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Clausius relation in 
macroscopic thermodynamics

Is the heat exchanged with the thermostat during a transformation  

Is the entropy production

Is the Clausius relation for a 
cyclical transformation



Mesoscopic description
Is a stochastic trajectory

Steady state averages



A simple example



Active particles
Self-propulsion

Bacteria driving a motor Swarming birds



A stochastic active model



Heat into the solvent

Steady state



Neglecting thermal noise



Entropy production

Power exchanged with the 
active heat-bath at temperature 



Clausius relation for active 
particles

In the steady state



An example

Probability
density in 
x,u

Number
density 
and 
potential

Kinetic and
effective
temperatures Heat flux density,

entropy 
production density 
and its integral



In more than 1 dimension



Thanks for your attention!


