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1. Consider a hydrogen atom with the potential        
   

 
.   The radial equation for an 

electron in the atom is given by  

 
   

      
                      

     
  

           
        

       , m is the reduced mass  

 

For bound states solution, define         , with     

 

a) Using the change of variables technique, with      where          , show that the 

radial equation can be written as 

 
   

   
     

 

 
 

      

  
                  

     

   
                                            (4 points) 

 

 

b) Write down the last equation and it is general solution for the case               (2 points)      

 

c) Write down the last equation and it is general solution for the case              (2 points)   

 

d) Write down the general solution of the radial equation that is valid everywhere   (2 points) 

 

 

2. The radial wave function of an electron in the Hydrogen atom is given by  

          
 

   
                                                                                                            

a) Find the normalization constant A                                                                     (3 points) 

                                                                

b) Calculate                                                                                                         (3 points) 

                                                                                               

c) Calculate            for                                                                       (2 points) 

 

Hint: you need to express          in terms of       
          

 

3. A beam was prepared to be polarized in the           direction. The beam is then directed 

into an analyzer that measures the spin along the x-direction. Now the general definition of  

an arbitrary spin state is defined by  

 

                                 
 

  
 
          

 
  

 
          

           and       
  

  
 
          

 
  

 
          

  

 

Where      is the spin state that points up along      , and     is the spin state that points down along  

    

a) Find the probability of measuring   
 

 
                                                                    (4 points) 

 

b) Find  <Sx > , where      
 

 
  

  
  

                                                                        (3 points)  

  


