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Finite Element Tensor Calculus
Discrete Structures and Structure-preserving Discretization

Abstract

Discrete structures lie at the foundation of modern scientific compu-
tation. In electromagnetism, fluid dynamics, and continuummechan-
ics, governing laws are expressed through geometric and topological
structures rather than mere functions. Preserving these structures is
essential for reliable computation.

Finite Element Exterior Calculus (FEEC) preserves intrinsic topolog-
ical structures in numerical PDEs by discretizing differential com-
plexes. Finite Element Tensor Calculus (FETC) extends FEEC to
tensor-valued fields, capturing the algebraic and differential struc-
tures underlying tensorial and geometric objects and PDEs. Appli-
cations include computational topological fluid and magnetohydrody-
namics, continuum mechanics, and discrete differential geometry.

Content

• Mixed finite element methods:
differential complex perspective

– inf-sup conditions
– electromagnetism, fluids,

& elasticity
– metric and curvature
– spectra and pseudospectra

• Discrete Structures

– discrete differential forms
– discrete Hodge Laplacian
– Lie transport
– topological hydrodynamics
– BGG machinery
– Finite Element Periodic Table
– graphs and networks

Targeted Audience

MSc & PhD students in applied mathe-
matics and computational science, and
scientists and engineers interested in
structure-preserving methods.
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