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Fractal optics
—From optical analysis of fractals to generation of fractal optical waves—
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Since the advent of the concept of fractal, a number of optical researches have been conducted
with respect to a variety of fractal structures. Among them, the most active are studies of optical
properties of waves diffracted or scattered from fractal structures. There are two aims in those
studies: analysis or evaluation of fractals by optical means, and development of new optical devices
on the basis of fractal structures. Recently, the author's group are particularly concerened with a

new type of fractal optics research: generation of optical waves that have fractal properties. In this
paper, those major topics in fractal optics are reviewed,
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Fig. 2. Results of computer simulations for the
Fig. 1. Fraunhofer diffraction pattern produced by coherent peak intensities [p(#) of the enhanced
a random fractal aperture acting as a mass fractal. backscattering from multiple scattering media with
The average intensity distribution of this pattern  fractal particle density distributions. Variations are
obeys a power law with its exponent equal to the shown as a function of the backscattering angle #
negative of the fractal dimension of the aperture. for different fractal dimensions D) of the media as
indicated in the figure.
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Fig. 3. (a)=(c) Fractal speckle patterns produced in the Fraunhofer diffraction region of a ground glass
diffuser, with different fractal dimensions of D, = (a) 0.4, (b} 1.0 and (c} 1.6; (d) a typical speckle pattern
produced by illominating the diffuser with a cireular aperture; (&) a fractal speckle pattern procuded in the
image plane of the diffuser; and (f) a four-times magnified portion of the pattern in (c).
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