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adjoint, see operator, adjoint
Airy stress function, 111
algebra, homological, 11
anticommutativity, 65
assembly, finite element, 82

Betti number, 14
boundary, 12
boundary conditions

electric, 47
essential, 5
magnetic, 5
natural, 5
no-slip, 105
perfect conductor, 103

chain
boundary of, 13
simplicial, 13

chain projection, 15
coboundary, 16
cocycle, 16
codifferential, 75
coefficients, variable, 98
cohomology, 16

reduced, 34
compactness property, 36
complex

chain, 12
cochain, 16
de Rham, 16
dual, 16
elasticity, 107, 110
exact, 12
Hilbert, 33

approximation of, 51
closed, 34
dual, 34
Fredholm, 34

Koszul, 83
L2 de Rham, 37, 74
simplicial, 12

pure, 12
simplicial chain, 12
simplicial cochain, 16
Stokes, 106
tensor product, 92

compliance tensor, 107
contraction, 65, 70
cycle, 12

degree of freedom (DOF), 82
differential, 12

Koszul, 83
displacement, 107
DOF, see degree of freedom
duality, Poincaré–Lefschetz, 49

eigenvalue problem
Hodge Laplace, 97
Laplace, 3
Maxwell, 7
vector Laplace, 4

eigenvalue, spurious, 9
elasticity, 107

compliance tensor, 107
discretization, 110
displacement, 107
strain, 107
stress, 107
weak formulation, 108
weak symmetry, 111

equation
Hodge heat, 101
Hodge Laplace, 78
Hodge wave, 102
Laplace–Beltrami, 101
Maxwell’s, 103
Stokes, 104

exterior algebra, 63

exterior calculus, 68
exterior derivative, 71

adjoint of, 78
exterior product, 64, 70

finite element method, 2
finite element space

complete polynomial, 82
cubical, 91
serendipity, 92
trimmed polynomial, 85

finite elements, Lagrange, 2, 3
form

alternating, 64
differential, 69

finite element, 86
L2 theory, 74

multilinear, 63
Whitney, 90

Galerkin method, 2
gap, 58
grading, see vector space,

graded
graph norm, 22

harmonic form, 35
discrete, 54

Hille–Yosida–Phillips theory,
101, 102

Hodge decomposition, 36
Hodge star, 66, 70
homological algebra, 11
homology, 12
homotopy formula, 84

incompatibility operator, 110
integration by parts, 74
integration of differential forms,
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Laplacian
abstract Hodge, 39

well-posedness of, 41
Hodge, 39, 81
vector, 4

Leibniz rule, 72
for Koszul differential, 83

load vector, 2
lower order terms, 99

manifold
piecewise flat, 101
polyhedral, 101

manifolds, PDEs on, 101
map

chain, 15
de Rham, 17
graded, 11

mass conservation, 106
matrix, incidence, 16
Maxwell’s equations, 103

weak formulation, 104

operator
adjoint, 23
boundary, 12

closed, 22
densely defined, 21
domain of, 21
graph, 22
null space, 22
range, 22
unbounded, 21

Piola transform, 74
Poincaré inequality, 2, 37

discrete, 59
projection

bounded cochain, 56
canonical, 88

proxy, 66, 70
pullback, 67, 70

shape functions, 82
simplex, 12

boundary of, 13
face, 12
orientation, 13

St. Venant operator, 110
stiffness matrix, 2
Stokes equations, 104

weak formulation, 105

strain, 107
stress, 107
subcomplex, 12
subcomplex property, 55
subspace, graded, 12

theorem
closed graph, 22
closed range, 25
de Rham, 18, 91
Stokes, 73

trace operator
on differential forms, 70
on H(curl), 31
on H(div), 29
on H1, 28
on HΛ, 77

triangulation, 13

unisolvence, 87

vector space, graded, 11
volume form, 66

wedge product, 64, 70


