











4.3.4 A solid aluminum block- The case of minimal decorrelation

When studying the evolution of vortex field in the speckle patterns obtained as a result of
interference from a solid diffusively reflecting block, the idea of using the decorrelation
factor as above cannot be applied. This is because we are looking at scattering form a single
steady (and thus, non-decorrelating) surface. If measured, the autocorrelation coefficient

between consecutive speckle frames is I'>0.9999, thus resulting in extremely small

values of D below 0.01. An example of the vortex trails obtained is shown in Fig 4.6.

Fig 4.6. Vortex trails obtained from a piece of aluminum block translating at 0.33
mm/min. For simplicity, only 300 frames are shown. The images were captured at 200

fps. The blue circles represent positive vortices and red points indicate negative vortices.
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As can be noticed, the vortex motion reflect the linear shift of the scattering source quite
closely, as the source undergoes negligible decorrelation. On close inspection, the point of
pair production and annihilation of the optical vortices can also be noticed, as displayed in

Fig4.7.
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Fig 4.7. The points of (a) pair production and (b) annihilation of certain vortex pairs
indicated by arrows. The blue circles represent positive vortices and red points indicate

negative vortices.

4.4 Conclusion

Small particles such as the hollow glass spheres used in these experiments, when suspended
in a fluid, exhibit Brownian motion. Einstein’s studies using kinetic theory were the first

mathematical detailing of these systems [8]. Advancements using Langevin’s equation and
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the equipartition theory estimate the mean-squared speed <v> > of Brownian particles

as

Lm<vs=Lir (4.13)
2 2

where M is the mass of the particle with absolute temperature 7" and £ is the Boltzmann’s
constant [9]. From Eq. (4.13), it can estimated that increasing the temperature from 296 K
to 330 K, as we have done, results in an approximate increase of 5.6% in particle speed.
This increase in speed of scattering particles is reflected in the higher mobility of the
resultant optical vortices, as well. It was also noticed that as the particle motion became
more rapid, the ellipticity in the vortex charge separation reduced. The reduction in
ellipticity values indicate a lowering of long-range correlations in the variables for which
the ellipticity is measured [10]. A quickening of scatterer motion thus makes short-term

variations in the vortex distribution more significant.

As has been previously reported [4], a higher mobility of the vortices is typically associated
with shorter trail lengths. This trend continues with the normalized variables in section
4.3.3. Fluid samples exhibiting Brownian motion provide a source to study disordered
motion. On the other extreme lies completely ordered motion. Such a motion exhibits a
Gaussian decorrelation relation between frames [11]. In our experiments, ordered motion
is represented by empty cuvettes translating at a uniform speed. Most biophysical
phenomena, however, exhibit dynamics in between the completely ordered and completely
disordered regimes. To mimic this, we introduced the microsphere solutions to the above
case of translating cuvettes. Thus, we have the Brownian motion within the solutions added

to the ordered motion of the bulk of the solution and the cuvette. Our vortex analysis clearly
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indicates statistically significant differences between the purely disordered and purely
ordered regimes, as well as between the purely ordered and partially disordered (mixed)
regimes. No significant difference was found between the purely disordered and the mixed

regimes.

4.5 Summary

In this paper, ways to analyze optical vortex fields to distinguish the dynamics of the
underlying scatterers are presented. Vortices were detected in speckle fields obtained from
scattering systems act as proxies to actual biophysical systems. Some of the results reflect
similar studies in computer-simulated speckle fields reported previously [4]. An aspect for
future investigation could be to study the effects of concentration of scatterers, which we
haven’t touched as we were more focused to look into Brownian motion as a single entity
to be compared with other types of motions. Another addition could be to vary the relative
weights of ordered and disordered motions and establish a boundary where vortex analysis
can distinguish between such mixed dynamics and purely Brownian dynamics. We
conclude by noting that the methods and analysis presented here could potentially improve
our current understanding of light-matter interaction, and expand the field of singular

optics.
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