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(almost-)Poisson 
- bivector, 32 
- bracket, 32 
- manifold, 32 
(almost-)symplectic manifold, 29 

action,21 
- adjoint, 20 
- coadjoint, 21 
- free, 21 
- Hamiltonian, 31 
- lifted, 22 
- proper,21 
- simple, 21 
action sum, 143 
affine connection, 25 
- curvature, 26 
- Levi-Civita, 26 
- torsion, 25 
algebra of exterior forms, 15 
algorithm 
- DEL, 143 
- DLA, 146 
- RDLA, 159 
almost tangent structure, 35 
alternation map, 15 

Carnot's theorem, 126 
- for generalized constraints, 132 
case 
- general, 84 
- horizontal, 80 
- purely kinematic or vertical, 67 
Chaplygin system, 69, 103 
Chetaev 
- bundle,55 
- rule, 54 
Christoffel symboIs, 25, 115, 177 

closure 
- involutive, 176 
- symmetric, 176 
codistribution 
- generalized, 17 
- integrable 
- - completely, 18 
- - partially, 18 
- rank, 17 
- regular, 17 
condition 
- admissibility, 55 
- compatibility, 55 
- Sussmann's, 176 
constraint, 43 
- geometric, 43 
- holonomic, 44 
- homogeneous, 45 
- ideal, 52 
- impulsive, 125 
- kinematic, 43 
- nonholonomic, 44 
contorsion, 28 
contraction by a vector field, 16 
coordinate system 
- adapted bundle, 72 
cotangent bundle, 14 
covariant derivative, 25 

dimension assumption, 156 
discrete Legendre transformation, 144 
distribution 
- characteristic, 33 
- generalized, 17 
-- leaf, 18 
- geodesically invariant, 60 
- rank, 17 
- regular, 17 
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Euler-Lagrange equations, 41 
- forced, 42 
examples 
- ball 
-- on a rotating table, 47 
- - on a special surface, 135 
- Benenti's example, 50 
- counter example to Koiller's question, 

119 
- mobile robot with fixed orientation, 

107 
-- with a potential, 168 
- nonholonomic free partide, 75, 96 
- - modified, 100 
- nonholonomic partide with a 

potential, 166 
- partide with generalized constraint, 

138 
- planar rigid body, 190 
- plate on an indined plane, 78 
- rolling disk, 45 
-- vertical, 74 
- Snakeboard, 49 
- wheeled planar mobile robot, 109 
exponential mapping, 20 
exterior derivative, 15 
exterior product, 15 

force 
- impulsive, 123 
Formulation 
- Constrained Coordinate, 149 
- Generalized Coordinate, 148 

geodesic 
- curve, 25 
- spray, 25 
geometric homogeneity, 173 
gradient, 25 

Hamilton's principle, 41 
holonomy, see phase, geometric 
horizontal subspace, 23 
horizontal symmetry, 65 

impulse, 123 
infinitesimal generator, 22 
integrator 
- energy, 142 

- mechanical, 142 
- momentum, 142 
- nonholonomic, 146 
- symplectic, 142 
- variational, 143 
- - generalized, 158 

kinematic motion, 198 
Koiller's question, 114 

Lagrange-d' Alembert principle, 53 
- discrete, 146 
Lagrangian 
- hyperregular, 36 
- mechanical, 35 
- natural, 35 
- regular, 36 
- singular, 36 
Legendre transformation, 36 
Lie algebra, 20 
Lie bracket, 20 
- bad, 196 
- component, 196 
- - length, 196 
- degree, 196 
- good, 196 
Lie derivative, 16 
Lie group, 19 
lift 
- complete, 37 
- horizontal, 24 
- vertical, 37 
locally accessible at zero velocity (LA), 

175 
locally configurat ion accessible (LCA), 

175 
locally kinematically controllable, 199 
locked inertia tensor, 83 

manifold, 13 
mechanical control system 
- simple, 172 
metric connection, 26 
metric connection tensor, 106 
momentum equation, 86 
momentum mapping, 31 
- CoAd-equivariant, 31 
- constrained, 84 
- discrete, 144 
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- - discrete, 154 

Nijenhuis bracket, 32, 68, 112 
Noether's theorem, 64 
- nonholonomic, 58 
nonholonomic bracket, 57 

one-form, 14 
- Liouville, 30 
- Poincare-Cartan, 36 

phase 
- dynamic, 77 
- geometric, 77 
- total, 77 
point 
- regular, 17 
- singular, 17 
Poisson structure 
- rank,33 
principal bundle, 23 
principal connection, 23 
- curvature, 24 
- mechanical, 83 
Principle of Virtual Work, 52 
pullback, 15 

Riemannian manifold, 24 
Riemannian metric, 24 

small-time locally configuration 
controllable (STLCC), 175 

small-time locally controllable at zero 
velocity (STLC), 175 

solution 
- abnormal, 53 
- controlled, 198 
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- singular, see solution, abnormal 
space 
- fiber,23 
- pose, 23 
- shape, 23 
structure constants, 20 
symmetric product, 60 
- bad, 176 
- degree, 176 
- good, 176 
symplectic foliation, see distribution, 

characteristic 

tangent bundle, 14 
tensor field, 14 
tensor product, 14 
time scaling, 198 
two-form 
- Poincare-Cartan, 36 
- symplectic, 29 
- - canonical on the cotangent bundle, 

30 
-- globally conformal, 116 

variat ion of constants formula, 200 
vector field, 14 
- decoupling, 198 
- flow, 14 
- fundamental, 22 
- Hamiltonian, 29, 32 
- - distributional, 57 
- Killing, 25 
- Liouville, 35, 173 
vertical endomorphism, 35 
virtual displacements, 52 
virtual variations, 52 

wedge product, see exterior product 
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