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Name: _________________________




Final Exam

Introductory Modern Physics

95.210

Instructor: Prof. Wasserman

5/17/08

Name: __________________________

ID: _______________________

The exam is 180 minutes long and consists of 8 problems (150 total points), one of which is the multiple choice section, which has 6 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 (assuming your work is legible).

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

Problem 1: Multiple Choice (5 pts each)
1-1) The following sketches show the band structures for the two uppermost Energy bands of four different solids.  The patterned areas show the energy levels occupied by electrons at T=0.  Which material(s) is(are) the best conductor(s) of electricity?

[image: image12.bmp]
a)  A


b)  B

c)  C

d)  D

e) A and/or C 
1-2) Which object has the longest wavelength?
a)  A 2000kg vehicle traveling at 0.8c

b)  A proton (m=1.66E-27 kg) accelerated 1m in a 1V potential

c)  The signal from WBUR, Boston’s NPR station (90.9 MHz)

d)  Light emitted from the bandgap of GaAs (1.42eV)
1-3) A beam of charged particles of known velocity (v) is passed through a magnetic field (for 0.1m) and then detected on a screen 0.2m from the magnet.  A deflected line appears on the screen at a distance y from 0 deflection.  Which, of the following, can be determined from this experiment?
a)  mass of particles (m) 


b)  charge of particles (q)


c)  radius of particles (r)

d)  q/m
1-4) A periodic line of 3E7 atoms, each separated by 0.3nm, is modeled using the Kronig-Penney model.  Which of the following is not a possible value of k for an electron in this system? 
a)  3.49cm-1 

b) 69.81cm-1


c)  27.92cm-1

d)  20.94cm-1
1-5) A diatomic molecule has a bond length of 0.025nm.  The bond for this molecule is 50% ionic.  What is the dipole moment of the molecule?
a)  8E-30 C·m

b) 4E-30 C·m

c)  2E-30 C·m

d)  4E-30 C/m
1-6) A system of fermions has a Fermi Energy of 3.42eV.  The density of states is given by g(E) =2300E1/2 .  How many fermions are there between the energies E=0 and E=1.5eV, at T=10K?

a)  1878

b) 2817

c)  0


d)  3450
2. (15 pts) A quantum optics experiment requires the mixing of two λ=632nm photons at a beam splitter.  In order for this to occur, the photons must arrive at the beam splitter at approximately the same time.  The “mixing” area has a width of 1mm and a refractive index of n=3.    

[image: image2]
a) How long will each photon spend in the mixing area? (4pts)

b) What is the Energy of each photon, in eV? (4pts)

c) In order to insure a temporal overlap of the photons, the width of each photon in time needs to be at least the time each photon spends in the mixing region (your answer to part (a)).  What is the maximum uncertainty one can have in the energy of the photons? (7pts)

3. (20 pts) A box of dimensions Lx = 20nm, Ly=15nm, and Lz=50nm has walls which can be treated as infinite potential barriers.  5 electrons are placed in the box.

[image: image3]
d) What is the Schrodinger Equation describing this potential? (4pts)

e) What are the allowed energy levels (as a function of nx, ny, nz) for electrons in such a structure? (6pts)

f) What is the Fermi Energy and Fermi Speed for this system?(10pts)
4. (25 pts)  An electron is incident upon a potential step from the left.  The electron has an energy E, where E>Vo.
[image: image1]
[image: image4]
a) Write the time-independent Schrodinger Equation for each region of this potential, and give the general form of the wavefunctions for an electron traveling through such a potential.  Remember, the electron is not bound, so your solutions will take the form of traveling waves (e±ikx), which cannot be normalized.  In addition, assume the part of the wavefunction incident on the barrier has a coefficient A=1, and that no wave travels from x=+∞ to the step at x=0.  Remember give the values for k1 and k2 (in terms of 
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)   (8pts)
b) Using what we know about wavefunctions at the interface between two different potentials, find and solve the system of equations to give you the specific wavefunctions for this potential. You can write the coefficients for the waves in terms of k1 and k2. (9pts)

c) The coefficient of reflection (R) is given by the square of the coefficient of the wave traveling from the step to x=-∞, divided by the square of the coefficient of the wave traveling from x=-∞ to the step.  Determine R in  terms of Vo and E.  What percent of electrons are reflected for a step height of 1eV and an electron energy of 2eV?   (8pts)

5.  (15pts) Imagine an electron in the Hydrogen atom can take principle quantum numbers n=1,2, or 3.    

a) What are the allowed quantum states for such a system?  List all of the possible states (ignore spin)? (10pts)

b) If the electron is in the state n=2, what are the possible values for the angular momentum 
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 of the atom? (5pts)

6. (30pts)  The wavefunction (listed below) is proposed as a solution to a quantum system.  
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a) Determine the normalization constant C1 for the wavefunction. (10pts)
b) What is the probability P(x)dx of finding an electron described by ψ1 at x=1/2σ ? (5pts)

c) Find the potential V1 corresponding to the wavefunction.  (8pts)

d) Write the operator for momentum (
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).  What is the expectation value of momentum, 
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7. (20pts) A KF molecule is studied by optical spectroscopy.  The bond between the K and F molecules behaves like a spring with spring constant k=2x103 N/m.

Molar mass (MK) of K = 39

Molar mass (MF) of F = 19   
u = 1.66E-27kg 

a) What is the Energy spacing of adjacent vibrational energy levels for the KF molecule? (5pts)

b) What is the Energy spacing between the 
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 rotational energy levels for the KF molecule (ro=0.015nm)? (5pts)

c) Assume you have a gas of non-interacting KF molecules, spaced by large distances with respect to the interatomic spacing of the K and F atoms.  The atoms energies are described by Ev,r , where v is the quantum number describing the vibrational state, and r is the quantum number describing the molecule’s rotational state. What is the ratio of KF atoms in the E1,0 to KF atoms in the E0,0 state?  What is the ratio of KF atoms in the E0,1 state to KF atoms in the  E0,0 state? (10 pts)

8. (15pts) A piece of semiconductor (InP) has a bandgap of 1.34eV (~1000nm).  Assume that at T=0, the valence band of the semiconductor is full of electrons, the conduction band empty. 

a) What will happen to a photon with wavelength 1.55m incident on the InP wafer? (5pts)

b) What will happen to a photon with wavelength 900nm incident on the InP wafer? (5pts)

c) If an electron excited from the edge of the valence band to the edge of the conduction band has a spontaneous emission lifetime of 1ns in the conduction band, give the relative probabilities of spontaneous to stimulated emission for T=0K and T=300K. (5pts)
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