Introduction

Every natural phenomenon on this planet in some way or another is
governed by certain natural laws, its physics which forms the basis of these
laws. May it be optics, thermo statics, electronics etc.... everything that we use
in our day to day lives involves these phenomena of physics. Sound can be
considered a vast field of studies in science.

We define sound as anything that we hear around us, may it be
a musical one or a noise. But, in physics, sound is a vibration that propagates as
a typically audible mechanical wave of pressure and displacement, through a
transmission medium such as air or water. Humans can hear sound waves with
frequencies between 20Hz to 20 kHz. Sound above 20 kHz is ultrasound and
those below 20Hz are infrasound. Other animals have different hearing ranges.

Sound is also defined as oscillations in pressure, stress, particle
displacement, particle velocity etc...propagated in a medium with internal
forces or superposition of such propagated oscillations or the auditory sensation
of such oscillations.

Sound can propagate through a medium such as air, water and
solids as longitudinal waves and also as a transverse wave in solids. The sound
waves are generated by a sound source, such as the vibrating diaphragm of a
stereo speaker. The sound source creates vibrations in the surrounding medium.
As the source continues to vibrate the medium, the vibrations propagate away
from the source at the speed of sound, thus forming the sound wave. At a fixed
distance from the source, the pressure, velocity, and displacement of the
medium vary in time. At an instant in time, the pressure, velocity, and
displacement vary in space. Note that the particles of the medium do not travel
with the sound wave. This is intuitively obvious for a solid, and the same is true
for liquids and gases (that is, the vibrations of particles in the gas or liquid
transport the vibrations, while the average position of the particles over time
does not change). During propagation, waves can be reflected, refracted, or
attenuated by the medium.

The behaviour of sound propagation is generally affected by three things:
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. A complex relationship between the density and pressure of the medium.
This relationship, affected by temperature, determines the speed of sound within
the medium.

. Motion of the medium itself. If the medium is moving, this movement
may increase or decrease the absolute speed of the sound wave depending on
the direction of the movement. For example, sound moving through wind will
have its speed of propagation increased by the speed of the wind if the sound
and wind are moving in the same direction. If the sound and wind are moving in
opposite directions, the speed of the sound wave will be decreased by the speed
of the wind.

. The viscosity of the medium. Medium viscosity determines the rate at
which sound is attenuated. For many media, such as air or water, attenuation
due to viscosity is negligible.

When sound is moving through a medium that does not have constant physical
properties, it may be refracted (either dispersed or focused).

Cymatics

The study of sound and vibration made visible, typically on the surface of a
plate, diaphragm or membrane. Direct viewing of vibrations involves exciting
inorganic matter such as particulate matter, pastes (both magnetic and non-
magnetic) and liquids under the influence of sound, although recent research has
extended the range of media to include organic matter and the range of viewing
has been extended to include the light microscope.

All the studies and experiments conducted with the use of wave frequencies,
confirm that date back to ancient civilizations according to which every sound,
so each wave vibration is in connection with a shape in space, generated by it
and kept in life and movement.

From the same awareness comes that famous statement of Pythagoras, the
geometry is solidified music. Scholars have shown us many forms, some
geometric, known to us as symbols, crosses, stars, etc.., are produced by various
types of vibration.

So if every sound, wave, movement, thought, feeling, create forms, we too
therefore we are continuously creating forms, because we have the same
vibratory nature.
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Cymatics is the new science, which studies the waves and the sounds that create
harmonious geometric shapes. For example, certain sounds correspond always
the same figures, also, pronouncing the sounds of ancient languages like
Sanskrit or Hebrew, produced the figures, which drew the symbol of the
alphabet that is pronounced.

Watching Cymatics in action can be a life-altering experience! The first time
you see particles of sand, or powder, or iron filings, dancing to the rhythm of a
song — or view water pulsing a visual pattern in response to the sound you're
hearing — you become enthralled, or like the previously inert matter you're
watching, entrained. And the more you learn about this fascinating science, the
more you come to recognize that sound and vibration permeate absolutely
everything! Pulsation is fundamental to all matter, and to the propagation of
energy — in the physical world and beyond.

Our project is all about this phenomenon of sound vibration, leading to the
formation of different patterns on the diaphragm used. This was first established
by Ernst Chladni, a musician scientist. He has put forth certain patterns known
as Chladni figures, for varying frequency of sound. We aim at the verification
of these figures using simple laboratory equipments.




What is Cymatics?

