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Consider a random variable Q. This variable takes values in the set {0,
.., O,} and does so randomly with respective, nonzero probabilities {pi,

..., p»} adding to one. The expectation value (Q), or the expected value of
0, 1s defined to be

(Q) = Z Q;P; (5.1.1)
=1

The expected value can be thought of heuristically as a /ong-run mean: as
more and more values of the random variable are collected, the mean of
that set approaches the expected value.
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(Ax)? = ((x — (x)?)
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(Ax)? = (2?) — (%)? (Ap)? = (p*) — (P)*
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16. Consider the wave function
Y(x) = (/)™ exp(—ax*/2)
Calculate {(x") for n = 1, 2. Can you quickly write down the result for {x'’)?

17. Calculate ¢(p) for the wave function in problem 16. Calculate { p") forn = 1, 2.

18. Use the definitions (Ax)? = {x%) — (x)? and (Ap)* = {p?» — { p)* with the results of Problems 16
and 17 to show that ApAx > fi/2.

h
Ax-Asz
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(f(x,p)) = jodx-‘lj*(X)'f(x,—iha—i)‘P(X)
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1. Given that A(k) = N/(K* + a?), calculate y«(x). Plot A(k) and y(x) and show that Ak Ax > 1, inde-
pendent of the choice of o.

EXAMPLE 2-1
Consider a wave packet for which

Al)=N -K=k=K
= () elsewhere

Calculate ¢(x, 0), and use some reasonable definition of the width to show that (2-8) is satisfied.
SOLUTION We have

K
P(x, 0) = J dk Ne™* = g (@ — 7Ky = 2N smex
K

The definition of A(k) easily shows that Ak = 2K. A reasonable definition of Ax might be the dis-

tance between the two points at which y«(x) first vanishes as it gets away from x = (. This happens
when Kx = x4, so that Ax = 27/K. It follows that

Ak Ax = 4
which certainly satisfies (2-8).

| f‘” cos (mx) 7t

gix b 2lal



8. Consider a wave function of the form
P(x) = Ae Al
Calculate the wave function in momentum space ¢(p).

9. Consider the example in Problem 8. Calculate A so that (x) is properly normalized.

16. Consider the wave function
Y(x) = (o™ exp(—ax?/2)
Calculate {x") for n = 1, 2. Can you quickly write down the result for {x'’)?

17. Calculate ¢(p) for the wave function in problem 16. Calculate { p") forn = 1, 2.

18. Use the definitions (Ax)* = {x%) — (x)? and (Ap)* = {p» — { p)* with the results of Problems 16
and 17 to show that ApAx > fi/2.
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(f(x,p)) = jodx-‘lj*(X)'f(x,—iha—i)‘P(X)



