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Abstract: The study of density, magnetic and electric
field fluctuations in real systems, such as nonlinear
processes in the solar, magnetospheric and ionospheric
environments, is generally analyzed using Power
Spectrum Density (PSD) which is calculated from one-
dimensional data in the form of time series. In this work
we present a new simulation device of multi-dimensional
harmonic mechanical oscillations (we call 3DBMOQO) for
generate robust time series from selected elements, where
the spectral analysis is used to determine the hypothesis
of dependence variation of the power spectrum according
to the structure of the generated system. The importance
of this study is discussed into the context of complex
physical systems as nonlinear oscillators, fluids and
plasmas, to which the correspondent dynamics is usually
characterized by using PSD and related scaling exponents.

keywords: Complex Dynamics, Time Series Analysis,
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1. INTRODUCTION

The study of plasma oscillations in 3D real systems
(e.g.: nonlinear processes in the solar plasma,
magnetospheric and ionospheric) are usually analyzed
from one-dimensional data in the form of time series [1].
Usually, the classification of nonlinear physical processes
(e.g.: chaos, reaction-diffusion and turbulence) to study
and monitoring of Space Weather is based on spectral
indices calculated from the power spectrum P(k) =~ k%,
which expresses a correlation law between the fluctuation
ranges from the A(t) time series [2, 3]. A key issue in this
approach relates to the dependence of the spectral index
in relation to the dimensionality of the system. Given a
system whose variable A(t) (1D) is generated from a
physical process that occurs in higher dimensions (2D or

3D), there is some dependence on the value in relation to
the dimensionality of the process?

In this paper we propose a system composed by 3D
oscillators, which will be used to verify the dependencies
between canonical time series. This approach allows to
study the respective time series and its power spectrum,
varying the dimensionality and the number of elements of
the system, as well their basic physical properties.

2. PURPOSE

The prototype for 3D simulations is based on the
basic physics properties of a mass-spring classic system,
which identifies the mass m of the element, its position to
an equilibrium point x = 0 and the spring constant k [4], as
can be seen in Figure 1. Note that it is possible to obtain a
time series for the mass m for both their position in time,
as to its instantaneous velocity.

x=0

Figure 1 — Example of an harmonic oscillator system, with a mass m
connected to a spring of constant k.
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The purpose of this work is to develop a prototype
for the simulation of multi-dimensional harmonic
oscillations. The main objective of the first prototype
containing three particles in 1D, nine particles in 2D and
twenty seven particles in 3D is to generate and analyze
time series of position and speed of selected elements
from the simulator. The values that constitute these time
series are generated synthetically and may be influenced



by multi-dimensional disturbances through a system of
coupled harmonic oscillators. In Figure 2 we can see an
example of the 3D structure generated by the system,
where the elements are starting the simulation. Our goal is
to simulate several conditions to excite the system
behavior, getting time series data for spectral analysis.

Figure 2 — 3D structure generated by the simulator for 27 elements.
In this case, the system is starting the simulation and the red
element will generate the desired data.

3. METHODS

This simulator was created using the Python
language, with some of his features [5, 6], and the system
is responsible for generating time series containing from
10* points. The user can set various parameters such as
the size of the structure, the quantity of elements
comprising the oscillators system, the weight for these
elements, the spring constant and the number of points
that he wishes to perform the simulation. Each simulation
will generate a data set that will be use to future analysis.
This analysis will involve the power spectrum calculation,
and the goal is to check the dependencies between the
several dimensions when studying the same element
among the dimensional structure (i.e. 1D, 2D and 3D).
Figure 3 shows a basic flowchart of the operation of the
system.
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Figure 3 — Basic flowchart for system operation.
4. RESULTS

Each element present in the structure forming
coupled oscillators system can generate data in a time
series format. These data are stored in files which may be
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used for further analysis. Since the objective is to check
the variation in the dependence of an element according to
the size of the structure in which it lies, the analysis
involves calculation of the power spectrum. Figure 4
shows spectral analysis of the values obtained for a time
series containing 5 - 10* points. Parameters used for test
are listed in Table 1.

