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Resistivity is often first measured, the last understood...

Motivation

Lorentz model of electric current flow

No stationary state

electric field

What is current?



  

Problem

metal lattice sites chemical potential

Grand canonical Hamiltonian:

insulatormetal metalmetal

Electric current?

1D



  

Method

metal insulatormetal metalmetal

For                     no hopping between metal and insulator:

At time  hopping turned on:

Equilibrium quantum statistical physics

C. Caroli, R. Combescot, P. Nozieres, and D. Saint-James, J.Phys.C 4, 916 (1971) 

Nonequilibrium, nonstationary situation

But limit    ,  stationary state



  

Equilibrium case:

Grand canonical partition function (thermodynamics):

N-particle quantum states
number of particles

Effectively three separate systems:

chemical potential grows



  

Current in the system:

Operator calculating number of particles in the left metal

Current



  

time ordering on Keldysh contour

Non-equilibrium Green function



  

Keldysh-Kadanoff-Baym equation:

Green function for system with perturbation

For        :

For        :

Hamiltonian in time evolution

equilibrium!



  

Keldysh-Kadanoff-Baym equation => four equations for physical Green functions

Keldysh-Kadanoff-Baym equation in practice
negative branch

positive branch

Four possibilities

yield four different physical (real times) Green functions.

Nonequilibrium Green function

In Fourier transform four algebraic equations

=> non-equilibrium Green function



  

Current

Assumptions:
●stationary state
●zero temperature
●density of states in the insulator in the range of energy is strictly zero

advanced retarded

density of states

Current:
●built up from contribution of states with energy between
●depends not on momentum, but energy



  

Perspective – include interactions

metal

Grand canonical Hamiltonian:

insulatormetal metalmetal

Extension:

The main point: density of states for inhomogeneous equilibrium system 
(real space DMFT)
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