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8.85: Simulating the Deutsch-Jozsa Algorithm with a Double-Slit Apparatus

The Deutsch-Jozsa algorithm determines if either [1] 2N numbers are either all 0 or all 1 (a constant function), or [2] half are
0 and half are 1 (a balanced function) in one step instead of up to 2N-1 + 1 steps. For N = 1, the Deutsch-Jozsa algorithm can
be visualized as putting two pieces of glass, which may be thin (0) or thick (1), behind the apertures of a double-slit
apparatus and measuring the interference pattern of a light source illuminating the slits. If the pattern is unchanged compared
to the empty apparatus, the glass pieces have the same thickness (constant function); otherwise they have different thickness
(balanced function). Peter Pfeifer, "Quantum Computation,” Access Science, Vol. 17, p. 678, slightly modified by F. R.

This is demonstrated by calculating the diffraction pattern without glass present, and with glass present of the same thickness and
different thickness. The diffraction pattern is the momentum distribution, which is the Fourier transform of the slit geometry.

Slit positions: zy =1 xr=2 Slitwidth: §=2

The momentum wave function with possible phase shifts 6 and ¢ at the two slits is represented by the following superposition. The
phase shifts are directly proportional to the thickness of the glass.
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The diffraction patterns (momentum distributions) for the empty apparatus (8 = ¢ = 0), for an apparatus with glass pieces of the
same thickness (0 = ¢ = 1/8) and for one that has glass of different thickness (8 = 1/8 ¢ = n/2) behind the slits are displayed below.

Another look at the calculations with graphical support on the left is provided below.
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This page titled 8.85: Simulating the Deutsch-Jozsa Algorithm with a Double-Slit Apparatus 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.
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