Phys 451 – sec 1,  Fall 2009

Quantum Mechanics    

                         
CID______________
Instructor: Karine Chesnel
Exam I
Mo Sep 28- Tu Sep 29, 2009
This test is time limited to 3 hours. There is a penalty of 1% for each additional 5 mins. The test is closed book and closed notes, but useful formulae and integrals are provided below. Please write your CID on each sheet of your work. When you are done, make sure to put your work in order and staple it. This test includes 5 problems equally weighted. Each problem will count toward your final score. I encourage you to first read through all questions in order to have a general idea of the test. Each of the five problems is focusing on specific topic of the course. You may answer the questions in the order you wish. Explain your reasoning as much as possible. Good luck!  
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         For the harmonic oscillator
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1. Wave function, probabilities and expectation values

At a given time, a particle is in the state:
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a) What is the density of probability (x) for this particle?
b) Normalize 

c) Calculate the expectation values <x>, <p>, <x2> and <p2>

d) Find the standard deviations x and y. Is their product consistent with the Heisenberg’s uncertainty principle?

2. Time-independent Schrödinger equation
a) Write the general Schrödinger equation, which must be satisfied by a wave function (x,t) in a given potential V.
b) What does happen if the potential V is time-independent? Show how the Schrödinger equation can be reduced into two differential equations, one for time, one for space. In doing so, write the wave function(x,t) in terms of a product (x) (t) and find the form of (t). You may introduce a constant E, and explain its meaning.
c) What is a stationary state? What can we say about expectation values for a stationary state?
d) If a particle is initially in the state
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, where n(x) are stationary states associated to energy En , what will be its state (x,t) at later times?.
3. Infinite square well:
Let’s consider a particle in an infinite square well: the potential is 
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a) Find the wave functions n(x) for the stationary states and their respective energies En in terms of n, 
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, p, m and a. 

b) The particle is initially located in the left part of the well (0 < x < a/2) and is equally likely to be found at any point of that region. Write its initial wave function
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c) Find the coefficients cn in order to write the wave function of the particle in terms of a superposition of stationary states, 
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, 
d) What is the probability that a measurement of the energy would yield to the value E1? And what is the probability that it would yield to E2?
4. Harmonic oscillator

A particle is in a harmonic oscillator potential of frequency .

a) Express the Hamiltonian H in terms of the ladder operators a+ and a-
b) Using H, find the energy En for the nth stationary state, in terms of n, 
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 and 
c)Using the ladder operators, find the expectation values <x>, <p>, <x2>, <p2> for the nth stationary state, and check the uncertainty principle.
d) The particle is initially in the state: 
[image: image19.wmf](

)

01

1

(,0)2

5

x

yy

Y=+

, what will be (x,t)?
e) Find <x> and <p> for the particle. What is their behavior in time?

f) Check the Ehrenfest’s theorem for this particle: 
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5. Free particle
A free particle has the initial wave:
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a) Normalize , and sketch the function 
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b) Find the dispersion function (k), so the wave function can be written as
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c) Sketch the function (k). Discuss the cases when a is very large and when a is very small

d) In the above formula for (x,t), what is the expression for  in terms of k?

e) Write the phase velocity Vp=/k and the group velocity Vg=d/dk in terms of k. What is their respective meaning?
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