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Heisenberg’s uncertainty relation



Recap - Heisenberg’s uncertainty principle, mathematical base

Original form by Heisenberg:  

Mathematical base: Fourier transform and Cauchy-Schwarz unequality 

Let  be the wave function of a free particle and  the Fourier transform of  

Probability density that particle is at position :  , variance in :    

that momentum is equal to :                                 , variance in :  

Theorem:  

Result  (and factor  in addition) 

http://math.uchicago.edu/~may/REU2021/REUPapers/Dubey.pdf 
https://www.ams.org/journals/bull/2021-58-02/S0273-0979-2021-01715-0/viewer/
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http://math.uchicago.edu/~may/REU2021/REUPapers/Dubey.pdf
https://www.ams.org/journals/bull/2021-58-02/S0273-0979-2021-01715-0/viewer/


Recap - Heisenberg’s uncertainty principle, electron in a single slit



Recap - Heisenberg’s uncertainty principle, photon scattering



Recap - wave packet spreading



The Bohr model



Bohr model - line spectra

Light 
source



Bohr model - line spectra due to absorption and emission



Bohr model - stable electron radius



The Schrödinger equation



Schrödinger equation - potential barrier E < E0



Schrödinger equation - potential barrier E < E0


