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Problem 20

We 
onsider a rotationally invariant Hamiltonian. Let E be an eigenvalue of H with

eigenspa
e VE spanned by the spheri
al harmoni
s Y1m(ϕ, ϑ) = cosϑeimϕ
with a �xed

radial part R, i.e. VE = span({R(r)Y1m(ϕ, ϑ) : m = −1, 0, 1}).2

VE 
arries a three-dimensional irredu
ible representation ofO(3), de�ned by (Γ(U)ψ) (x) =
ψ(U−1x). O(3) 
ontains the subgroup D3 = {e, C, C̄, σ1, σ2, σ3} ∼= S3, where C and C̄

denote rotations about the z-axis (
f. Se
tion 2.4.1).

Study the e�e
t of perturbations that are only invariant under D3 or Z3
∼= {e, C, C̄}.

Determine the relevant irredu
ible representations with their multipli
ities and sket
h the

possible splitting of energy levels.

Problem 21

We 
onsider again more the CO2 mole
ule of Problem 12.

a) How many non-equivalent irreps does the symmetry group V4 have, and what are

their dimensions?

b) Determine the 
hara
ter table for V4.

In Problem 12 we found a six-dimensional representation of V4.


) Whi
h irreps are 
ontained in this six-dimensional representation?
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