
Chem 3322 homework #5 – due Oct. 3, 2022

Problem 1 – tunneling

We found that, for a finite depth particle-in-a-box, the wavefunction amplitude 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 I =

|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?

Problem 2 – 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). One way to do this is to sketch

the nodal planes.

Problem 3 – particle in a 2d box

Do problem 3-27 from your textbook (page 99). Note that there is an error in the book:

there are 26 π electrons in this molecule, not 18.

Problem 4 – harmonic oscillator wavefunctions

In class, we found that the stationary states of the 1d harmonic oscillator have the form

ψn = An × nth order polynomial × e−αx2

(1)

where An is a normalization constant, and where

α =
mω

2ℏ
(2)
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We did not derive a general formula for the polynomials, although we noted that each

polynomial contains only even, or only odd, powers of x. These could, although its not very

practical, be determined by orthogonality. For all of this question, express all your answers

and do all your work in terms of the parameter α only. (You will need to use integral tables)

a) In particular, the second excited state ψ2 has the form

ψ2 = A2(x
2 + c)e−αx2

(3)

Find the constant c by requiring that ψ2 be orthogonal to the ground state ψ0.

b) ψ2 is also orthogonal to the first excited state ψ1. Why? (hint: symmetry)

c) Determine the normalization constant A0 for the ground state.

Problem 5 – 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

(4)

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

(5)

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

rie/Simon.

Problem 6 – zero point energy

For the particle in a box, where the particle is an electron, work out the zero point energy

in units of kJ/mol for a box of size a) 1 nm; b) 10 nm; c) 1 µm; d) 1 cm.
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