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Name: _________________________




Midterm Exam II
Introductory Modern Physics

95.210

Instructor: Prof. Wasserman

4/23/09
Name: __________________________

ID: _______________________

The exam is 75 minutes long and consists of 5 problems, one of which is the short answer section, which has 3 sub-problems.  The point values for each problem and sub-problem are given in parentheses after the problem.  You are allowed 1 “cheat-sheet” with physical constants, formulas, and notes.  No solved problems may be on your cheat sheet.  A calculator will be required for this exam.

Please write your answers clearly in the space provided and SHOW YOUR WORK!!  Partial credit will be awarded for the long answers (assuming your work is legible).

Please put your last name on each page of the exam.

Problem 1: Short Answer (20pts)
1-1) (10pts)1 mole of particles are held in a container 1cm x 1cm x 1cm at 800K.  Each particle has a mass of 1x10-24kg.  When considering these particles, can we use Boltzmann, or classical, statistics?  Why or why not? 
1-2) (5pts)  A transition from an excited state of an atom to the ground state is found to take, on average 1.3ns.  What is the minimum linewidth (in eV) you could measure for such a transition?
1-3) (5pts) The energy spacing between the n=5 and n=6 states in a potential well given by V(x)=Ax2 is 0.12eV.  Give the values for the first 3 quantized energies in this potential.
2. (25 pts)  A quantum wire is a 3D object which confines electrons in two dimensions but allows free motion of the electrons in the final direction.  You are given the quantum wire shown below, with Lx=2nm and Ly=3nm. 
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(a) Solve Schrodinger’s Equation for this system to find the normalized wavefunctions for the quantized states in the quantum wire (10pts)

(b) Give the lowest 3 quantized energies (in eV), from low to high, that electrons can take in this system. (10pts)

(c) At T=0K, 11 electrons are in the quantum wire.  What is the Fermi Level (in eV) of the system? (5pts)

3. (25 pts)  A stream of electrons is incident, from the left, upon a potential step as shown in the figure below.  Assume region I refers to x<0 and region II  to x>0.
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a) Give the general form of the wavefunctions for electrons in regions I and II. (5pts)
b) What are the boundary conditions in this problem? Hint: Because the wavefunctions are unbounded, you cannot normalize.  You can assume the coefficient for the part of your wavefunction representing the incident electrons is 1.  (5pts)

c) Apply the boundary conditions from (b) to the wavefunctions in (a) to give a system of equations.  Solve this system of equations, and then determine the coefficient of reflection for Vo=1eV and an electron energy E=1.5eV, as measured from E=0eV on the figure.  Hint: reflection is given by the square of the ratio of coefficient of the incident wave to the coefficient of the reflected wave. (15pts)

4. (15pts) An electron sits in the n=4 state of a central potential V(r).
a) Ignoring spin, what are the allowed wavefunction configurations for this electron?  Including spin, what is the degeneracy of the n=4 state? (5pts)

b) Draw the graphical representation of the allowed angular momentum vectors for the highest orbital angular momentum state of n=4.  Give the magnitude of this orbital angular momentum. (5pts)

c) For the state in part (b), give the allowed values for the total angular momentum magnitude |
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5. (20pts) Two light waves are traveling through a material.  The speed of light in this material is given by v=c/n(ω), where c is the speed of light in the vacuum, and n(ω) is known as the refractive index of the material.  n(ω)=1+ω/2. 

a) If wave1 has ω1=6, and wave2 has ω2=4, and each wave has an amplitude A=2, write the wavefunctions for wave1 and wave2.  (7pts)

b) If these two waves travel together in space, write the wavefunction of the resulting mixed wave (as a product, not sum). (8pts)

c) What is the group velocity (vg) of the resulting wave? (5pts)

h = 6.626 x 10-34 m2kg/s or (J-s) = 1.44 x 10-15 eV-s

ħ = 1.055 x 10-34 m2kg/s or (J-s)
k=1.38E-23 J/K
Eo=13.6eV

NA = 6.022E23

M=9.11E-31kg

e or q = 1.6 x 10-19 C

c = 3 x 108 m/s 
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