Chemistry 331 Problem Set #5 (due Monday 02 November, in class)

1. It is useful to normalize the wave functions used in quantum mechanics. Why? [1]

2. Can the following wave functions be normalized? If so, calculate the normalization factor.
a) y(x) =sin(mx/L) on the interval —oo < x <+o0

[4] b)) w(x)=sin(m/L) ontheinterval 0< x < L
©) y(x)=¢'f on the interval 0 < 8 <2m

Hint: A table of integrals might be useful to answer this question. See http://integral-table.com/

3. Solving Schrodinger’s equation H v, (x) = E,y(x) for a particle in a box gives the wave functions

v, (x) = \E sin(?j

The particle is clearly moving back and forth in the box, but y,(x) is a stationary wave that is
not moving! Are we missing something here? Yes!

Use the time-dependent Schrodinger equation

HY (x,1) = ih(mj
a ).

[3] to show the complete wave function for the particle in a box is
\Pn (x’ t) = Wn (x)e—iE"t/h
Hints: Because the Hamiltonian operator is a function of x, but not z, ¥»(x,?) can be expressed as

the product y(x)f(¥) of the function wx(x) that depends only on x and the function f{¢) that depend
only on . Use the method of separation of variables (recall Assignment #3) to show

f(t) = e—iE"t/h
4. For a particle in a box of width L:
L . 2(1 1 3 n’h’
<x> = — <x>=L|- - — <p.>=10 <p.> =
7T g L3 271'2112] Pe e Al

[3] Prove the particle obeys the Heisenberg Uncertainty Principle ox0,x> h/47.
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[2]

[2]

This question refers to a classical particle in a box extending from x = 0 to x = L.

a) A classical particle is equally likely to be anywhere in the box, so the probability distribution
function P(x) is a constant. Use the normalization requirement

L
1= j P(x)dx
to show P(x) = 1/L. 0

b) Use P(x) to derive expressions for <x>, <x*> and o; for a classical particle.

¢) Show o for a classical particle in a box equals o for a quantum particle in a box (see
Question 4) in the limit n — oo,

d) Part c illustrates an important principle of quantum mechanics. Explain.

a) An electron with kinetic energy 9.50 eV hits a 10.0 eV potential energy barrier. Calculate the
penetration depth.

b) The penetration depth is nonclassical. Why?

a) An electron with kinetic energy 11.0 eV hits a 10.0 eV potential energy barrier. Calculate the
probability the electron will be reflected by the barrier.

b) The reflection of the electron is nonclassical. Why?
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