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Introduction

One of the most interesting uses for the EG-50 Audio Driver and EG-52 Electromechanical Driver is to use them to excite vibrations
in simple, thin metal plates. The plates are attached at the center to the drive post of the transducer. The idea originated with E.F.
Chladni (1756-1827) who devised a method for making visible the vibrations of a metal plate. Fine sand sprinkled on the plate comes
to rest along the nodal lines where there is no motion. He excited the motion by using a violin bow on the edge of the plate. Bowing
requires much greater skill than using the precise, stable frequency of the EG-50 Audio Driver.

The four plates which make up the EG-54 Chladni Plate set consist of a square, a circle, a triangle, and a violin back shape. The
simple geometric shapes have easily found resonances and simple nodal patterns at lower frequencies. The vibrations of the square
and circular plates can be studied analytically as well. The mathematical derivation of the motion is a little daunting, but it does
provide another level of understanding of the experiment. An excellent theoretical treatment can be found in Fletcher N.H. & Rossing
T.D, The Physics of Musical Instruments, Springer-Verlang, New York (1991) and in a more abbreviated form in the paperback,
French A.P. Vibrations and Waves, Norton, New York (1971). These analyses largely deal with clamped edge plates because the
boundary conditions are simpler to deal with. In this experiment, the plates all have a free edge. Nevertheless, the theory adds a good
deal of insight to the understanding of the vibrations.

The violin back is without theoretical model. The plate vibrates in complex nodal patterns, with many resonances. This is part of the
reason that the sound of a violin is so rich in overtones and that, when well played, is so satisfying to listen to. In actual instruments,
the violin back has a clamped edge, while in this experiment the plate vibrates with a free edge.

Procedure

The circular plate driven at its center produces the simplest resonances. They are similar to drumhead resonances and are axially
symmetrical.

1. Attach the circular plate to the top of the Driver shaft with a #4-40 machine screw and a pair of lock washers. When tightening the
screw, hold the end of the shaft with pliers to keep it from rotating while tightening the screw.

2. Place the transducer with the plate uppermost on a level table. This is important, because the sand sprinkled on the vibrating plate
will slide off one side if the plate is not horizontal. Turn on the Audio Driver and set the frequency to 100Hz and the amplitude about
1/3 from zero.

3. Increase the frequency slowly and listen for an increase in audible sound. The plate radiates much more sound at resonance than in
between resonances.

4. When a resonance is found, reduce the amplitude and sprinkle a little clean dry sand onto the plate. The individual grains will dance
on some parts of the plate and lie still at others. Turn up theamplitude a little until a good pattern is found. Sketch or photograph the
pattern.

Chladni Patterns

567 Hz 1641 Hz

Figure 1

SCIENCE FIRST® | 86475 Gene Lasserre Blvd., Yulee, FL 32097 | 800-875-3214 | www.sciencefirst.com | info@sciencefirst.com



o015-vas Science First

5. Increase the frequency slowly to find the next resonance. As the frequency is increased, the amplitude should be increased a little
as well. The number of resonances found depends upon your patience. The circular plate vibrates with circular nodal patterns until the
higher modes are reached. The theoretical modal frequencies are given in Table 3.2 of Fletcher & Rossing.

6. Remove the circular plate and replace it with the square one.

7. Repeat Steps 4 and 5 to find the resonances for the square plate. Typical resonances are shown in figure 1. You should be able to
find these same patterns, but not necessarily at quite the same frequencies. The frequencies depends upon the thickness, exact size and
strength of the metal. Small differences are to be expected.

8. Tabulate the frequencies and sketch the patterns as before.

9. Repeat with the triangular plate.

Resonances for a vibrating string are simple multiples of the fundamental frequency. The resonances in plates bear no such simple
relationship. These complex harmonic relationships produce the brilliant sound of a cymbal crash where many resonances are
sounding together.

The plate shaped like a violin back is designed to attach to the Driver offcenter. This mounting position simulated the position of the
sound post in an actual violin. This is a small wooden post connecting the top to the back and transmits some of the strings vibration to
the back.

The violin plate in this set is a 56% copy of a violin built in London in 1911 by Emanuel Whitmarsh. The frequency of the resonances

depend upon the size and the strength of the material, in this case, aluminum versus wood, so that the actual frequencies would occur
at much lowerfrequencies than observed in the experiment. The shape of the nodal patterns should be similar to an actual instrument.
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