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The general rotation operator is given in terms of Eulerian angles φ, θ, ψ
by

U(φ, θ, ψ) = eiψJz/h̄eiθJy/h̄eiφJz/h̄.

Compute for j = 1 the 3× 3 rotation matrix

〈jm|U(φ, θ, ψ)|jm′〉

for the special case θ = 0. This Euler rotation carries the z axis to a new z̄
axis. What is the direction of z̄? For this special case of the rotation matrix,
compute the probabilities p(m, z̄;m′, z), that is, the probability of finding the
value of Jz̄ to be mh̄ given that the state was prepared in the state where Jz
had the value m′h̄. Why is this expected?

Solution: Quite generally,

〈jm|eiψJz/h̄eiθJy/h̄eiφJz/h̄|jm′〉 = eimψ〈jm|eiθJy/h̄|jm′〉eim′φ.

If θ = 0, the two successive rotations are about the z axis, z̄ = z. The
rotation matrix is

U(φ, 0, ψ) =

 ei(ψ+φ) 0 0
0 1 0
0 0 e−i(ψ+φ)

 .

The probabilities are p(m,m′) = δmm′ , which is obvious since the second
measurement simply confirms the first.
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