The term ‘Cymatics’ is derived from the Greek word 'kuma' meaning 'billow' or
'‘wave,' to describe the periodic effects that sound and vibration has on matter,
that is a subset of nodal vibrational phenomena, by Hans Jenny, a Swiss medical
doctor and a pioneer in this field.

Cymatics, the study of wave phenomena, is a science pioneered by Hans Jenny
(1904-1972). For 14 years he conducted experiments animating inert powders,
pastes, and liquids into life-like, flowing forms, which mirrored patterns found
throughout nature, art and architecture. That is, this is a branch of science which
made sound visible. What's more, all of these patterns were created using simple
sine wave vibrations (pure tones) within the audible range. So what we see is a
physical representation of vibration, or how sound manifests into form through
the medium of various materials.

Typically the surface of a plate, diaphragm or membrane is vibrated, and
regions of maximum and minimum displacement are made visible in a thin
coating of particles, paste or liquid. Different patterns emerge in the excitatory
medium depending on the geometry of the plate and the driving frequency.

The apparatus employed can be simple, such as the old Chinese singing bowl, in
which copper handles are rubbed and cause the copper bottom elements to
vibrate. Other examples include the Chladni Plate and the so-called cymascope.

Dr. Hans Jenny, father of Cymatics or the Science of Waves, made visible the
subtle power through which the sound structure of the matter, demonstrating the
supremacy of vibration and its effects in nature.

It is interesting to notice all those naturally occurring patterns around us.
Patterns seen on the shell of a tortoise or that on a crocodile’s body or those
inside fruits are examples of similarities between Chladni’s figures and
naturally occurring patterns.
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Some interesting facts about cymatics

» Cymatics turns sound into a visible pattern that is often geometric in
nature.

Cymatics may be the “clue” that proves sound is not a wave but a
bubble.

Cymatics is used to help the hearing impaired learn to speak clearly. In
fact a deaf student at the University of Edinburgh used cymatics to create
a sound-based art show at his graduation.

Cymatic symbols may have been imbedded inside a chapel in Scotland in
order to “encode” music secretly in the carved stone cubes lining the
ceiling of the chapel.

Cymatics actually shows the stillness within sound, when applied to
metal or membranes; however when applied to water cymatics reveals
visuals of the sound itself.

Cymatics is currently being used by researcher John Stuart Reid to
record and decode the language of dolphins, including creating a
“dolphin alphabet.”




» Cymatics plates were played with a violin bow for astonished Victorian
audiences by Ernst Chaldini, the “father of acoustics,” in the 1700’s.
(The same technique was used to create the plates in the photo above in
2009).

Cymatics can make matter actually “defy gravity” — for example, if you
tip a plate sideways with liquid or particles on it, the matter will fall
downward; but if sound is applied to the plate, the liquid will climb back
up the plate to keep its cymatic form in defiance of gravity.

Cymatics has been quietly used by violin makers for years to help build
better violins: by watching the shape of particles inside the violin they
can perfect their carving of the body.

History

The provenance of Cymatics can be traced back at least 1000 years to African
tribes who used the taut skin of drums sprinkled with small grains to divine
future events. 3 The drum is one of oldest known musical instruments 4 and the
effects of sand on a vibrating drumhead have probably been known for
millennia.

Leonardo Da Vinci (1452 - 1519) noticed that vibrating a wooden table on
which dust lay created various shapes.

'| say then that when a table is struck in different places the dust that is upon it is
reduced to various shapes of mounds and tiny hillocks. The dust descends from
the hypotenuse of these hillocks, enters beneath their base and raises itself again
around the axis of the point of the hillock.'

Galileo Galilei (1564 - 1642) described scraping a brass plate with a chisel
and noticed a 'long row of fine streaks, parallel and equidistant from one
another,' 6 presumably caused by the brass filings dancing on the surface of the
plate and finding safe haven in a series of parallel nodal striations.
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Robert Hooke (1635 - 1703) was an English scientist of Oxford University
who made contributions to many scientific fields including mathematics, optics,
mechanics and astronomy. Hook devised a simple apparatus in 1680 consisting
of a glass plate covered with flour that he 'played' with a violin bow. It is not
known whether Hooke had access to the notebooks of Leonardo da Vinci or
Galileo Galilei or if he devised the apparatus independently.

Ernst Chladni (1756 - 1827) German musician and scientist, sometimes
known as 'the father of acoustics," almost certainly had access to Hooke's work
but it is Chladni who history has chosen to acknowledge for his major study of
this class of phenomena.

