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Abstract

An experiment focused specifically on period-doubling bifurcation to chaos in a current-carrying
stable plasma is described as well as the theory which explains the observed data. A dc plasma current
is used to produce an electron-depleted thick sheath (the Child-Langmuir sheath) on a grid, which pro-
vides a nonlinear potential as a basis of cascading bifurcations leading to chaos associated with ion dyna-
mics.
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Fig.1 Experimental set-up.
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Fig. 2 Dependence of time-averaged plasma current lp on (a) the dc voltage Vo
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Fig.3 Dependence of the thickness d of the sheath on the
dc voltage V.
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Fig.5 Cascading bifurcation observed in the frequency
spectra of the plasma current for mp=1.2X10% cm™3,
nop=8X10"cm ™3, Vy=53V, Vexx=4.7V.

3.1 RS — b

Fig.4 (a) Axial profiles of the potential for the various ngp'’s.
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(b) nop dependence of frequency spectra of the perturbed plasma current /.

-10

1
Amplitude (arb. units)

1 |

100

200

Frequency (kHz)

823

LS
T T
ngp =7 x 107 ]
cm™3
f 4 x10% !
i
5 x 108 7
1 L
0 200 300
Frequency (kHz)
T T T T
(@ , Jl@ -
I - f .
%(b) i r_(e) i
1 i L
L© JL® I
I} M\_} J
100 200 0 100 200

Frequency (kHz)

Fig.6 Cascading bifurcation observed in the frequency
spectra of the plasma current for ng=9X 10’cm™?,
nop=1X10"cm ™3, Vo=61V, Vorr=2.9V.
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