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Introduction

• Linear irreversible thermodynamics 

• Time-dependent systems 

• Work to work conversion
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Work and Heat
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Solution:

Overdamped E.O.M.:

Thermodynamics:
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Cyclic process

Kelvin statement of the second law: 
‚There is no process whose only effect is to accept heat from a 
single heat reservoir and transform it entirely into work.’
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Steady state:

Periodic driving:



Entropy

Forces and fluxes:

Linear regime:

Quasi-static limit:

Definition:



Thermodynamic forces and 
fluxes
F
Ext

(t) = Fg(t)Thermodynamic Force: 

Thermodynamic Flux: 



Work to work conversion
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Working regime:
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Two work-sources:

Efficiency:

W1 > 0, W2 < 0



The Onsager Matrix
Thermodynamic fluxes:

Onsager matrix:



Onsager-Casimir symmetry
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Time-reversal:

Onsager coefficients:

Time-symmetric driving:
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Conclusions
• Linear irreversible thermodynamics can describe 

time-dependent systems. 

• A generalized Onsager-Casimir relation is found.  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