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ABSTRACT

In a current-carrying plasma with Vi < Ve the existence of
localized stationary potential jumps with e¢/kTe > 1 is demonstrated.
High-frequency (<fpe) noise and low-frequency (<fpi) noise witﬁ
W/nTe /A2 .2 peak around the transition region. Ion and electron

heating is observed. High anomalous resistivity is found on the

high potential side of the jump, with a maximum value within the jump.
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In recent years it has been shown theoretically and

. 5-8 . . . .
experimentally that large potential gradients can exist in
the plasma. It is known that the Buneman and Pierce instability
induce the formation of potential jumps in an electron—beam plas-

8 . :

ma system. Up to the present, from both theoretical and ex-

7. . e
*" it was believed that a necessary condition

perimental results,
for the formation of potential jumps was that the electron drift

velocity v, exceeded the electron thermal velocity v, .

d Te

In this report, we present for the first time experimental
evidence for the existence of a statiomary potential jump with
e$¢/kTe ¢ 5 in a current-carrying plasma in which the electron
v

drift velocity v, is only .2 v

d Te

|/
Te = (8kTe/ﬂm)2).

The experiment was performed in a long cylindrical triple
plasma device. The length and diameter of the stainless steel
central section is 300em and 20cm, respectively. The end sections
are 30cm long and contain electron-emitting filaments to produce
an argon plasma (p = 4 - 10_4 Torr). These end sections will
be referred to as sources. The plasma drifts into the grounded
centfal section through grids, guided by a magnetic field of

25 Gauss. A current can be established through the plasma



by biasing one of the sources and its grid (Fig. 1). 1In

the absence of a current, typical operating parameters were

n, A 2 - 109 cmf3, Te & 1.2 eV, Ti A .2 eV. The device has been
operated in two different regimes. Under condition I the fila-
ments inside the sources were heated to produce equal electron

emission currents. Under condition II the filaments of the un-

polarized source were cold.

The basic plasma parameters, such as the electron-density,
the electron-temperature and the low~frequency fluctuations ¢n,
were monitored by a small cylindrical Langmuir probe (diameter = .3mm).
A movable probe consisting of two plane Langmuir probes faciﬁg oppo-
site directions, was used to measure the electron drift velocity on
axis, along the central section. The normalized drift velocity
vd/vTe was obtained from the difference between the electron satura—
tion currents of the two plane probes. The same probe was used to
measure the upstream and downstream electron distribution functions
fe(v). The up- and downstream ion temperatures were measured by a
movable ion energy analyzer with an energy resolution of .1 eV. The
local plasma potential along the axis was monitored by a small emissive
probe. The low- (<fpi) and high- (<fpe) frequency spectra were re-
cordéd by a capacitive probe which is knowng’10 to have a flat
frequency response up to frequencies around fpe (A 400-500 MHzZ).
A Langmuir probe would draw a dc current which makes the re corded
spectra meaningless.11 A capacitive probe, however, does not

suffer from this drawback.



The plasma potential along the central section is shown
in Fig. 2a as a function of the biasing voltage Vg. The forma-
tion of potential jumps is observed for grid voltages higher
than about 5V under condition I. For voltages higher than 30V
even two or three jumps are created. The heights of the potential
jumps are of the order of e¢/kTecy 5 and their width is typically
300-500 Debye-lengths. The electron-density profiles show a pro-
nounced depression (20%) at the centre of the jumps. A more detailed
study has been made for Vg = 20V," under conditions I and II
(Fig. 2b). For condition II no pbtential step is formed; however
a nearly-constant potential gradient is established. For both
situations the measured value for the electron drift velocity re-
mains of the order of .2 Ve (Fig. 2c¢). 1In both cases an increase
in the ion and electron temperature ﬁas been observed
(ATe A 2 eV ATi 2 .8 eV). For frequencies below wpi the norma-

