
QM A1 

2 2
13

2
p p

13
13

19 19

3.69 10  J
2 2 ( )

1 eV 3.69 10  J3.69 10  J 2.3 MeV,  binding energy must be of the same order
1.602 10  J 1.602 10  J

p
x p p K

x m m x

K

−

−
−

− −

∆ ∆ ≈ ⇒ ≈ ⇒ = ≈ = ×
∆ ∆

×
= × ∗ = ≈

× ×

 



QM A2 

a. 
† †2 3 † † 2 † 3 †1 1 1 1

2! 3! 2! 3!
ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆexp( ) ... ( ) ( ) ...A I A A A I A A A     = + + + + = + + + + =     

2 31 1
2! 3!

ˆ ˆ ˆ ˆ ˆ... exp( )     HermitianI A A A A = + + + + = 

b. ( )†
† † † † † † † †† † † †† † † †ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ[ , ] [ , ] ( ) ( ) ( ) [ , ]i Q Q Q Q i i QQ Q Q i Q Q Q Q i QQ Q Q i Q Q= = − − = − − = − − = −

not Hermitian

c. ˆ ˆ ˆ ˆ ˆ ˆ[ , ] ( )n n n n n nd d dx p x p px x x x
i dx i dx i dx

ψ ψ ψ ψ ψ ψ= − = − =
   1n n dnx x

i i dx
ψ ψ−− −

 

=  

( )1 1ˆn ni nx i nxψ ψ− −= =   

QM A1

QM A2



QM A3

QM A4



QM B1



QM B2



, ( 1)( ) , 1

, ( )( 1) , 1

L m m m m

L m m m m
+

−

| 〉 = + + − | + 〉

| 〉 = + − + | − 〉

    

    

ANSWERS 

Part a. 
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This probability is 
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Part d 

Applying the raising operator twice leaves us with just an 1m = +  term:  
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For some general state 
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component with the lowest value of n is no longer there after the creation operator acted, so the 
state that results from the action of the creation operator can never be proportional to the 
original state. 
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