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7.1.1 Rotation spectra of diatomic molecules

Knowledge of the spectrum of the angular-momentum operators enables
us to understand an important part of the dynamics of a diatomic molecule
such as carbon monoxide. For some purposes a CO molecule can be
considered to consist of two point masses, the nuclei of the oxygen and
carbon atoms, joined by a ‘light rod’ provided by the electrons. In this
model the molecule’s moment of inertia around the axis that joins the
nuclei is negligible, while the same moment of inertia I applies to any
perpendicular axis.
In classical mechanics the rotational energy of a rigid body is

2 2 2
(é Iy ‘7—) (7.17)

E=1
I, 1, L

2

where the I, are the moments of inertia about the body’s three princi-
pal axes and J is the angular-momentum vector due to the body’s spin.
We conjecture that the equivalent formula links the Hamiltonian and the
angular-momentum operators in quantum mechanics:

R2/J2  J? g2
H=—(1—1+I—y+l—2>. (7.18)
T y z

The best justification for adopting this formula is that it leads us to results
that are confirmed by experiments.

In the case of an axisymmetric body, we orient our body such that
the symmetry axis is parallel to the z-axis. Then I = I, = I,, and the
Hamiltonian can be written

R (J2 /1 1

From this formula and our knowledge of the eigenvalues of J2 and J,, we
can immediately write down the energies that form the spectrum of H:

Ejm=%2{w+m2 (%—%)} (7.20)
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Figure 7.2 The rotation spectrum of CO. The full lines show the measured frequencies
for transitions up to j = 38 — 37, while the dotted lines show integer multiples of the
lowest measured frequency. Up to the line for j = 22 — 21 the dotted lines are obscured
by the full lines except at one frequency for which measurements are not available.
For j > 22 the separation between the dotted and full lines increases steadily as a
consequence of the centrifugal stretching of the bond between the molecule’s atoms.
Measurements are lacking for several of the higher-frequency lines.
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Figure 11.4
The radial probability distribution p(r) for an energy eigenstate with principal quantum number »
and £ =n — 1 vanishes for = 0 and approaches zero as r —o. For the intermediate value » =

n?ao, it reaches its peak value.
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Figure 12.2
A magnetic dipole in a nonuniform magnetic field will experience a force. The force points in the
direction for which u - B grows the fastest. In this case the force is downward.
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