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* mesoscopic thermodynamics

* TIRM experiment

* energy conservation




thermodynamics

macroscopic: __
W ideal gas
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brownian motion

Brownian particle: random walk

Langevin equation
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enerqgy balance: equilibrium

dVv
time-independent potential: E =0 V only z dependent

Langevin equation )/E = —a—v+ E(t)
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energy balance: time dep. potentials RXRZ

V[z,A(t)] A(t) control parameter | |
i no total differential
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trajectory picture /)i
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parametric trajectory

Langevin equation

integration along trajectory dz oV L&
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experiment

» exact measurement of the trajectory

« externally controllable force to drive particle into non equilibrium
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experiment

sampling rate 2 kHz

Photomultiplier g

polystyrene particles
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lower tweezers calibration R

* increasing tweezers intensity
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pulse protocol
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energy conservation
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work distribution
particle wall potential is not harmonic
harmonic potentials >  symmetric gaussian work distribution

» demonstrated with colloidal particles in 3d traps

non harmonic potentials »  theory predicts:
asymmetric non gaussian distribution




fluctuation theorems
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symmetric protocol: AF =0
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detailed fluctuation theorem: M= PN
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