PHYS2581 Foundations2A: example class 7
Hydrogen has unperturbed energies EY = EY/n?. The ground state has unperturbed
wavefunction 1%, = (ra®)~"/2¢7"/%. Hydrogen in the ground state is placed in an
external electric field, E.,; (Stark effect), in the z direction, so there is an additional
term to the potential energy of the electron of

H = —¢eF,;z = —eE,,;r cos

(a) Show that there is no first order correction to the ground state energy well poten-
tial, i.e. B} = [¢¥ H'Y,dV =0

(b) The second order correction to the ground state energy is given by
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where m represents a sum over all energy eigenstates. Calculate the contribution
to the second order correction to the ground state energy from each of the n = 2
levels. [Hint: do the angle integrals first as these are all zero except for one! this
saves you the trouble of doing the radial integral!]
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(c) Calculate the contribution to the second order correction to the ground state energy
from each of the n = 3 levels - the only one which does NOT have the angles

integrate to zero is
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Hence estimate E7 from the sum of the corrections from levels 2 and 3.

Useful integrals:
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