3

lized turbulent wave energy (Sn/n)2 = W/nTe varies between 10

and .1 in case I and between 10--4 and .5 in case II; The fluctua-
tion level in case I always peaks at the low potential foot of the
potential jump. An increasing fluctuation peak moves towards the
high potential side for an increasing Vg in case II. The frequency
spectra show that, most of the turbulent wave energy 1is concentrated

below fpi/Z. For high w/nTe we observe an increase in the fluctua-
tions at frequencies below 20 kHz. All the measured spectra indicate

that there is no simple dependance on w such as that proposed by



Kadomtsev.12

A high energy electron beam has been detected in case I,
located near the jump, on the high potential side (Fig. 3). It
is found that the measured beam energy agrees with the energy
the electrons could gain as they cross the potential step. High-
frequency fluctuations have been observed in that region. The
spectrum is centered around fpe and has a fullwidth of about .3 fpe'
A localized increase of the electron.temperatqre(ATe¢¥.3—4 eV) in
that region can be attributed to the thermalisation of the

electron beam. None of these effects have been found in case II

(Fig. 3).

Under both experimental conditions anomalous resistivity has
been obsexrved. However, the measured profiles for the effective
collision frequency are different. In case II the effective colli-
sion frequency remains almost constant, at about 100 times the classical
valuetvci (Fig. 4a). The same value has also been found on the high
potential side of the jump. On the low potential side, the effective
collision frequency drops to about 10 times the classical value.

However, a value up to 700 v, has been found within the jump. At

1
this location the effective mean free path (A 2 1-2 cm) has been
found to be much smaller than the width of the observed jump (L = 15-20 cm).

Thus the region within the jump is dominated by turbulent collisions.



It is known from numerical simulations for sufficiently long
systems, that the anomalous resistivity induced by the ion acoustic
instability may lead to the formation of potential jumps.4 These
simulations have shown that, in a sufficiently long system with

<
Va © Vre?

the ion-acoustic instability gives rise to an anomalous
resistivity, which may build up a de potential leading to the
formation of a potential jump. These results are compatible with
our observations in case I. However, our experiment under condi-"
tions IT indicates that even the presence of a high anomalous

resistivity is not a sufficient corndition to induce the formulation

of potential jumps.

To scale the effective collision frequency, formulae of the type

V¥ o w__ < (W/nT.)sre ofter‘xiuse‘d.‘-l3
pe e

In either case I or II our ob-
servations cannot be fitted to any such scaling laws (Fig. 4b). We

conclude that a unique value of the resistivity cannot be assigned

to a given set of plasma parameters and current densities.
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FIGURE CAPTIONS

Schematic of the long triple plasma device.

Steady-state plasma potential versus position as a
function of the grid bias Vg' The biased grid is lo-

cated at the position.x = 0.

Steady-state plasma potential versus position for the
two different operating regimes (case I and case 11)

of the device with Vg = 20V.

Normalized electron drift velocity vd/vTe
L
(VTe = (BRTe/ﬁm)z)versus position for case I and case II

with Vg = 20V.

Normalized turbulent wave energy W/n Te for frequencies

below the ion plasma frequency as a function of distance

for Vg = 20V. (Dotted line: corresponding potential pro-

file). Power-spectra (linear scale) as measured by the
capacitive probe at three different positions from the

biased grid.



Fig. 4

High frequency noise for frequencies below the electron
plasma frequency versus position with power spectra
(linear scale) measured by the capacitive probe at

three different positions from the biased grid, for

Vg = 20V.' (Dotted line: corresponding potential profile).
Electron distribution functionms £ (V) for the same three

locations along the central section of the device.

(a) The effective collision frequency v* versus position
for the cases I and II. (Dotted line: corresponding po-

tential profile).

(b) Effective collision frequency v* versus wpe';(W/nTe) in case I
(@) and case II (0). (Dotted line: cofresponding to the

scaling’ law v* = wpe - (W/nTg) )
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