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Workshop 9 - questions 

1. Using Cartesian spin operator commutation relations: 

 [ ] [ ] [ ]X Y Z Z X Y Y Z X,      ,      ,i i i= = =S S S S S S S S S  

and the definitions of raising and lowering operators: 

 X Yi± = ±S S S  

(a) calculate the following commutators: 

 [ ] [ ] [ ] 5
Z + X Z Z,           ,           ,           ,− + −   S S S S S S S S  

(b) demonstrate that 2
Z, 0  = S S , where 2 2 2 2

X Y Z= + +S S S S . Hint: use the fact that 

[ ]X Z Z X X Z,= +S S S S S S  

2. Show that spin-1/2 operators 
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i

i
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S S S  

(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): 

 †Tr  =  A B A B   

3. Using the definition of matrix trace (the sum of the diagonal elements), prove the following: 
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