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1. The eigen state |− ⟩𝑥   in the 𝑆𝑧 basis is given by: 

|− ⟩𝑥 =
1

√2
(

1
−1

) 

By the Born rule the probability of being the in the, |− ⟩𝑥 state is: 

𝑃 = |⟨−|𝑥 𝜓⟩  |2 

= | 
1

√2
 (1 −1) 

1

√25
 (

3
4

)|
2

 

= |
1

√50
(3 − 5)|

2

  

=
1

50
  

 

2. The Schrodinger equation is given: 

𝑖ℏ
𝜕

𝜕𝑡
 |𝜓(𝑡)⟩ = �̂�|𝜓(𝑡)⟩ (1) 

where: 

 �̂� =  −𝜇 ⋅ �⃑⃑� (2) 

Since this doesn’t depend on time the solution is: 

|𝜓(𝑡)⟩ = 𝑒−
𝑖�̂�𝑡

ℏ  |𝜓(0)⟩ (3) 

 



You can easily very it satisfies Eq. (1) and meets the boundary condition. Now, looking at Eq. (2), we 

note: 

𝜇 = 𝛾
ℏ

2
 �⃑� (4) 

Where 𝛾 = −𝑔
𝑒

2𝑚
 and 𝑔 is the gyromagnetic constant. We’ll use 𝑔 = 2, which is correct to leading 

order (we’ll ignore higher order corrections to this) and 𝛾 = −
𝑒

𝑚
.  Thus, 

�̂� =  
1

2

𝑒

𝑚
 �⃑⃑� ⋅ �⃑� (5) 

 

Inserting Eq. (5) into (3): 

𝜓(𝑡) =  𝑒−𝑖𝑡 
𝑒|�⃑⃑�|

𝑚
 �̂�⋅�⃑⃑⃑�  𝜓(0) 

We used �⃑⃑� = |�⃑⃑�| �̂�.  Letting 𝜔 =
𝑒

𝑚
|�⃑⃑�| be the classical cyclotron frequency then: 

𝜓(𝑡) =  𝑒−
𝑖𝜔𝑡

2
 �̂�⋅�⃑⃑⃑�  𝜓(0) 

We now use that fact that if we have a vector 𝐴 = 𝑎 �̂�  then: 

𝑒𝑖 𝑎 𝐴⋅�⃑⃑⃑� = 𝐼 cos(𝑎) + 𝑖(�̂� ⋅ �⃑�) sin(𝑎)  

Therefore, the general solution to Eq. (1) is: 

𝜓(𝑡) = (𝐼 cos (
𝜔𝑡

2
) − 𝑖(�̂� ⋅ �⃑�) sin (

𝜔𝑡

2
))  𝜓(0) 

Now we insert �̂� = 𝐵0 �̂�  and 𝜓(0) =
1

√2 
(

1
−1

): 

 

𝜓(𝑡) =
1

√2 
(𝐼 cos (

𝜔𝑡

2
) − 𝑖𝜎𝑧 sin (

𝜔𝑡

2
)) (

1
−1

) 

𝜓(𝑡) =
1

√2 
[(

cos (
𝜔𝑡

2
) 0

0 cos (
𝜔𝑡

2
)

) + (
−𝑖 sin (

𝜔𝑡

2
) 0

0 𝑖 sin (
𝜔𝑡

2
)

)] (
1

−1
) 

=
1

√2 
(

cos (
𝜔𝑡

2
) − isin (

𝜔𝑡

2
) 0

0 cos (
𝜔𝑡

2
) + isin (

𝜔𝑡

2
)

) (
1

−1
) 

=
1

√2 
(𝑒−𝑖

𝜔𝑡
2 0

0 𝑒+𝑖
𝜔𝑡
2

) (
1

−1
) 

 



𝜓(𝑡) =
1

√2 
(𝑒−

𝑖𝜔𝑡
2

−𝑒
𝑖𝜔𝑡

2

)  

Note: alternatively, you can solve the eigenvalues and eigenvectors of Eq. (5), use |𝜓(𝑡)⟩ =

 ∑ 𝑐𝑛𝑒−
𝑖𝐸𝑛𝑡

ℏ𝑛  |𝑛⟩ and use the boundary condition to find the coefficients. 

 

3. By the Born rule the probability is given by: 

 

𝑃(𝑡) = |⟨𝜙|𝜓(𝑡)⟩|2 

= |
1

√2
(1 −𝑖)

1

√2 
(𝑒−

𝑖𝜔𝑡
2

−𝑒
𝑖𝜔𝑡

2

) |2 

= |
1

2
(𝑒−

𝑖𝜔𝑡
2 + 𝑖𝑒

𝑖𝜔𝑡
2 ) |2 

=
1

4
| (cos (

𝜔𝑡

2
) − 𝑖 sin (

𝜔𝑡

2
) + 𝑖 (cos (

𝜔𝑡

2
) + 𝑖 sin (

𝜔𝑡

2
))) |2 

=
1

4
| (cos (

𝜔𝑡

2
) − sin (

𝜔𝑡

2
) + 𝑖 (cos (

𝜔𝑡

2
) − sin (

𝜔𝑡

2
))) |2 

=
1

4
| cos (

𝜔𝑡

2
) − sin (

𝜔𝑡

2
) |2 |1 + 𝑖|2 

=
1

4
(cos2 (

𝜔𝑡

2
) − 2 sin (

𝜔𝑡

2
) cos (

𝜔𝑡

2
) + cos2 (

𝜔𝑡

2
) ) (1 + 1) 

=
1

2
(cos2 (

𝜔𝑡

2
) − 2 sin (

𝜔𝑡

2
) cos (

𝜔𝑡

2
) + sin2 (

𝜔𝑡

2
) )  

=
1

2
(1 − 2 sin (

𝜔𝑡

2
) cos (

𝜔𝑡

2
) )    (𝑈𝑠𝑒 sin 2𝜃 = 2 cos 𝜃 sin 𝜃) 

=
1

2
(1 − sin(𝜔𝑡) )  

 


