
Chem 5314 homework #2 – due Sept. 20, 2022

Problem 1 – particle in a 3d box

Solve the particle in a 3d box problem in your own words. You may use section 3-9 of the

textbook and the 3d box section in my lecture notes as a guide. As part of your solution,

you should obtain the stationary state wavefunctions and energy levels. For a cubic box,

there are degeneracies as shown in Fig. 3.6 of the textbook. Please attempt to draw the

(2,1,1), (1,2,1), and (1,1,2) probability densities for the case of a cubic box. The goal of

your drawing is to convince me that these 3 orbitals are different from one another (unlike

the n = 1 and n = −1 cases for the particle in a 1d box).

Problem 2 – tunneling

We found that, for a finite depth particle-in-a-box well, the wavefunction am-

plitude decays in the barrier (classically forbidden region) according to ψ(x) =

A exp[−
√

2m(V0 − E)/ℏ2 x]. This result will be used to calculate the sensitivity of the

scanning tunneling microscope. Assume that the tunneling current through a barrier of

width a is proportional to ψ(x) = |A|2 exp[−2
√
2m(V0 − E)/ℏ2 a].

a) If (V0 − E) is 4.50 eV, how much larger would the current be for a barrier width of

0.20 nm than for 0.30 nm?

b) Somebody claims that a proton tunneling microscope would be equally effective. For

a 0.20 nm barrier width, by what factor is the tunneling current changed if protons are used

instead of electrons?
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Problem 3 – time dependence

Suppose we have a wavefunction

ψ(x, t) = ψ1(x)e
−iE1t/ℏ + ψ2(x)e

−iE2t/ℏ (1)

with E1 ̸= E2. Write down an expression for the probability density corresponding to this

wavefunction and reduce it to an explicitly real form containing only trigonometric functions

(i.e. get rid of all i’s). Based on this expression, describe the time dependence (i.e. find the

frequency) of the probability density.

Problem 4 – particle in a box

Consider a particle in a one-dimensional box of length L in its lowest energy (ground)

stationary state. Calculate the probability that the particle is

a) in the left half of the box

b) in the middle third of the box.

c) Draw a picture of the wavefunction and associated probability for each of parts a) and

b) and justify that your answers make sense in terms of these pictures.

Problem 5 – particle in a box

Consider a particle in a one-dimensional box of length L in its first excited stationary

state. Calculate the probability that the particle is

a) in the left half of the box

b) in the middle third of the box.

c) Draw a picture of the wavefunction and associated probability for each of parts a) and

b) and justify that your answers make sense in terms of these pictures.
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Problem 6 – particle in a box

a) Calculate the energy levels of the π-network in octatetraene, C8H10, using the particle

in the box model. To calculate the box length, assume that the molecule is linear and use

the values of 135 pm and 154 pm for C=C and C-C bonds, respectively. Note: you should

add 77 pm to both ends of the box length to be consistent with problem 3-6 from your

textbook.

b) What is the wavelength of light required to induce a transition from the ground state

to the first excited state? (Hint: make sure you use the aufbau principle to obtain the

ground state electron configuration)

Problem 7 – particle in a box correspondence principle

Show that the probability associated with the state ψn for a particle in a one-dimensional

box of length a obeys the following relationships:

(a)

Prob(0 ≤ x ≤ a/4) = Prob(3a/4 ≤ x ≤ a) =

 1
4

if n is even

1
4
− (−1)n/2−1/2

2nπ
if n is odd

(2)

and

(b)

Prob(a/4 ≤ x ≤ a/2) = Prob(a/2 ≤ x ≤ 3a/4) =

 1
4

if n is even

1
4
+ (−1)n/2−1/2

2nπ
if n is odd

(3)

Explain the motivation behind this question by paraphrasing page 85/86 of McQuar-

rie/Simon.
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