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Abstract-- Plasma turbulence in the solar wind governs the
transfer of energy from large to small spatial scales and plays a
significant role in space weather phenomena. In this study, an
experimental and theoretical investigation of plasma
turbulence in the solar wind is presented using satellite- based
magnetic field observations and magneto hydrodynamic
interpretations. Power spectral analysis of magnetic field
fluctuations reveals a Kolmogorov-like —5/3 scaling in the
inertial range, indicating fully developed turbulence.
Experimental solar wind plasma parameters further support
the presence of anisotropy and nonlinear energy cascade
processes.
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1. INTRODUCTION

The solar wind is a continuous stream of magnetized
plasma emitted from the solar corona and propagating
through interplanetary space. It exhibits irregular
fluctuations over a wide range of spatial and temporal scales.
These fluctuations are manifestations of plasma turbulence,
which plays a crucial role in energy transport, plasma
heating, and particle acceleration.
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Understanding turbulence in the solar wind is essential for
explaining space weather phenomena and their effects on the
near-Earth space environment.

II. EXPERIMENTAL DATA & METHODOLOGY

The present study is based on experimental observations
obtained from well-known solar wind satellite missions such
as WIND and ACE, which provide high-resolution
measurements of interplanetary magnetic field and plasma
parameters in the near-Earth solar wind. Time series data of
magnetic field components were analyzed for selected
intervals corresponding to relatively steady solar wind
conditions.

Magnetic field fluctuations were defined as:

Where (B)\ angle B \ angle (B) represents the mean
magnetic field over the selected time interval. Power spectral
density (PSD) analysis was carried out using Fast Fourier
Transform (FFT) techniques. The analysis focused on
frequencies ranging from103 Hz to 10™! Hz, corresponding
to the inertial range of solar wind turbulence. Anisotropy
was examined by comparing fluctuations parallel and
perpendicular to the mean magnetic field direction.
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III. EXPERIMENTAL PARAMETERS

Tablel.

Experimental solar wind plasma parameters obtained from WIND/ACE satellite observations.
(Caption above table, Center aligned, 9pt)

Parameter Symbol
Proton (n_p)
number -P
density

Solar wind speed (V_{sw})

Magnetic field
magnitude

(B)
Proton temperature (T_p)

Plasma beta B

Alfven speed (V_A)

IV. RESULTS AND DISCUSSION

The temporal variation of the solar wind magnetic field
fluctuations is shown in Fig. 1. The irregular and non-
periodic variations indicate the presence of turbulent plasma
dynamics in the solar wind.

The frequency-domain characteristics of these
fluctuations are presented in Fig. 2. The power spectrum
follows a Kolmogorov-like power law with a spectral index
close to —5/3 over the inertial range, confirming fully
developed turbulence.

The turbulent energy cascade process is illustrated in Fig.
3, demonstrating the transfer of energy from larger spatial
scales to smaller scales through nonlinear interactions.

Using the experimental parameters listed in Table 1, the
plasma beta value close to unity suggests comparable
magnetic and thermal pressures, favorable for magneto
hydro dynamic turbulence. These observations are
consistent with earlier satellite-based studies.

Experimental Value

6.2cm?3

460km s?1
6.8 nT

1.2x105K
0.9
55km s?1

Figure 1: Solar Wind Magnetic Field Fluctuations

Magnetic Field Fluctuation 6B (nT)

0 500 1000 1500 2000 2500 3000 3500
Time (s)

1051



2

IJRDET

International Journal of Recent Development in Engineering and Technology
Website: www.ijrdet.com (ISSN 2347-6435(Online) Volume 14, Issue 12, December 2025)

Figure 2: Power Spectrum of Magnetic Field Fluctuations
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Figure 3: Turbulent Energy Cascade in Solar Wind
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V. CONCLUSION

The present study confirms that plasma turbulence is a
fundamental process governing energy transport and
dissipation in the solar wind. Experimental analysis using
satellite observations reveals Kolmogorov-like spectral
scaling, anisotropy, and nonlinear energy cascade
mechanisms. The inclusion of experimental solar wind
plasma parameters strengthens the interpretation of turbulent
behavior. These results are important for understanding
turbulence-driven space weather phenomena and their
impact on the near-Earth environment. Future multi-space
craft observations will further enhance insight into solar
wind turbulence.
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