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Nature is nonequilibrium
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Nonequilibrium thermodynamics

Molecular motors

Palacci et. al. Science (2013)

Fundamental energetic
limitations?

Rectify energy to do a
useful task?

Material properties?



Research overview
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Information Broken symmetries in living systems
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Thermodynamics structures
fluctuations
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Thermodynamics structures
fluctuations: Jarzynski equality
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Stochastic thermodynamics

Dynamics linked to thermodynamics

The coupling of a system to many equilibrium
thermodynamic reservoirs imposes specific

constraints on the dynamics
o

ldentifies fluctuating work,

heat, and entropy along

individual stochastic trajectories
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Paradigm: driven colloid

Langevin equation

Non-conservative
force
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Dynamics-thermo link
fluctuation-dissipation
theorem
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15t Law: stochastic energetics
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2nd Law: stochastic entropy

Reservoir entropy change
As;™ = qi/T
System entropy
si(x¢) = —kp Inpe(xy)
Entropy production
or = Asy + As, ™

Van den Broeck/Esposito Physica A (2002); Seifert, Rep. Prog. Phys. (2012)
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[rreversibility

Forward process

external parameter
protocol
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time-reversed protocol
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Measuring entropy production with
irreversibility

Detailed fluctuation theorem
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Quantifying irreversibility

relative entropy —measure of distinguishability
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Steady-state currents fluctuate

integrated current
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Quantifying fluctuations
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Precision costs energy

Thermodynamic uncertainty relation
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Currents: particle, energy, distance...
Tightest: near equilibrium, heat fluctuations
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Applications

Power fluctuations in heat engines
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So far...

Stochastic thermodynamics offers a theoretical
framework for consistent thermodynamic
accounting along individual stochastic trajectories

..Up next

Application of stochastic thermodynamic tools to
complex nonequilibrium matter opens new
insights into the mechanisms of dissipation
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