
IndexABC-
ows 76, 304action along a path 245principle of least action, 1, 17action{angle variables 106, 326adjoint operator 4orbit, 8representation, 5almost complex structure 350angular momentum 16, 53relative to the body, 16relative to the space (orspatial), 16angular velocity 4, 16relative to the body, 16spatial, 16Anosov map 282antidynamo theorems 290discrete, 301approximation theorem 253attractor 69, 71,dimension of attractor, 71general, 296barotropic 
uid 337Beltrami �elds 76generalized, 116Bernoulli function 74, 117surface, 117sequence, 285�-plane equation 343Betti number 293bi-Hamiltonian system 328Biot{Savart integral 156Borromean rings 140, 185Brownian motion 143

Burgers equation 324Calugareanu formula 189Calabi invariant 261, 265integral, 265form, 265Casimir functions 49, 51, 330Casimir-momentum method 101cat map 111, 281, 305characteristic path length 214, 232Chern-Simons functional 201circulations of vortices 60Clebsch variables 343coadjoint representation 11orbit, 11coboundary 322, 335cocycle 322, 335cohomology complex 335group, 335commutator in Lie algebra 7of vector �elds, 7, 14commutant subalgebra 37, 272subgroup, 37, 263compatible Poisson structures 328completely integrable system 326con�guration space of 
uid 34confocal quadrics 361, 363conformal modulus 169conjugate point 238�rst, 238, 256coset of 1-forms 36cosymmetry 120covariant derivative 211, 215Cowling theorem 290cross-helicity 59387



388 TOPOLOGICAL METHODS IN HYDRODYNAMICScrossing number 162asymptotic, 162, 163, 165average, 162topological, 163of a knot, 165curvatureRicci, 213scalar, 213sectional, 212curvature tensor 212cut point 255De Rham current 63, 198, 348form, 156degree of a map 153of a satellite link, 165of a function, 167density form 340derivativecovariant, 211, 215exterior, 34inner, 34Lie, 6, 34Schwarzian, 336variational, 41, 332diameter problem 240di�eomorphismvolume-preserving, 2exact, 14, 37attainable, 242symplectic, 257Hamiltonian, 257structurally stable, 359Dirichlet integral 83variational problem, 83Dirichlet problem 357discrete 
ow 248displacement energy 269divergence 133dynamodiscrete, 277dissipative, 277

fast, 276in Ld-norm, 280kinematic, 276mean, 286non-dissipative, 277rope, 303slow, 276dynamo equation 275kinematic, 275self-consistent, 278dual space of a Lie algebra 10, 35elliptic coordinates 363energy 2Hamiltonian function, 39of a curve, 171of a vector �eld, 20, 80, 127of the MHD system, 53spectrum of a knot, 173E3=2-energy, 163energy-momentum method 101enstrophy invariants 45entrophy 318Euler equationof rigid body, 17, 18of ideal hydrodynamics, 21stationary, 73, 74on Riemannian manifolds, 33generalized, 40Euler{Helmholtz equation 21, 60Euler theorem�rst, 17second, 17equation in variations 93exact di�eomorphism 14, 37existence and uniqueness theoremsin hydrodynamics 26exponential instability 106, 108, 229extension of a Lie algebra 322exterior derivative 34extra symmetries 119, 121extremal �elds 80, 86, 129



INDEX 389�lament equation 352�rst cut point 255local, 255�rst integral 46, 326
uidbarotropic (or isentropic), 337compressible, 342incompressible, 2perfectly conducting, 342viscous, 67with a free boundary, 342
ux 138, 167focal quadrics 364Fokker-Planck equation 294form-potential 133form-residue 192force-free �eld 75frozen (or transported) �eld 24, 53Galerkin approximation 68gas dynamics 336, 353Gauss{Bonnet theorem 314Gauss linking number 138theorem (or formula), 152Gauss{De Rham linking form 157Gaussian integral 198Gelfand{Fuchs cocycle 322, 337generalized 
ow (GF) 251genus of a knot 166geodesic 209variation, 213submanifold, 223Gibbs solution 295Godbillon-Vey class 203group 1of di�eomorphisms 2of symplectomorphisms, 257Lie group, 1unimodular, 103, 219Hamiltonian function 26�eld, 26, 29KdV structure, 331

Hasimoto transformation 353Heisenberg magnetic chain 353Helmholtz (or vortex) equation 21,40, 49, 60, 105helicity 45, 129, 134relative, 177theorem, 150invariance theorem, 130Hessian matrix 121, 237Hofer's metric 268holonomyasymptotic, 199average, 200functional, 202homeoidal density 362homoclinic point 284homothetic quadrics 361homotopy formula 35, 42, 292Hopf invariantof a �eld (or helicity), 45, 129,134of a map, 135, 184Hopf vector �eld 132, 150horocycle 312horocyclic 
ows 312horseshoe 284immersed knot 351inertia operator 15, 39in�nite conductivity equation 344inner automorphism 3inner producton vector �elds, 39of a vector �eld with a form (orinner derivative), 12, 34Hermitian inner product, 114invariant of coadjoint action 47, 49isovorticed �elds 85Ivory theorem 362Jacobi equation 213Jacobi identity 8, 28Jones-Witten functional



