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Stochastic energetics
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Technical advances

* Manipulation of single molecules
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Gedanken to real experiment
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Application to experiment

Verification of Crooks fluctuation theorem




Crooks fluctuation theorem (CFT)

Reverse
/

A

— Pp (W) is the probability distribution for Forward (F)
process.

— Pp (W) analogously for the reverse (R) process.

G. E. Crooks, Phys. Rev. E 60, 2721 (1999).




Crooks fluctuation theorem (CFT)

* It predicts a symmetry relation in the work fluctuations that a
system undergoes as it is driven away from thermal
equilibrium.

* The CFT has drawn a lot of attention because of its usefulness
in experiment. This theorem makes it possible to
experimentally measure the free energy difference of the
system during a non-equilibrium process.



Time-varying harmonic potential

Forward process
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For the forward quasistatic process
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For the reverse quasistatic process

(WR) — lln (kmin) = _ AF Kmin max

Martinez,et al., Soft Matter (2017).




Optical tweezers

Optical tweezers as a spring
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Discrete stochastic energetics
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Discrete version of stochastic thermodynamics:
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where T = 25ms,t = 10us > N = t/At = 2500
Sekimoto, 1998



Cumulative work

reverse forward reverse forward

1007

0.05 0.10 0.15 0.20 0.25
t(s)




Distribution of forward and reverse work
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Mean work

* For quasistatic process: k¢ /k; = 4

ﬂ=lln(k—f) =2 —n2
kgT 2 ki kgT
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Work probabilities distribution function
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Albay, Paneru, Pak, and Jun, Opt. Express (2018)




Crooks fluctuation theorem works even in
highly nonequilibrium regime!
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Albay, Paneru, Pak, and Jun, Opt. Express (2018)



