
Summary previous class 
(30.10: the 2nd law of thermodynamics)



Entropy and the 2nd law of thermodynamics
The concept of irreversibility is connected to something fundamental: 

Why is it not observed in nature that the gas in the free expansion case spontaneously 
moves back to the left of the container to occupy its initial state?

➢ There is nothing in the 1st law of thermodynamics forbidding this from happening
➢ There is nothing in the particle mechanics (Newton’s laws) of the individual particles 

forbidding this from happening 
➢ This is simply something we know from experience (or doing experiments) that doesn’t 

occur!!
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Entropy: the microscopical interpretation

➢Entropy is a difficult concept. From the macroscopic point of view, it was proposed as a
consequence of looking for state variables of the system that would be directly 
connected to the heat exchange (which is not a state variable).

➢ Since heat exchange and temperature are connected to atomic/molecular motions, 
entropy has a microscopical origin that is fully understood today in the are of Physics
known as statistical mechanics.
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➢Entropy is a difficult concept. From the macroscopic point of view, it was proposed as a
consequence of looking for state variables of the system that would be directly 
connected to the heat exchange (which is not a state variable).

➢ Since heat exchange and temperature are connected to atomic/molecular motions, 
entropy has a microscopical origin that is fully understood today in the are of Physics
known as statistical mechanics.

➢Microscopically, entropy is related to the number of all possible microscopical
configurations that the system can have in the same macroscopical state (i.e. the same
pressure, volume, temperature,…). This is a connection that was formally established
by Boltzmann in the 1870’s.
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➢Microscopically, entropy is related to the number of all possible microscopical

configurations that the system can have in the same macroscopical state (i.e. the same
pressure, volume, temperature,…). 

➢ The 2nd law states that system tend to evolve naturally (if not interfered with) from 
highly ordered configurations (less probable) to highly disordered configurations (more 
probable).
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link to PHET simulation

https://phet.colorado.edu/sims/html/diffusion/latest/diffusion_en.html
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Notice that having all red (blue) particles on the left (right) is physically possible (in fact, there are many ways to
arrange this configuration), but is vastly less likely that the system finds itself in such a subset of states, than in
the much larger subset of states that have a mixed configuration. In real systems with very large number of 
atoms/molecules, we never observe such an extremely unlikely occurrence.


