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 transfered from ele
tri
al to heat transportheat 
urrent as response to a \thermal potential"?thermal Kubo formulaKubo Formula for heat 
ondu
tivity�(!) = Z 10 dte�i!t Z �0 d�Trf�̂0 ĵ(0) ĵ(t + i�)gCriti
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Mi
hel, Gemmer, Mahler Fourier's Law from Quantum Me
hani
s



Introdu
tionRelaxation Dynami
sEnergy Di�usion and Heat Condu
tion Fourier's LawDi�usion and RelaxationMi
ros
opi
 Foundation IIIAn open system approa
hPSfrag repla
ements T + �T=2 T � �T=2�E�E �� Liouville von Neumann equation��̂�t = � i~ [Ĥ; �̂℄ + L(T1)�̂+ L(T2)�̂Full Numeri
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Ĥ = 0

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

@

. . . 0i Æ�n v12 00 . . . . . . 0v21 j Æ�n v230 . . . . . . 00 v32 k Æ�n0 . . .
1

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

AMi
hel, Gemmer, Mahler Fourier's Law from Quantum Me
hani
s



Introdu
tionRelaxation Dynami
sEnergy Di�usion and Heat Condu
tion HAM for Heat Condu
tion ModelsEnergy and Heat TransportBeyond the Design ModelAppli
ation of HAMObserved quantity: probability to �nd an ex
itation in subsystem �Energy in a subunit ➜ ex
itation probabilityProje
tor on the ex
itation band of �th subunit P̂�Probability P�(t) � h (t)jP̂�j (t)i PSfrag repla
ementsSubunit �Subunit �
further reading: Mi
hel, Mahler, Gemmer, PRL 95, 180602 (2005)Mi
hel, Gemmer, Mahler, PRE submitted (2005)Gemmer, Mi
hel, Mahler, Quantum Thermodynami
s, Springer (2004)Mi
hel, Gemmer, Mahler Fourier's Law from Quantum Me
hani
s



Introdu
tionRelaxation Dynami
sEnergy Di�usion and Heat Condu
tion HAM for Heat Condu
tion ModelsEnergy and Heat TransportBeyond the Design ModelAppli
ation of HAMObserved quantity: probability to �nd an ex
itation in subsystem �Energy in a subunit ➜ ex
itation probabilityProje
tor on the ex
itation band of �th subunit P̂�Probability P�(t) � h (t)jP̂�j (t)i PSfrag repla
ementsSubunit �Subunit �Short time evolution a

ording to Dyson series expansionP�(�) = h (0)jD̂y(�)P̂�D̂(�)j (0)i
further reading: Mi
hel, Mahler, Gemmer, PRL 95, 180602 (2005)Mi
hel, Gemmer, Mahler, PRE submitted (2005)Gemmer, Mi
hel, Mahler, Quantum Thermodynami
s, Springer (2004)Mi
hel, Gemmer, Mahler Fourier's Law from Quantum Me
hani
s



Introdu
tionRelaxation Dynami
sEnergy Di�usion and Heat Condu
tion HAM for Heat Condu
tion ModelsEnergy and Heat TransportBeyond the Design ModelAppli
ation of HAMObserved quantity: probability to �nd an ex
itation in subsystem �Energy in a subunit ➜ ex
itation probabilityProje
tor on the ex
itation band of �th subunit P̂�Probability P�(t) � h (t)jP̂�j (t)i PSfrag repla
ementsSubunit �Subunit �Short time evolution a

ording to Dyson series expansionP�(�) = h (0)jD̂y(�)P̂�D̂(�)j (0)iSe
ond order trun
ation of Dyson seriesj (�)i � `1̂� i~ Û1(�)� 1~2 Û2(�)´j (0)i = D̂2(�)j (0)ise
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Heisenberg and Random Ring

2.5 5 7.5 10 12.5 15 17.5 20

-4

-2

0

2

4

6PSfrag repla
ements EnergyE l tĤ = �ĤH + 0:1�ĤRMi
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