Table 1 — Test parameters for system generated with 5 - 10* points
and spring constant k = 1.50.

Parameter Value
3D space size 3
Total of elements 3
Distance between masses 1.00
Mass radius 0.30
Mass weight 1.50
Mass to generate data 23
Spring constant 1.50
Total of points 50000
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Figure 4 — Power spectrum for a single element in a 3D structure
generated with the parameters listed in Table 1.

The 3D model created by simulator using the
parameters listed in Table 1 can be visualized in Figure 5.
Here, we can realize that the model structure has changed
little during the simulation run.

Figure 5 — 3D model in (a) start and (b) end of simulation, using the
parameters listed in Table 1.



However, when performing some changes in the
input parameters, we can obtain interesting results. For
example, changing the spring constant k from 1.50 to
1.65, as listed in Table 2, the model performs a chaotic
behavior, which contributes to destroy the 3D structure at
iteration 1415. Figure 6 displays the result of the power
spectrum calculation for the moment when this situation
occurs.

Table 2 — Test parameters for system generated with 5 - 10* points
and spring constant k = 1.65.

Parameter Value
3D space size 3
Total of elements 3
Distance between masses 1.00
Mass radius 0.30
Mass weight 1.50
Mass to generate data 23
Spring constant 1.65
Total of points 50000
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Figure 6 — Power spectrum for a single element in a 3D structure
generated with the parameters listed in Table 2.

Looking at the data generated during the simulation
to k = 1.65, it can be noted that the values began to
diverge from iteration 1256. Thus, the values generated
during the iterations number 1257 to 1415 were removed,
and the amount of the power spectrum was recalculated.
The result can be seen in Figure 7.
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Figure 7 — Power spectrum for data generated with the parameters
listed in Table 2, when removing divergent values.

Although we have a peak in the last position for
amplitude values shown in Figure 7, the data that were

removed have very different values of average. Table 3
shows a comparison of the statistical moments calculated
for each file on values of Figures 4, 6 and 7. Here, we can
notice a great difference between the values obtained in
Figure 6.

Table 3 — Statistical moments for the data of Figures 4, 6 and 7.

Figure 4 Figure 5 Figure 6
Min 1.2561 -9.210610731e+152 1.0586
Max 1.4168 1.005776949e+152 3.2506
Mean 0.4787 0.9010 0.1259
Median 0.4782 0.9016 0.1254
PSD 1.8757 3.9216 1.9749

It's possible to realize what happens to the 3D model
structure for the data listed in Table 2 through the images
in Figure 8. In this case, although in the beginning of the
simulation the model had a cohesive structure, it is
possible to observe the chaotic behavior started in the
iteration number 1256. For the analysis, the goal is to
determine whether some kind of change occurs in the
spectral range of this time series generated by the 3D
model.

The spectral analysis can be used to obtain the
frequency of data [7]. The power spectrum provides
another useful way to discern the fundamental harmonics
of seemingly random signals [8]. For this, we use a Fast
Fourier Transform (FFT) to obtain the power spectrum
values for our time series data generated by the 3D model
of coupled harmonic oscillators. However, this is not the
only technique that can be used. For future work, the
dependence of the power spectrum with the variation of
the size of the system can be tested by applying other
algorithms such as Detrended Fluctuation Analysis (DFA)
and Global Wavelet Spectrum (GWS).

5. CONCLUSION

The importance of this study is discussed in the
context of plasma density fluctuations analyzed by the
power spectrum measured from a time series in various
systems related to space weather.

When analyzing a data file, we usually do not have
all information about how the data were collected. In real
scenarios, an element can be influenced by others and this
aspect can influence the analysis result. Depending on the
situation, it is very hard to collect data. Thus, by using a
controlled environment like this one proposed in this
paper, scientists can be able to simulate several situations.

Through the analysis of the data collected in these
scenarios it is expected that will be possible to find
correlations indicating how the data was obtained. So, this
study may help scientists during the execution of their
activities.
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Figure 8 — Chaotic behavior of the 3D model due parameters listed
in Table 2. Here, (a) is the start and (f) is the end of the simulation.
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