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1.41: The Double‐Slit Experiment with Polarized Light
Fresnel and Arago ʺusing an apparatus based on Youngʹs [double‐slit] experimentʺ observed that ʺtwo beams polarized in mutually
perpendicular planes never yield fringes.ʺ The purpose of this tutorial is to examine this phenomenon from a quantum mechanical
perspective.

A schematic diagram of the double‐slit experiment with polarizers behind the slits is shown below.  and  stand for vertical and 
 polarizers, respectively.

Assuming infinitessimally thin slits, the photon wave function is a superposition of being at slit 1 with vertical polarization and slit
2 with polarization at an angle  relative to the vertical.

The vertical and  polarization states are represented by the following vectors.

The diffraction pattern is the Fourier transform of the state above into the momentum representation.

This calculation is implemented in Mathcad for slits of finite width as follows.

Slit positions:

Slit width:

To confirm the assertion of Fresnel and Arago the momentum distributions for three angles of the polarizer at the right slit are
calculated.
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We see that when the polarizers are oriented at the same angle, the diffraction pattern is the usual one for the Young double‐slit
experiment. When the polarizers are crossed the fringes, as Fresnel and Arago assert, disappear. Finally, when the relative angle of
the two polarizers is 45 degrees, we see a reduced interference pattern.

This page titled 1.41: The Double‐Slit Experiment with Polarized Light 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.

https://libretexts.org/
https://creativecommons.org/licenses/by/4.0/
https://chem.libretexts.org/@go/page/144055?pdf
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Quantum_Tutorials_(Rioux)/01%3A_Quantum_Fundamentals/1.41%3A_The_DoubleSlit_Experiment_with_Polarized_Light
https://creativecommons.org/licenses/by/4.0
http://www.users.csbsju.edu/~frioux/
https://faculty.csbsju.edu/frioux/workinprogress.html

