Phys 451 — sec 1, Fall 2010
Quantum Mechanics CID
Instructor: Karine Chesnel

Final test
Th Dec 16, 11am-2pm

This test is time limited to 3 hours. The test is closed book awvgkdalnotes, but useful
formulae and integrals are provided below. Please write yddro@leach sheet of your work.
When you are done, make sure to put your work in order and staple ite$hiscludes 5
problems equally weighted. Each problem will count toward your §oate. | encourage you
to first read through all questions in order to have a generalafithe test. Each of the five
problems is focusing on specific topic of the course. You may answer the questlonsiider
you wish. Explain your reasoning as much as possible. Good luck!
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Potentially useful integrals
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1. Schrodinger equation, wave function, expectation values
Consider the wave functiok?(X,t) = Ae Mgiat

whereA, A andware positive real constants.
a) Normalize¥.
b) Does% correspond to a stationary state? If so, whdsiagsociated energ?

c) Calculate the expectation valqgﬁ, <x2> and the standard deviatian,

d) Calculaté p), { p*)ando, . Check the uncertainty principle.

2. The infinite square well
Let’s consider an infinite square well of s&eV= 0 for0< x< aandV = outside
a) Solve the Schrodinger equation for this potéana find out the stationary statgs, with

their corresponding energiés

b) A patrticle, in this infinite square well, has thetiadiwave function:
W (x,0) = Ax(a-x) for0< x< aand W(x,0) = 0 elsewhere

Sketch¥ (x,0) . Can we expres#(x,0) as a linear combination of the eigenstgte?
If so, find the corresponding coefficiewfs

¢) When measuring the energy of this particle, vilétte probability of findindg, ?
d) What is the expectation val(l¢ ) of the Hamiltonian for this particle?

e) What is the wave functidk(xt) at later times?

3. Harmonic oscillator

: . . . 1
Let’s consider a particle in the harmonic osciltad = Emafx2

The initial wave function i$¥(x,0) = %(l[lo + 2//1)

wherey, are the eigenstates of the Hamiltonian
a) What is the wave functiow(x,t) at later time?
b) Calculatéx) and ( p) a timet. Do they depend on time?

¢) Check the Ehrenfest theorem for this partigr«é;{i> = <—%—V>
X

df
dx
e) Use the equation of motion for the operattw confirm the Ehrenfest theorem.

d) Show that in generd f (x), p| =iz



4. Hydrogen atom: spherical harmonics, energy, and angular momentum

The stationary states of the electron in the hyeincgtom are described by the wave function
Wan (r,6,9) in spherical coordinates.

a) What are the respective names of the quantuniexsm, |, andm?

b) ¢, (r,H,go) is an eigenstate for three different operators. Mdhathese operators and the
corresponding eigenvalues, in termpf, mand the ground state enerfgy?

c) Using table 4.3 and 4.7 write the wave functiog, (r,6,¢)

d) What is the energy of the particle and whatssssociated degeneracy? (explain)

e) If the electron would transit from the energyelE, to ground stat&, , what would be the
wavelength of the light emitted? Where in the e@otagnetic spectrum would it fall?

f) What do we get when applying, L,, L,, L., L .andL, on ¢,,,?

(Express your result in terms ¢f,.)

5. Electron’s spin angular momentum, atoms and solids

1
An electron is in the spin stapp:%(z_J in the basié)(+,)(_) (eigenspinors of,)
[

a) Using Pauli matrices, find the expectation va{&g), <Sy> and(S,). When measuring the
spin S, alongx, what is the probability of measuring#/2)?

b) If the electron is brought in the presence oh#orm field applied in the z-direction, the
Hamiltonian becomed = -yB,S,. What are the possible values for the energyepticle?
What are the probabilities of finding the respezinergies?

c) Explain the three Hund’s rules for finding tHearonic configuration of the elements.

The Oxygen atom has 8 electrons. Find its eleatroonfiguration. What is the value of global
angular momentum L and global spin S? What ar@dissible values fod = L + S? What is
the corresponding spectroscopic syniboL, ?

d) In a solid, what are the “valence electrons™?a¥\loes the Fermi energy represent?
Using the free electron gas model, calculate thienFenergy for copper, in eV.

Data for Cu, useg = 1.2 free electrons per atom,

density 8.96 g/crrand atomic weight 63.5 g/mol.



