                      homework set-7 (due the Tuesday after the springbreak)
From Griffiths

7.1. (a) Follow section 2.5.2 to calculate the wavefunction and the energy of a particle in a delta potential, eq. [2.114].  (page 70)

    (b) page 77, solve problem 2.27 for the sum of two delta potentials exactly. Do part (a) and (b) of this problem.

    (c) We will next treat problem 2.27 approximately.

         Let 
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 are the ground state wavefunction of a single delta function potential at x=-a, and x=a, respectively. Write down 
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 explicitly. What is the Hamiltonian of problem 2.27 in the subspace of  
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? Write down the 2x2 matrix elements. Diagonalize this matrix and then compare the eigenvalues with the ones you obtained in part (b) above. You will note that there are small differences. Explain why they are different.

*** This problem cannot be done correctly without much more effort. ***

7.2. (a) (You need to use computers to do this problem) Next, we generalize the above problem to a long chain of (2N+1) centers. Assume that the potential is given by (9.124) of Bellac, page 286, except that there are (2N+1) centers, with p from -N to +N.  There are (2N+1) basis {
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} , each centered at the (2N+1) points, respectively.  Construct the (2N+1) x (2N+1) matrix, but by making additional assumptions that the wavefunction 
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 interacts with its nearest neighbors only ( that site i interacts with sites i-1 and i+1 only). This would give you a band matrix. Write or call a simple subroutine to find the eigenvalues. Use 2N+1=5, 11, 21, 41 and see how the eigenvalues evlove with N. 

(b) Compare your results with the infinite chains  shown in Fig, 9.19 of Bellac, page 288. Explain your observation.
(c) Compare with the method used in problem 5.5.3 in homework-set-6 for the case of 2N+1=5.
Additional problems

(you should do these problems on your own)
7.3. Consider a particle with spin ½, prepared intially in a state which has spin 
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 pointing at an angle of 
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 (quantization axis is along z) . This particle of mass m travels along the x-direction at constant speed v. It then enters a region of  length L along the x-direction which has a constant magnetic field B0 
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(a) What is the probability of finding the particle to have value 
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 if you measure its spin along the x-direction after it emerges from the magnetic field?

(b)  The same question except if you measure it not at the exit point, but at a distance L further down the path.

(c) If instead that the beam is travelling along the z-direction, but the magnetic field is in the x-direction, what is the probability of finding the particle with spin 
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 if you measure its spin along the x-direction.

7.4. Find the eigenvalues and eigenfunctions of the operator LxLy+LyLx for a spin 1 system. Read carefully, the spin is one.
 7.5. Find the eigenvalues and eigenvectors of the operator Sx+Sy for the spin ½ system. Calculate the expectation value of 
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for each eigenstate.
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