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Quantum forces

The Born-Oppenheimer hamiltonian for our solid was:

Quantum forces

For atoms/nuclei with free parameters, it makes sense to ask:
“which force do they feel when they are displaced?”

Classical force associated with the generalized coordinate g:
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Quantum version (given our context, we take as generalized coordinate

a displacement of one particular nucleus along the z-axis) :
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Quantum forces
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We need to know how the wave function changes
if that particular nucleus moves: complicated !

We need to know how the Hamiltonian changes
if that particular nucleus moves: straightforward!
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We need to know how the wave function changes

vz if that particular nucleus moves: complicated !
H= % We need to know how the Hamiltonian changes

if that particular nucleus moves: straightforward!
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(equation from http://enwikipedia.org/wiki/Hellmann-Feynman theorem

Quantum forces

So far the easy part. What about the wave function terms?
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Hellmann-Feynman theorem:
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in the ground state wave funchon, we know the z-component
of the force on this particular atom.




Quantum forces

Verbal interpretation :

"The force on an atom is equal to
the electrostatic force on its nucleus.”

Hellmann-Feynman theorem:
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By evaluating the hamiltonian z Z - Z Z/

in the ground state wave funchon we know the z- componenT
of the force on this particular atom.
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