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A study on the geometrical evolution of magnetic fields
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The time evolution of the magnetic field as a vector field is characterized by the time evolution of the magnetic flux density
and the time evolution of the magnetic field direction. In general, the magnetic field is not spatially uniform, the magnetic flux
density has a spatial gradient, and magnetic field lines have geometrical structures such as curvature and twist. According
to the Maxwell-Ampere law, the spatial structure of such a magnetic field is determined by the current distribution. At the
same time, on a macroscopic scale, the current structure is accompanied by the Ampere force, which determines the spatial
structure of the plasma velocity field through the force balance acting on the plasma motion, and the collapse of force balance
triggers the time evolution of plasma motion. In particular, in MHD, the motion of the plasma across the magnetic field
line excites the electric field and of which curl activates the time evolution of the magnetic field. Therefore, it is possible
to uniquely determine what type of geometrical structure plasma motion causes the time evolution of magnetic flux density
gradient, curvature and twisting of the magnetic field lines.

In this presentation, we will explain the general formulation describing the spatial geometry of the magnetic field as a
vector field and its time evolution. By using this formulation, we will develop a discussion linking it to physical processes, in
order to propose a more essential method of magnetic field analysis.
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