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Measuring Bandthen A or A and then B leads tothe same result

Idea for a numerical project checkthis laidits departure from
equilibrium
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the Boltzmann weighthas thus enforced
time reversal symmetry



For the overdamped Langevin equation i a fW Muniz we have

f v n f Themobility µ If measurestheresponse
ofthe system to a force for

f o a 2Dt with D uhT The diffusivity

characterizes the fluctuations of the system

I uht is thus a relation between fluctuations and response

let us now show that an equilibrium dynamics admits a muchmore

general relation between fluctuations response

Take a small perturbation of theenergy ofthe system
ELEI E hit ACH hitt time dependentamplitudeofthe perturbation
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BIED is a functionalof hHI functional Taylor expansion
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speak about linear response
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Rendably This holds for any painsof
observables A B

can be used to measure ht

Comet In many non equilibrim system people have

measured that for some A B RBA α CRA and

used that to define sae effective terperation through

RBA ltl Iq EBA't
In general Tiff is differentfor differentchairs of
A B notuniversal



Epl colloid in an optical trap
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If one modifies the trap in a tire dependent manner

how does the variance adapt at time t
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Comment in practice the FDT is a useful toolto

testexperimentally if a system is in equilibrium
measure the temperature



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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