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Friction is required to have a static 

equilibrium point.

No friction → Indefinite Oscillations

of the wall

One-side friction (viscous 

friction from classical gas) 

causes the wall to decelerate 

only in the expansion phase

Dephasing can be included 

using a Master Equation.

Dephasing on the eigenstates 

of H(t) has macroscopic 

effects (length of the box)

Work against the frictional 

force is dissipated energy

"Irreversible Work" is not 

extracted during the

transformation but it is not 

dissipated if the system is closed

(Prad~Pcl)

First law [1]

l(t)← wall position (classical)

Newton Eq. for the wall

Schrödinger Eq. for the particle

- Thermal Equilibration

(can be described with M.E, Langevin...)

Thermodynamic Equilibrium:

- Mechanical Equilibration

(with H(t)?)

→ Work definition does not require energy measurements

on the QS (but quantum Jarzynski equality still holds)

→ QS-CS interaction, friction and decoherence

have to be included phenomenologically

→ Fluctuations should be included

→Dephasing probably plays a more important role in real systems
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