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Abstract: The research describes a model of
dusty plasmas involving three fluids:
electrons, ions, and negatively charged dust
grains. This model exhibits strong coupling
between the magnetic field and the fluid
components of the plasma. By satisfying the
Beltrami  condition, the generalized
vorticities and associated flows align
parallel to each other. Steady-state solutions
obtained through solving Ampeére’s law for
the magnetic field reveal a quadruple
Beltrami state, characterized by four scale
parameters. Graphical representations in the
x-y plane illustrate the dynamics of the
magnetic  field, with  self-organized
structures heavily influenced by scale
parameters and the mass of negatively
charged dust grains. Examination of
equilibrium magnetic field structures in
Earth’s mesosphere indicates diamagnetic
behavior, transitioning to a paramagnetic
state with a slight decrease in dust grain
mass. This insight can aid in understanding
phenomena like noctilucent clouds and polar
mesospheric summer echoes in Earth’s
mesosphere, with potential applications in
environmental and  defense  science.
Additionally, this research contributes to
enhancing our understanding of Earth's

environment for future studies.
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