
Atomic Physics 80301 Problem Set 7 Fall 2005

The answer to these problems will be collected in class on Nov. 2.

1. Zeeman effect: The vector potential for a uniform magnetic B can be written
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(a) Show that the interaction Hamiltonian of an electron with this field is
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assuming that the field is oriented along the z axis.

(b) Show that the expectation value of the many-electron Hamiltonian Hint =
∑

i hint(ri) for a one-
valence electron atom in state v reduces to

〈vmv|Hint|vmv〉 = −ecBκ 〈−κvmm|C1
0 |κvmv〉 (r)vv

in the independent-particle approximation. Here,

(r)vv = 2
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(c) Evaluate (r)vv in the Pauli approximation and show that the interaction energy can be written

W = −µBBgvmv

where the Landé g-factor is given by

gv =
κv(κv − 1/2)

jv(jv + 1)
.

This factor has the value 2, 2/3, 4/3, 4/5, 6/5, for s1/2, p1/2, p3/2, d3/2, d5/2 states, respectively.
In the above, µB = e/2m is the Bohr magneton. Its value is e/2 in atomic units.

2. Isotope Shift in Li:

(a) Using experimental energies from the NIST data base, evaluate the normal mass shift correction
to energies of the 2s and 2p states of the isotopes 6Li and 7Li.

(b) Assuming that the 1s wave function of Li is a Coulomb wave function in a field with Z = 3−5/16
and that the 2s and 2p wave functions are Coulomb wave functions in a field Z = 1 + 1/8,
determine the specific mass shift for 2s and 2p states of 6Li and 7Li.

(c) Combine the above calculations to determine the difference between 2s energies in the two isotopes.
Repeat the calculation for 2p levels. What shift (cm−1) is expected in the 2s − 2p transition
energy? What shift (MHz) is expected in the transition frequency? What shift (Å) is expected
in the transition wavelength?


