Chemistry 331 Problem Set #6 (due Thursday 07 November, in class)

A 0.15 gram mass undergoing classical harmonic vibration is located at position
x(f) = Asin(2 mvr) |
at time 7. The vibration frequency and amplitude are v = 52 s~ !and 4 =0.24 cm.
a) Derive expressions for:
i) F(f), the force acting on the mass at time ¢ (hint: force = mass X acceleration)
ii) 7T(r), the kinetic energy at time ¢
iii) ¥(f), the potential energy at time f.

[8]  b) The kinetic energy T(f) and potential energy. V(f) are constantly changing, but show
the total energy 7(z) + V(f) is constant and equal to k4%/2. (hint: cos’6 + sin?@ =1)

¢) Calculate:
i) the force constant k in units of N m~'
ii) the total energy of the oscillator in units of Joules
iii) the time required for one oscillation

iv) the angular frequency w.

p A This question refers to the ground vibrational state (n = 0) of the N2 molecule (fundamental
frequency v = 2331 cm-"). Use 2.32 X 10-26 kg for the mass of the nitrogen nucleus.

a) Calculate:
i) the reduced mass u of the N> molecule
8] ii) the force constant k '
iii) the ground-state vibrational energy Eo
iv) the maximum speed of the vibrating nitrogen nuclei

v) the classical amplitude of vibration 4 (Use kA4?/2 for the classical vibration energy.
For comparison, the equilibrium bond length of the N> molecule is 0.109 nm)

b) Why is it imi)ossible to determine a definite value for the amplitude of the vibration of the N2
molecule?
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3.

(4]

(3]

[2]

a) We derived the Schrodinger equation for the harmonic oscillator, but did not solve it.

Verify that the ground-state wave function of the harmonic oscillator given in class

/4
a -ax? .
Wo(x) = (;) e 2 with a = g-’:i,/k,u

is a valid solution of the Sdhrodinger equation.

r dw,(x 1 ,

b) Use the results from a to show the ground state energy of the oscillator is

a) Explain briefly, in words, why the average momentum of a harmonic oscillator is zero.
<p>=0

b) Use the concept of even and odd functions to prove <p,> =0 for a harmonic oscillator.

The average squared momentum of a harmonic oscillator is not zero:

h 1
<p;>= E\/#k ("+'2‘)

Use this result to prove the average kinetic energy of the oscillator equals one half of the total
oscillator energy: <T> = E,/2.
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