Problem A4: In the standard derivation of the Bohr formula, the nucleus is sta-
tionary and, therefore, the implicit assumption is that the mass of the nucleus is
infinite. However, the electron actually orbits around the center of mass of the
electron-nucleus system. The proper derivation would replace the electron mass
with the reduced mass of the system given by

meM

pi= Mo +—M7

where M is the nuclear mass. Use p to find the correct expression for the Bohr
energy F,. Show that the relative error in the ground-state energy of hydrogen is
given by
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where AF is the difference between the energy assuming a stationary nucleus and
the energy for finite-mass nucleus.
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