
Spin measurement

Let |s⟩ be the following spin state where θ and ϕ are Bloch sphere angles.

|s⟩ =
(

cos(θ/2)
sin(θ/2) exp(iϕ)

)
Find spin measurement probabilities for directions x, y, and z.

Eigenstates for the x direction.

|x+⟩ = 1√
2

(
1
1

)
, |x−⟩ = 1√

2

(
1
−1

)
Eigenstates for the y direction.

|y+⟩ = 1√
2

(
1
i

)
, |y−⟩ = 1√

2

(
1
−i

)
Eigenstates for the z direction.

|z+⟩ =
(
1
0

)
, |z−⟩ =

(
0
1

)
For spin measurements in the x direction

Pr
(
+ℏ

2

)
= |⟨x+|s⟩|2 = 1

2
+ 1

2
sin θ cosϕ

Pr
(
−ℏ

2

)
= |⟨x−|s⟩|2 = 1

2
− 1

2
sin θ cosϕ

For the y direction

Pr
(
+ℏ

2

)
= |⟨y+|s⟩|2 = 1

2
+ 1

2
sin θ sinϕ

Pr
(
−ℏ

2

)
= |⟨y−|s⟩|2 = 1

2
− 1

2
sin θ sinϕ

For the z direction

Pr
(
+ℏ

2

)
= |⟨z+|s⟩|2 = 1

2
+ 1

2
cos θ

Pr
(
−ℏ

2

)
= |⟨z−|s⟩|2 = 1

2
− 1

2
cos θ

Note that for each direction Pr
(
+ℏ

2

)
+ Pr

(
−ℏ

2

)
= 1 as required by total probability.
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