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This document lacks answers for certain questions. Would you like to help us complete them? 

If yes, Please send your suggested answers to nus.physoc@gmail.com. Thanks!  

 

 

Question 1 (a) (i) 

 
 

 

Question 1 (a) (ii) 
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Question 1 (b) 

 
 

 

Question 2 (a) (i) 

 
 

 

Question 2 (a) (ii) 

 
 

 

Question 2 (a) (iii) 

 

 

Question 2 (a) (iv) 

 
 

 

Question 2 (b) 
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Question 3 (a) 

  
  

 

       
                                       

                                            

                        

                          

                     

                     

 

Hence 
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Similarly, the second trace is: 

                                     
   

   

 

Note that   
   

 
   

 
  

               is symmetric in     index whereas       is 

antisymmetric in    , hence their product is zero. 

 

      

        

    
  

 

       
 

 

    
   

 
   

 
  

                                                                     
   

    

 

   
   

 
   

 
  

                                            

                                                                                                     

                                         

 

                       
   

                                           

 

Adding both, we have                     . 
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Now we sum over final    spins but average over initial    spins (2 possible spins), hence 

factor of 
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Question 3 (b) 

 

   
  

 

        
            

              
           

          
  

 

        
            

              
           

          

 

 

Question 4 (a) 

Question 4 (b) 

 

 

Question 4 (c) 
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Solutions provided by: 

Prof. Teo Kien Boon (Questions 3a-b) 

Bong Kok Wei (Questions 1, 2a(i),(ii),(iv), 2b, 4c) 

 


