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The problem:

Find the orientation of the polarized state
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using the two following methods:

(1) The first method is getting the polarized state by using the rotation matrices (around y axis
and then around z axis) on the up | ↑〉 state.
(2) The second method is by calculating the polarization vector (i.e. the expectation values of σi)

The solution:

(1)first we find the polarization for a general state by rotating an up | ↑〉 state first by θ around y
axis and then φ around z axis. It is given by:
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Where

Ry(θ) = e−iθ· 1
2
σy = cos

θ

2
− iσy sin

θ

2
=
(

cos θ
2 − sin θ

2

sin θ
2 cos θ

2

)

Rz(φ) = e−iφ· 1
2
σz = cos

φ

2
− iσz sin

φ

2
=

(
e−i φ

2 0
0 ei φ

2

)
Thanks to gauge freedom, we can write the general state as:
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So the state can be written with α = −φ
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Comparing |ψ〉 and | ~eθ,φ〉 gives θ = π

4 and φ = π
4

(2) The polarization vector is defined as:

~M = (〈σx〉, 〈σy〉, 〈σz〉)

Where

〈σi〉 = 〈Ψ|σi|Ψ〉
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For |ψ〉 state:
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Hence the polarization vector will be:
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Therefore the spacial orientation will be: θ = π

4 and φ = π
4
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