
 
4 Stochastic thermodynamics and entropy production rate

Thedynamics is a macroscopic science valid in the

limit N 0 As a result many macroscopic concepts

e.gHeat entropy are hardto understand

Can are use our Langerin description toget
more insight into these concepts

Yes thanks to the work of Ken Sekimoto stochastic

energetics Springer and others

Using the right definitions one can reproduce at the

fluctuating scalemany results of thermodynamics

4 1 Washand Heat the 1ˢᵗprinciple of thermodynamis

Take a potential V x 741 where ACE is a

parameter that can be turned by an externaloperator
Considerthe dynamics of an underdamped colloid
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Severalcomments are in order

0v or v is the power lostby the system to thebath

due totheday dissipation

It is the power injected aneage by thermalfluctuations

20TH V is the fluctuations of this power activates o

if Usaid Uk drops out f v at is a conservativeface Then

steady state
cen o ocr's tent men's_he

equipartition is a balance between injection dissipationofenergy

7 deep is the power injected by the operator into
the

system by changing Ict

letus integrate t overtime along a trajectory
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DE is the changeof internalenergy

Q is the energy exchangedwith
the thermalbath theHEAT

w is the energy injectedby
theoperator into the system theWORK
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Comment If you do

Stratomovich calculars youusethe
standardchain

rule toget Etot nittUHXH out 2097214 v I e d V

so that Q SideC or router and

dQ defogde ou t not it'smistris

Q where has It gone Remind that the Langevin agoreally is

an equation for time increment dr ou de troat dy Valdt
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das ocr's de Idt
In stratanovich calculas the teen Monty Hive containsboth the

average injectedpower Itdt andthefluctuations
4 2 The second principle

Entropy let us consider an overdamped Langevin particle
V in Mfx1 Fat7H noxt Fine if hell

We adoptthe Stratenovich convention so that
thechain rule holds
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Equation ofmotionimpliesthat if 0v2 not zv power injected in
thefluid

sif is thepower injected inthefluid t

Esp variation of entropyofthefluid

Variation ofentropy of the fluid alay a trajectory ƩSidsEf
Ʃ fluctuatesfromtrajectoryto trajectory Q how

considerthe observable I logPYY.tt
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The entropy producedalong a path is related to its statistically
irreversibility

I log By
E is the average variationof entropy

ofthe system

If f v41 Ʃ I fids cacon venial

In steady state Venial Until É 0

and there is no creationof entropy

If f is a non conservative force Ʃ is the entropy created

by this non equilibrian drive I 0 Onethen defines the

entropy production It 5 1 EElet 1 E logPEE



Here T 1in E ids I Engodicity it

if is the power dissipated by the non conservative face f in
thebath T is proportional to the average power dissipated

in steady state 5 0 if if x1 is a conservativeforce

The derivation above connect thermodynamic irreversibility

entropy creation and statistical irreversibility

Effifthating quantity let's compute
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What is the Jacobian of the transformation selet Dance
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Jensen inequality e Ce 1

logisan incurring function ceo

CES 0

This is the second principle

Many generalizationsofthe fluctuationthems

Wehaveshown Ʃ log Pp Éj Pex E PER 1 1
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Since Ʃ M E x I leads to P Ele EPI Ʃ
this extends to the case with X f up

to
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this can be used to characterize the system during trasfanation
E t Ef

The most famas is Jarzynski equality
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