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Biophysics of the ear hair bundle: motivation
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Biophysics of the hair bundle: motivation
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Biophysics of the hair bundle: motivation
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Biophysics of the hair bundle: motivation

Motivation: From spontaneous oscillations

istinguish between active and passive cells
mate energy dissipation




Estimating time irreversibility

Microscopic systems in the nonequilibrium stationary state

W — W Al

W.iss : 1 T . T
Watss) _ yim 1o (P ((a(t_o)| [P (t2tx — 00,

E. Roldan, . M.R. Parrondo, Phys. Rev. E. 85 031129 (2012)



Estimating time irreversibility
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Dissipation Irreversibility

Kullback-Leibler Divergence (KLD)
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Estimating time irreversibility
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Estimating time irreversibility

Estimating d,
String counting (finite time statistics)
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Estimating time irreversibility

A new estimator of dy
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Estimating time irreversibility

Choosing the transformation  X(t) Rl e(t)
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Estimating time irreversibility
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Estimating time irreversibility

Fit X(t) to AR(k,£) model

Get A1,'°° ,Ak

Apply the residual function
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Results : simulations
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Results : simulations
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Results : simulations

Hopf bifurcation
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Results : simulations

Bistable to oscillatory
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Results : simulations
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Results : experiments

American bullfrog (Rana catesbelana)
Experiments: P Martin, |. Barral




Results : experiments

Rana catesbelana
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Results : experiments
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Conclusion

The KLD has potential applications in stationary
processes of microscopic biological systems:

Detection of bifurcations

Distinction between active and passive oscillations

Estimation of minimum energy dissipation
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