Workshop 9 - questions
1. Using Cartesian spin operator commutation relations:
[Sx.Sy]=i8, [S,.Sc]=i8, [8,.8,]=iS,
and the definitions of raising and lowering operators:

S, =S, +iS,

(a) calculate the following commutators:
[s,.8.] s8] [s.s]  [sh.s,]
(b) demonstrate that [Sz,SZ} =0, where 8> =83 +8S} +S, . Hint: use the fact that
S8, =8,8x +[Sx.S,]

2. Show that spin-1/2 operators

0 1/2 0 -i/2 1/2 0
Sy = s Sy =, , S;=
172 0 i/2 0 0 -1/2

(a) are Hermitian, have eigenvalues *1/2, and have orthogonal eigenvectors.

(b) are mutually orthogonal (i.e. their inner product is zero) with respect to the Frobenius
inner product, which is defined as follows (the dagger denotes conjugate-transpose):

(A|B)=Tr[A'B]
3. Using the definition of matrix trace (the sum of the diagonal elements), prove the following:

Tr(AB)=Tr(BA) Tr(ABC)=Tr(CAB)
Tr([A,B]C)=Tr(A[B,C])



