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We present a unified variational framework for planar elastic rods subject
to arbitrary distributed loads along their length. By systematically trans-
forming nested energy integrals into single-integral expressions, the approach
unifies gravitational, magnetic, and other distributed forces in a compact, ge-
ometrically transparent form. The method highlights underlying variational
and differential-geometric structures, and is analytically tractable for deriv-
ing governing equations and exploring planar rod mechanics. Applications
to classical heavy elastica and hard-magnetic rods illustrate exact recovery
of known results.
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