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In classical mechanics the meaning of a conservation law is straightforward: the quantity in
question is the same before and after some event. Drop a rock, and potential energy is converted
into kinetic energy, but the fotal is the same just before it hits the ground as when it was
released; collide two billiard balls and momentum is transferred from one to the other, but
the total remains unchanged. But in quantum mechanics a system does not in general have a
definite energy (or momentum) before the process begins (or afterward). What does it mean,
in that case, to say that the observable Q is (or is not) conserved? Here are two possibilities:

o First definition: The expectation value (Q) is independent of time.
o Second definition: The probability of getting any particular value is independent of time.

Under what conditions does each of these conservation laws hold?

Let us stipulate that the observable in question does not depend explicitly on time:
aQ/dt = 0. In that case the generalized Ehrenfest theorem (Equation 3.73) tells us that the
expectation value of Q is independent of time if The operator Q commutes with the
Hamiltonian. 1t so happens that the same criterion guaranatees conservation by the second
definition.
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