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In nature, two different types of multifractality in time series exist: (1) Multifractality due

to a broad probability density function for the values of the time series. In this case the mul-

tifractality cannot be removed by shuffling the series. (2) Multifractality due to different long-

range (time) correlations of fluctuations that surrogate of time series ( to make it Gaussian)

can not affect the multifractality. If both kinds of multifractality are present, the shuffled series

will show weaker multifractality than the original series. We have studied the discharge cur-

rent fluctuations (Figure 1) by the multifractal detrended fluctuation analysis (MF-DFA) and

Fourierdetrended fluctuation analysis (F-DFA) methods. Using the method proposed in [1, 2].

Experimental data are often affected by non-stationarities, such as trends (which must be

welldistinguished from the intrinsic fluctuations of the series) in order to determine their correct

scaling behaviour. The MF-DFA is a method for determining the scaling behaviour of noisy data

in the presence of trends [3, 4]. The MF-DFA method follows four steps as below[5, 6]:

1-Computing the profile of underlying data series:

Y (i) ≡
i

∑
k=1

[xk −〈x〉] , i = 1, . . . ,N (1)

2- Divide the profile Y (i) into Ns ≡ int(N/s) nonoverlapping segments of equal lengths s, and

then computing the fluctuation function for each segment.

F2(s,ν) ≡
1

s

s

∑
i=1

{Y [N − (ν −Ns)s+ i]− yν(i)}2
(2)

where yν(i) is a fitting polynomial in segmentν . Usually, a linear function is selected for fitting

the function. If there do not exist any trends in the data, a zerothorder fitting function might be

enough [3, 4].

3-Averaging the local fluctuation function over all the part, given by

Fq(s) ≡

{

1

2Ns

2Ns

∑
ν=1

[

F2(s,ν)
]q/2

}1/q

(3)

The scaling behaviour of the fluctuation functions by analyzing log-log plots of,

36th EPS Conference on Plasma Phys. Sofia, June 29 - July 3, 2009 ECA Vol.33E, P-2.118  (2009)



Fq(s) ∼ sh(q) (4)

The classical multifractal scaling exponents τ(q) , defined by the standard partition function

based formalism, discussed in literature [6,7], and the generalized multifractal dimensions D(q)

are related to the generalized hurst exponent via the MF-DFA as below:

τ(q) = qh(q)−1 (5)

D(q) ≡
τ(q)

q−1
=

qh(q)−1

q−1
(6)

Singularity spectrum f (α) and α is related to h(q) such as: f (α) = q[αh(q)]+1 In order to

study the stochastic nature of the discharge current fluctuations,

Figure 1: Sketch of experimental setup to

record discharge current fluctuations in the

tube filling by Helium gas. The scheme of the

measurement setup and the experimental dis-

charge tube, 1) to vacuum pumps, 2) copper

cylinder , 3) power supply 4) hot cathode, 5)

anode plate , 6) glass tube, 7) single Lang-

muir probe, 8) water cooling, 9) Pirani pres-

sure gage, 10) gas inlet, 11) OP−Amp, 12)

low pass filter, 13) A/D card and PC.

we constructed an experimental setup the same as

lower panel of Figure 1. The discharge glass tube

has two copper ends, 80 mm in diameter and 110

cm in length. One end is the anode electrode (a

flat copper plate as a positive pole), while the other

end is the cathode (tungsten filament as a negative

pole and electron propagator). The discharge tube is

evacuated to a base pressure of 0.1 up to 0.8 torr un-

der a voltage of 400 - 900V and filled with Helium

as the working gas. The pressure, voltage and cur-

rent should be optimal for ensuring the stability of

the plasma. The discharge current fluctuations were

monitored using a resistor which was connected to

an operational amplifier impedance converter. It has

been studied in fix pressure that how the statisti-

cal properties of plasma changing under variation

of the current, namely, 50, 60, 100, 120, 140, 180,

and 210 mA.

The result is shown in Figure 2(left panel). The generalized Hurst exponent, the classical

multifractal scaling exponents and the singularity spectrum for the data after the elimination

of sinusoidal trends are illustrated in Figures 2(middle and right panel respectively). The clean

data is a multifractal process, as indicated by the strong q-dependence of the generalized Hurst

exponents [9].
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Figure 2: Left-Crossover behaviour of log-log plot F(s) versus s for original time series for q = 2.0.

There are some crossover time scales in plot of F(s). middle-generalized Hurst exponent versus q for

original, surrogate and shuffled series without sinusoidal trend. Right- correspond to classical multifractal

scaling exponent as a function of q for current 50 mA without sinusoidal trend.
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The easiest way to distinguish the type of multifractality, is by analyzing the corresponding

shuffled and surrogate time series. If the multifractality only belongs to the long range cor-

relation, we should find hshuf(q) = 0.5. Thus the corresponding shuffled time series exhibit

monofractal scaling, since all long-range correlations are destroyed by the shuffling procedure.

We have shown that multifractality due to the correlation has more contribution than the broad-

ness of the probability density function. This finding also has been confirmed by width of sin-

gularity strength, ∆α , shown in Figure 3.
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