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The ladder operator L−  lowers the magnetic quantum number by 1 unit: , , 1L m m− | 〉 → | − 〉  . 

But when 2= , 2m = −  is the lowest possible magnetic quantum number, so it cannot be 
lowered to 3m = − , and the result is the null ket 0| 〉 , i.e. the ket for which 0〈Ψ | 0〉 =  for all 

| Ψ〉 (and also 0〈 0| 0〉 = ).  
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ϕ

α ϕ ϕ ϕ ϕ ϕ ϕ ϕ ϕ α ϕ ϕ ϕ ϕ

 〈 | = 
   = | 〉〈 | 〉〈 | + | 〉〈 | 〉〈 | = | 〉〈 | + | 〉〈 | ≠   

 

 

2     
def.

1 1 2 22

†2
† † † †

2 2 2 2

2
1 1 2 2 1 1 2 2

1 1 1 1 1 1 2

ˆ ˆ

ˆ ˆ ˆ1 1ˆ ˆ ˆ ˆ ˆ ˆ(1) ( )
( )

ˆ ˆ ˆ(2) ( )( )

H B

H HHB HH H H B

B BB

ϕ ϕ ϕ ϕ
α

α α α α

ϕ ϕ ϕ ϕ ϕ ϕ ϕ ϕ

ϕ ϕ ϕ ϕ ϕ ϕ ϕ

∗

= | 〉〈 | + | 〉〈 | =

 
= = = = =  
 

= = | 〉〈 | + | 〉〈 | | 〉〈 | + | 〉〈 | =

= | 〉〈 | 〉〈 | + | 〉 〈 | 〉 2 2 2 1ϕ ϕ ϕ ϕ〈 | + | 〉 〈 | 〉 1 2 2 2 2

1 1 2 2 B̂

ϕ ϕ ϕ ϕ ϕ

ϕ ϕ ϕ ϕ

〈 | + | 〉〈 | 〉〈 | =

= | 〉〈 | + | 〉〈 | =
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