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The above Eq.cc can be solved

recursively
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The solution of above equations is therefore
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We can say system acquires the bath temperature



Detailed balance

condition is

given by below
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Note that our steady state solution
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Quantum Langevin Equation 2006

Comparision between OLE and Q
ME

Non equilibrium
transport

In lecture 1 and 2 we discussed a lot about

density matrices
Here we do not deal

with it

and instead
write full equations of

motion Eon

for system
and reservoir

The reservoir degrees of freedom
are then

eliminated
to give Langevin

equation for
system

alone

Finally the Langevin
equations

are solved by
Fourier

transforms
to obtain steady

state properties

Let us write
the Heisenberg

Eon for e g ai iCH
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Lead
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There is no restriction on system bath coupling and

there is no Markovian assumption



One can formally integrate Eq to get
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Ea 4 is the quantum
Langevin

Equation If we are only

interested in the steady state
we can take to

o

This facilitates
going

to the Fourier
transform
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Fourier
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Let us compute the steady state
Ss value of the

bosonic occupation
number TLE
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It is clear from Eq g that we need Eton n wi

and w Let us choose the reservoir to be

at temperature
T Using Eq s and after

some algebra
we get
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Eq 12 is exact result from OLE valid for any

System bath coupling The system bath coupling

information is encoded in 2 w and D w

One knows from QME previous lecture that
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If we take the careful limit of system bath
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It is to be noted
that taking weak

system
bath

coupling limit
is a subtle issue

This limit basically

results in the appearanceof
a Dirac delta

function in Eq 12 which
picks up

a we

Using OLE one can also compute two time averages

to
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Similarly one can compute multi point

correlation functions using OLE Such correlation

functions are very relevant in experiments also
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Let us consider
a situation where a system is

coupled
to two reservoirs In particular

we

consider a two site system coupled to baths

with are semi infinite
one dimensional

chains
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let us discuss how
to approach

the above problem
with OLE

i First go to eigen
modes of the

bath
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where u is a unitary matrix

that diagonalizes tale



Ball is the anhillation operator of the eigenmode with
eigenvalue

sea The bath eigen
modes satisfy the initial bath

correlation functions BT 0 and BettB nellie Sa

We also have Kent Ye U The Eon for system
and bath

are
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the same procedure as described in the

earlier part of
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Note that the bath spectral function in

Summation form is Jelw 2k Ikea SA Rel

In above case this can be explicitly computed

to give Jelw
2 IE send

Note that Eq 19 for currents and bosonic

occupation number is exact for any

value of system
bath coupling In other words

if we had done a Boon Markov approximation
Redfield

for Eq 16
the results would start deviating

for large E

OME
Redfield

Representative
Plot

É
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i
simulations by choosing bath to be of

finite but large say
511 each size and evolving

full system
bath Hamiltonian I

using

unitary Hamiltonian dynamics

Collectively denote by d
a column vector

with all anhillation
operators of both

system
and bath

The full hamiltonian
can be written as

the Hi dit dj
where i stands for

En

either system
or bath sites

If D
ddt denotes full correlation

matrix of system
bath then its

time evolution
is given by Dlt

ditty e
ht

d
Temperatures chemical

Matrix equation potentials g the bath
for correlations enter here



Sable
Harmonic oscillator coupled

to

Baths and various generalizations

i
SystemBath I Time Dynamics

ip.gs IIInginformation
1 Quantum

iMaster 1 Theorem
Equation

Quantum
Non

perturbative

Very difficult possible
1 but steady

almost state
Langevin 1
Equation

1 yI

I

numerics
Non perturbative

Possible possible
Direct

large
but

finite


