
IntrodutionRelaxation DynamisEnergy Di�usion and Heat CondutionFourier's Law from Quantum MehanisM. Mihel1 J. Gemmer2 G. Mahler11Institut f�ur Theoretishe Physik IUniversit�at Stuttgart2Department of PhysisUniversity of Osnabr�ukNovember 24th, 2005
Mihel, Gemmer, Mahler Fourier's Law from Quantum Mehanis



IntrodutionRelaxation DynamisEnergy Di�usion and Heat CondutionFourier's Law from Quantum MehanisM. Mihel1 J. Gemmer2 G. Mahler11Institut f�ur Theoretishe Physik IUniversit�at Stuttgart2Department of PhysisUniversity of Osnabr�ukNovember 24th, 2005Nearly 200 years later no one doubts the empirial standingof Fourier's law [...℄ No one has yet managed to deriveFourier's law from truely fundamental priniples.Mark Buhanan, Nature Physis (Nov. 2005)Mihel, Gemmer, Mahler Fourier's Law from Quantum Mehanis



IntrodutionRelaxation DynamisEnergy Di�usion and Heat CondutionOutline1 IntrodutionFourier's LawDi�usion and Relaxation2 Relaxation DynamisShr�odinger Dynamis and Redued DesriptionHilbert Spae Average MethodImprovement of TCL3 Energy Di�usion and Heat CondutionHAM for Heat Condution ModelsEnergy and Heat TransportBeyond the Design ModelMihel, Gemmer, Mahler Fourier's Law from Quantum Mehanis



IntrodutionRelaxation DynamisEnergy Di�usion and Heat Condution Fourier's LawDi�usion and RelaxationOutline1 IntrodutionFourier's LawDi�usion and Relaxation2 Relaxation DynamisShr�odinger Dynamis and Redued DesriptionHilbert Spae Average MethodImprovement of TCL3 Energy Di�usion and Heat CondutionHAM for Heat Condution ModelsEnergy and Heat TransportBeyond the Design ModelMihel, Gemmer, Mahler Fourier's Law from Quantum Mehanis



IntrodutionRelaxation DynamisEnergy Di�usion and Heat Condution Fourier's LawDi�usion and RelaxationFourier's Law
Jean Baptiste Joseph Fourier(1768 - 1830)

Loal Equilibrium
Heat Condution Experiment(Deutshes Museum M�unhen)loal temperature (no globaltemperature)onstant heat urrent

Mihel, Gemmer, Mahler Fourier's Law from Quantum Mehanis



IntrodutionRelaxation DynamisEnergy Di�usion and Heat Condution Fourier's LawDi�usion and RelaxationFourier's Law
Jean Baptiste Joseph Fourier(1768 - 1830)Fourier's Lawlinear onnetion between gradientrrrT and heat urrent jjjjjj = ��rrrTheat ondutivity �

Loal Equilibrium
Heat Condution Experiment(Deutshes Museum M�unhen)loal temperature (no globaltemperature)onstant heat urrent

Mihel, Gemmer, Mahler Fourier's Law from Quantum Mehanis



IntrodutionRelaxation DynamisEnergy Di�usion and Heat Condution Fourier's LawDi�usion and RelaxationFourier's Law
Jean Baptiste Joseph Fourier(1768 - 1830)Fourier's Lawlinear onnetion between gradientrrrT and heat urrent jjjjjj = ��rrrTheat ondutivity �

Loal Equilibrium
Heat Condution Experiment(Deutshes Museum M�unhen)loal temperature (no globaltemperature)onstant heat urrentPrize of Paris Institute of Mathematis... the manner in whih the authorarrives at these equations is not exemptof diÆulties ... (prize ommittee)Mihel, Gemmer, Mahler Fourier's Law from Quantum Mehanis



IntrodutionRelaxation DynamisEnergy Di�usion and Heat Condution Fourier's LawDi�usion and RelaxationMirosopi Foundation I
➜ Mirosopi formula for the heat ondutivity

Mihel, Gemmer, Mahler Fourier's Law from Quantum Mehanis



IntrodutionRelaxation DynamisEnergy Di�usion and Heat Condution Fourier's LawDi�usion and RelaxationMirosopi Foundation I
➜ Mirosopi formula for the heat ondutivityPeter J. W. Debye (1884-1966)partile urrent in solids with mean veloity v(e.g. eletrons)heat urrent jjj / �v�T (� partile density;  heatapaity)heat transport in ondutors; what is about insulators?

Mihel, Gemmer, Mahler Fourier's Law from Quantum Mehanis



IntrodutionRelaxation DynamisEnergy Di�usion and Heat Condution Fourier's LawDi�usion and RelaxationMirosopi Foundation I
➜ Mirosopi formula for the heat ondutivityPeter J. W. Debye (1884-1966)partile urrent in solids with mean veloity v(e.g. eletrons)heat urrent jjj / �v�T (� partile density;  heatapaity)heat transport in ondutors; what is about insulators?Sir Rudolph E. Peierls (1907 - 1995)phonons treated as lassial partilesformulation of a Boltzmann equationmirosopi foundation on lassial ideasquantized normal modes are treated as being wellloalized in both position and momentum spaeMihel, Gemmer, Mahler Fourier's Law from Quantum Mehanis



IntrodutionRelaxation DynamisEnergy Di�usion and Heat Condution Fourier's LawDi�usion and RelaxationMirosopi Foundation IIRyogo Kubo (1920-1995)linear response theoryfor eletrial transport: Ĥ = Ĥ0 + Ĥ0ad ho transfered from eletrial to heat transportheat urrent as response to a \thermal potential"?thermal Kubo formula
Mihel, Gemmer, Mahler Fourier's Law from Quantum Mehanis
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