
ZCT 205   Quantum Mechanics 

Tutorial 1 (25%) 

2 (i)  

Prove that for a wave function that is the solution to the Schroedinger equation, the 

normalization of the wave function is time-independent, 
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From Schroedinger equation :    
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Substitute (2) and (3) into (1) 

 

  
(∫ | (   )|   
 

  
)  ∫ {

  

  
[  (

   

   
)   (

    

   
)]}   

 

  
  ✓ 

 
  

  
∫

 

  
[  (

  

  
)   (

   

  
)]   

 

  
  ✓ 

 
  

  
[  (

  

  
)   (

   

  
)]
  

 

 (4) ✓ 

As     ,    , (4) becomes :  ✓ 
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2 (ii)  

Prove this :  〈 〉  ∫  (
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From 2(i) : 
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By using integration by parts : 
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As     ,    , (4) becomes : 
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By using integration by parts on second term : 
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As     ,    , (6) becomes : 
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Substitute into (1)  
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Problem 1.17 

A particle is represented (at time    ) by the wave function 
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(a) Determine the normalization constant  . 

(b) What is the expectation value of   (at time    )? 

(c) What is the expectation value of   (at time    )? (Note that you cannot get it from 

     〈 〉   . Why not?) 

(d) Find the expectation value of   . 

(e) Find the expectation value of   . 

(f) Find the uncertainty in   (  ). 
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Solution 

(a) Normalization condition : ∫ | (   )|    
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Since we only know 〈 〉 at    , we cannot calculate  〈 〉   . 
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Problem 1.16 

Show that  
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for any two (normalizable) solutions to the Schroedinger equation,    and   . 

  (5%) 

 

  
∫   

     
 

  
 ∫

 

  
(  

   )  
 

  
   

 ∫ [
   

 

  
   

   

  
  

 ]   
 

  
 (1)  ✓  

From Schroedinger equation :     
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Substitute into (1) 
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As     ,    , (4) becomes :  ✓ 
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