
The stochastic version of the FT

Later proofs of FT for systems with stochastic dynamics were given by 
Kurchan, Lebowitz and Spohn, Farago.

R. van Zon and E.G.D. Cohen extended the results  for the heat
fluctuations. 

The consequences of these extensions are extremely important to 
characterize out of equilibrium systems where thermal fluctuations 
cannot be neglected.

The predictions of the extended version of FT allow one to extimate 
tiny amount of heat either absorbed or dissipated by the system.



Noise in out of equilibrium devices

Fluctuations of the steady current through a system in contact between 
two reservoirs is one of the simplest and most fundamental problems 

of non equilibrium physics
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Equivalent circuit  
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Thermal noise of an electrical  resistance in equilibrium

From fluctuation-dissipation-theorem, 
the corresponding noise spectrum SU of U is (Nyquist):

The circuit  impedance is:  



Equivalent circuit  

U
VR

a

R
C

iR iC

b

Noise spectrum Pdf of U

A specific example



Langevin equation for a resistance in equilibrium
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Langevin equation for a resistance out of equilibrium
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A constant currentI is injected into the circuit 



General problem

Analogy of the circuit and a Brownian particle

Example:  Particle of negligible mass trapped by an 
opital tweezer moving at constant speed
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Out of equilibrium



Work and Heat Fluctuations



FT for the work

where and

Fluctuation  function for the work :



FT for the heat

Fluctuation  function for the heat :

where



Fluctuation  functions



Convergence at  Pin=45 KBT



Conclusion on electrical circuit

• We have studied the work and heat fluctuations in an electric 
circuit. 

• The convectional FT holds for work but not for heat which 
presents a much more complex behavior. 

• The analogy of this circuit with a Brownian motion of a particle 
trapped in a moving potential shows the generality of these results  

• FT can be used in order to extract the average power from the 
measure of the fluctuations 

Perspectives 
•This is a starting point for more complex systems (non-linear 
resistance, aging resistance, more complex heat dissipation).


