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adjacent levels differ in energy by 1eU>2m2B = mBB. We can understand this 
in terms of the connection between degeneracy and symmetry. With a magnetic 
field applied along the z-axis, the atom is no longer completely symmetric under 
rotation: There is a preferred direction in space. By removing the symmetry, we 
remove the degeneracy of states.

Figure 41.13 shows the effect on the energy levels of hydrogen. Spectral lines 
corresponding to transitions from one set of levels to another set are correspond-
ingly split and appear as a series of three closely spaced spectral lines replacing a 
single line. As the following example shows, the splitting of spectral lines is quite 
small because the value of mBB is small even for substantial magnetic fields.

41.13 This energy-level diagram for  
hydrogen shows how the levels are split 
when the electron’s orbital magnetic  
moment interacts with an external  
magnetic field. The values of ml are 
shown adjacent to the various levels. The 
relative magnitudes of the level splittings 
are exaggerated for clarity. The n = 4 
splittings are not shown; can you draw 
them in?
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 ExamplE 41.5  an atom in a magnEtic fiEld

An atom in a state with l = 1 emits a photon with wavelength 
600.000 nm as it decays to a state with l = 0. If the atom is placed 
in a magnetic field with magnitude B = 2.00 T, what are the shifts 
in the energy levels and in the wavelength that result from the 
interaction between the atom’s orbital magnetic moment and the 
magnetic field?

SoLuTion

idenTifY and SeT uP: This problem concerns the splitting of 
atomic energy levels by a magnetic field (the Zeeman effect). We 
use Eq. (41.35) to determine the energy-level shifts. The relation-
ship E = hc>l between the energy and wavelength of a photon 
then lets us calculate the wavelengths emitted during transitions 
from the l = 1 states to the l = 0 state.

execuTe: The energy of a 600-nm photon is

  E =
hc

l
=

14.14 * 10-15 eV # s213.00 * 108 m>s2
600 * 10-9 m

  = 2.07 eV

If there is no external magnetic field, that is the difference in 
energy between the l = 0 and l = 1 levels.

With a 2.00-T field present, Eq. (41.35) shows that there is no 
shift of the l = 0 state (which has ml = 0). For the l = 1 states, 
the splitting of levels is given by

  U = ml mBB = ml15.788 * 10-5 eV>T212.00 T2
  = ml 11.16 * 10-4 eV2 = ml 11.85 * 10-23 J2
The possible values of ml for l = 1 are -1, 0, and +1, and the 
three corresponding levels are separated by equal intervals of 
1.16 * 10-4 eV. This is a small fraction of the 2.07-eV photon 
energy:

 
∆E

E
=

1.16 * 10-4 eV

2.07 eV
= 5.60 * 10-5

The corresponding wavelength shifts are about 15.60 * 10-52 *  
1600 nm2 = 0.034 nm. The original 600.000-nm line is split into 
a triplet with wavelengths 599.966, 600.000, and 600.034 nm.

evaLuaTe: Even though 2.00 T would be a strong field in most labo-
ratories, the wavelength splittings are extremely small. Nonetheless, 
modern spectrographs have more than enough chromatic resolving 
power to measure these splittings (see Section 36.5).
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