Final Exam Solutions Bilkent University

Fall 2023 Phys 325
1. (a) AT = (XP,X) = XTPIXT = XP,X = A, so A is Hermitian.
(b) [A, X] = XP.X? = X2P,X = X (XP, + [P, X] )X — X?P,X = —ihX?

—ih

(c) (n|Aln) = (n| XP,X |n) = (n] % (ay +a_)%(a_ —ay)%(ay +a_)|n) = 0 because none of the
product terms (each of which will contain three a4 operators) can contain equal numbers of a; and
a_ operators.

2. First, notice that L, |1,0) = hv/2 [1,1) and L_ |1,1) = Ay/2 |1,0).
We also have L, = (L4 + L_)/2 and L, = (Ly — L_)/2u.

(a) < Lo >y=( (1,1 = (1,0] ) L. ( [1,1) = [1,0) )/2 =h(1+0)/2 = h/2
(b) < Ly >y=( (11 = (1,0] ) (L + L) (1,1) = [1,0) )/4=h(-V2Z=V2)/4 = ~1/V2
(€) < Ly >y=( (LI = (1,0 ) (Ly = L) ([1,1) =[1,0) )/4i = h(—V2+ V2)/4i =0

3. Remember that [1) = ( 1) + L) )/vZ and [J) = (1) - L) )/v2
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So, a measurement of S, will result in same values (+h/2 with equal probabilities) for both particles.
That is because unlike the |0, 0) state, |1,0) state is not spherically symmetric.