He used a sand-strewn brass plate, excited by a violin bow; since brass is a
highly resonant material he found that a large number of archetypal geometric
patterns could be created, depending on where on the edge of the plate the bow
was drawn. These patterns are now known as 'Chladni Figures.'




Chladni’s Figures

One of Chladni’s best known achievements was inventing a technique to
show the various modes of vibration of rigid surface. When resonating, a plate
or membrane is divided into regions that vibrate in opposite directions, bounded
by lines where no vibration occurs (nodal lines). Chladni repeated the
pioneering experiments of Robert Hooke who, on July 8, 1680, had observed
the nodal patterns associated with the vibration of glass plates. Hooke ran a
violin bow along the edge of a plate covered with flour and saw the nodal
patterns emerge.

Chladni’s technique first published in 1787 in his book “Discoveries in
the theory of Sound”, consisted of drawing a bow over a piece of metal surface
was lightly covered with sand. The plate, was bowed until it reached resonance,
when the vibration causes the sand to move and concentrate along the nodal
lines where the surface is still, outlining the nodal lines .The pattern formed by
these lines are what are now called Chladni figures. Similar nodal patterns can
also be found by assembling microscale materials on Faraday waves.

Chladni Plate

This is a speaker with a metal plate attached. You pour sand on the plate, and
play various tones though the speaker. The vibrations of the plate move the sand
into different patterns depending on the pitch of the sounds.

Variations of this technique are still commonly used in the design and
construction of acoustics instruments such as violins, guitars and cellos. Since
the 20th century, it has become more common to place a loudspeaker driven by
an electronic signal generator over or under the plate to achieve a more accurate
adjustable frequency.

In Quantum mechanics, Chladni figures are known to be related to the
solutions of the Schrodinger equation for one-electron atoms, and the
mathematics describing them was used by Erwin Schrodinger to arrive at the
understanding of electron orbitals.




In other words, Chladni’s figures are those patterns of particles, formed on the
vibrating metal plate or Chladni plate when sound of varying frequencies is
used to vibrate the plate. This plate can be of any shape, which will definitely
affect the shape of the figures formed.

Chladni figures of irregularly shaped plates have experienced a surprising
topicality nowadays. The reason is the equivalence between the stationary wave
equation, the Helmholtz equation, and the stationary Schrodinger equation for a
particle moving freely in a box with reflecting walls. This enables the
examination of such quantum billiards, and, in the case of irregularly formed
walls, of the quantum chaos by means of vibrating plates. Nodal patterns are
also of central importance in totally different domains, in fields of light, in
earthquake damage pattern, and even in pattern formation in the visual cortex.




Theory

Explorations from 1785

1. Ernst Chladni’s findings

First Chladni investigated transversal vibrations of rods with different boundary
conditions. The violin bow was the instrument for the mechanical excitation.
The idea for this came from a publication on the glass harmonica by the Bach
biographer Nicolaus Forkel. This source intimately influenced Chladni's work
on instrument making. The essential idea to the sound patterns came from the
study of the works by Georg Christoph Lichtenberg. In 1777 Lichtenberg
succeeded in making spark discharges in dielectrics visible by decorating the
objects with sulphur powder. This motivated Chladni to apply fine sand to his
plates and rods. With this method of sound patterns he could confirm the
formulas for the characteristic frequencies of rods, which had been derived
theoretically. Chladni had a sensitive ear. He could discriminate frequencies
differing by less than a semitone. With experiments with vibrating plates with
flexural rigidity - the two-dimensional counterpart to rods - Chladni opened a
field, which had been studied neither theoretically nor experimentally. Existing
theories by Euler and Michael Golovin had been in contradiction to Chladni's
experiments.

Chladni studied systematically the sound patterns of circular, square, and
rectangular plates, by fixing them with his fingers at different points, thus
enforcing at these points the occurrence of nodal lines. The results were
published in 1787 in Entdeckungen tber die Theorie des Klanges with 11 plates
and a total of 166 figures. At the end of this book Chladni reminded of the
unsolved problem of the mathematical treatment of flexural vibrations of plates.

