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Effect of the Background Magnetic-Field Geometry on the Dispersion Relation in
Cold-Plasma Using a Local Field-Aligned Frame
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The Earth’s magnetosphere, structured by the terrestrial magnetic field and the solar wind, undergoes substantial variations
driven by solar-wind dynamics. The spatial distribution and direction of the geomagnetic field are among the most important
factors governing plasma phenomena observed near Earth. Characterizing and assessing the magnetic-field structure is there-
fore essential for understanding physics processes in magnetosphere.

We analytically investigate how inhomogeneities in the background magnetic field affect on the dispersion relation in a
cold plasma based on our previous work of a local frame to quantify magnetic-field curvature and strength gradients, which
enables us to evaluate magnetic-structure in arbitrary local regions (Yoshikawa, JpGU, 2023). Most previous studies of cold-
plasma waves either assume a spatially uniform magnetic field (e.g., Baumjohann, 1996) or rely on numerical calculations
that discretely approximate inhomogeneous fields (e.g., Kimura, 1966). While the latter can reproduce spatial variation, they
make it difficult to disentangle how individual geometric quantities of the background field—such as strength gradients, cur-
vature, and torsion— contribute to the dispersion relation and propagation characteristics.

Using a local field-aligned frame, we derive and examine the dispersion relation including first-order gradients of the back-
ground field. We assume a wavenumber that is constant along a given field line to isolate the influence of the background
geometry from effects due to wavenumber variation. Our analysis shows explicitly, at the level of the dispersion relation, that
the background magnetic-field structure, especially the geometric term associated with field-line convergence, introduces an
imaginary component in the wavenumber and thereby directly modulates the wave amplitude. We also find that torsion and
curvature predominantly affect the amplitude to first order. In addition, we perform numerical calculations of plasma-wave
propagation in locally measured magnetic fields to assess the applicability of the analytical framework and evaluate the effects
of the inhomogeneity quantitatively.
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