Chem 1410 — Exam #1
September 29, 2008

The exam is open book (Engel only) and open
notes (class notes only).

Question 1: 20 points
Question 2: 20 points
Question 3: 20 points
Question 4: 20 points

Question 5: 20 points



1. Do either of the following operators commute?
[Circle either Y (yes) or N (no).]
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b. H and HZ2 for the harmonic oscillator
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d. reflection of a square in the xy plane
through the yz and xz planes. The two @ N
reflection operators are R, and R, and
are shown below. (Hint: You may find
it useful to number the four corners of
the square.) R,
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2. Consider the organic molecule
cyclobutadiene. H

a. Describe how you would model
the orbitals of cyclobutadiene
using a particle-in-the-box
model.
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b. Provide an estimate of the first
excitation energy. Show your

work.
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3. Sketch the first four energy
eigenfunctions associated with
the potential drawn to the
right; assume that all four
of these have energies below
V,. In each case, sketch a
horizontal line indicating your
qualitative estimate of the V, = height

energy of the eigenfunction. | of barrier
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4. Consider the three-well potential
shown to the right. Suppose a
clever experimentalist prepares

the system so that its wave o

function is initially localized in a

potential well |, as shown in the |
figure. I I i

a. Suppose you do repeated measurements of the
energy. Will all measurements give the same

energy? Why or why not? Y. W b.-glph,_{z{_s
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b. Describe how you would expect the system to evolve
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c. Give a qualitative description of the initial wave function
of the system in terms of the energy eigenfunction.
(Hint: How many different eigenfunctions do you
expect to be important? - Ao
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5. Consider the wavefunction
W = x(b — x) for the

potential shown to the right.

a. What is the average of x? o5 :
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c. What is the average of p,*? "
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d. What s the energy assomated with this wavefunction?
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