PH401

QUANTUM MECHANICS

WINTER 2004-05
EXAM #2 

All work on this exam must be your own.  You may use a calculator and an 8½" X 11" single-sided sheet of notes.  Clearly indicate your final answer for each question.  

Section 1: (2 pts each) Multiple choice.  No partial credit will be given for this section.  Circle only one answer for each problem in this section.

1. The position probability density, P(x) 
a) might be complex, negative, or time-dependent.
b) must be real, but might be negative or time-dependent.

c) must be real and positive, but might be time-dependent.

d) must be real, positive, and time-independent.
2. Given that |a> and |b> are states and 
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 is an operator, then <b|
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|a> is
a) a state.

b) an operator.

c) a number.

d) could be more than one of the above.

3. Which of the following is an eigenstate of the momentum operator
a) cos(3x)

b) sin(3x)

c) e3ix.

d) all of the above.

4. Which of the following is not true of stationary states?

a) The wavefunction is independent of time.
b) The expectation value of position is independent of time.

c) The uncertainty in energy is zero.

d) The x-dependence of the wavefunction obeys the time-independent Schrödinger equation.

5. Which of the following is not true of the 2-D momentum and position operators? 

a) 
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b) 
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c) both (a) and (b) are true

d) all of the above are untrue
Section 2: Problems & questions.  15 pts each.  Partial credit will be given for this section.  Show all work and justify all answers.  

· Answers should contain no undefined variables or constants, except: integration variables, any variable your answer should be a function of, and anything you have calculated or showed how to calculate.  

· You may use results from one problem in another problem, if you make reference to it.

6. Given the function f(x) =x2, 
a) Show that it is an eigenfunction of 
[image: image5.wmf]22

ˆˆ

xp

.

b) What is the eigenvalue?

7. An electron is in a 1-D infinitely strong box (infinite square well potential) that is 10 nm wide.  
a) Calculate the energies of the ground state, the 1st excited state, and the 9th excited state.

b) Sketch the wavefunctions for these three states.
c) For which of these three states are you most likely to find the particle near the center of the box.  (As always, justify.)
8. An ensemble of electrons is in 1-D infinitely strong boxes (infinite square well potential) that are 10 nm wide.  All have wavefunction at t=0 :
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 (x in nm).  (For parts (a) and (b), I want a number, in J or eV)
a) If you were to measure the energies of all the electrons in the ensemble, what spread in energies (or uncertainty) would you expect to find?  
b) The measurements have been made, and a fellow researcher is about to look at the data, but first asks you to bet on the value of the energy of the first electron measured.  You can’t predict the energy for certain, but you know which energy is most likely, so you bet on it.  What energy value do you bet on?  
c) Extra credit: what odds would you be willing to give your fellow researcher and why?

9. Given the initial wavefunction from #8.
a) Find the probability density function for times t>0.
b) Show that the probability density function found in part (a) is real.  
10. Consider the operator 
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a) Write an expression for this operator, in the position-representation, acting on an arbitrary wavefunction, (x).

b) Simplify the above expression to a single term.

c) Write the expression from part (b) as a single-term operator expression in terms of the operators 
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11. A particle with energy of 2eV is subjected to the potential energy function shown below.  Assume that the potential energy continues to have constant value beyond +3nm.
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Sketch the wavefunction of this particle.  Be sure to label the x-axis on your sketch with appropriate values.  Pay particular attention to the size and sign of the curvature of the function, as well as its behavior as x approaches +infinity.
Electron mass is 9.11X10-31 kg = 0.511MeV/c2

h = 6.626X10-34 Js = 4.14X10-15 eVs
( = h/2 = 1.05X10-34 Js = 6.58X10-16 eVs
hc = 1240 eV nm = 1240 MeV fm
1 eV = 1.602 X10-19 J
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