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Work, heat and Entropy as functionals of a trajectory
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C. Jarzynski, Phys. Rev. Lett 78, 2690 (1997)
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Basic notions of stochastic thermodynamics
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For overdamped Langevin Dynamics
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First Law in stochastic thermodynamics



Timeline of the second law

� Maximum Work Principle (1876)

� Fluctuation-Dissipation relation
(1950)
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� Jarzynski equality (1997)

� Hummer-Szabo relation (2001)
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�Crooks Fluctuation Theorem (1998)

�Differential Fluctuation Theorem (2008)
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Proof of the microscopic reversibility

L. Onsager, S. Machlup, Phys. Rev.  91, 1505 (1953).

Lars Onsager
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Z. Gong, HTQ, Phys. Rev. E 92, 012131 (2015)





Experimental test of Jarzynski’s equality



Arthur Ashkin

“Optical tweezer”

Key application:

Study of Stochastic 

thermodynamics



However, the experimental test of the differential 

fluctuation theorems requires that the measurement of 

the instantaneous velocity of the Brownian particle

T. Li et al Science, 328, 1673 (2010)



and it was thought to be impossible task by Einstein in 1907



Technical breakthrough:

T. Li et al Science, 328, 1673 (2010)

Tongcang Li

(Purdue University) 

Measurement of instantaneous velocity of a Brownian Motion
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