Lecture 10

Interaction of atoms with external fields. Zeeman effect.

In 1896 P. Zeeman observed that the spectral lines of atoms were split in the presence of the
external magnetic field.

The atom's magnetic moment has orbital and spin contributions: _
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The interaction of the atom with an external field is described by HZE = ./H y B

The expectation value of such Hamiltonian can be calculate in the basis [LSJM,> if
Eze<<Eso<<Ere. In this case, the interaction of atom with the magnetic field can be treated as a
perturbation to the fine-structure levels. Using the vector model, we consider that in the presence
of the spin-orbit coupling, L and S precess about the fixed total angular momentum J:
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Their corresponding (time) averaged values are their projection along J:
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In the quantum treatment, the quantities in the brackets are expectation values in the form
<dMy|...|dMy>. Therefore, we get
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Zeeman effect and hyperfine structure

The total atomic magnetic moment is the sum of the electronic and nuclear moments:
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but we can neglect the nuclear contribution for most cases since i, << Mg (i"‘f o
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Then, the interaction Hamiltonianis +H = ?J-/ABJ’ B mass | ratio)

While this interaction does not depend on the nuclear spin, the expectation values depends on
the hyperfine structure. We consider the weak-field and strong-field cases.
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Zeeman effect of a weak field ( Je B <A)

_ =
In the weak-field regime, the interaction with the external field is weaker than A I :7J so it
can be treated as a perturbation to the hyperfine structure. In this regime, F and Mr are good
quantum numbers, but not M; and M,. Taking the projection of the magnetic moments along F
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The corresponding Zeeman energy shift is

E =9 Mp BMg

Zeeman effect of a strong field ( /41,) B < A)

If the interaction with the external field is greater than | T M:‘JM 57, F is not a good quantum
number. The effect of the hyperfine interaction can be calculated as a perturbation on the
eigenstates,
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x and y components average to zero
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in the precession about the field along
\w z-direction
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Example: Zeeman effect in hydrogen hyperfine levels

Energy (MHz)

3000

2000

1000

-2000

-3000

T="
J="

Low —C\e(cl

B Higk Hoed E4
| |

=

B (G)

Lecture 11 Page 4

1000

1500



