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Elastic curves arise as minimizers of the bending energy under geometric constraints and play a central
role in differential geometry, mechanics, and computational design. Their relevance extends beyond theory: in
fabrication processes such as hot blade cutting—where a heated elastic rod is bent in space to produce freeform
cuts—the geometry of elastic curves naturally appears. While planar elastic curves have been extensively stud-
ied much less attention has been given to exploiting the full structure of spatial elastic curves for approximation
and modeling.

In this talk, we present an analytic description of 3D elastic curve segments. Using an equivalence between
spatial elastica and the spherical pendulum equation, one obtains a 10-parameter representation of the entire
family of elastic space curves. We introduce a numerically stable method for recovering the parameters asso-
ciated with a given elastic curve segment. Using this, we give a fast and stable method to approximate an
arbitrary space curve segment by a 3D elastic curve.

This spatial theory extends earlier work on approximation by planar elastica [1]. We briefly recall the planar
method and explain how its core ideas generalize to the spatial case, emphasizing the structural parallels and
key differences.

Finally, we outline how the same parametrization framework can be used to approach boundary value prob-
lems for spatial elastica: instead of fitting a given curve, one can search directly in the 10-dimensional parameter
space for elastic curves satisfying prescribed endpoint positions and tangents. This provides a promising route
toward efficient numerical solvers for classical boundary-value formulations of 3D elastic rods.

Joint work with: David Brander, Jens Gravesen.
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