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Control of Chaotic States in DP Machine Plasma
by Using External Circuit Elements

Dan-Gheorghe DIMITRIU, Erzilia LOZNEANU, Codrina IONITA*, Mihaela MIHAI-PLUGARU,
George AMARANDEI, Cezar GAMAN, Mircea SANDULOVICIU, Roman SCHRITTWIESER*

Faculty of Physics, "Al. I. Cuza" University of Ia~i, Bd. Carol I No. 11, RO-6600 Iaýi, Romania
"Institute for Ion Physics, "Leopold-Franzens" University of Innsbruck, Technikerstr. 25, A-6020 Innsbruck, Austria

We present a simple, effective and low-cost experimental method to control chaos in a DP-
machine plasma. By using a capacitor, we can substitute the low-frequency chaos (uncorrelated
oscillations), which appears in the S-type negative differential resistance region of the static I-V
characteristic, by a nonlinear oscillation, the frequency of which is controlled by the external ca-
pacitance.

1. Introduction lated, giving rise to a low-dimensional chaotic state. By
Control of chaos is one of the most important introducing a capacitor into the external electronic cir-

problems of nonlinear physics [1]. In plasma physics a cuit between the electrode and ground, we obtain a new
great interest exists in this subject [2,3], especially in oscillation [10], the period of which is determined by
the view of controlled fusion projects. the charging and discharging time constants of the ca-

It is well known [4,5] that under certain ex- pacitor. Fig. lb, id, lf and lh show the time series, the
perimental conditions in the front of a positively biased FFT, the autocorrelation function and the reconstructed
electrode immersed into plasma, a complex space state space, respectively, corresponding to these new
charge configuration (CSCC) in form of an electrical current oscillations.
double layer (DL) can appear. The static I-V character- Because of the strong nonlinearity of the
istic of the electrode shows at least two regions of nega- CSCC, the noise, which is permanently present in the
tive differential resistance, one S-type and one N-type. system, can induce some uncorrelated oscillations of the
The S-type negative differential resistance is related to current, corresponding to jumps of the structure between
the appearance and disappearance of a CSCC [4,5], various unstable states, characterised by different elec-
whereas the N-type negative differential resistance is re- tric conductivities. Usually it is very difficult to control
lated to the spatio-temporal dynamics of a CSCC [6,7], the noise level experimentally. An alternative is to sub-
or to the onset of a low-frequency instability [8]. Be- stitute the chaotic dynamics by a periodically one and to
tween these two regions uncorrelated low-frequency os- control its dynamics by the frequency of the oscilla-
cillations with a continuous spectrum can appear. Since tions. This is the method, which also we use. As de-
the oscillations are not correlated, the plasma enters a scribed above, the periodical state is obtained by insert-
chaotic state. To avoid this we have inserted a capacitor ing a capacitor into the external electrical circuit. In this
between the electrode and the ground. In this way a way we can control the dynamics of the CSCC by modi-
regular oscillatory state supersedes the chaotic one. The fying the capacitance of the capacitor.
frequency of the observed oscillations depends on the
time constants of the capacitor. 3. Conclusion

We propose a simple, effective and low-cost
2. Experimental results and discussion method to control chaos in a DP-machine plasma. The

The experiments were performed in the DP method permits the substitution of a chaotic state (un-
machine of the University of Innsbruck, which was de- correlated low-frequency oscillations) by a periodical
scribed elsewhere [9]. The plasma, created in the source one, the frequency of which can be easily controlled.
chamber, was pulled away from thermal equilibrium by For this we only need a capacitor.
gradually increasing the voltage applied to a tantalum
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Fig. 1: Time series, FFT, autocorrelation function and reconstructed space of the current oscillations, re-
spectively, before (left column) and after (right column) insertion of a capacitor.
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