But Chladni did not offer any mathematical explanation of his figures in any of
his papers.
2. Sophie Germain

After Chladni's audience to Napoleon in 1808, he encouraged the Paris
Academy of Sciences to announce a prize of 3,000 Francs for mathematical
explanation of Chladni figures, particularly "to give the mathematical theory of
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the vibration of an elastic surface and to compare the theory to experimental
evidence", which then spurred a plethora of research in waves and acoustics.
The award was given in 1816 to the mathematician Sophie Germain for her
work Recherches sur la théorie des surfaces élastiques. Her explanation was
incomplete (she found the correct differential equation, but the hypothesis she
applied for the derivation of this equation was partly incorrect leading to the
wrong boundary conditions), but she received the prize all the same since it was
acknowledged that her treatise signified an essential progress.

3. Charles Wheatstone's approximation by cosine and sine
functions

Charles Wheatstone had tried in 1833 to approximate Chladni figures using sine
and cosine functions. He showed that in square and rectangular plates every
figure, however complicated, was the resultant of two or more sets of
isochronous parallel vibrations; and by means of simple geometrical relations he
carried out the principle of the ‘superposition of small motions’ without the aid
of any profound mathematical analysis, and succeeded in predicting the curves
that given modes of vibration should produce.

4. G. Kirchhoff's solution for circular plate

Kirchhoff came up with the correct mathematical model in 1850, treating
Chladni figures on a square plate as Eigen pairs (Eigen values and
corresponding Eigen functions) of a harmonic operator. He also managed to
solve the Chladni problem for the special case of a circular plate, which, due to
symmetry, is much easier to handle. For other configurations, the partial
differential Eigenvalue problem with the free boundary conditions simply
proved to be too difficult to solve.

5. W. Voigt's solution for rectangular plate with two or four
clamped boundaries by elementary integration

In the case of clamped boundaries, the problem greatly simplifies and W. Voigt
found the general solution in 1893 for a rectangular plate with two or four
clamped boundaries by elementary integration. Toward the end of the 19th
century, the great expert in sound, John William Strutt, later Baron Rayleigh,
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summarized the situation in (1894): "The problem of a rectangular plate, whose
edges are free, is one of great difficulty, and has for the most part resisted
attack™.

6. Walter Ritz's solution

In his ground-breaking paper (1909), Walter Ritz presented a method for
computing Chladni figures in which, instead of trying to solve the partial
differential eigenvalue problem directly (and neither through boundary
conditions of the problem), he proposed to use the principle of energy
minimization (Prinzip der kleinsten Wirkung), from which even those equations
and conditions could be derived.

7. Dr. Hans Jenny’s explanation (latest and most accepted)

He discovered that if he did vibrate a plate, according to specific frequency and
amplitude, the material on the plate made shapes, movements and patterns
which are characteristic of that vibration.On increasing the amplitude, the
movements became even more rapid and turbulent and could even create small
eruptions where the actual material was thrown into the air. The forms, figures
and the movement patterns that appeared proved to be primarily a
function of frequency, amplitude and inherent characteristics of the
various materials.

In his experiments he placed sand, dust and fluids on a metal plate connected to
an oscillator which produced a broad spectrum of frequencies. As he watched
the sand or other substances organize into different structures, he heard the
sound emitted by the oscillator and, if lightly touched the plate, he could feel the
vibration in his fingers.

Let us now imagine that, for some reason, you can "only" see the static aspect of
the form and, therefore, you think that it is solid. The idea of a form generated
by a vibrational field that resonates and it might seem irrational. Each figure is
instead the visible form of an invisible force, and every form contains
information about the vibrations that generated it. Sound has special properties
to modulate and shape the energy, that is, the matter!




Experiment

Aim:

To obtain patterns on a metal plate and thereby verify the Chladni’s figures.

Apparatus:

A flat metal plate, frequency generator, oscillator or shaker (speaker), amplifier,
sand or any such powder and power supply.

Principle:

Cymatics is the science of sound made visible. It is based on the principle that
when sound encounters a membrane such as your skin or the surface of water, it
Imprints an invisible pattern of energy. In other words, the periodic vibrations in
the sound sample are converted and become periodic water ripples, creating
beautiful geometric patterns that reveal the once hidden realm of sound.

What we see on the metal plate, in this experiment, are the resonant modes of
the structure. Each of these modes has a particular frequency associated with it,
and is rung up when the plate is driven at that frequency. These resonant modes
act like standing waves on a string: where some parts of the plate are moving a
lot while other parts are standing still. The sand is bounced away from the parts
which are moving a lot (the nodes) and is left in the places where the plate is
not moving at all (the anti-nodes). Sand falls into that region of plate where the
vibration is very less or no vibration. Thus patterns are formed according to the
amount of vibration throughout the plate.

