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%t4xB 2D Chladni Patterns
Written by Paul Bourke, March 2003

Ernest Florens Friedrich Chladni (1756 - 1827) performed many experiments to study the
nodes of vibration of circular and square plates, generally fixed in the center and driven with a
violin bow. The modes of vibration were identified by scattering salt or sand on the plate, these
small particles end up in the places of zero vibration. Ernst Chladni first demonstrated this at the
French Academy of Science in 1808, it caused such interest that the Emperor offered a kilogram
of gold to the first person who could explain the patterns. Fig. 15 is a drawing from Chladni's
original publication for the resonance patterns of a square plate and violin-shape plate. Fig. 16 is
the Chladni patterns of a square plate published by John Tyndall in 1869.

Chladni patterns are a classic resonance demonstration in a 2 dimensional plate. You can
visualize the nodal lines of a vibrating elastic plate by sprinkling sand on it: the sand is thrown
off the moving regions and piles up at the nodes. Normally, the plate is set vibrating by bowing
it like a violin. It helps to put your fingers on the edge to select the mode you want, much like
fingering the strings of a violin. This takes some practice.
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Fig. B1 The resonance patterns of a violin-shape plate and a square plate were drawn from
Chladni's original publication.

John Tyndall in 1869.

The basic experiment that is given the name "Chladni" consists of a plate or drum of some
shape, possibly constrained at the edges or at a point in the center, and forced to vibrate
historically with a violin bow or more recently with a speaker. A fine sand or powder is sprinkled




on the surface and it is allowed to settle. It will do so at those parts of the surface that are not
vibrating, namely at the nodes of vibration.

(1) Standing wave on a square Chladni plate (side length L)
The equation for the zeros of the standing wave on a square Chladni plate (side length L)
constrained at the center is given by the following.

cos(nmx/L)-cos(mmy/L) - cos(mmx/L)-cos(nzy/L) = 0
where n and m are integers. The Chladni patterns for n, m between 1 and 5 are shown in Fig. 17,
click on the image for a larger version or click on the "continuous” link for the standing wave
amplitude maps. Note that the solution is uninteresting for n = m and the lower half of the table
is the same as the upper half, namely (n1, m2) = (n2, ml).

m 1 2 3 4

T T '\_/ N N
— - ™, rd
N 1S plin .-

|
L R N

N . LjL
e AR

\_

~

Fig. B3 Various Chladni patterns on a square plate

Without the constraint in the center the modes are somewhat less interesting, the results are
shown in Fig. 18 for m =1 and n = 1 to 4. The solution is given by:

sin(nmx/Lx)-sin(mmy /Ly) = 0
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1

Zero -- Zero -- Zero -- Zero --
Continuous Continuous Continuous Continuous

Fig. B4 The Chladni patterns on a square plate form =1and n =1 to 4.

(2) Circular plate
For a circular plate with radius R the solution is given in terms of polar coordinates (r, ¢) by

Ju(Kr) [C1 cos(nf) + C; sin(nb)]
Where J, is the n'th order Bessel function. If the plate is fixed around the rim (eg: a drum) then
K =Zmm /R, Znm is the m'th zero of the n'th order Bessel function. The term "Zym r / R™ means the
Bessel function term goes to zero at the rim as required by the constraint of the rim being fixed.

Some examples of the node of a circular plate are given in Fig.

WS

(n,m)=(1,1) Continuous __ (1,3) Continuous (2,1) Continuous (2,4) Continuous

Fig. B5 The Chladni patterns and the nodes of a circular plate
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You can make a nice modernized version of this demonstration using an electromagnetic
shaker, essentially a powerful speaker. Chladni patterns can also be formed by using circular or
rectangular metal plates on a mechanical driver controlled by a signal generator. This method
avoids having to practice your bowing. The patterns are now different since they have antinodes
at the center (which is being vibrated) rather than nodes with the center rigidly attached and the
edge bowed.

Using electromagnetic shaker you can vibrate much larger plates to much higher and purer
modes. The shape of the plate is important. The usual demonstrations are round and square plates.
Here are some sample patterns: all the plates were 0.125 inch thick Aluminum, painted black.

(1) Round plate (70 cm across, held at centre, bowed): 10 spoke pattern, 14 spoke pattern

) ]

[ 1 imsm

Fig. B6
(2) Square plate (70cm on a side, driven from centre with shaker, frequencies in Hz):

(3) Finally, getting back to our musical roots, we built a plate in the shape of a large violin.
Here are some patterns:
e Violin shaped plate (120cm long, driven from centre with shaker, frequencies in Hz)
145.2,268.0,762.4,954.1,1452.3,1743.5,2238.6.
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