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Outline

●Vortices: definitions and general considerations

●Vortices in 2D: Disipative vs Hamiltonian 

dynamics, Ginzburg-Landau and Gross-Pitaevskii

●Vortex filaments

●Singularities and turbulence



Vortex as a singularity

Circulation





Madelung transform

Continuity equation



Euler equation:

Vorticity:

(Ordinary fluid)



Gross-Pitaevskii

Ginzburg-Landau energy
(Hamiltonian)

Lagrangian



Ginzburg-Landau equation (dissipative)



Gross-Pitaevskii equation (Hamiltonian)
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(Ginzburg-Landau)



Gross-Pitaevskii





- Interaction of sound waves and vortices
- Radiation by a moving vortex
- Vortex singularities as a source of sound

Kelvin (sound) waves

Gross-Pitaeveskii also supports wave-type solutions



Vortex filaments







Binormal flow equation (da Rios 1905)
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Feynman's scenario for turbulence





Kolmogorov law





Wave turbulence (or weak turbulence)





Venues for research

●Understanding superflow in connection with

●moving bodies: vortex generation

●Vortex filaments equations

●The reconnection problem is totally open

●(both in normal and super fluids)

●Wave turbulence equations are not totally

●justified as limit of GP

●Uncertain exponent in turbulent cascade of

●Kelvin waves
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