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https://en.wikipedia.org/wiki/Liouville%27s_theorem_(Hamiltonian)

Hamilton's eq's describe a flow in phase space.  Liouville's theorem asserts that 

it is incompressible.  This is another conservation principle, the conservation of 

phase space volume, and the particles inside the volume evolve in phase space 

according to Hamilton's equations.  An incompressible fluid has no divergence: 

The actual outward flow of particles is called the flux density

Thus the convective derivative of density only depends on the divergence of the velocity.

The same applies to the density in phase space (p,x), where the divergence is always zero: 

We relate this to     by taking the derivative along the trajectory 

(convective derivative) by using the chain rule for partial derivatives:
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Similar concepts (chain rule, Hamilton's equations) can be used to calculate the convective 

derivative on any function         along the trajectory of a particle:

This is the classical mechanical analog of the commutator in quantum mechanics.

In terms of the Poisson bracket, Liouville's theorem is written
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