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Modern Physics 330: HW # 5

1. The group velocity of a wave packet is given by vg = dω/dk, where the
function ω(k) is called the dispersion relation. Show that the group
velocity for a relativistic free particle h̄ω = E =

√
p2 +m2 is equal to

the particle velocity.

2. Consider a particle confined to a box −a/2 < x < a/2 with wave
function a t=0 given by the “tent” wave function

ψ(x, 0) = A
(
a

2
− |x|

)
for x inside the box and zero elsewhere.

• Find the normalization constant A.

• Find the uncertainty in x.

• Is this an energy eigenstate?

3. Consider an energy eigenstate where the the spatial part φE(x) is real.
Find 〈px〉.

4. Consider the wave function for a particle in a box −a/2 < x < a/2
given at t = 0 by

ψ(x, 0) = A cos
(
πx

a

)
• Find the normalization constant A.

• Find the uncertainty in x.

• Find the uncertainty in px and evaluate the uncertainty product
∆x∆px.

• Show that this an energy eigenstate and find the energy eigenvalue.

5. Following the proof of
d〈x〉
dt

=
〈px〉
m

prove that
d 〈px〉
dt

=

〈
−∂V
∂x

〉


