n IT (r) rdr

was calculated.

Hence there follows a subsequent c-nnection between the experi-

mentally measured values of R and a in the center of the plasma
column:

S08= 1, 08 - + 0,08 f (T) (SI "cm)-, (5)

where f(T 0 ) takes values of 2, 4, 8, 20, and 45 when T0 is equal to

12, 14, 16, 18, and 20 thousand OK, respectively.

Since the experimental values under our conditions have an
order of 10 2 ( l9cm)-I, the second term in expression (5) amounts to
no more than 5% of the measured magnitude. The first term of this
expression differs by 8% from the electric-conductivity value

average over the cross section with a radial distribution of T(r)
in terms of (3).

The experimental results a 0 (T 0 ) obtained on different-diameter
tubes under various discharge modes but with the same temperature
T0 proved to coincide within the limits of ±5%. These results are

shown in the figure. It also shows the results of calculating from

'It turned out that we can limit ourselves to the second approx-
imation, since the third approximation differs from the second
approximation within the accuracy limits of approximation (3).
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the formula stemming from the approximation of paired collisions •

with the cutoff of the radius of motion of the Coulomb forces by

the Debye radius [4]:

3

o=2,62.10-4 T (6)
nj InA A 4n, InA.$

3kT T
where A(,.,) - D, D 6,9 is the Debye radius, ne isn, + n, + 4n, e

the electron concentration, nI are the one-time ionized atoms, n2

are twice ionized atoms, and y1 = 0.582 and Y2= 0.683 are factors

which consider the interelectrode impact.

af

W ,

Temperature function of the specific electrical conductivity
of xenon plasma: 1 - points relate to the case of a dis-
charge in a tube with an internal diameter of d 15.5 mm
filled with xenon when p0 = i400 mm Hg; 2 - d =r10.5 mm, P

= 200 mm Hg; 3 - d = 10.5 mm, P0 = 400 mm Hg; 4 - d = 10.5

rm, P0 = 600 mm Hg; 5 - d = 7.4 mm, p 0 = 400 mm Hg; 6 -d =

= 10.5 mm, P0 = 400 mm Hg. The discharge mode: points

1-5 - C = 415 .F; L = 25 ui,,H; 6 - C = 4.8 pF; L = 1 pH. The
discharge-column length in all cases amounted to 150 mm.

KEY: (1) a(Q.cm)-

It should be noted that the qualitatively excellent function

a(T) calculated from (6) is observed. The numerical agreement of

PTD-HT-23-1202-72 4



the calculation results from (6) with the experiment is obviousiy

random, since the concept of Debye screening, based on a statistical

averaging of a large number of particles in the Debye sphere, has

no physical sense.

Actually, as the data shown in the table indicates, the number

of particles in the sphere of the Debye radius (N) proves to be
less than unity under the conditions of our experiment. The magni-

tude of the Debye radius (D) is less than the average distance be-
tween particles (l,-'/3). The average energy of the Coulomb inter-

action e2(ne+nl) 3 is approximately 5 times less than the thermal

value of (kT). The consideration of the role of the twice-ionized

atoms leads to a reduction in the calculation values of a in the
region of 18-20 thousand OK. In calculating the ionized composition

of plasma the radial temperature distribution and the reduction in
the ionized potential according to work [5) were considered. Let

us note that if we assume the digital factor in the expression for

Az to be equal to 2 [6], and not 3 [4], the calculation value of a
is approximately twice as high as the experimental value in the

region of 12-14 thousand OK.

Table. Data for calculative a(T).

T.10'*K 1 ne .10", C,"4 D.O'. -- 1". D' e, 3X-A-D3A,
nt .10', C3

12 1,6 4,3 7,9 0,5 0,22 2,21
14 2,9 3,4 7,0 0,5 0,21 2,15
16 4,0 3,1 6,3 0,5 0,21 2,18
18 4,7 3,0 6,0 0,5 0,20 2,27
20 5,8 .2,9 5,6 0,6 0.18 2,26
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