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Single particle “non-equilibrium” perspective



Swimming in Treacle and Walking in a Hurricane



t = 1

t = 2

t = 3

Overdamped Limit - Mechanical Equilibrium



Time has disappeared!  Use the relation

Take the ratio:

and we recover the “equilibrium” barometric distribution

Gaussian probability distribution



Second Law:

Now we have an equality:

Probability densities are normalized

G.N. Bochkov and Yu. E. Kuzovlev, Physica 106A, 443-479 (1981),



Microscopic Reversibility 
and Detailed Balance
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Time Dependent Fields

Thermodynamics



“Rocking” Ratchet



“Flashing” Ratchet





In a static system 
(no external driving) we have

Irrespective of whether the ensemble 
is or is not in statistical equilibrium



Similar relations valid with time 
dependent driving?

Generalize Fluctuation-Dissipation

?

?



Let us summarize briefly the results of the first part of the paper. The main 

result, which the developed fluctuation-dissipation theory is based upon, are 

time symmetry relations for the probability functional of arbitrary macro- 

variables (the generalized FDT). The generalized FDT is established both for 

the system perturbated dynamically from nonequilibrium state and for the 

system developed from nonequilibrium state thermally. Both variants of the 

theorem are direct consequence of microscopic motion reversibility but lead 

straight to irreversibility of macroscopic evolution. 

This FDT form is obvious enough from the physical point of view. From 

(2.11) one can see that the ratio of the probability of some macroscopic 

trajectory of a system to the probability of the time reversal trajectory is 

equal to exp(/3E). Therefore those trajectories relatively are more probable, 

for which E > 0

G.N. Bochkov and Yu. E. Kuzovlev, Physica 106A, 443-479 (1981),



The importance of being Gaussian



Onsager-Machlup 
Thermodynamic Action

•  "Near Equilibrium"

• "Linear Regime"

• Gaussian behavior





External work

Work stored (lost) in the system

Dissipated work (Heat)



For discretized time

Probability for any sequence of “Brownian” kicks

In the continuum limit



Rearrange the langevin equation

To write

Where



The ratio of probabilities for forward and reverse paths

The work probability density function (not gaussian) is

with the ratio

and finally



Enzyme Cycle Kinetics



effective rate constants

with ratio

T.L. Hill, Biochemistry, 14: 2127-2137 (1975)



"The Second Law of Thermodynamics - holds, I 
think, the supreme position among the laws of 

physics. If someone points out to you that your pet 
theory of the universe is in disagreement with 

Maxwell's equations - then so much the worse for 
Maxwell's equations. If it is found to be contradicted 

by observation - well, these experimentalists do 
bungle things from time to time. But if your theory 

is found to be against the Second Law of 
Thermodynamics I can give you no hope; there is 

nothing for it but to collapse in deepest 
humiliation." — 

Sir Arthur Eddington
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