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Name: _________________________




Midterm Exam

Introductory Modern Physics

95.210

Instructor: Prof. Wasserman

3/13/08

Name: __________________________

ID: _______________________

The exam is 75 minutes long and consists of 5 problems, one of which is the multiple choice section, which has 5 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 (4 pts each)
1-1) X-Rays of energy 10keV are incident upon an unknown crystal at an angle of 65º.  Which of the following are possible crystal lattice spacings for the crystal being studied?
a)  0.34m, .68m
b)  0.34Ǻ, 0.68 Ǻ
c)  0.68 Ǻ, 1.36 Ǻ
d)  .145 Ǻ, .29 Ǻ  
1-2) A 500 kg car is traveling at 100km/hr.  What is the DeBroglie wavelength of the car?
a)  9.2x10-30 m 
b)  1.5x10-30 m
c)  3.2x10-37 m

d)  5x10-38 m

1-3) Alice and Bob are sitting in a train compartment and measure the spacing between them to be 2 meters.  Charlie is sitting at the train station as Alice and Bob’s train goes by.  The train is moving at a speed of v=0.65c.  What does Charlie measure the spacing between Alice and Bob to be?
a)  1.5 m 

b)  2.6 m

c)  1.2 m

d)  1.3 m
1-4) A diatomic molecule can be modeled as two masses connected by a spring of spring constant k.  If the atoms in this molecule can be modeled as point masses, what is the specific heat (Cv) of a gas of these molecules?
a)  7kT 

b) 3k


c)  7/2k

d)  7k
1-5) A blackbody source is seen to be emitting 4W/m2 at a temperature of 430K.  What temperature must this blackbody be raised to in order for the power emitted by the source to double?
a)  365K

b) 511K

c)  860K

d)  740K

2. (20 pts) Light is incident upon an Aluminum sheet.  It is noticed that for different frequencies of incident light, electrons are emitted from the Aluminum.  The plot below shows the energy (in eV) of the emitted electrons as a function of the frequency of the incident light.
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a) What is the Aluminum work function (in eV)? (8pts)

b) What is the wavelength of an electron, in nm, emitted when the Aluminum is struck by a photon with f = 2x1015 s-1? (6pts)

c) Assume 100 photons/second of frequency f = 5x1014 s-1 are incident on the metal.  What is the Power (energy/s) from these photons?  How many seconds would have to pass before this beam of photons can cause an electron to be emitted from the Aluminum surface?  (6pts)

3. (30 pts)  The potential profile of a quantum well is given by:
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a) Write the time-independent Schrodinger Equation for this potential, and give the general form of the wavefunctions for an electron in such a potential. (5pts)
b) What are the boundary conditions for this system? (5pts)

c) Using your answer from part b, determine the wavefunctions for electrons in such a system in terms of a and n, the quantum number.  (5pts)

d) What are the allowed energies for electrons in such a potential in terms of a and n? (5pts)

e) The potential function is changed to:
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Assuming Vo<<E1, write the general form of the electron wavefunction in the various regions of the system.  Using new boundary conditions for the altered system, write the system of equations which you would use to solve for the allowed energy levels.  (10 pts)
4. (15pts) An electron sits in an excited state (n=3) of a Bohr atom (Z=4).  The two states below the electron are open.  

a) What are the energies in eV of the three states (n=1,2,3)? (5pts)

b) What are the possible photon energies, in eV, which could be emitted by the electron as it relaxes down to the ground state of the system? (5pts)

c) If the lifetime of the electron in the n=3 state is 5 ns, what is the minimum possible width of the spectral line, in eV, which could be observed from the n=3 to n=1 transition? (5pts)

5. 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=3 , and wave2 has ω2=2, and each wave has an amplitude A=2, write the wavefunctions for wave1 and wave2.  (5pts)

b) If these two waves travel together in space, write the wavefunction of the resulting mixed wave (5pts)
c) What is the phase velocity(vp) and group velocity (vg) of the resulting wave? (5pts)

∞





∞





x





2a











0








PAGE  

_1266858524.unknown

_1266917544.bin

_1266858648.unknown

_1266838919.unknown

