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5.15: Calculating the Airy Diffraction Pattern

The Airy diffraction pattern is created by illuminating a screen containing a circular hole with photons. The experiment can be
performed with weak sources such that there is only one photon interacting with the screen at a time. This photon-screen
interaction constitutes a position measurement.

The position wave function has a constant amplitude within the area of the hole and is shown to be normalized.
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The Airy diffraction pattern is the Fourier transform of the position wave function into the momentum representation. In other
words, the interference pattern at the detection screen actually represents a momentum measurement. The following calculations
are carried out in atomic units using a hole radius of 0.2.

Hole radius: R = .2

Calculate the Airy diffraction pattern:
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Display the Airy diffraction pattern.

Truncating the high intensity central disk provides a better picture of the outer maxima and minima.

Examining a radial slice of the Airy diffraction pattern provides a simple illustration of the uncertainty principle. Assume that the
position uncertainty is given by the diameter of the hole and that the momentum uncertainty is given by the momentum range of the
central disk.
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For a diameter of 0.2 the position-momentum uncertainty product is: .2 77.0 =15.4

The reciprocal relationship between the uncertainty in position and momentum is clearly revealed in this example.
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