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PROBLEMS

CHEMISTRY 163A

If Y, and Y, are eigenfunctions of with different eigenvalues; # E,, prove thaty; and y, are
orthogonal.

McQ 5-18.

@ If x, is the classical turning point for a harmonic oscillator, set up the intefiet represents the
probability that an oscillator witty,, will be found at classically forbidden values of x.

*(b) Calculate the probability that a harmonic oscillator in the first excited vibrational state
(v = 1) is found outside of the classical turning points.

For this state:

2

P, = EEHHMZGUZ p%_ax % and E = g Vo
/2

use I Zexp(-2%)dz = —— erfc(u)+ exp(—u )
where—2_ [~ exp(~72)dz = erfo(u

72 ], &P(-Z) (u)
is the complementary error function
and erfc(3% = 0.0142.
For the second eigenfunction of the harmonic oscillator:

Y, = Bexp(-€°/2)(48° -2) g =a'/?x

(@ Evaluate the normalization constBnt

(b) Showthat ), satisfiesthe Schrodinger equatiofor a harmonic oscillatorWhat is the energy
eigenvalue?

*(c)  Using the energy eigenvalue (atdisA in eq 5-68) frompart b, showthat if a, = —2,a, follows
from the recursion relationship (5-80).

llJz

@ EvaluatéK.E.[for the harmonic oscillator with v = 2. de: You may use results fer—= r
X2

correctly obtained in prob. 21(b).)

a ' 2 2
o= Bl exp(-€2/12)(4? -2)

*(b) EvaluatelP.E[Tor this state of the harmonic oscillator.

*(c) Are your (correct) results surprising?



