
Chem 115 Fall ’13

Problem Set 3

This problem set is due by 8 am on Friday, Oct. 4, 2013. Each numbered problem has equal
value.

1. Refer to Problem 7.62 on p. 291 of your textbook. Please answer part a.
Instead of parts b. and c. in the text, please answer the following:

b. The constant a0 is not a fundamental quantity, but instead consists of a collection
of other physical constants, as follows: a0 = h2ε0/πmee

2. Substitute this expression for
a0 into the formula given for E in Problem 7.62, and show that you get Bohr’s energy
formula (in symbols; do not evaluate numerically) that was written on the board in our
lecture. (Note Schroedinger got this exact same formula.)

c. What does the value of a0 have to do with the Bohr orbits?

Hint for part a.: 1 J = 1 kg m2/sec2.

2. Each of the following statements is false. Replace the italicized portion with your own
phrase or sentence(s) to make the statement true.

a. The shape of the p orbital indicates that the electron travels in a “figure 8” orbit
around the nucleus.

b. The Bohr theory is incorrect because it predicted the wrong energy level values for
hydrogen.

c. Each observed wavelength in the hydrogen emission spectrum allows you to calculate
one of the energy-level values.

d. The “cloud” used to depict atomic orbitals shows that a single electron is made up
of many tiny fragments.

3. Explain concisely how the Bohr energy level diagram for hydrogen differs from Schroedinger’s.
In what way are the two diagrams the same? (Use fewer than 75 words total for your an-
swer! )

4. A hyperactive small child is put into a circular playpen. Suppose you observed the
child’s location at 1-min intervals for 30 min.

a. Make a diagram showing the child’s position at the time of each observation with a
dot. Number the dots to show the order of the observations.

b. Your diagram probably looks like a series of electron “snapshots” for an atomic
orbital. Which single orbital is does your diagram best represent?

c. No analogy is perfect. Explain two different ways in which the child’s location in the
playpen is not like the electron’s position in the atomic orbital in b.

Problem 5 is on the next page.



5. Consider imaginary spheres of volumes V and 2V , each centered at the hydrogen nucleus.
Assume the electron is in the 1s state. Let the probability of finding the electron anywhere
inside the smaller sphere be Psmall, and let the probability of finding the electron anywhere
inside the larger sphere be Plarge. Which of the following is true? Explain your reasoning.
Plarge > 2Psmall

Plarge = 2Psmall

Plarge < 2Psmall


