Physics 321, Fall 2008 Exam 2

Please solve all five problems. Start each solution on separate, numbered sheet. Show
ALL work including drawings, graphs affACH intermediate stepAnswers that show
no work earn no pointdNrite down your name on dasheet. Good Luck!

Problem 1. (10 points)
In your own words briefly explain 4 postulates of quantum mechanics.

1. Every well defined observable in physiég has an associated operaté).(An experiment
measuring this observable can yield only thosle@s &) that are the eigenvalues of the operator

o

a: algx)=a! 4(x) where! (x) - is eigenfunction of the operatarand a- is an eigenvalue of the
operatora

2. A measurement of observable A that yields value a leaves the system lip(gjateach
immediate, consecutive measurement of A will yield therefore value a.

3. The state of the system at any moment is represented by wavefuntion This function
and its first derivative are finite, single valued and continuous. This wavefunctionnesatal
physical information about the system. If the system is in Stétg), then an averaged value

obtained in measurement of observable A is:
<A> = #‘ * (X, t)A" (x,t)dx
<A> is expectation value of observal¥le

4. Time evolution of the wavefunction assated with the system is described by time dependent
Schrsdinger equation:

" h2 n2

th—# (X,1) = -——— # (X,1) +V(X)# (x,t)
"t 2m"x



Problem 2. (6 points for each part)
A particle of massnis confined to a tube of length
(a) Use the uncertainty relationship to estimate the smallest possible energy.
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(b) Assume that the inside of the tube is a fdree region and that the particle makes elastic
reflections at the tube endss& SchridingerOs equation to find the greatatk energy for the
particle in the tube. Compare the answer to that of part (a).
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see page 215 for infinite square wed: = —, thus E,=—
pagd q =0 2m om  2ml?
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since for groundstate n=@, = ﬂ this differs from (a) by factor#4, but has same form and
m

it is close enough

(c) What is the wavelength associated with the patrticle if it is in the ground state ?
$/2=L, thus$=2L

(d) V;bat is th%’\’/vavelenzgl'fh iférllle particle |23 is $iecond excited state € 3) ?

k= K = ,thus—=—and " ==
# L # L 3

(e) Use de BroglieOs relationship to find the momentum of the particle in ground state.

"

= D ard in the groundstaté =2L, thus p= L
p 2L



Problem 3. (10 points for each part)
Energy associated with n=3 state of harmonic oscillator is 6 eV:
a) calculate the energies of the levels for n<3

for n=3: B= (3+1/2)hv = 7/hv= 6eV => hv=12/7 eV
thus :

EO=1/2 hv=6/7 eV; E1=3/2 hv=18/7 eV; E2=5/2 hv =30/7 eV

b) sketch roughly the wavefunctions and probability densities for these levels.
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Problem 4. (10 points for each part)

Consider Schrsdinger model of hydgen atom in first excited state (n=2).
a) what are possible values of | an@®@m

n=2: =0 {m=0}, I=1 {m=-1, 0, 1}

b) For each of the wavefunctions calculate the directions along which the probability density of
finding an electron ismallest *
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c) Show that the averaged probability density for set of the wavefunctions associated with this
level is spherically symmetric.
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Problem 5. (10 points)

For the ground state of hydrogen, determine the radial distance for which the probability of
finding the electron at a radius less than this distance is 908 .aGumerical answer (in terms
of ap) to two significant figures.
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Integrate by parts twice:
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too complicated to solve analytically, but we neely dwo significant figures.
Since a=agives P~0.5 and P(x) is almost symmetric, lets try plug in@=2a

P(x<2a)=0.76Dclose, lets try a=3aP(x<2a)=0.93
Bit too much, linearly interpolating, lets try 2.8: P(x<2)88.917

Very close, lets try a=2.4aP(x<2.78)=0.905D PERFECT!



