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FL, see Legendre transform

FLd, see Legendre transform, discrete

J , see momentum map

JL, see momentum map, Lagrangian

Jd, see momentum map, discrete

Ld, see Lagrangian, discrete

R̂µ, see Routhian

Xd(K), see vector field, primal

Xd(?K), see vector field, dual

∆, see Laplace–Beltrami

div, see divergence

Ωkd(K), see form, primal

Ωkd(?K), see form, dual

∗, see Hodge star

δ, see codifferential

[, see flat

κ, see causality sign

], see sharp

?, see circumcentric, duality operator

∧, see wedge product

d, see exterior derivative

iX , see contraction

A

action

discrete, 14

Atiyah sequence, 148

discrete, see discrete Atiyah sequence
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example, 114, 117

one-ring cone, 114

B

boundary, 89

dual, 91

example, 90

bundle

G-bundle, 145

adjoint, 148
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bundle space, 145

fiber, 145

fiber bundle, 145

principal bundle, 145

projection, 145

structure group, 145

C

causality sign, 127

example, 127
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complex, 84

example, 84, 85

chain, 87

complex, 90

example, 87
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complex, 90
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codifferential, 92

complex

cell, see cell, complex

chain, see chain, complex

cochain, see cochain, complex

prismal, 126

simplicial, see simplicial, complex

sub, see subcomplex
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example, 112, 115
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discrete, see discrete connection

from discrete connection, 176

mechanical, 11
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order of approximation, 180
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G

generating function, 16

geometric phase

rigid-body, 143

groupoid

composition, 130

extended, see discrete connection, extended

groupoid composition

diffeomorphism, see groupoid, diffeomor-

phism

discrete mechanics, see discrete mechan-

ics, groupoid

inverse, 131

source, 130

target, 130
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visualizing, 131

H

Hamiltonian, 10

vector field, 10

Harmonic functions, 123

harmonic functions

action functional, 123

Euler–Lagrange, 123

highly-oscillatory integral, 220

Hodge star, 91

Lorentizan space, 127

holonomy, 140

horizontal

component, 153

discrete, see discrete connection, horizon-

tal component

directions, 147

lift, 149

discrete, see discrete horizontal lift

space, 11

discrete, 153

I

inner product, 122

integrator, 17

L

Lagrange 1-forms

discrete, 15

Lagrange 2-form

discrete, 15

Lagrange map

discrete, 15

push-forward, 16

Lagrange–Poincaré

discrete operator, 185

Lagrangian, 9

discrete, 14, 194

approximate, 17

exact, 16, 194

group-regular, 20

polynomials and quadrature, 37

symplectic Runge–Kutta, 36

double spherical pendulum, 64

satellite, 57

Laplace–Beltrami, 102

Laplace–deRham, 103

lattice theory, 74

Legendre transform, 9

discrete, 16

reduced Routh, 13

Lie derivative

algebraic, 108

extrusion, 107

M

manifolds

flat, 89

non-flat, 85, 89, 137

Maxwell equations, 124

action functional, 125

Euler–Lagrange, 125

metric

local, 86, 190

momentum map, 10

discrete, 17

Lagrangian, 10

momentum shift, 12, 13

multigrid, 136

multiscale
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shape function, 215, 218

variational integrator, see variational in-

tegrator, multiscale

multisymplectic

configuration bundle, 195

first jet bundle, 195

first jet extension, 195

geometry, 195

variational integrator, see variational in-

tegrator, multisymplectic

N

natural charts, 205

Noether’s theorem, 10

discrete, 18

norm, 123

Lorentzian, 127

O

orientation

dual cell, 81

dual of dual, 81

example, 81, 82

P

pairing

natural, 89

phase space

discrete, 14

Poincaré lemma, 108

counterexample, 120

polytope, 78

pull-back

form, 135

vector field, 134

push-forward

form, 135

vector field, 134

R

reduction

contangent bundle, 42

continuous, 9

cotangent bundle, 12, 42

discrete, 14, 22

Euler–Poincaré, 207

Hamiltonian, 12

Lagrange–Poincaré, 185

Lagrangian, 11

reconstruction, 13

discrete, 19

relating discrete and continuous, 34

relating Lagrangian and Hamiltonian, 12

Routh, 11, 42

symplectic Runge–Kutta, see symplectic

Runge–Kutta, reduction

remeshing, 136

Routh equations, 12

discrete, 26

computational considerations, 69

constrained, 46, 47, 56

forced, 46, 51, 52, 56

preservation of symplectic form, 27

double spherical pendulum, 63

satellite, 57

Routhian, 12

double spherical pendulum, 67

satellite, 59

S

Schrödinger equation, 222

action functional, 222
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discrete action, 225

Euler–Lagrange, 226

shape space, 10

sharp, 93

simplex, 78

example, 84, 85

examples, 78

simplicial

complex, 78

triangulation, 78

skeleton, 78

star-shaped

generalized, 114

logically, 112

trivially, 109

Stokes’ theorem

generalized, 90

subcomplex, 78

support volume, 83

example, 84, 85

symplectic Runge–Kutta, 35

reduction, 38, 42

symplectic structure

canonical, 10

reduced, 12

discrete, 27

T

trajectory

discrete, 14

V

variational integrator

discrete action, 202

Euler–Poincaré, 207

function space, 197

Galerkin, 203

generalized, 197

higher-order, 198

Lie group, 202

multiscale, 215

planar pendulum with a stiff spring, 216

multisymplectic, 196, 199

numerical quadrature, 197

pseudospectral, 222

Schrödinger equation, 223

spatio-temporally adaptive, 212

symplectic-energy-momentum, 200

variational principle

discrete, 194

Hamilton’s, 11

Lagrange–d’Alembert, 51

reduced, 11

variational problems, 74

harmonic functions, see harmonic functions

Maxwell equations, see Maxwell equations

Schrödinger equation, see Schrödinger equa-

tion

vector field

dual, 92

primal, 92

velocity

material, 132

spatial, 133

vertex, 78

vertical

component, 154

discrete, see discrete connection, vertical

component

directions, 147

space, 11
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discrete, 152

W

wedge product, 94

dual-dual, 95

anti-commutative, 95

associativity, 98

convergence, 100

example, 94

Leibniz rule, 97

natural, 135

naturality, 135

primal-dual, 122

primal-primal, 94

Whitney sum, 146
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