Problem 2: Quantum Operators

In this problem you will work with the ladder operators for angular momentum:
Ly =Ly+ily, L.=Ly—ily (1)
where
P o= LI+ Ly+L;

L2, my = €0+ 1)R%|E,m)
L.jtm) = mh|t,m) (2)

gﬁ’{ [1 pt] Show that the eigenvalues of any Hermitian operator are real.

[2 pt] Is the the operator Ly L_, the product of the angular momentum ladder opera-
tors, Hermitian? Show your work to justify your answer.

N . .

fc-h [4 pt] Determine the results of the operations: Li|f,m) and L_|€,m). Show all of your
work and make sure you determine all constants correctly.
Hint: The commutation relation [L., L.t} and the matrix elements (£, m|Ly L=}, m)

might be useful.

(@N [3 pt] Using the results from part (c), prove that —£ < m < +£. Explain the physics
7 of this result in terms of the operstors L? and L,.
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