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ABSTRACT

We report the use of lateral vibration of speckle patterns in studying the particle sizing of bulk powdery clay sample. A
two-exposure recording was made on a high-resolution holographic plate placed in the observation plane. The first exposure
was taken when the laser-speckles without the sample vibrated laterally and the second when the laser-speckles and the
sample vibrated laterally together. The plate was photographically processed to obtain a specklegram. The analysis of the
fringe pattern from the decoded specklegram gave the particle sizes in the sample.

INTRODUCTION

Speckle photography is a technique for sensitive measurements in optical metrology.[ 1 ]. The double-
exposure speckle pattern recording or speckle photography has been used in velocity [ 2 ], refractive index [ 3 ],
vibration [ 4 ], small displacements [ 5], rough surface [ 6 ], and other measurements [ 7, 8 ]. The study of the
lateral vibrations of the speckle field obtained from vibrating powdery clay sample using the technique of speckle
photography leads to the determination of the particle size distribution of the bulk powdery sample.

THEORY
When laser light is scattered by a rough surface with a diameter d towards an observation screen or
photograhic plate at a distance z, the scattered light is randomly phased; bright intensity spots are produced which

characteristic size (radius r ) is expressed as » = 1.2272 where A is the wavelength of the incident beam. At any

point in the observation plane, the irradiance of the speckle pattern formed by the double exposure of the speckle
field alone , and also together with the sample when laterally vibrated have corresponding point in the particle

displaced by a small amount L. The resulting phase difference, A¢, is changed by an amount y given by

y= (Ez - E, )-L where k1 and k2 are the propagation vectors of the two illuminations from the speckles and the
displaced sample particles. The developed plate can be examined in one region at a time by illuminating it with
unexpanded HeNe laser beam. Since these regions contain pairs of identical speckles, the speckle pattern will
diffract the beam into diverging cones. The light in the resulting pairs of diffraction cones will interfere to form a
diffraction pattern modulated by Young's fringes. The fringe spacing s thus defines a diffraction angle & along

the distance D between the specklegram and the observation plane according to tan.$ = % whilst the pitch of the

specklegram is given by sind= —g— The two-exposure technique produces twin on-axis speckles at a height h

from the axis giving a speckle pattern of a separation distance, d, which is a function of the height h. By
geometrical considerations, the displacement AZ of the powdery sample is obtained from Az=%§(h) and

AD
h)=——,
o(h) >

EXPERIMENTAL ARRANGEMENT AND RESULTS

From figure 1, the diffuser was placed on a white card which was mounted on the membrane of the loud
speaker, illuminated by an unexpanded SmW HeNe laser of wavelength (A = 632.8nm) and masked by a circular
aperture ofdiameter d = 20mm. The loud speaker was then connected to an amplifier and a signal generator
which was driven by an AC source. For a safer recording, a holographic Agfa Holotest 8E75 was placed 250 mm
from the diffuser for recording the speckle patterns, in order to obtain a fine grain scatterer since the sensitivity of
measurement require that the speckle motion in the observation plane should exceed the characteristic speckle
size. Two different double-exposures were taken. In the first instance, the plate was exposed twice to the
generated specklgs, opce when fh, Speckles wete ationary aud once whet, the speckles werc I aferal vibration.
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In the second case, the plate was twice exposed to the speckles in motion, once when the speckles were lateraily
vibrating without the sample, once when the speckles and the sample were together in lateral vibration. The two
plates were photographically processed to produce specklegrams 1 and 2. The specklegram on which was
normally incident an unexpanded HeNe laser beam was mounted on a micrometric translation stage at 100cm
away from the screen. In order to measure s and h, by making use of the translator, the specklegram 1 was
displaced horizontally from the center where no fringes were present towards the right direction until fringes were
seen. The pitch s of the fringes were measured with a vernier caliper and l’l1 with the micrometer of the translator.
The translator was moved in the opposite direction to recover the plate centre towards the left direction until
fringes of the same pitch s were again seen. The second reading A, of the micrometer was recorded. The height,

h, was evaluated from A = (|h2 - h,|)/ 2 . The distance of separation between the specklegram and the screen
were measured with a metre rule.
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Fig. 1.) The experimental setup Fig. 2.) Graph of particle displacements, Az, vs. patticle sizes, & (h).

The process was repeated with the specklegram 2. Since the fringes on this plate at some orientations have
different spacings, different values of 6(%) and Az were calculated. A graph of AZ (the distribution of the
displacement of the particles) was plotted against (/1) (the statistical probability distribution of the particles
sizes) as shown at figure 2. The first point on the graph shows the measurement made on the specklegram 1
whilst the other four points were measurements made on specklegram 2. The curve on the graph shows the
various sizes of the particle in the bulk sample in relation with the distances these particles moved from the
surface of the membrane of the loud speaker. The mean size of the particles was between S0um and 150pum.

CONCLUSION

We have used speckle phenomena to determine the particle sizes of the powdery sample by double-exposure
speckle pattern recording. The measurement was based on the distribution of the random displacement of the
particles in the bulk sample after their interaction with the speckle field on the specklegram and the subsequent
decoding of the speckle pattern on it. This technique that made use of objective speckle patterns could be extended
to unaccesible situations such as sizing of on line cement particles and saw dust in wood sawmills not excluding
operations in vacuum systems.
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