LAB 4: Vibrating Chladni Plates

REQUIRED READINGS: Vibrating Systems p.74-75, Percussion instruments

p. 299-306

Theory:

This experiments designedo showhow the geometryof an objectaffectsthe patternsof waves
formedwhenthe objectis vibrated. Sofar you havedealtmainly with vibrating columnsof air or gas. No
matterwhatis vibrating the samerulesapply. For example,if the edgesof a solid are not free to vibrate
thentheyactjustlike the closedendof a columnof air andthereforemustform displacemenhodesin the
wave pattern. They would thereforehave an anti-nodeat the centerand a node at the edgemaking the
smallestfraction of a wavethat the plate could containto be % of a wave. If, in contrastthe edgesof a
solid arefree to vibratethenthey act just like the openend of a column of air andthereforemustform
displacemenanti-nodesn the wavepattern. They would thereforehavean anti-nodeat the centerandan
anti-node at the edge making the smallest fraction of a wave that the plate could contain to be % of a wave.

The main differencein this experimentfrom what you have previously encountereds that the
sourceof thevibrationwill notbe comingfrom oneendof a column,but from the centerof the plates. You
know from classthat soundwaves,or vibrations,travelin all directionsfrom the source. So, it shouldnot
be a surprisethat the vibrations causedat the centerof the plateswill travel outwardfrom the centerin
circles until they hit a changeof mediumand then bounceback. If the frequencyis just right thenthe
wavestravelling out andbackwill createa standingwave, or resonance We will be ableto seethis by
watching sandbounceon the surfaceof the plates. Sincecircular plateshavethe samegeometryasthe
outgoing waves,the changein mediumcomesas a circle and thus, the wavesthat bounceback are also

circular. Therefore, the standing waves on a circular plate look like circles.



Equipment:

You will needa function generatora Chladnidriver with four detachablelates,somesandand
two bananalips. Thebananalips shouldleaddirectly from the generatoto thedriver. Beforeturningon
the generator, be sure that both the amplitude and the frequency knobs are set to zero.

WARNING! Thewavedriveris simply a speakemith a driving rod attached. Therefore,if you
placesignificantforce on this whenattachingor removingthe plate,it will damagehe speakediaphragm,

and BREAK the wave driver. Please\bERY GENTL E when attaching and removing the plates.

Thereis a “stop ring” on the shaftof thedriver. If the voltageappliedto the driver is too large

this ring will impactagainstthe metalplategiving anaudiblewarning— immediatelyreducethe voltageto

avoid damagingthe wavedriver. In otherwords,turn the amplitudeknob downif you hearthis warning

sound!

Procedure:

Attach the circular plate to the driver by gently removingthe screwfrom the top of the driving
rod, placingthe plateontherod andthenreturningthe screw. Make surethatthedriver is sittingin the box
providedfor it. We wantto recycleasmuchof the sandas possibleandby keepingthe driver in the box
we will be ableto keepa lot of the sand. Turn the generatoion andturn the amplitudeknob abouta third
of theway up. Startingwith the frequencyat about100Hz slowly increasethe frequencyuntil you heara
resonancethe point wherethe soundis the loudest. Reducethe amplitudeandsprinklea SMALL amount
of sand onto the plate.

1) Sketch the resonance patterns and write down the frequency.

Replace the circular plate with the square plate and start again.

2) Sketch the resonance patterns and write down the frequency.

3) Increasethe frequencyslowly to find the nextresonancesFind at least3 moreresonancesFor each
resonance sketch the resonance patterns and write down the frequency.

Repeat for the triangular shaped plate.

4) Sketch the resonance patterns and write down the frequency.



5) Increasethe frequencyslowly to find the nextresonancesFind at least3 moreresonancesFor each
resonance sketch the resonance patterns and write down the frequency.

Repeat for the violin shaped plate.

6) Sketch the resonance patterns and write down the frequency.

7) Increasethe frequencyslowly to find the nextresonancesFind at least6é moreresonancesFor each

resonance sketch the resonance patterns and write down the frequency.

Analysis.

8) Did the pattern for the circular plate come out as you expected?

9) Comment on any patterns or general features you notice for the square plate.

10) Comment on any patterns or general features you notice for the triangular plate.

11) Comment on any patterns or general features you notice for the violin shaped plate.

12) Did the sand gather at the nodes or anti-nodes of displacement?

13) Find the relationship between the resonant frequencies for the square plate.

14) Find the relationship between the resonant frequencies for the triangular plate.

15) Find the relationship between the resonant frequencies the violin shaped plate.

16) Is there any relation betweenthe resonantfrequenciesand the harmonic seriesthat we've been
studying?

17) Do you think that real violins havethe samenodal patternsthat you observedon the plate? (Think
about the fact that our plates have free edges.) If yes, why? If no, why not?

18) What are the differencesthat makeviolins more pleasingto hearthan, say, a box with a hole in it?
(Think about the patterns you saw and the number of resonances you found.)

19) Were you surprised to see circular patterns on non-circular plates? Why or why not?



