
Chem 3322 homework #2 solutions

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)

Solution:

Following pages 75 and 76, we have

Âf(x) = 4 + 8x+ 6x2 (3)

b) Consider the operator (see page 79)

Ĉ = ÂB̂ − B̂Â (4)

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.

Solution:

Following page 79, we have

Ĉf(x) = Â
(
B̂f(x)

)
− B̂

(
Âf(x)

)
(5)

= x
df(x)

dx
− d

dx
(xf(x)) (6)

= x
df(x)

dx
− xdf(x)

dx
− f(x) (7)

from the product rule

= −f(x) (8)
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Therefore the operator is just multiplication by minus one.

Problem 2, 10 marks – separation of variables

The heat equation is:

∂u

∂t
= α∇2u (9)

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

Solution:

We postulate that we can write

u(x, y, z, t) = S(x, y, z)θ(t) (10)

Substituting this into Eq. (9) yields, on the left hand side

S(x, y, z)
dθ(t)

dt
(11)

and on the right hand side,

αθ(t)∇2S(x, y, z) (12)

Dividing both sides by u yields, on the left hand side,

1

θ(t)

dθ(t)

dt
(13)

and on the right hand side,

α
1

S(x, y, z)
∇2S(x, y, z) (14)

For the equality of Eq. (9) to hold (and we didn’t change the nature of the equality by

dividing both sides by u), the left hand side (Eq. 13) cannot depend on time and the right

hand side (Eq. 14) cannot depend on space. Also, clearly the left hand side doesn’t depend
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on space (and clearly the right hand side doesn’t depend on time), so we must conclude that

each side, separately, must be a constant. But then the equality demands that this constant

be the same for both sides. Let us call the constant c.

This generate a pair of equations, one involving the spatial variables and one involving

the time variable, which completes the question:

α∇2S(x, y, z) = cS(x, y, z) (15)

dθ(t)

dt
= cθ(t) (16)

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
(17)

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.

Solution:

Taking partial derivatives gives

∂ψ

∂t
= −iωψ (18)

and

∂2ψ

∂x2
= −k2ψ (19)

Substituting into Schoedinger’s Equation and canceling ψ from both sides and rearranging

gives the desired relationship between k and ω.

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

Solution:

In this case,

∂ψ

∂t
= ω sin(kx− ωt) (20)

3



and

∂2ψ

∂x2
= −k2ψ = −k2 cos(kx− ωt) (21)

If we substitute into the Schrödinger equation, we see that the two sides are not equal

(for an arbitrary choice of the independent variables x and t), for example at x = 0, t = 0.
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