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Generation of Anisotropic Fractal Speckle

Jun Uozumr+ and Takashi NAKAZAWA * *

Abstract

It is known that fractal speckle patterns are observed in the Fraunhofer diffraction region of an
optically rough surface when the surface is illuminated by coherent light with an intensity profile
of a power function having a power in a certain range. Speckles generated in this way have iso-
tropic fractality in the observation plane perpendicular to the optical axis. To investigate the pos-
sibility of generating fractal speckles with anisotropy, illumination by an anisotropic power func-
tion, in which its power is a functon of the direction, is examined. As a natural anisotropy, ellip-
tical shapes for the power are assumed and speckle patterns are generated by means of the com-
puter simulation in the Fraunhofer region. In the simulation, the power Dr in the ¥ direction is
fixed to 1.5, while the power Dy in the ¥ direction is varied from 1.0 to 3.0.

As a result, it was found that anisotropic fractality is actually observed in the generated speck-
les, and a coupling effect between ¥ and Y directions was also found. Namely, regardless of the
fixed illumination power in the X direction, the power of the intensity correlation of the speckle
intensity in the ¥ direction varies due to the varying Dy. Similarly, regardless of the widely vary-
ing power of the illumination in the Y direction, the power of the intensity correlation in the Y

direction stays in a rather narrow range due to the fixed Dx.
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