Part III—Quantum J04Q.2—Boosted Wave Function

J04Q.2—Boosted Wave Function

Problem

Two observers in different inertial frames will need different wave functions to describe the same
physical system. To make things simple we will consider how it works in one dimension: The first
observer uses coordinates (z,¢) and a wave function ¥ (z, t) while the second uses (2/,t) and ¥ (2, t)
with, of course, ' = x — vt, v a constant velocity. The wave functions for the two observers are
said to be related as follows:

n 7 m
P’ t) =(x,t) exp (_ﬁ [mvx - 32}24) .
Despite its innocuous look (it’s just a phase!) this transformation has interesting effects!

a) Let’s verify that it makes sense. Suppose v(z,t) is the wave function for a free particle
of momentum p. Show that (2’,t) is the wave function of a free particle with a different
momentum. What is its momentum?

b) Now let’s put this to work. Suppose we have a harmonic oscillator in its ground state for ¢ < 0;
its wave function is

(x,t) = Nexp (—%x2 — —wt) ,

where N is a normalization constant. Suppose that at ¢ = 0 the potential suddenly starts to
move at velocity v. Because the wave function does not change immediately, it is no longer
the ground state wave function of the moving harmonic oscillator. What is the probability of
finding the system in the moving ground state at a later time ¢t > 07



