                                                         Midterm exam I 
   Physics 206, 2004
1.  (4 points) Spectroscopic notation. 
       1) (2 points) Consider the state
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        2) (2 points) Consider the state 
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     2.  (7 points) Addition of angular momenta. 
   Consider three particles with the spins 
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   Assume that the wave function of the system is independent of the coordinates,  
    i.e. take into account only the dependence of the wave vector on the spin 

    projections. 
               1) (1 point)   Find the dimension of the Hilbert space of this system.
       2) (2 points) Find the possible values of the total angular momentum.

              [Hint: first add the two spins 
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               Then add 
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  and the composite spin
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       3) (2 points) How many linearly independent states exist for each possible  
              value of the total angular momentum? 

              [Hint: the total number of all linearly independent wave functions is equal to 

              the Hilbert space dimension from problem 2.1)]

        4) (2 points) Find eigenvalues of the following Hamiltonian
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             What is the degeneracy of each level?

3. (3 points) Wigner-Eckart theorem.
    Consider a system with zero total angular momentum. Show that the system has no 

     quadrupole moment.

      4. (6 points) Variational method.

          A particle of mass 
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is confined to move in one spatial dimension in the 
          potential  
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          1) (1 point) What is the dimensions of 
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          2) (1 point) Consider the following trial wave function
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                  Using the symmetry of the problem argue that the best approximation to    

                  the ground state wave function corresponds to 
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                  [Do not do any calculations!]
           3)  (4 points) Estimate the ground state energy with the variational method.

                 Use the trial wave function from problem 4.2) with 
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                 Check the dimensions of your result.
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