Quantum Liouville operator ..

The density operator p(t) is a positive definite Hermitian operator. Like its
classical counterpart, the phase-space density p(X,t), it describes what we
know about the state of the system.

Normalization: Tr[p(t)] = 1. Expectation value: (A(t)) = Tr[Ap(t)].
Diagonal representation: p(t) = sz|7rl(t)><7rl(t)|

p;: probability of finding the system in the state |m;(t)).
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{|n)}: orthonormal basis. (n’|p(t)|n): elements of the density matrix.

Schrodinger equation:  H|m;(t)) = zh%h@(t»
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Liouville operator: L = ﬁ[H’ ].
Liouville equation: 12 — L[H, o = L
ouville equation: i— = — = Lp.
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Formal solution: p(t) = e~ p(0) = et/ p(0)e /",

Time evolution carried by density operator or by dynamical variable:
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Heisenberg equation: ma&)_t = —[H,A] = A(t) = /P A0)e P,

Density matrix in energy representation H|\) = F)|\):
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Stationarity of density operator: zha—i =0 = [H,p|=0.

= p is diagonal in the energy representation: p= >, pa|\)(A|.



