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-- Work fluctuations for non-equilibrium states

-- Why not to apply existing definitions

-- Another definition (PRE, '14)

-- Fluctuation theorem applicable to any initial state



Work

Average work is always well-defined 

energy conservation

Unitary dynamics

Initial and final

Hamiltonians

Non-equilibrium state

(non-stationary)
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Two energy measurements

eigenvalues of eigenprojectors

probabilities
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Average is not the average work



Heisenberg operator of work =

Does not fully relate to energy. 

Non-equilibrium example: 

"Work" is strictly zero (together with fluctuations),

but energy does change

Operator of work



Two necessary conditions for any definition of fluctuating work

Zero work --> Zero energy exchange

Average = = Average work



Quasi-probability
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Kirkwood ('33), Terletsky ('37), Dirac ('45),

Barut ('57), Margenau & Hill ('61)

experiments: Bamber, PRL '14
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applicability condition
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Fluctuation theorem
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reference equilibrium states
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holds always is free parameter



Fluctuation theorem



The existing definitions do not apply

Two necessary conditions for any definition

Fluctuation theorem for non-equilibrium states

Summary


