

Physics of the Marimba.    Russell Downie PLC
The keys of a Marimba are bars of wood which are constrained to vibrate in a transverse fashion so that 2 nodes are present. These nodes are found at points 22% of the length of the bar in from each end.
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When the bar is supported at either of the nodes and struck, a definite and sometimes pleasing note is heard. The bar is now carved on the underside to bring it down to the required pitch. This carving takes place in the middle third of the bar. The nodes are not at exactly 25% because of some marimba equivalent of end correction.
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Professional marimba makers introduce subtle differences to this carving in order to achieve more desirable combinations of overtones.

The actual note of the uncarved bar is a function of the three dimensions, the density and Youngs modulus for the wood. This surely is a happy hunting ground for young experimental physicists

A useful analogy to the marimba bar is a mass on a spring. The period of vibration is a function of mass and the stiffness of the spring. ( T=2π√M/k). The stiffness or k for any piece of wood can be found by mounting a laser pen on the wood, which is supported at the nodes. The bar can then be loaded and a measure of deflection made by watching the movement of the laser spot on a wall several metres away. You will need people sized loads, standing in the middle of the bar, to get useful deflections and make sure the everything is on solid ground so that nothing moves but the bar.
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The stiffness of the bar can now be altered by putting a saw cut across the middle of the bottom of the bar. This first cut could be 1 mm deep.The depth of the cut does not need to be measured because you want the relationship between k and f not depth and k. The freqency of this modified bar can be measured and also its k value using the method just described. This measurement of frequency is best done using a computer with  a CRO package eg Oscilloscope 2.1 for Mac. But there are probably PC equivalents.
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A graph of frequency vs k can easily be prepared by progressively deepening the cut.

A graph of frequency vs mass can be obtained by bolting a series of 50 gm slotted masses or washers to the centre of the bar. Put a tiny washer between the wide weights and the bar otherwise the weights may damp the vibrating bar.
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Before you begin all these procedures it would be wise to drill a suitable hole in the middle of the bar to receive the bolt.

I don't quite know how to keep a handle on the parameters when you actually carve the bar down to a pitch while making a marimba. Removing wood in a smooth arc not only reduces the mass ( thereby raising the frequency.) but it simultaneously lowers the k value of the bar (thereby lowering the frequency). As well as that, there is something inherently unrepeatable in the way that carving can be done. I tell my students to behave like a marimba maker, carve out the material but measure the frequency and the mass removed as they proceed. In this way they can produce a graph of the "typical" behavior of a bar in the process of being carved. The resulting graph is a useful tool and may lend itself to further analysis.

For more on all this and on the singing rods, contact me at     rdownie@plc.vic.edu.au

