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Exercise 17.2.1.* Consider H' = Ax* for the oscillator problem.
(1) Show that

3124
2 .2 [

El=
" Amle

1+2n+2n)

(2) Argue that no matter how small 4 is, the perturbation expansion will break down
for some large enough n. What is the physical reason?

Exercise 17.2.3. In our study of the H atom, we assumed that the proton is a point
charge e. This leads to the familiar Coulomb interaction ( —e/r) with the electron. (1) Show
that if the proton is a uniformly dense charge distribution of radius R, the interaction is

3e* &
r)= ——+—.
() 2R 2R’

=——, r>R

(2) Calculate the first-order shift in the ground-state energy of hydrogen due to this
modification. You may assume e”®“~1. You should find E'=2¢*R*/5a3.
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