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13.2: Adiabatic Invariance and Quantum Mechanics

This finding, the invariance of [Math Processing Error] for slow variation of the potential strength in a simple harmonic oscillator,
connects directly with quantum mechanics, as was first pointed out be Einstein in 1911. Suppose the (quantum mechanical)
oscillator is in the energy eigenstate with [Math Processing Error]. Then the spatial wave function has [Math Processing Error]
zeros. If the potential is changed slowly enough (meaning little change over one cycle of oscillation) the oscillator will not jump to
another eigenstate (or, more precisely, the probability will go to zero with the speed of change). The wave function will gradually
stretch (or compress) but the number of zeroes will not change. Therefore the energy will stay at [Math Processing Error], and
track with [Math Processing Error]. Of course, the classical system is a little different: the quantum system is “locked in” to a
particular state if the perturbation has vanishingly small frequency components corresponding to the energy differences [Math
Processing Error] to available states. The classical system, on the other hand, can move to states arbitrarily close in energy. Landau
gives a nontrivial analysis of the classical system, concluding that the change in the adiabatic “invariant” is of order [Math
Processing Error] for an external change acting over a time [Math Processing Error].

This page titled 13.2: Adiabatic Invariance and Quantum Mechanics is shared under a not declared license and was authored, remixed, and/or
curated by Michael Fowler.

https://phys.libretexts.org/@go/page/29478



https://libretexts.org/
https://phys.libretexts.org/@go/page/29478?pdf
https://phys.libretexts.org/Bookshelves/Classical_Mechanics/Graduate_Classical_Mechanics_(Fowler)/13%3A_Adiabatic_Invariants_and_Action-Angle_Variables/13.02%3A_Adiabatic_Invariance_and_Quantum_Mechanics
https://phys.libretexts.org/Bookshelves/Classical_Mechanics/Graduate_Classical_Mechanics_(Fowler)/13%3A_Adiabatic_Invariants_and_Action-Angle_Variables/13.02%3A_Adiabatic_Invariance_and_Quantum_Mechanics
https://phys.libretexts.org/Bookshelves/Classical_Mechanics/Graduate_Classical_Mechanics_(Fowler)/13%3A_Adiabatic_Invariants_and_Action-Angle_Variables/13.02%3A_Adiabatic_Invariance_and_Quantum_Mechanics?no-cache
http://galileo.phys.virginia.edu/~mf1i/

