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Name: _________________________




Final Exam

Introductory Modern Physics

95.210

Instructor: Prof. Wasserman

5/16/09
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) Alan, Bob, and Clyde are identical triplets.  Allan leaves Earth on a space ship at traveling at 0.8c, travels out to a distant planet and returns to earth.  At the same time, Bob leaves Earth in the opposite direction on a spaceship traveling at 0.9c, also eventually returning to Earth.  Clyde stays on Earth and keeps track of time.  He notes that, according to his watch, Allan returns 10 years after he left and Bob returns 6 years after he left.  All three brothers are now back on Earth.  List Allan, Bob, and Clyde, from youngest to oldest
a)  A, B, C

b)  B,A,C

c)  C, A,B

d)  A,C,B
1-2) Which object has the longest wavelength?
a)  A 4000kg vehicle traveling at 0.7c

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 Ge (0.72eV)
1-3) A semiconductor has a band gap of 1.1 eV.  What is the longest wavelength light which can be absorbed from a transition between the valence and conduction bands of this semiconductor?
1-4) The Fermi level for a quantum system is measured to be 1.5eV at T=1K.  What will the Fermi level be at T=300K?
a)  450eV 

b) 301.5eV


c)  1.5eV

d)  0.5eV
1-5) An electron sits in the 3p state of an atom.  Give the possible values of the total angular momentum quantum number (j) for the electron.
1-6) Draw 
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 for the first two states of the potential given below.  The spacing between these states is 0.5eV.  Make sure to carefully label your drawing with any information you think might be important, or would help me understand the drawing.
[image: image2.jpg]




2. (15 +5 pts) Imagine I am studying the Photoelectric effect.  I start by shining light of 150nm towards a gold film, which is grounded.  I know Gold has a Work Function of 5.1eV.   
a) When I turn on the light, with the Anode at 0V, I see current.  I then decrease the voltage on my anode until I see no current flowing.  At what voltage (the stopping potential) would I expect to see no current flowing between Anode and Cathode? (5pts)

b) Now I switch out the Gold and put in a Semiconductor.  The two plots below show the current through my system at (a) 0K and (b) some higher temperature as a function of Voltage.  Note: if a plot just stops, it means that it goes to zero at that voltage, it just doesn’t show up b/c it is a log plot. Why are the two plots different? What is the bandgap of the semiconductor? And, for 5 extra points, what is the temperature of the semiconductor?  (10+5pts)
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3.  (20 pts) A wire of dimensions Lx = 5nm, Ly=3nm, and Lz=1mm has walls which can be treated as infinite potential barriers.  For the sake of this problem, you can assume the z-dimension of the wire to be infinite.  

[image: image4]
a) Solve Schrodinger’s equation for this system, and give the general form of the wavefunctions for the quantized states (4pts)

b) Give the expression for the quantized energy levels of this system (as a function of nx, ny), assuming the z-dimension of the wire to be infinite (namely no quantization in the z-direction). (4pts)

c) This structure can be referred to as a Quantum Wire, where electrons are free to move only in 1 dimension.  Derive the expression for the 1D density of states in this system. (6pts)

d) If the Fermi Level for this system lies 0.1eV above the ground state of the system, how many electrons are in the quantum wire (electrons/m)?  NOTE: each quantized state has the density of states found in (c) associated with it, so the first thing you need to do is figure out how many states have electrons in them!  (10pts)
4. (25 pts)  The figure below models (poorly, it should be noted) the potential seen by an alpha particle in a nucleus.  
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a) The nuclear potential for the alpha particle leads to quantized energy states for the particle, for 0<x<R.  Approximate this potential so that you can easily solve for the quantized states of the alpha particle and determine the energies of the quasi-bound states.  (8pts)
b) From which of these states could we see alpha particle decay, and what will be the energy and speed of the emitted alpha particle? (5pts)

c) Now treat the potential barrier seen by the alpha particle using the formalism developed in class.  Apply the appropriate boundary conditions to your general wavefunctions to generate a system of equations (but do not solve!)   (8pts)

d) The transmission coefficient through a potential barrier of height Vo and width L, with a wavevector k in the potential barrier, is given by:
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Use this expression to determine the alpha decay time for the nucleus modeled. (10pts).

5. (15pts) Imagine a system with evenly spaced allowed states, given by En=h(n+1/2).   8 particles are placed in this system.   

a) If the particles are Fermions, determine the Fermi Level and give the exact form of the Fermi Dirac distribution for this system.  
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b) If the particles are treated classically, give the exact form of the Boltzmann distribution, and determine the fraction of particles in the first state. (10pts)
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c) If the particles are Bosons, give the quasi-exact form of the Bose-Einstein distribution (just do your summation to the 3rd or 4th state), and determine the fraction of particles in the first state. (10pts)
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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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, for 
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? (7 pts)
7. (20pts) A KI molecule is studied by optical spectroscopy.  The bond between the K and I molecules behaves like a spring with spring constant k=1.5x103 N/m.

Molar mass (MK) of K = 39

Molar mass (MF) of F = 126.9   
u = 1.66E-27kg 

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

b. What is the Energy spacing between the 
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 rotational energy levels for the KI molecule (ro=0.05nm)? (5pts)

c. Assume you have a gas of non-interacting KI molecules, spaced by large distances with respect to the interatomic spacing of the K and I 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 KI miolecules in the E1,0 to KI molecules in the E0,0 state?  What is the ratio of KI molecules in the E0,1 state to KI molecules in the  E0,0 state? (10 pts)
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