
Physi
s 222 CIDHomework 9 S
ore / 301. (4 pts) The following plots show the potential U in dark lines. The energies of several stationary states are shownwith the dotted lines. Using the dotted lines as the x axis for ea
h of these states, sket
h what the wave fun
tionsof these states will look like on the �gures below. Assume that the ground state is labeled as n = 1.
(a) (b)2. (6 pts) The work fun
tion for aluminum is 4.08 eV. This means that if an ele
tron in free spa
e has a potentialenergy equal to zero, an ele
tron in aluminum has a potential energy equal to -4.08 eV. Consider an ele
tronwith a very well de�ned kineti
 energy of 5.11 eV whi
h is traveling along, minding its own business, inside ofa pie
e of aluminum. Suddenly it's wave pa
ket rea
hes the edge of the aluminum. Sin
e the ele
tron hits it atnormal in
iden
e, we 
an use our one dimensional step potential equations. (a) What is the momentum p andthe wavenumber k of the ele
tron when it is in the aluminum? (b) What will its momentum and wavenumberbe if it leaves the aluminum? (
) Some time after the wave fun
tion 
ollides with the surfa
e we measure theposition of the ele
tron. What is the probability that we will �nd that it re�e
ted ba
k into the aluminum?3. (2 pts) Two pie
es of Aluminum are pressed together, but a layer of oxide and 
ontamination on one of the pie
esprevents the aluminum pie
es from a
tually tou
hing on a mi
ros
opi
 s
ale. The junk has a work fun
tion of2.11 eV and is 1.1 nm thi
k. What are the odds that an ele
tron whi
h has a kineti
 energy of 1 eV will tunnelthrough the layer an into the other pie
e of aluminum.4. (2 pts) Imagine that an ele
tron is trapped in a nanoparti
le. We don't know enough about the parti
le to 
al
ulatethe potential that the ele
tron feels, so we hope that we 
an at least approximate it with a 1-D simple harmoni
os
illator for low n states. I do an experiment and �nd that the di�eren
e in energy between the ground state(n = 0) and �rst ex
ited (n = 1) state is equal to E1 − E0 = 10.2 eV. If a simple harmoni
 os
illator is a goodapproximation, what should the di�eren
e in energy between the n = 1 and n = 2 states be?5. (3 pts) Consider a parti
le in a 1-D harmoni
 potential with a zero-point energy of 1.14 eV. In 
lass we brie�ydis
ussed �sele
tion rules� for absorbing and emitting photons. For a simple harmoni
 os
illator, �dipole allowed�transitions only o

ur between adja
ent states � ones for whi
h nupper = nlower + 1. (a) Taking these sele
tionrules into a

ount, what is the longest wavelengths of light that our parti
le is �allowed� to emit while 
on�nedto this potential well? (b) What is the shortest wavelength of light it is �allowed� to emit?For the following problems, 
onsider a parti
le in a harmoni
 potential whi
h has a zero-point energy E0. Give allanswers in terms of fundamental 
onstants, the energy-eigenstate wave fun
tions for the harmoni
 os
illator ψn (thetime-independent fun
tions), E0, the mass of the parti
le m, and φ (de�ned below). The integrals that you need are:
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0 otherwisewhere ψn represents the time-independent energy-eigenstate wave fun
tions for a harmoni
 os
illator with a zero-pointenergy E0.



6. (3 pts) (a) What is the energy of the ground state (n = 0)? (b) What is the energy of the three lowest energystates above the ground state (n = 1, 2, and 3)?7. (4 pts) Assume that the wave fun
tion for the parti
le at time t = 0 is given by
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ψ1(x)where φ is a 
onstant and ψ0(x) and ψ1(x) are the ground and �rst ex
ited state wave fun
tions for the harmoni
potential. (a) What is the wave fun
tion of the parti
le at some arbitrary time t? (b) What is P (x) at somearbitrary time t? Express P (x) in su
h a way that it is obvious that it is not 
omplex.8. (4 pts) (a) What is the expe
tation value < E > for the parti
le des
ribed in the above problem at some arbitrarytime t? (b) What is < x > at some arbitrary time t. Make sure to write them in a way that it is obvious thatthey are not 
omplex.9. (3 pts) What is the earliest non-zero time at whi
h P (x) for the parti
le des
ribed above will be the same as it wasat time zero? (This is known as a �re
urren
e.�)Extra problems I re
ommend you work (not to be turned in)- Now assume that a parti
le in the well des
ribed in problems 6-9 has a wave fun
tion at time t = 0 whi
h is givenby
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ψ5(x).(a) What is the earliest non-zero time at whi
h P (x) will be the same as it was at time zero? Hint: you don'tneed to a
tually �nd P (x) to answer this. Just think about what the relative phases of the three pie
es willbe. (b) If I measure the energy of the parti
le, what possible out
omes 
an I get? (
) What is < E > for thisparti
le? (d) What is < U > for this parti
le? (e) What is < KE >?- When using the �standard deviation� de�nition of un
ertainty (whi
h is what we almost always use), you 
an �ndthe un
ertainty in an observable q using the equation ∆q =

√

< q2 > − < q >2. Use this to �nd ∆x and ∆pfor the ground state of an in�nite square well, and show that they obey the position-momentum un
ertaintyrelation. The integral you will need is
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4- Draw some potentials and pra
ti
e sket
hing what the stationary state wave fun
tions will look like.- Find the phase shift when a neutron with a kineti
 energy of 20 eV re�e
ts o� of a 40 eV potential step.- What is the probability of �nding the neutron in the �
lassi
ally forbidden� area.- For for a 1-D in�nite square well the rule is that dipole allowed transitions only o

ur between one even and oneodd n state. For example, if the ele
tron were in the n = 4 state, it would be �allowed� to absorb light and goto the n = 5, 7, 9, ... state, et
., or to emit light and drop to the n = 1 or n = 3 state. If it were in the n = 5state, it would be allowed to absorb light and go to the n = 6, 8, 10, ... state, et
., or to emit and drop to the
n = 2 or n = 4 state. Taking this into a

ount, what are the longest three wavelengths that an ele
tron 
ouldemit if it were trapped in an in�nite square well with a zero-point energy of 2.45 eV?- Imagine some arbitrary wave fun
tion Ψ1(x, t), who's exa
t form I will not reveal. Now imagine a se
ond wavefun
tion whi
h is just the �rst one multiplied by a 
onstant phase fa
tor: Ψ2(x, t) = eiφΨ1(x, t) (where φ is a
onstant). (a) Show that P1(x, t) = P2(x, t). (b) Show that < x > is the same for both wave fun
tions. (
) Showthat < p > is the same for both wave fun
tions. This is eviden
e of a more general prin
iple; if I multiply everywave fun
tion in a system by a 
onstant phase fa
tor, it will not have any 
hange on any measurable quantity.


