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Visualization of interference phenomena by Chladni patterns is treated. The formation of the
pattern in the Young's double-slit experiment is described by a new model of driven random walk
exhibited by particles bouncing on a vibrating surface. In the model the mean length of horizontal
displacement is described deterministically by the wave amplitude. The presented example indicates that
such formation of interference patterns can take place without any pilot-waves associated to particles. In
spite od this, the pheomenon remeinds to formation of interference patterns observed at scattering of

particles in quantum mechanics.
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Highlights:

e Formation of Chladni patterns caused by interfering waves on a surface is considered. For this purpose a
new model of pattern formation caused by jumping of particles on a vibrating surface is introduced.

¢ In the model the amplitude of vibrating surface is treated as a deterministic variable, while jumping of
particles is described by the Gaussian random number genarator.

o Numerically simulated example of Chladni pattern formation in the Young's double-slit experiment shows
that the distribution of particles reveales deterministic properties of interfering waves, athough the

movement of individual patterns is random.

e This property reminds to the situation at the double slit experiment in quantum mechanics where the
trajectories of individual particles indicate random character, while their distribution reveals deterministic

properties of interference.
0 INTRODUCTION

One of the great puzzles of nature is the wave-
particle duality of quantum mechanics that was
explained by De Broglie and B6hm by assigning
to particles the so called pilot-waves.[1,2] This
duality had been considered an exclusive property
of the microscopic world until the experiments
with droplets bouncing on surfaces of vibrating
liquids indicated that it might be characteristic of
macroscopic  particles  t00.[3,4] In these
experiments droplets are accompanied by pilot-
waves on the liquid surface where they can
generate interference. In the quantum mechanical
treatment the interference is governed by the
Schrodinger equation,[2] while the interference of
bouncing droplets is described by the classical
wave mechanics.[3,4] Since the presence of pilot-
waves is essential in both cases, it is rather
surprising that properties of interference can be
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observed even when particles are not
accompanied by them. This article points to the
corresponding example by the numerical
simulation of the Chladni pattern formation
caused by interfering waves in the classical
Young's double-slit experiment.[5]

1 MODEL AND SIMULATION

Chladni patterns are formed by the sand
particles bouncing on vibrating surfaces and their
application for the visualization of vibration
modes has significantly contributed to the
development of acoustics.[6] Although it is
evident that during the formation of a pattern the
particles move from regions of high vibration
amplitude towards the calm regions at nodal lines,
the analytical description of movement by
bouncing remained incomplete due to its
complexity.[7,8] To describe such movement
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quantitatively the trajectories of bouncing
particles were statistically analyzed in recent
experiments presented in the previous articles.[9-
11] The analysis indicates that the bouncing of an
individual particle corresponds to a random walk.
The distribution of the horizontal displacement
AR(x,y) in this walk is Gaussian and direction
independent. The standard deviation of the
distribution is proportional to the amplitude of
surface vibration A(x,y) and characterizes the
horizontal displacement length in a single bounce.
This property enables a simple simulation of the
pattern formation by the standard Gaussian
random number generator G if the distribution of
vibration amplitude A(x,y) is given. Comparison
of simulated and actually observed patterns
reveals surprisingly good agreement of their
properties.[9-11] Although the bouncing is
random, the governing parameter of its
distribution is determined by the vibration
amplitude, and therefore, the Chladni pattern
formed on a vibrating surface provides
information about the characteristics of the
corresponding standing wave. Since a standing
wave is the result of the interference between
waves moving in the opposite directions, we
presume that such a pattern could be applied to
characterize properties of interference also in
other cases. To check this presumption we
simulate a random walk of particles in the
Young's experiment with interfering waves from
two sources. For this purpose the model of
vibration driven random walk developed in the
previous article is utilized.[9-11]

In the simulation a particular step of the
random walk is generated by the modified
Gaussian random number generator (A-A.)*G
with the standard deviation of the corresponding
probability distribution proportional to the wave
amplitude above the critical value A, for
bouncing. At the formation of Chladni patterns
the critical value is usually much smaller than the
wave amplitude A.<<A, and for the sake of
simplicity, we discard it in the present modeling.
The particle displacement in the x-direction
during single bounce is then described by the
expression:  Ax =A(x,y)*G, and similarly for the
y-direction.

The distribution of the wave amplitude,
that in our case equals the standard deviation of
random number generator, is shown in Fig.1,
while the initial distribution of 5000 particles and

the subsequent evolution of Chladni patterns in
100, 400, and 1600 bounces is displayed in Figs.
2 and 3. The changing of particle distribution is
most expressive at the start of bouncing and
declines with concentration of particles at low
amplitude regions.
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Fig. 1. The distribution of the wave amplitude A(x,y)
in the simulated Young's experiment with interfering
waves from two sources.

2 DISCUSION AND CONCLUSIONS

Figures 2 and 3 reveal that particles
move due to vibration driven random walk to the
calm regions of the interference pattern. The
corresponding Chladni pattern thus provides a
proper basis for indicating and characterizing the
interference phenomenon although the particles
bounce randomly during its formation. However,
the interference character is in this case
determined only by the properties of waves on the
surface and not by any pilot-waves associated
with particles. The influence of this character on a
particular bounce remains unexplained, but it is
simply described on average by the most simple
relation between the wave amplitude and the
standard deviation of the horizontal displacement.

In relation to the presented case the
question arises whether it would be possible to
find an example of interference phenomenon also
in quantum mechanics that could be interpreted
without wave-particle duality.
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Fig. 2. Initial distribution of 5000 particles (top) and
Chladni pattern caused by 100 bounces (bottom).
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Fig. 3. Chladni patterns caused by 400 (top) and
1600 bounces (bottom).
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