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“Some&people&talk&in&their&sleep.&Lecturers&talk&
while&other&people&sleep.”%

(Albert%Camus)%
%

Hamiltonian%EvoluHon%EquaHons%–%
Where%They%Come%From,%What%They%Are%

Good%For%



Examples)of)Hamiltonian)Evolu2on)Equa2ons)

•  Euler)Equa2ons)(&)“quan2za2on”)!)vortex)dynamics))
•  Vlasov)Eq.)(&)its)“quan2za2on”)!)point@par2cle)mechanics)))

Maxwell@Vlasov,)etc.)
•  Non@linear)Schrödinger–)and)Hartree)Eqs.)(non@focusing)&)

focusing:)e.g.,)boson)stars,)structure)forma2on;)soliton)
dynamics,)KAM)theorems)for)soliton)dynamics)(?),)etc.))

•  Hartree@Fock@)and)Bogoliubov@Hartree@Fock)Eqs.)(e.g.,)
collapse)of)white)dwarfs)–)collapse)profile;)atomic)and)
molecular)physics,)superconduc2vity,)etc.))

•  Maxwell@axion)dynamics)(!)growth)of)cosmic)magne2c)fields))
•  Coupled)par2cle@wave)dynamics,)with)wave)medium)=)))))))

Bose)gas,)or)electromagne2c)field)–)Cherenkov)radia2on,)
Hamiltonian)fric2on,)etc.;)(Gang’s)talks).!

)
)



Contents%

1.  MeanWfield%limits,%etc.%
2.  Boson%Stars%
3.  Chandrasekhar%Limit%of%stellar%collapse%
4.  Concluding%remarks%
%
Collaborators:%E.%Lenzmann,%L.%Jonsson,%S.%
Gustafson,%I.%M.%Sigal,%A.%Soffer,%W.%K.%Abou%
Salem;%Gang%Zhou%



































































































“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% mo9on& with&
fric9on,%whose% fundamental% law%was% that% the%velocity&
of&a&moving&body&is&propor9onal&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%(%✓%)%and%supersonic%(%✓%)%moHons%of%%%%
%%%%parHcle%in%EWmodel%("%with%Gang%Zhou%et%al.)%

•  DerivaHon%of%meanWfield%limits%(in%thermoW%
dynamic%limit;%" DWFWPWP)%

•  Forced%moHon%(V≠0:%RelaxaHon%to%an%equilibrium%
point;%or%%F≠0:%InstabiliHes!)%%

•  NWparHcle%problems,%with%N%≥%2:%
%%%%binding,%binary%collapse,%etc.%
•  Gases%of%parHcles%suspended%in%a%medium%(e.g.,%a%
Bose%gas)%at%posiHve%temperature:%DerivaHon%of%
Boltzmann%EquaHon%in%the%Grad%limit%(%"%O.%E.%
Lanford),%soluHons%and%approach%to%equilibrium%
(%✓%,%thanks%to%Gang%Zhou)%

%



Remarks%on%EffecHve%Dynamics%
in%Quantum%Systems%

%
We%conclude%with%some%remarks%on%
the%effecHve%dynamics%of%a%quantum%
system,%S,%e.g.,%a%quantum%parHcle%
hopping%on%a%lance,%coupled%to%a%
dispersive%environment,%E,%(an%ideal%
quantum%gas)%in%thermal%equilibrium%
at%T>%0,%or%in%its%groundstate%(T=0),%
aper%tracing%out%the%degrees%of%
freedom%of%E.W%This%is%an%area%where%
much%progress%has%been%made%
recently.%I%would%like%to%propose%a%list%
of%problems%that,%I%believe,%are%of%
interest%to%mathemaHcians.%
%





Another%class%of%problems%concerns%the%
derivaHon%of%an%effecHve%unitary%(or%
Hamiltonian)%dynamics,%accurate%in%a%
suitable%limiHng%regime,%for%a%small%
system,%such%as%a%tracer%parHcle,%
coupled%to%a%medium%with%infinitely%
many%degrees%of%freedom%that%“ignores”%
the%degrees%of%freedom%of%the%medium.%
(Example:%Electron%coupled%to%quanHzed%
em%field,%under%the%influence%of%a%slowly%
varying%external%potenHal:%"%BCFFS%–%
JusHficaHon%of%noHon%of%“closed%phys.%
system”.)%
%
%%%%Everything%else,%next%Hme%–%
Thank%you%for%your%arenHon!%
%%%%I%am%happy%to%take%some%
quesHons.%



Examples)of)Hamiltonian)Evolu2on)Equa2ons)

•  Euler)Equa2ons)(&)“quan2za2on”)!)vortex)dynamics))
•  Vlasov)Eq.)(&)its)“quan2za2on”)!)point@par2cle)mechanics)))

Maxwell@Vlasov,)etc.)
•  Non@linear)Schrödinger–)and)Hartree)Eqs.)(non@focusing)&)

focusing:)e.g.,)boson)stars,)structure)forma2on;)soliton)
dynamics,)KAM)theorems)for)soliton)dynamics)(?),)etc.))

•  Hartree@Fock@)and)Bogoliubov@Hartree@Fock)Eqs.)(e.g.,)
collapse)of)white)dwarfs)–)collapse)profile;)atomic)and)
molecular)physics,)superconduc2vity,)etc.))

•  Maxwell@axion)dynamics)(!)growth)of)cosmic)magne2c)fields))
•  Coupled)par2cle@wave)dynamics,)with)wave)medium)=)))))))

Bose)gas,)or)electromagne2c)field)–)Cherenkov)radia2on,)
Hamiltonian)fric2on,)etc.;)(Gang’s)talks).!

)
)


