
LECTU
RE 11:  M

ore on H
eisem

berg's U
ncertainty  Relations 

                                           
      Goal of the lecture:  Com

plete discussion of H
eisenberg's

                                        U
ncertainty Principle

      W
hat I expect you to learn: 

                                                   -W
hat is the uncertainty relation for

                                                     tim
e and energy and how it differs

                                                     from
 the position-m

om
entum

                                                     uncertainty  
                                                    -H

ow this principle applies to 
                                                      exam

ples in the notes
    
                (Corresponds to section 2.4 and 2.5 of textbook)                                   
       
                                                            



Recap on the U
ncertainty relation for position and m

om
entum

W
e've seen that for Gaussian wave packets, the product of the

width of the packet and the width of the distribution of the m
om

enta
has to be greater than h

From
 a m

athem
atical standpoint, this is related to a property of

Fourier transform
s: greater width of m

om
entum

 distribution for the
waves im

plies sm
aller width of the distribution of the sum

 of waves

From
 a physical standpoint:  a particle's position and its m

om
entum

cannot be known sim
ultaneously to arbitrary accuracy.  This is m

ore
than a statem

ent on the practical lim
its of experim

ental apparatus:
it's an inherent property of nature

A
lso note that the U

ncertainty Principle does not lim
it the precision

with which, say, m
om

entum
 can be m

easured, it is a statem
ent about

both x and p.















The U
ncertainty Relation for Tim

e and Energy (cont.)

The Fourier transform
s of the wave function at a fixed position in

space can be written as:

The wave function expressed as a pulse or "tim
e packet" is therefore 

expressed as a superposition of m
onochrom

atic waves of frequency ω
.

N
ote that the interpretation is different than in the position-

m
om

entum
 relation: the relation im

plies that if certain quantum
 states

exist for a certain tim
e, then their energy cannot be determ

ined 
with arbitrary precision. 

A
lso note that this is a probabilistic statem

ent: nothing prevents
the observer from

 determ
ining the energy of one of these states

to a high degree of precision. 



The U
ncertainty Relation for Tim

e and Energy (cont.)

Exam
ple: atom

ic transitions and decay of subatom
ic particles

   The width of a subatom
ic particle is related to its lifetim

e

  






