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Nodal Finite Element de Rham Complexes

Kaibo Hu
Peking University

The de Rham complex

R — H(grad, Q) -2 H(cwrl, Q) —s H(div,Q) —25 L2(Q) — 0
describes compatibility conditions and potential functions in electromagnetism and diffusion problems.
Finite element discretizations of the de Rham complex are well studied, and the classical Lagrange,
Nédélec (1st, 2nd), Raviart-Thomas, Brezzi-Douglas-Marini elements can be summarized in a “finite
element periodic table” [Arnold & Logg, 2014] in any spacial dimension with any polynomial degree.

In this talk, we add a new regularity parameter » = 0,1, 2 to extend the periodic table. The new
complexes are exact in contractible domains. Some of the elements have Lagrange or Hermite type
nodal basis, which is more canonical and easy to implement for high order methods. The number
of global degrees of freedom is reduced compared with classical de Rham elements. Combining with
Bernstein-Gelfand-Gelfand (BGG) type constructions, we match finite element de Rham complexes
with different continuities to construct tensor finite elements with strongly imposed constraints.

This is a joint work with Snorre H. Christiansen and Jun Hu.

k=0 k=1 k=2
r=0 | Lagrange P,A°(T?) | BDM P,_ 1A (7?) DG P, 2A%(T}?)
r =1 | Hermite P; ,A%(7,2) Stenberg Py ,—1 A (T?) DG Py ,—2A%(T?)

r=2 | Argyris P2 ,A"(7;?) vector Hermite P>, _1A'(7?) Falk-Neilan P, ,_5A*(7;?)

Table 1: 2D families.

\ k=0 k=1 k=2 k=3
r= Lagrange PpA%(7;2) | Nédélec P, 1 AL(T?) BDM P, _2A2(T3) DG P,—3A3(T7)
r=1 Hermite Py ,A°(7,3) new, Py p_1AN(T2) BDM P1 ,—2A2(T3) DG Py,p—3A3(T2)
r =2 | (scalar) 3D Neilan velocity P2 , A°(7,3) new, Pz, 1AN(T2) Stenberg Pz ,—2A%(T;2) | DG P2 p_3A3(T2)

Table 2: 3D families.