When you excite these resonant modes with the sand on the plate, the sand is
bounced away from the high points and stays at the un-moving points which are
called nodal lines.

Procedure:

Signal generator is connected to the speaker, or rather a woofer of 18 ohms,
producing amplified output. The flat metal plate of thickness around 1mm is
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placed over the speaker, so that it vibrates as the speaker emits sound. This plate
has to be perfectly flat, inorder to prevent accumulation of sand in any little
curve on the plate. Sand is evenly spread over the plate as a thin coating over
the plate. Amount of sand must not be too much, making vibration difficult. We
can see the sand moving due to the vibration of the metal plate. Amplitude of
vibration is increased using an amplifier, so that plate exhibits more vibration.
Frequency of signal is varied from almost 600 Hz to 1902Hz. This gives rapid
motion of sand leading to the formation of different shapes on the plate. These
shapes are compared with those formed by Ernst Chladni.

Observations:

Formation of various figures can be observed on the metal plate. These figures
are found similar to those obtained by Ernst Chladni and Dr. Hans Jenny.
Frequencies are changed on the signal generator from 604 Hz to 1902Hz and
rapid transformations in the patterns formed on the metal plate are visible.
Almost 32 different patterns are obtained.

Some of those figures are shown below:







Result:

Figures are obtained on the metal plate and Chladni’s patterns are verified.




Applications

Applications are beginning to emerge for almost every aspect of human
endeavour. From the study of the sound of stars (astroseismology), to the study
of animal cells (zoology), and in a wide range of other disciplines, cymatics is
finding its applications.

1. Teach deaf children speak

In 1960s, Hans Jenny invented a device called tonoscpe to transfer human
voices into sound figures. The invention was applied to teach deaf children to
speak. Though the deaf children cannot tell the sound difference between
vowels, he could observe how the patterns of different vowels changes and then
phonate to get closer to the pattern. That is the earliest application of Cymatics.

2. Cymatic Therapy

It is a way of healing illness based on the hypothesis that the human tissue is a
dynamic energy system which all part of it has a healthy vibratory rate.

According to Hans’ research, each cell has its own frequency. So a group of
cells generate a harmonious frequency. Once a dysfunction happens to the
human organs, cells or tissues, their natural resonant frequency can be
influenced. Though Cymatics therapy has not been fully recognized yet, it has
been regarded as an alternative medicine to assist the treatment process.

An advanced understanding of the vibrational nature of sound and light has led
to the development of devices capable of generating specific sound and/or light
frequencies for the purpose of healing. Cases such as pain, slipped discs, tense
muscles, cancer and paralysis can be treated without side effects.

The science of cymatics is geometry through vibration. Thus, the possibility of
healing, restructuring damaged DNA, realignment through application of
frequencies to the human body/energy system, for extended periods of time will
have therapeutic effects on the human body and mind.




3. Visualizing music

The Cymascope is the first scientific instrument that can give a visual image of
sound and vibration in ways previously hidden from view. When the
microscope and telescope were invented, they opened vistas on realms that were
not even suspected to exist. The Cymascope holds the same potential as the
microscope and telescope and its applications are beginning to touch a Broad
range of human endeavour.

4. Research of Dolphin language

According to the research of Jack Kassewitz, dolphins have the ability of
understanding the elements of human language, at the same time they have their
own complicated visual language system.

In order to perceive dolphins’ language, the research team applied a cymascope
equipment to gather the data of dolphins’ sounds. The equipment can make the
sound visible, thus the language of dolphin can be displayed in the form of
patterns. By analyzing and categorizing the patterns of dolphins’ sounds,
researchers are thus able to infer the meaning of language and make the
communication between human and dolphins become possible.

5. Astroseismology

The study of Cymatics also provides tools to research astroseismology. Through
visualizing the sounds of stars by cymascope, scientists are able to identify the
internal structure of stars.




Conclusion

These cymatic images are truly awe-inspiring, not only for their visual beauty in
portraying the inherent responsiveness of matter to sound, but also because they
inspire a deep recognition that we, too, are part and parcel of this same complex
and intricate vibrational matrix.

Cymatics 1s an enormously exciting new field of science”. The new science of
visual sound—Cymatics—will, in the future enable humanity to understand far
more about our world and Universe than we ever could with our ears alone, or
with conventional instrumentation. The CymaScope and the science of cymatics
provide an important new aspect of future scientific research. A hugely exciting
journey of exploration lies before us with the CymaScope, creating benefits for
our children and our children’s children.
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