PHYS2581 Foundations2A: QM2 7

Hydrogen is subject to a perturbation from an external electric field E.,; in
the z direction, so H' = eF, ;1 cos 0

(a) The unperturbed n = 1 level in Hydrogen is non-degenerate (ignor-
ing spin) and has wavefunction 19, = (wa®)~'/2e7"/%. Show that
there is no first order correction to the ground state energy i.e. El =
S DisoH'PigedV = 0

(b) The unperturbed n = 2 level in Hydrogen is 4-fold degenerate, with
energy eigenfunctions
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Use degenerate perturbation theory to determine the first order cor-
rection, B2, to the n = 2 level by writing down a 4x4 matrix equation
with terms W;; =< i|H'j > for i,j = 1,2,3,4. [Hint: do the angle
integrals first as many of these are zero which saves you the trouble of
doing the radial integral!|

(c) Solve the matrix to determine all possible values of E;. Into how many
different energy levels does n = 2 split?

(d) Write down the wavefunctions x = |l > +3]2 > 4|3 > +§|4 > for
which we could have used non-degenerate perturbation theory.
Useful integrals (look up anything else you need):
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