note-1 
1. One-dimensional Schrodinger equation-- bound states 
 (1.1)  General remarks:  QM vs classical
 (1.2)  Infinite square-well  or particle in a box  [G:58-70]
        For a particle in a potential 
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     Eigenvalues, eigenfunctions, and quantum numbers.
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,  n is the quantum number
      The allowed energies take discrete values. The eigenfunctions are orthogonal. The quantum number n "identifies" the system.
(1.3) Choose coordinates such that the potential is symmetric: parity
        Choose         
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           The potential is invariant under  a parity operator P, Px=-x. The eigenfunctions have either even or odd parity. The condition
                       [P, H]=0

      is satisfied,   i.e., the parity operator commute with the Hamiltonian.

(1.4)  The eigensolutions of a Hermitian operator form a complete set ( or a Hilbert space)
     For any function in the same domain 
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       where n can be obtained from  
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    Additional math. relations:    
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 is  the unit operator
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        closure relation
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       You need to know about Dirac delta function, review 
        http://mathworld.wolfram.com/DeltaFunction.html
(1.5) Continuum wave functions
     If the potential is zero everywhere, then the momentum is conserved. We can look for eigensolution of  the momentum operator 
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 where the first 
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is an operator and the second one is the eigenvalue.   Clearly the solution is 
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  where C is a normalization constant. The momentum p is continuous and can be + or -, for a plane wave travelling to the +x or the -x direction, respectively. The complete Hilbert space, with p as the quantum number, goes from -
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(1.6)    Normalization of continnum wavefunctions: You cannot confine a particle in a box any more.  Can use  the equivalent condition
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  this gives C=1/
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 as the normalization constant.  The closure relation becomes
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Alternative normalization is possible, see problem 1-3.
----------------------------------------------------------------------

Homework 1. Due one week after assignment 

1-1. (a) For the infinite square well potential, show that the expectation value of the momentum <p> of the ground state is zero. 

       (b) Calculate the expectation value of  the kinetic energy operator for any state n.

       (c) Calculate the root mean square of the momentum 
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(recall how it is defined) and of the position 
[image: image22.wmf]x

D

 and show that it does satisfy the uncertainty relation.

1-2. Use the simple uncertainty relation, calculate the energy of  the ground state of a particle in an infinite square well.
1-3. For a plane wave, we use the momentum p as the quantum number. Since E=p2/2m, one can use energy E as quantum number as well, but one has to specify p to be + or - . Thus one can use 
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 as eigenfunctions and 
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is + or -. 
  Write down the eigenfunction  
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 explicitly but now with the normalization 
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1-4.   If a particle is initially in the ground state in an infinite square well of width L, what is the probability of finding the particle to remain in the ground state if the width of the square well is suddenly changed to 2L.  (Assume that the x=0 wall  is fixed and the x=L wall is moved suddenly to x=2L.)   
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