
PHYS 2170

Fall 2021

General Physics 3 for Majors

Lecture 29

Heisenberg’s uncertainty principle

November 1



1 Review the quantum wave function. Decompose a quantum wave

function into plane waves.
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2 State and justify the position-momentum Heisenberg uncertainty

principle.
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3 Estimate the binding energy of hydrogen, using ~ ⇡ 10
�34

J · s, the
electron mass m ⇡ 10

�30
kg, and e2/4⇡✏0 ⇡ 2⇥ 10

�28
J ·m.

, , j-@EE#re kinetic energy: F N

\ f . -
'
'

K={mv's p%mpositivecharget e
potential energy;u=÷¥↳.es?
taei

µ;E=ktU=%m-BT

=-By B=a¥e.
Heise
nberg:

D xDp2¥
) E-921mm-
By,

85%1=0
MinimizeElDP):¥i

¥§
E=-2M¥ 1

E n IIm-1¥,op.im#=l2mgB)?
tzm-2hB=2Bmf

~ -8×10-18,=8p÷m-2B§D
p ~ - 5 0 EV



4 The lifetime of the Higgs boson is ⇠ 10
�22

s. What is the uncertainty

in its energy? What is the uncertainty in its mass (using relativity)?


