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FTFT

It is impossible to sharply 
concentrate both a function 
and its Fourier transform.

For precise formulation(s) 
need to define “width” of a 
function.

The Uncertainty Principle: The Uncertainty Principle: 
Folklore of Harmonic Analysis Folklore of Harmonic Analysis 



TheThe Classical Classical 
Uncertainty Uncertainty 
PrinciplePrinciple

W. Heisenberg 1927
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…and how we understand it…and how we understand it
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VFT
f

1. Variance as measure of concentration: Although  f is 
superposition of two narrow Gaussians, 
V is very high          no good control over its FT. 

2. Use of Fourier transform: Cannot talk about properties 
of  “pieces” of  f.

Deficiencies of the Classical Deficiencies of the Classical 
Uncertainty PrincipleUncertainty Principle



Entropy as measure of concentrationEntropy as measure of concentration
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L > 0- M < 0

Does not have “multi-peak” deficiency.



Relation between entropy, variance, Relation between entropy, variance, 
and L and L --normnormp
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Entropic Uncertainty PrincipleEntropic Uncertainty Principle

Sharper than classical version, but still, concen-
tration is evaluated globally. Localized form?



Localization with Gaussian windowLocalization with Gaussian window
Localized Fourier transform
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1. Gaussian window    
with given center

2. Fourier transform, evaluate at given momentum.

gives component of  f  centered at given position 
and momentum values, also known as Bargmann
transform.



Concentration vs. controlling tailsConcentration vs. controlling tails



Localized Entropic Uncertainty Localized Entropic Uncertainty 
PrinciplePrinciple
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Who needs sharp control of tails?Who needs sharp control of tails?
Relevance in Quantum MechanicsRelevance in Quantum Mechanics

QuantumClassical
Uncertainty

Bounds on uncertainty needed for controlling 
quantum phenomena in quasi-classical terms.

Example:
Lower bound 
for the ground 
state energy of 
the harmonic
oscillator
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