Part I (50 points)

1. Operators A and B do not commute with each other.

(a) Expand 
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(b) Expand 
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(c) If the commutator of A and B commutes with both of them, prove the identity  
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[Hint: verify the differential equation 
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2. For the fermion annihilation operator a, the following equations are satisfied: 
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(a) Show that 
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 has two eigenvalues. (10 points)
(b) Find the representation of a for which 
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 is diagonal. (10 points)
Part II (50 points)

1. Suppose we regard the electron as a classical particle with radius r, mass m, spinning with angular momentum
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. What is the speed, v, of a point on its “equator” ? What do you conclude from this ? ( set 
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2. Prove 
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       (b) 
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, where 
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is any vector with a magnitude 
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3. A particle in a spherically symmetric potential is in a state described by the wave packet
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What is the probability that a measurement of the square of the angular momentum yields 0? What is the probability that it yields 6
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? If the value of
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is found to be 2, what are the relative probabilities for m=2, 1, 0, -1, -2 ?     [25 points]

(Hint)
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Part III  (50 points)

1. Taking a trial wave function proportional to 
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, where 
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 is a variable parameter, use the variational method to obtain an upper limit for the energy of the ground state of the hydrogen atom in terms of atomic constants. 25 points

2. Solve the Schrodinger problem for a particle which is confined in a two-dimensional square box whose sides have length 
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 and are oriented along the 
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 and 
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 coordinate axes with one corner at the origin.. Find the eigenvalues and eigenfunctions. A small perturbation 
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 is now introduced. Find the energy change of the ground state and the first excited state in the lowest nonvanishing order. 25 points
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