miltonian Evolution Equations —




Examples of Hamiltonian Evolution Equations

Euler Equations (& “quantization” & vortex dynamics)

Vlasov Eq. (& its “guantization” & point-particle mechanics)
Maxwell-Vlasov, etc.

Non-linear Schrodinger— and Hartree Eqs. (non-focusing &
focusing: e.g., boson stars, structure formation; soliton
dynamics, KAM theorems for soliton dynamics (?), etc.)

Hartree-Fock- and Bogoliubov-Hartree-Fock Egs. (e.g.,
collapse of white dwarfs — collapse profile; atomic and
molecular physics, superconductivity, etc.)

Maxwell-axion dynamics (2 growth of cosmic magnetic fields)

Coupled particle-wave dynamics, with wave medium =
Bose gas, or electromagnetic field — Cherenkov radiation,
Hamiltonian friction, etc.; (Gang’s talks).
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“A moving body will come to rest as soon as the
force pushing it no longer acts on it in the manner
necessary for its propulsion.”

(Aristotle)

Aristotle thought of a mechanics of motion with
friction, whose fundamental law was that the velocity
of a moving body is proportional to the force pushing it.
Everyday experience compels one to think that his
point of view has its merits.

The basic problem discussed in this lecture is to
understand how Aristotle’s mechanics can be derived
from Newton’s in appropriate regimes.
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Subsonic ( v ) and supersonic ( v ) motions of
particle in E-model (A with Gang Zhou et al.)

Derivation of mean-field limits (in thermo-
dynamic limit; # D-F-P-P)

Forced motion (V#0: Relaxation to an equilibrium
point; or F#0: Instabilities!)

N-particle problems, with N > 2:
binding, binary collapse, etc.

Gases of particles suspended in a medium (e.g., a
Bose gas) at positive temperature: Derivation of
Boltzmann Equation in the Grad limit ( & O. E.
Lanford), solutions and approach to equilibrium
(v, thanks to Gang Zhou)
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Remarks on Effective Dynamics £ /fective 'emer;enﬁ_c_lynamzcs
in Quantum Systems Cou/b/e S to ‘environment’ E :

| SVE, B, - B 0B,
We conclude with some remarks on ¢g ’ -
the effective dynamics of a quantum B, < B(#&;). State w on B,
system, S, e.g., a quantum particle time evol. {ov; ().
a latti toa ’
“‘m“ tr(Pa):= w(asl), aeh;.
Eff time evol of S

equilibrium

é%((‘gé/,éa@)a) = w@@/to(a@/)),
acly. In gen, ng,ZZs,f Z,. /
Quantum Markovian a’yn. :
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, # Another class of problems concerns the
Initial state of photons, - : derivation of an effective unitary (or

— vacuum (7=0) Hamiltonian) dynamics, accurate in a

- suitable limiting regime, for a small
e 7~ (7">0) Hanck system, such as a tracer particle,
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Examples of Hamiltonian Evolution Equations

Euler Equations (& “quantization” & vortex dynamics)

Vlasov Eq. (& its “guantization” & point-particle mechanics)
Maxwell-Vlasov, etc.

Non-linear Schrodinger— and Hartree Eqs. (non-focusing &
focusing: e.g., boson stars, structure formation; soliton
dynamics, KAM theorems for soliton dynamics (?), etc.)

Hartree-Fock- and Bogoliubov-Hartree-Fock Egs. (e.g.,
collapse of white dwarfs — collapse profile; atomic and
molecular physics, superconductivity, etc.)

Maxwell-axion dynamics (2 growth of cosmic magnetic fields)

Coupled particle-wave dynamics, with wave medium =
Bose gas, or electromagnetic field — Cherenkov radiation,
Hamiltonian friction, etc.; (Gang’s talks).



