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* NOTE: This set of solutions is incomplete. Would you like to complete this document?  Please e-mail Physoc (nus.physoc@gmail.com) for more details. ☺       
1)  

a) # = % &1 0 00 0 00 0 −1* , ,- = ℏ√0 &0 1 01 0 10 1 0* , ,1 = ℏ &1 0 00 0 00 0 −1* 
b) ,- = +ℏ, 0, −ℏ 

|,- = +4ℏ〉 = |467〉 = 12 & 1√21 * 
|,- = 40〉 = |469〉 = 1√2 & 10−1* 
|,- = −4ℏ〉 = |46:〉 = 12 & 1−√21 * 

c) ,1 = +ℏ, 0, −ℏ 
|4,1 = +ℏ〉 = |41〉 = &100* , |4,1 = 0〉 = |42〉 = &010* , |4,1 = −ℏ〉 = |3 = &001* 

d) ,< = +ℏ, 0, −ℏ 
e) |4=(0)〉 = |467〉 = >0 & 1√21 * 
f) ?4=(@)〉 = A:BCDℏ ? 4=(0)〉 

= 12 A:EFGℏ H|41〉 + √2|42〉 + |43〉I 
= 12 J|41〉A:EKGℏ + √2|42〉 + |43〉AEKGℏ L 
= 12 MA:EKGℏ√2AEKGℏ

N 
g) O=(@)|,-|=(@)P = >Q ∙ ℏ√0 JABSDℏ √2A:BSDℏ L &0 1 01 0 10 1 0* MA:BSDℏ√2ABSDℏ

N 
= ℏ cos J%@ℏ L 
= O=(0)|,-|=(0)P = +ℏ,   
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whenever %@ℏ = 2VW, i. e. whenever @ = 2VWℏ%   (V = 1,2, … ) 
h) O=(@)|,1|=(@)P = O=(0)|,1|=(0)P = 0 at any @. 

,YVZA  [#, ,1\ = 0   ⇒    ^〈,1〉^@ = 0 
that is, 〈,1〉 is a constant of motion and does not change with t. 

 

2)  

 

3)  

 

4) First, formulate the problem. 

Let @ = 0 be the time at which particles just pass the 1st SGZ device, that is, |4=(@ = 0)〉 = |4+`〉 
After flying in a9bc field for @ = defe, the state right before entering the second 
SGZ device is |4=(@)〉 = A:BCDℏ |4=(0)〉 
Find out @, such that |O−`|=(@)P|0 = >Q 
Hamiltonian,  

# = −gh ∙ aih = − j(−A)2kZ ,l = m9,l = m9ℏ2 (|4+n〉〈+n4| − |4−n〉〈−n4|) 
o(@) = A:EFGℏ = A:EpeG0 |4+n〉〈+n4| + AEpeG0 |4−n〉〈−n4| O−`|=(@)P = O−`|o(@)|+`P 

= 1√2 (1 1) &A:EpeG0 00 AEpeG0 * 1√2 q11r 
= 12 JA:EpeG0 + AEpeG0 L 
= cos Jm9@2 L  [in Z basis\ 

|O−`|=(@)P|0 = 14 = cos0 Jm9@2 L ⇒ cos Jm9@2 L = 12 m9@2 = W3 , @ = 2W3m9    ⇒     v9 = 2W3m9 w9 
 

5)  

 

 


