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Derivation of Newton’s equations of motion via the Eulero-Lagrange equation
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L(r1, . . . , rN , ṙ1, . . . , ṙN ) = K(ṙ1, . . . , ṙN )� U(r1, . . . , rN )

Solve the Eulero-Lagrange equation



From the Lagrangian…

L(r1, . . . , rN , ṙ1, . . . , ṙN ) = K(ṙ1, . . . , ṙN )� U(r1, . . . , rN )

… via Legendre transform
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…to the Hamiltonian
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Proof of the zero divergence of an Hamiltonian field
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Quantum ensemble averages via the density matrix
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Expand the wave function on a basis - which basis vectors have norm=1
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Derivation of the Liouville-Von Neumann equation

All we have to do is to take the time derivative of the density matrix:  

(I’ll drop summations and indexes but for 0 and t (time 0 and time t))
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~ Ĥt| (0)iRecall how we evolve the wave function in time

Also recall the commutator [Ĥ, ⇢̂] = H⇢̂� ⇢̂H
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