390 TOPOLOGICAL METHODS IN HYDRODYNAMICSfor a link, 197for a vector �eld, 200complex, 201Kadomtsev{Petviashvili equation 343KdV Hamiltonian structure�rst, 332second, 331kinetic energy 2, 16, 30Kirchho� equations 53knot invariants 195, 346Kolmogorov's conjectures 69Korteweg-de-Vries equation 323Kronecker symbol 46, 49Lagrangian coordinates 52Lagrangian submanifold 269Landau-Lifschitz equation 353, 354Laplace-Beltrami operator 131, 292Lefschetz formula 290number, 289asymptotic, 290Leibniz identity 28, 42Lenard scheme 328, 332Leray residue 191Lichnerowicz cocycle 345Lie algebra 4, 7, 34abstract Lie algebra, 8dual space of a Lie algebra, 10vector space of a Lie algebra, 4of vector �elds, 34Lie bracket of vector �elds 34Lie derivative 6, 42Lie group 1, 7, 34Lie-Poisson structure 28lifting indices 39, 342linearized vortex equation 105Navier{Stokes equation 315linktrivial, 141essential, 141satellite, 165link invariant

complex, 196Jones-Witten, 197Vassiliev, 195linking number 138asymptotic, 149, 154, 181average, 150, 181for cascades, 178holomorphic, 192mutual (or multilinkingnumber), 182of third order, 186linking form 157complex, 196Lobachevsky plane 209, 311absolute, 312geodesic 
ow, 312local invariants 50densities, 51locally 
at (or Euclidean)manifold 230loop group 354Lie algebra, 354Lorentz force 53, 128Lyapunovexponent, 283stable point, 89magnetic di�usivity 275Reynolds number, 275magnetic extension, 54, 56magnetohydrodynamics (MHD)equations 52, 128Magri bracket 331Marsden-Weinstein symplecticstructure 346Massey product 186Maurer-Cartan formula 334minimal element 88minimizer 81, 84M�obius transformation 174Monge-Amp�ere equation 237Morse function 121Morse index 122



INDEX 391type of orbit, 122Moser's lemma 145multi
ow 252Navier-Stokes equation 67Neumann problem 145nonlinear Schr�odinger equation 352orbitadjoint, 8, 85coadjoint, 11, 85elliptic, 142hyperbolic, 142over-crossing number 165pairing of dual spaces 36parallel translation 210, 211perfect eddy 228Poincar�e's recurrence theorem 102Poincar�e's duality 151Poisson structure 28manifold, 28pair, 328Lie{Poisson structure, 28, 329Poisson bracket of �elds 6of functions, 28, 30constant Poisson bracket, 329linear (or Lie{Poisson) bracket,329Poisson brackets of hydrodynamictype 343polymorphism 86polyvector 24principle of least action 1, 17pseudometric 268quasiclassical asymptotics 294, 297regular point of a foliation 89representationadjoint, 5coadjoint, 12Reynolds number 68magnetic, 275

Riemannian metric on a group 15left-invariant, 15, 208rigid body 1, 17, 67in a 
uid, 53, 342with a cavity, 342rotation class 38Ruelle{Takens conjecture 71Routh method 101Sakharov{Zeldovich problem 143satellite link 165Schwarzian derivative 336second di�erential (or variation) ofthe energy 90, 94, 113second fundamental form 233Seifert surface 166, 348self-linking number 150, 178semi-analytic subset 78semi-direct product 53, 56, 338shallow water equation 326shortened vortex equation 105sine-algebra 64, 66, 343skew-gradient 26skew-symmetric product 27Smale horseshoe 284Sobolev equation 355inequality, 164space-average 156Squire theorem 108stable point 89stability theorem 96second, 97stationary (or steady) 
ow 73Euler equation, 73, 74form, 292strange attractor 69stream function 9, 12, 45, 60, 223stretch-twist-fold mechanism 304symplectic leaf 30manifold, 26, 257exact, 259structure, 26variables, 343



392 TOPOLOGICAL METHODS IN HYDRODYNAMICScanonical, 343system of short paths 155threshold of a potential 297time-average 156topological entropy 318tradewind current 228, 232translationof the argument, 327, 329right, 2left, 3tunneling coe�cients 296turbulence 68, 71, 72twist number 189two-cocycle 322variational derivative 41, 332variational problem for energy 80,84Vassiliev invariant 195vector �elddivergence-free, 4exact, 37, 38, 41Hamiltonian, 26, 264left-(or right-)invariant, 7null-homologous, 131, 133modelled on a link, 141of geodesic variation, 213semi-exact, 38, 41strongly, 141vector momentum 53vector-potential 134, 156Virasoro algebra 321group, 322coadjoint orbits, 325, 333vortex 60three-vortex problem, 62vortex equation 21, 60, 105linearized, 105shortened, 105vorticity �eld 14, 23, 49form, 23, 49function, 23, 24, 49, 60, 118

wandering point 285wave vector 107, 224Weierstrass example 244Whitehead link 140writhing number 189Zeldovich theorem 291Zorn lemma 88


