
Chem 3322 homework #2, due Sept. 7, 2022

Problem 1, 10 marks – operators

a) We usually denote an operator by a capital letter with a carat over it, e.g., Â. Thus,

we write

Âf(x) = g(x) (1)

to indicate that the operator Â operates on f(x) to give a new function g(x).

Evaluate (see page 75) Âf(x) where f(x) = 2x2 and where

Â =
d2

dx2
+ 2

d

dx
+ 3 (2)

b) Consider the operator (see page 79)

Ĉ = ÂB̂ − B̂Â (3)

Specifically, take Â = x and B̂ = d/dx. What does this operator Ĉ do to a function f(x)?

Based on your answer, express this operator in a simpler form.

Problem 2, 10 marks – separation of variables

The heat equation is:

∂u

∂t
= α∇2u (4)

where α is the thermal diffusivity of a substance, and u(x, y, z, t) describes the temperature of

a substance as a function of space and time. Show that the separation of variables procedure

can be successfully applied to this partial differential equation to separate the space and time

variables into separate differential equations. You can leave the spatial variables together

for this question. We will see, later in the course, how to separate the three spatial variables

into three separate equations, but don’t do that here.
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Problem 3, 10 marks – Schrödinger Equation

a) For a particle in free space (V = 0), the angular frequency ω and the wave number k

of its associated wave function are related by

~ω =
~2k2

2m
(5)

a) Verify that, if a monochromatic wave of the form ψ = ei(kx−ωt) is substituted into the

Schrödinger time dependent equation (also called the Schrödinger wave equation), the above

relation is reproduced.

b) Show that ψ = cos(kx−ωt) fails to satisfy the Schrödinger time dependent equation.
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