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J. Gabelli et al., Science 313, 499 (2006) 
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Where 

Introduction 

Series expansion in powers of  ~⌦
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Then, 

M. Moskalets, P. Samuelsson, and M. Büttiker, Phys. Rev. Lett. 100, 086601 (2008). 
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i~@tA(t) = [A(t), H]

Dyson equation for the Keldysh matrices: bG =
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Non-interacting equilibrium Green function. bg�/k(t, t0)
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Non-Interacting Electrons 
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Non-Interacting Electrons 

In the Non-Magnetic case  � = �̄

"0" = "0# ⌘ "0

D"0(t, ") = D#0(t, ") ⌘ D0(t, ")

N"0(t) = N#0(t) ⌘ N0(t)/2

D0(t, ") =
1

⇡

�

("� "0 � "ac(t))2 + �2

Frozen Approximation: 

Quantum Capacitance: 

Charge Relaxatin Resistance: 
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In the Linear Regime               and              : 

Non-Interacting Electrons 

Vac ! 0

M. Büttiker, H. Thomas, and A. Prêtre, Phys. Lett. A 180, 346 (1993). 

Prediction of the Universal Charge Relaxation Resistance: 
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Coulomb Blockade Regime 

Equation of motion for 
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Coulomb Blockade Regime 
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Coulomb Blockade Regime  

In the Non-Magnetic case:            
In the Linear Regime: 
At Zero Temperature: 

� = �̄

Vac ! 0
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Coulomb Blockade Regime 
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Conclusions 

kBT 6= 0

"ac ⇠ U


