
CHEM 6472: Quantum Chem and Spectroscopy

Problem Set VII
Due Tues, Nov 26

1. Using

L̂x = Ŷ P̂z − ẐP̂y (1)

L̂y = ẐP̂x − X̂P̂z (2)

L̂z = X̂P̂y − Ŷ P̂x (3)

and
[X̂, P̂x] = ih̄ (4)

[Ŷ , P̂y] = ih̄ (5)

[Ẑ, P̂z] = ih̄ (6)

show that the raising and lowering operators

L̂± = L̂x ± iL̂y (7)

satisfy
[L̂z, L̂±] = ±h̄L̂± (8)

and
[L̂2, L̂±] = 0 (9)

where L̂2 = L̂2

x + L̂2

y + L̂2

z.

2. Show that
Y 1

2
(θ, φ) = −(15/8π)1/2sinθ cosθ eiφ (10)

is an eigenfunction of L̂z with eigenvalue h̄ and an eigenfunction of L̂2 with eigenvalue 6h̄2.
Then show that this function is normalized by integrating over the angular coordinates.

3. To a good approximation, the microwave spectrum of H35Cl consists of a series of equally
spaced lines, separated by 6.26 × 1011 Hz. Using the correct reduced mass, calculate the
bond length of H35Cl.
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