Test A 
1. Ignore normalization issues pertaining to the wave function. The wave function for a given quantum system is
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at time t=0. Is the momentum of the particle wave well defined at t=0? Is the position of the particle wave well-defined? Explain. (A physical observable is well defined when it has a definite value for a given wavefunction.)
2. Suppose both particles I and II are interacting with the same potential energy well. At time t=0, the wavefunction of particle I is 
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 everywhere else. The wavefunction of particle II is 
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 everywhere else. The constant 
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 is a positive real number. Which one of the particles, I or II, has a larger uncertainty in its momentum at time t=0? Explain.
3. Suppose at time t=0, the position space wavefunction for a particle is not given explicitly but its momentum space wavefunction is given. Is it possible to determine the uncertainty in the position of the particle at time t=0 without knowing the Hamiltonian of the system? Explain.
4. Consider the following statements about the uncertainty principle. 

The uncertainty principle between position and momentum makes sense. When the particle is moving fast, the position measurement has uncertainty because you cannot measure the position precisely…it is a blur. If the particle has a large speed, the position measurement cannot be very precise.
Explain why you agree or disagree with these statements.

Hermitian operators 
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. Answer the following questions. Assume 
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 are Hermitian operators corresponding to observables A and B, respectively, in a given Hilbert space. 
5. Suppose compatible operators 
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 and 
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 only have non-degenerate eigenstates. Explain whether you agree or disagree with the following statements.
(1) We can find a complete set of simultaneous eigenstates for 
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(2) We can infer the value of the observable B after the measurement of the observable A returns a particular value for A. 

6. Explain whether the following pairs of observables can be measured simultaneously in a given quantum state (we can predict their values with certainty). 

(1) 
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(2) The y-component of the position operator 
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 and the x-component of the momentum operator 
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7. In a finite dimensional vector space, the eigenvalue spectra of two incompatible operators 
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 corresponding to observables have no degeneracy. The eigenvalue equation for 
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 with eigenvalue 
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 is given by
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. Consider the following situations: (I) measure observable A first and then measure observable B immediately afterwards; (II) directly measure B without measuring A first. 

The initial state when the first measurement is performed in each of these two situations is the same, i.e., a generic state
[image: image28.wmf]Y

, which is not an eigenstate of 
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 or 
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. Will the probability (with respect to the initial state 
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) of obtaining a particular eigenvalue 
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 when B is measured be the same in situations (I) and (II)? You must write the probabilities in the two situations explicitly to justify your answer. 

8. The generalized uncertainty principle for 
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. Consider the following statements: If the initial state of a spin-1/2 particle is 
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, we have 
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. Therefore, in this special case, we can measure 
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 simultaneously with certainty.
Explain whether you agree or disagree with the statement.
The orbital angular momentum eigenstates for an electron in a Hydrogen atom can be represented by 
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 is the quantum number for the square of the orbital angular momentum 
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 is the quantum number for the z-component of the orbital angular momentum 
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. Answer the following question: 

9. Suppose the orbital angular momentum state of the electron in a Hydrogen atom is 
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 where the first quantum number in each 
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 for this superposition state refers to the total orbital angular momentum quantum number and the second quantum number refers to the z component of orbital angular momentum as noted above. If you measure the z-component of the orbital angular momentum and obtained the value zero, what is the orbital angular momentum part of the state of the system after the measurement? Does the square of the orbital angular momentum have a definite value in this state (right after the measurement of the z-component of the orbital angular momentum)? Explain. 
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