PROBLEM 3: Matrix Mechanics

Let A, B and C be three ensembles that are represented in the orthonormal basis |e1),
leg) and |es),

1 0 0
ley=1 0 ], leay =1 1 |, lesy ={ O
0 0 1
by
010 1 -3 0 2 00
A= 1 0 0 , B = -3 1 0 , C= 010
0 0 1 0 0 -2 0 0 1

The eigenvalues of A are doubly degenerated, a = 1, 1, —1, with eigenvectors

1 1 0 1 1
a=1L,0)=—1{(1 1], a=1,2)=4{ 0 |, a=—1)=-—1 —1
| ) 7 | ) X | ) 7\
The eigenvalues of C' are also doubly degenerate, ¢ = 2, 1, 1, with eigenvectors:
1 0
lce=2)=1{ 0 |, fe=11)=1{ 1], le=1,2)=1 0
0 1

Assume that all particles in the ensemble are in the state [},
1 1 1
) = §|€1> - '2‘|€2> + EI%)-
Answer the following questions:
a) Find the probability of measuring C' and obtaining a value ¢ = 2; then immediately
measuring A and getting a = 1, i.e. find Pyy(c = 2,a = 1). Identify the intermediate state

[¢') after C' is measured. (2 Points)

b) Now find the probability if those measurements are performed in the reverse order, i.e.,
find Piy)(a = 1,c = 2). Identify the intermediate state [¢)") after A is measured. (2 Points)

c) Compare the results of parts a) and b) and explain why this happened. (1 Point)

d) If you are told that the eigenvalues of B are b = —2, —2, 4, justify whether or not the
following 2 probabilities Pyy(a = —1,b = 4) and Py)(b = 4,a = ~1) will be equal (do
NOT explicitly calculate the probabilities). Will the final states be the same or different?
Explain. (2 Points)

e) Does { A, B} constitute a complete set of commuting observables? Demonstrate explicitly.
(3 Points)
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