CHEMISTRY 273

SUMMARY OF IMPLICATIONSOF THE COMMUTATION OF
SYMMETRY OPERATORSAND THE HAMILTONIAN

1. Physical picture:
equivalent points ¢y, Gy, O, ..., &c., where & ¢ =g
for non-degenerate wavefunctions
Y2() = W*(dp) = W(d) --
() = £ (dp) = £W(GG) ... () = € W(dp) = €*W(d)...
The wave function must have the same magnitude at symmetry equivalent points, but the

sign relationships of Y at these points corresponds to the symmetry classifications of the
wavefunctions.

For an m-fold degenerate wavefunctions { Y1 -+ Y}
S WD = 5 Ui®) = 5 WD) .
i= i= i=
i.e., the relative signs and magnitudes of the Y’'s at symmetry equivalent points must

assure the equality of observable electron density of symmetry equivalent positions.

2. Mathematical picture:

Since H commutes with all symmetry operations of a point group (the O K'S).

(b) Eigenfunctions of H are also ei genfunctions of ﬁk ‘s and the eigenvalues of
Oy sare“good” quantum numbers.
[The set of eigenvalues Ej, ryj, roj... specify the actual state corresponding to y;.]

(© If al of the symmetry operators mutually commute, then a single set of vectors
(wavefunctions) are eigenvectorsfor all 0 ‘s. Inthiscase

ﬁkLIJi = W

and there is (almost) not reason to expect two Ej's to be the same, i.e., any
degeneracy is accidental.

(d) If symmetry operators do not mutually commute with one another, there must
be more than one set of eigenvectors of H. This implies degeneracy in the
eigenvalues and eigenvectors of H!



