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Abstract. The propagation of light in foams creates patterns which are explained by the
Geometrical Theory of Diffractiorand some of these patterns knewn as Parhelitike

circle or Parseric circle. We also present the analogy between the atmospheric
phenomena known as Parhelic circle, Sun dogs and Sun pillars and the patterns obtained
from light scattering in foams.
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1 Introduction

Scattering problems are at very heart of Physics, from Celestial to Quantum
Mechanicswith particles or wavesye are always looking for a target. In our
experiment, we are observing the light scattering in foams, and the results can
be applied in Acoustics, Optics and Spectroscbajmht through foams presents
a complex behavior, for example, though the laws of reflection and
refraction are simple, the boundary conditions for the light scattering are very
difficult to be determined precisely due to many awkward technical aspects,
such as nonlinearities, or if the thickness of the liquid films is sufficientlsecl
to the wave length of visible light, there is light interfereaoel thus produce
the iridescent colors of soap bubbles.

In this paper we discusthe chaotic scattering, diffusion and some
aspects ofhe interface between wave ageometric opticsWe have observed
that the light scattering dynamics in foa can present two main process
diffusive one related to Gaussian process and another one related to chaotic
dynamics, similar to those observed in chaotic saddles, with some rays of light
bounchg back and forth for a certain time, and leaving it through one of several
exits. In addition to those behaviors, between geometrics and wave optics, we
also have observetie phenomena of the theory of geometrical refraction, with
the parlaseric circle.

2 The experimental apparatus

This experiment involves light scattering in foafrhe foam is obtainedby
shaking a liquid inside a transparent bapnsisting of two parallel Plexiglas
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plates separated by a gap (19.0 x 19.0 x 23).ae can inspect the profiles of
light scatteredinside the foam and we have usegtiotographiccamerato
detect the resulting light pattetn¥he box contains air and an amount of
dishwashing liquid diluted in water (¥ 115 cnd). The surfactant is Lynear
Alkylbenzene Sulfonate (LAS), with surface tension around 25 dyne/cm and
refractive indicesequal to 1.333 for the liquid and 1.0 for the dihe light
sources used when photographing the light scattered by the foanmlasere
diodeswith colars red (635mm), green (532 nmand blue (405 nm).
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Fig.1. In (a)is shownthe cross section of a Plateborder.The example of ray tracing in
a Plateau borddb). The diagram of the experiment is shown in (c).

Fig. 2 Image of the laser beam in Efeauborder.



We use foams composed of bubbles in a network of surfactant solution
and some single structures of foams known as Plateau borders and vertex. The
Plateau border is an edge fafam in a junction of three soap films, while the
vertex is a place wherfour Plateau borders meet.

3 Diffusion and Chaotic scattering

Using experiments involving the transport of light in foams, we have observed
two main processes of light transpfit}: a diffusive one related to a Gaussian
function, and another oneelated to a chaotic dynamics, similar to those
observed in chaotic saddles, in which a ray of light bounces back and forth for a
certain time in the scattering region, and leaves it through one of several exits
as it is shownn Figure 3which representa slice of the profile of light
scattering In this figure, we present the result obtained from the experiment

involving light scattering in foams, in wth a laser beam is injected liquid
foam inside a box.
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Fig. 3 Light intengty plot of the light scattering ifoam.

The scattering process spreads the light and limits the depth of light
penetration, creating a center glow located just above the interface of the box
and the foamWe can represent tlwverallbehaviorof the light scagringg(x,y)
in foamswith the following model:



1 i X2+y2
X,y)=——=e 2° +f(x,y), (1)
a(x,y) 2 2 (x,y)
in whichthe first term represent the diffusive process present in all places, while

the effects of the chaotic dynamifx,y) are present mainly at the center of the
foam, around the laser bealinection

Fig. 4 Chaotic and diffusive light scattering.

4 The Parlaseric Circle

Besides these phenomena, we also observed the formation of some caustics.
One of these caustics the light pattern involving the gulaseric circle[2],
explained by the Theory of Geometrical Diffracti@}.

The parlaseric circle is a luminous ring generated by light scattering in
foams or soap bubbles. In analogy to the atmospheric phenomena kaown a
parhelic circle, sun dogs, and sun pillars, we have named the features of the
patterns observed as parlaseric circle, laser dogs, and laser pillars. The triangular
symmetry of the Plateau borders is analogous to the hexagonal symmetry of ice
crystals whth produce these atmospheric phenomena. Working with one
Plateau bordr at a time, we have observed waptics phenomena that are not
used in the explanation tifie atmospheric phenomena, such as diffraction and
interference.



