Stringed Instruments
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The simplest way a string can vibrate in a standing wave condition is with the two required nodes at the ends of the string and an antinode in the middle of the string (see Figure 5.1). This is the first mode. The length of the string (in wavelengths) is half a wavelength (see Figure 5.1). That means that for the string length, L:

L = 1/2 (
or
( = 2L.

Now frequency, in general, can be found using f = v /(, so for the first mode of a stringed instrument: 

f1 = v/2L

Wave Speed on Strings

Wave speed on strings depends on two factors: the tension in the string and the “linear mass density” of the string. 
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Tightening or loosening the strings with the tuners can change their tension. It takes more force to pluck a taut string from its resting position. And with more force acting on the taut string, the more quickly it will restore itself to its unplucked position. So, more tension means a quicker response and therefore, a higher velocity for the wave on the string. (Figure 2)

The wave velocity can also be affected by the “heaviness” of the string. Strictly speaking, it’s the linear mass density of the string that causes this effect. Linear mass density is the amount of mass per length of string (in kg /m). The greater this density, the greater the overall mass of a particular string will be. Most people have noticed that the strings on a guitar vary in thickness. The thicker strings have greater mass, which gives them more inertia, or resistance to changes in motion. This greater inertia causes the thicker, more massive strings to have a slower response after being plucked – causing a lower wave velocity. (Figure 3)
So: higher tension, T, leads to higher wave speed (see Figure 5.2), while higher linear mass density, m, leads to lower wave speed (see Figure 5.3). The two factors have opposite effects on the string’s wave velocity, v. Recall the frequency for the first mode on a string is f1 = v /2L.

The following summarizes these three relationships:

Once we tune a string, we can adjust the frequency by changing the string length.  This is how guitar players and violin players can change the notes of their instruments.  We can calculate the new frequency based on the equation:

L1/L2 = f2/f1
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Figure 1. First mode of vibration. This mode has a node at each end, and an antinode in the middle.
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Figure 2. Increasing tension increases wave speed, and thus the frequency.
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Figure 3. Increasing the mass per length of string (linear mass density) decreases wave speed, and thus lowers the frequency.








