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1.66: Wigner Distribution for the Quadruple Slit Experiment

The quantum mechanical interpretation of the quadruple-slit experiment is that position is measured at the slit screen and
momentum is measured at the detection screen. Position and momentum are conjugate observables connected by a Fourier
transform and governed by the uncertainty principle. Knowing the slit screen geometry makes it possible to calculate the
momentum distribution at the detection screen.

The slit-screen geometry and therefore the coordinate wavefunction is modeled as a superposition of three Gaussian functions.
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The coordinate wavefunction is Fourier transformed into momentum space to yield the diffraction pattern. Note that this calculation
is in agreement with the expectation that the number of minor maxima appearing between the major maxima is given by the

number of slits minus 2.
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The Wigner function is a phase-space distribution that is obtained by the Fourier transform of either the coordinate or momentum
wavefunction. We use the coordinate wavefunction.
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The Wigner distribution is frequently called a quasi-probability distribution because, as can be seen in the display above, it can
have negative values. Integration of the Wigner function with respect to momentum recovers the coordinate wavefunction and
integration with respect to position yields the momentum wavefunction.

6
T, (x):= /GW(x,p)dp x:=-—5,-4.98...5 &, (p) ::/SW(x,p)dX p=—6,—5.98...6
_ -5
X p

This page titled 1.66: Wigner Distribution for the Quadruple Slit Experiment is shared under a CC BY 4.0 license and was authored, remixed,
and/or curated by Frank Rioux via source content that was edited to the style and standards of the LibreTexts platform.

@ 0 1.66.2 https://chem.libretexts.org/@go/page/156459



https://libretexts.org/
https://creativecommons.org/licenses/by/4.0/
https://chem.libretexts.org/@go/page/156459?pdf
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Quantum_Tutorials_(Rioux)/01%3A_Quantum_Fundamentals/1.66%3A_Wigner_Distribution_for_the_Quadruple_Slit_Experiment
https://creativecommons.org/licenses/by/4.0
http://www.users.csbsju.edu/~frioux/
https://faculty.csbsju.edu/frioux/workinprogress.html

