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Instructions. Complete all questions before class on the due date. You are encouraged
to work together. Be sure to struggle with the problem before seeking help. Many of the
exercises are very similar to problems in the book. Understanding the solution to these
problems will be helpful in completing the assigned exercises.

Mathematical Exercises

1. The zeros of functions are important points. The zeros of wavefunctions are called
nodes which you have probably heard about in freshman chemistry.

(a) Find the values of an such that f(x) = cos anx has zeros at x = ¡L and x = L:
(b) How many zeros does the function f(x) = xe¡

1
2
x2 have?

(c) How many zeros does the function f(x) = (4x2 ¡ 2)e¡ 1
2
x2 have?

2. Verify by direct substitution that

y1 = A sin kx;

y2 = B cos kx;

y3 = C+e
ikx;

and
y4 = C¡e¡ikx;

are solutions of
d2y

dx2
+ k2y = 0; (1)

where k is a positive real constant.

3. Equation (1) above is called a second order ordinary di¤erential equation (O.D.E.) and
the theory of O.D.E.’s states that there are n and only n independent solutions for
any nth order O.D.E. Here n = 2; so we expect two independent solutions. Therefore
y1; y2; y3 and y4 can not all be independent. Show that y3 and y4 can be written in
terms of y1 and y2: (Hint: remember Euler’s identity.)

Exercises

4. Which of the following are eigenfunctions of the momentum operator p̂x = ¡i¹h @
@x
:

That is, for which of the following is p̂xÃ(x) = ¸Ã(x); where the eigenvalue, ¸; is
a number and not a function of x (give the eigenvalues when appropriate). Which
are eigenfunctions of the kinetic energy operator T̂ = ¡ ¹h2

2m
@2

@x2
(give eigenvalues when

appropriate). .

(a) Ã(x) = ex



(b) Ã(x) = xe¡®x

(c) Ã(x) = sin kx

(d) Ã(x) = kx2

(e) Ã(x) = e¡
1
2
x2

5. We shall see later that the so-called radial wavefunction for the 1s atomic orbital is
of the form Ã(r) = e¡®r, where ® is a positive constant and 0 · r · 1: What are
the units for ®? Normalize this wavefunction. The radial wavefunction describes the
electron’s distance from the nucleus. Find the probability that the electron is more
than a distance r = 1=® away from the nucleus.

6. Often one is interested in extracting the average value of some property from a wave-
function. This is done using the average value theorem which states that the average
value of some observable, Ô; is given byD

Ô
E
=
Z
all
space

Ã¤normÔÃnorm; (1)

where the angled brackets denote averaging. Considering the radial wavefunction given
above, …nd the average value of r̂ and r̂2:

7. The variance or uncertainty of the average value of an observable is denoted as ±O and
is given by

±O =

rD
Ô2
E
¡
D
Ô
E2
: (2)

Find ±r for the radial wavefunction used in the previous two problems.

Conceptual Problems

8. Can you every know exactly where your car keys are?

9. Assume a quantum object is con…ned an opaque small cube in three dimensional space.
Over time the cube grows in size. How does the minimum uncertainty in the position
and momentum of the object change?

Computer Problems

10. UseMathematica to plot the family of functions f(x) = sinn¼x, where n = 1; 2; 3 ¢ ¢ ¢
from 0 to 1: Do all your plots share x = 0 and x = 1 as common zeros?

11. A quantum object is con…ned to the range 0 < x <1 and is described by the wavefunc-
tion Ã(x) = J1(ax)

ax
, where J1(ax) is the …rst order Bessel function. UseMathematica

to plot Ã(x) and jÃ(x)j2 for a = 1 and to normalize Ã(x): (Hint: Look-up how to use
the BesselJ function in theMathematica book or the online help.) Would you ever
expect to …nd the quantum object at x = 0? Make a histogram of the probability of
…nding the object in the interval between each successive integer (i.e., …nd the proba-
bility of …nding the object between x = 0 and x = 1, then between x = 1 and x = 2
etc. up to between x = 9 and x = 10). When doing this you will get answers that
look frightening, but they are just numbers so use the N[] command to turn them into
decimals.
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Re‡ective Exercises

12. Write a short response to the letter to the editor which appeared in the Fargo Forum
last year. Your response may be in support of, in opposition to, or neutral with regard
to the author’s opinion.

13. Please read the attached article by M. Singham which appeared in the June 2000
edition of Physics Today. The article is directed at physics teachers and students, but
applies equally well to chemistry.

(a) What are some reasons to accept what I teach in PChem as true?

(b) What are some reasons to not accept what I teach in PChem as true?

3






