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•  General aspects of Stochastic Thermodynamics

•   Two  electric circuits  (conservative coupling)

•   Two Brownian particles (dissipative coupling)

•   Transient statistical phenomena  

The role of the coupling in the energy transfer between two 
stochastic systems coupled to diferent thermal baths 
               

Bérut et al, JSTAT,P054002(2016) 
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   A)                In the stationary case for the heat flux between 

                        two reservoirs at different temperatures

TH TC

heat flux 

Theory :
Only few experiments  

On the heat lux between two reservoirs 
at diferent temperature 

rare event

Fluctuation Theorem (FT)



The Nyquist problem

Power spectral density 
of the electric noise

In 1928 well before Fluctuation 
Dissipation Theorem (FDT), this 
was the second example,  after 

the Einstein relation for 
Brownian motion, relating  the  
dissipation of a system to the 

amplitude of the thermal noise.



What are the  statistical properties 

of  the energy exchanged between  

the  two conductors kept at different temperature  ?

We analyse these questions in an electric circuit 

within the framework of FT. 

What are the consequences of removing 

the Nyquist equilibrium conditions ? 



What are the  statistical properties 

of  the energy exchanged between  

the  two conductors kept at different temperature  ?

How the variance of V1 and V2 

are modified because of the 

heat flux ?  

What is the role of correlation 

between  V1 and V2 ? 

. 

We analyse these questions 

in an electric circuit 

within the framework of FT. 

What are the consequences of removing 

the Nyquist equilibrium conditions ? 

S.Ciliberto,A. Imparato, A. Naert  
PRL,110,180601(2013)
JSTAT,P12014  (2013)



Electric Circuit 

T2 =296K   is kept ixed 

T1   is changed by a nitrogen vapor 
circulation 

C is the coupling capacitance = 100pF and 1000pF

C1 and C2 are the cable and amplifier  capacitances 

R1= R2= 10ΩΩ



Electric Circuit and the 
mechanical equivalent



Joint probability of V1 and V2



Electric Circuit and 
the dissipated energy 

Power dissipated in the resistance m=1,2

Integrating on a time 

irst principle for 

luctuations  



Statistic of the work and heat

 equilibrium  out-equilibrium



On the heat lux and entropy 
produced 

by  thermal luctuations



The heat lux as a function of T2-T1



How the equilbrium variance of 
V1 and V2 is modiied 

 which is an extension 
to two temperatures 
of the Harada-Sasa 

relation



On the entropy produced 
by  thermal luctuations

related to  the heat exchanged 

between the reservoirs

and  the entropy production on the time τ

The  total entropy is :



Statistical properties of 
the total entropy



Statistical properties of 
the total entropy

S.Ciliberto,A. Imparato, A. Naert  
PRL,110,180601(2013)
JSTAT,P12014  (2013)



Summary of the experimental and theoretical results 
 ‘’On the heat lux and entropy produced 

by  thermal luctuations’’



Electric Circuit and the 
mechanical equivalent



Two Brownian particles trapped
 by two laser beams.



Two Brownian particles trapped
 by two laser beams.

Diiculty of  having a harmonic coupling 
between the particles.

  The main source of coupling is hydrodynamic (viscous)

Diiculty of  having two close Brownian particles 
at two diferent temperatures

The temperature gradient is done by forcing the motion
 of one particle with an external random force



Experimental results 

Spectra of excited particle Set up

silica 

bead 

laser beam



From the  hydrodynamic model one 
can compute the variances 



The standard hydrodynamic model

 f
1
 and f

2
 are the random noise of the heat bath



The standard hydrodynamic model

 
comparison with the electric case

 f
1
 and f

2
 are the random noise of the heat bath



Values of the parameters from the 
experiment



The standard hydrodynamic model

heat exchanged  by the  bead i in the 
time τ



The heat lux

Extension of the Harada-Sasa relation



The heat lux



The Fluctuation Theorem and 
the efective Temperature



What does it occur when the high temperature is switched on ?

This question has been theoretically analyzed in a system 
with conservative coupling. 

B.Cuetara, M. Esposito, and A. Imparato, Phys. Rev. E 89, 052119 (2014).

We checked this idea in our system which 
presents a dissipative coupling 

The main results of this study is that during the transient :

the energy lux from the  hot reservoir satisied the FT for any time 

whereas the FT is satisied only asymptotically for the heat going into 
the cold reservoir.  

The transient behavior 



The transient behavior 



The transient behavior 



                  Theoretical Prediction in
 the case of conservative coupling

B. Cuetara, M. Esposito, and A. Imparato, Phys. Rev. E 89, 052119 (2014).

 The transient behavior 



The transient behavior 

Berut et al,  PRL,116, 068301 (2016) 



Conclusions on particle interactions

•The diferrence between out-equilibrium  and equilibrium 
variance  is proportional to the heat lux

•A hydrodynamic model precisely describes the 
experimental data 

•The FT correctly estimates the efective temperature 
within experimental errors.

•Heat luxes are afected by the work 
of dissipative forces

•During the transient the FT for the heat has a diferent 
statistical behaviors for the cold and the hot sources.



    General conclusions 

on the role of coupling 
   between systems at two diferent temperatures 

•The diferrence between out-equilibrium  and equilibrium 
variance  is proportional to the heat lux

•The FT for two heat bath allows us to estimate the 
entropy production. 

•Heat luxes are afected by the work 
of dissipative forces in asymmetric systems 

•During the transient the FT for the heat has a diferent 
statistical behaviors for the cold and the hot sources.

Bérut et al,  PRL,116, 068301 (2016)
Bérut et al,  PRE, 94,052148 (2016)
Bérut et al,    JSTAT,P054002 (2016) 
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