LECTURE 11: More on Heisemberg's Uncertainty Relations

Goal of the lecture: Complete discussion of Heisenberg's
Uncertainty Principle

What I expect you to learn:

-What is the uncertainty relation for
time and energy and how it differs
from the position-momentum
uncertainty
-How this principle applies to
examples in the notes

(Corresponds to section 2.4 and 2.5 of textbook)



Recap on the Uncertainty relation for position and momentum @

We've seen that for Gaussian wave packets, the product of the
width of the packet and the width of the distribution of the momenta
has to be greater than h

From a mathematical standpoint, this is related to a property of
Fourier tfransforms: greater width of momentum distribution for the
waves implies smaller width of the distribution of the sum of waves

From a physical standpoint: a particle's position and its momentum
cannot be known simultaneously to-arbitrary accuracy. This is more
than a statement on the practical limits of experimental apparatus:
it's an inherent property of nature

Also note that the Uncertainty Principle does not limit the precision
with which, say, momentum can be measured, it is a statement about
both xand p.
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The Uncertainty Relation for Time and Energy (cont.)

The Fourier transforms of the wave function at a fixed position in
space can be written as: /
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The wave function expressed as a pulse or "time packet" is therefore
expressed as a superposition of monochromatic waves of frequency o.

Note that the interpretation is different than in the position-
momentum relation: the relation implies that if certain quantum states
exist for a certain time, then their energy cannot be determined

with arbitrary precision.

Also note that this is a probabilistic statement: nothing prevents
the observer from determining the energy of one of these states
to a high degree of precision.
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Example: atomic transitions and decay of subatomic particles
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