Chemistry 542
Fall, 2002
Problem Set 5
Due Monday, October 14

Read chapter 4, sections 1-3.

1. What is the probability of finding a harmonic oscillator in state v=1 at a distance greater than
the classical turning point? First determine the turning point in reduced units and then evaluate
the probahility of y being greater than this value.

2. Usethe recursion relation to determine the expectation value of x* for a harmonic oscillator in
satev. If you pay close attention to the lecture, you can save yourself alot of work.

3. Analyze the vibrational properties of the HCI molecule, using the table from Herzberg. The
date are given in wave numbers.

A. Calculate the force constant for the ground electronic state.

B. Calculate the vibrational energiesthe v=0 and 1 states, treating the molecule as anharmonic.
C. Calculate the wavelength of the O-1 trangituion.

D. Cadculate the zero point displacement (i.e., the maximum stretch alowed classically) for v=0,
assuming a harmonic wave function.

E. Repeat parts A-D for the V state of HCI.
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4. Fill in the following details of the harmonic oscillator problem:
A Show that the classical kinetic energy of a harmonic oscillator is given by
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B Demonstrate that ¢/(y) = eV’ isan approximate solution derivation of the Schrodinger
eguation at largey.
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’ , show that the Schrodinger equation becomes
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C Using the transformation ¢/(y) = ¢(y)e

¢ -2yd +(a’B-1p=0.

Levine, problems 11, 16, 25, 26, 27.



