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We present a variational framework for analyzing planar elastic rods subjected to
distributed magnetic and gravitational loads, systematically reducing nested inte-
grals in the energy functional to single-integral expressions. By exploiting Fu-
bini’s theorem and introducing cumulative field functions, the approach simpli-
fies the derivation of the governing equations while clearly separating contribu-
tions from bending, magnetic torques, and gravity. Inspired by studies on three-
dimensional hard-magnetic rods, the proposed framework not only enhances the
clarity of energy-functional analysis but also provides a concise and systematic
mathematical formulation for the theoretical study of planar rods under combined
magnetic and gravitational effects.
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