TAP 324- 4: What factors affect the note produced by a string?

Explore one factor that affects the pitch of the note from a plucked string.

Introduction

If you are even vaguely familiar with a guitar, you will know that there are several ways (three, in fact) to control the pitch (frequency) of the note from a guitar string. Take a minute or two to think what these might be. In this activity you will investigate just one of these factors, and attempt to derive a mathematical relationship showing how it affects the frequency.

You will need to produce a short written summary of your work to give to other students who have explored other factors. Aim to use just one side of A4 for this. Make sure it is presented clearly –use a word processor and a computer graphing package if possible.

Apparatus

· sonometer or guitar

· selection of sonometer wires or guitar strings of different thicknesses

· mass balance (sensitive top-pan balance, up to about 200 g)

· selection of masses* of known values (e.g. 10 1 kg)

· metre rule

· safety goggles

· access to PC with spreadsheet program

· set of tuning forks (marked with their frequencies)

· 1 large cork or board-rubbers (for striking)

* Some sonometers have a built-in forcemeter, in which case masses are not needed.

General points

All three factors can be explored using a sonometer. For two of them, a guitar can easily be used instead.

A sonometer is a string or wire stretched between two bridges (below). There is usually a hollow wooden box beneath to amplify the sound produced by the string or wire. When plucked at its centre, the string will vibrate as a standing wave in its fundamental mode.
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	Safety

The weights should not be too high off the floor, and there should be a suitable soft ‘landing platform’ (not your feet!) if the wire breaks.

Use eye protection –beware of the wire ‘whipping back’ if it breaks. A wire under tension can cause injury if it breaks. Do not lean over the stretched wire.


You can vary the length (between the bridges), the tension, and the ‘heaviness’ of the wire (usually characterised by its mass per unit length), and see how this affects the frequency.
To measure the frequency compare the note with that produced by a tuning fork, and adjust the wire until the two pitches sound the same.

Length

Use either a sonometer or a guitar to obtain a set of readings of string length, and frequency f, using the same string kept under a constant tension throughout.

Measurements

Keeping the tension constant, adjust the length of vibrating string using the bridges (if using a sonometer) or by pressing down with a finger (if using a guitar).

Using tuning forks

First adjust the length and tension of the string until it emits a note of the same pitch as the lowest-frequency fork (C 256 Hz).

Then, keeping the tension constant, adjust the length until the pitch matches each of the tuning forks in turn.

Analysing the results

What happens to f, in general terms, as length L, is changed?

Use a spreadsheet to plot your data in various ways, looking for a straight-line graph that will reveal a more precise mathematical relationship between f and length.

For example, if f is directly proportional to length, (f ( L) then a graph of f against l, will be a straight line through the origin. If f is inversely proportional to, (f ( 1/L} then a graph of f against 1/L will be a straight line through the origin.
Enter your data into a spreadsheet, and then create further columns, e.g.
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Plot line graphs of each column against f and decide which gives the most convincing straight line.

Write a one-page summary of your findings indicating any common-sense and/or more rigorous scientific explanations of what you discovered.

Tension

Use a sonometer to obtain a set of readings of tension T and frequency f, using the same length of vibrating string throughout.

Measurements

Keeping the vibrating length constant, adjust the tension by tightening the screw or adding weights until its pitch matches each of the tuning forks in turn.

Using tuning forks

With the string under fairly low tension, adjust its length until it emits a note of the same pitch as the lowest-frequency fork (C 256 Hz).

Then, keeping the length constant, adjust the tension until the note matches each of the tuning forks in turn.

Analysing the results

What happens to f, in general terms, as T is changed?

Use a spreadsheet to plot your data in various ways, looking for a straight-line graph that will reveal a more precise mathematical relationship between f and T.

For example, if f is directly proportional to T (f ( T) then a graph of f against T will be a straight line through the origin. If f is inversely proportional to T (f ( 1/T) then a graph of f against 1/T} will be a straight line through the origin.

Enter your data into a spreadsheet, and then create further columns, e.g.
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Plot line graphs of each column against f and decide which gives the most convincing straight line.

Write a one-page summary of your findings indicating any common-sense and/or more rigorous scientific explanations of what you discovered.

Mass per unit length

Using either a guitar or a sonometer, measure the frequency of the fundamental standing wave for various strings of differing mass per unit length.

Measurements

Use a top-pan balance and a metre rule to find the mass per unit length, , of several strings or wires.

Using each string in turn, measure the frequency of the note produced. Remember to use the same tension and length each time.

You might need to be quite ingenious to measure the frequency of each note!

Analysing the results

What happens to f, in general terms, as mass per unit length  is changed? Use a spreadsheet to plot your data in various ways, looking for a straight-line graph that will reveal a more precise mathematical relationship between f and .
For example, if f is directly proportional to m (f ( μ) then a graph of f against  will be a straight line through the origin. If f is inversely proportional to  (f (1/} then a graph of f against 1/ will be a straight line through the origin.

Enter your data into a spreadsheet, and then create further columns, e.g.
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Plot line graphs of each column against f and decide which gives the most convincing straight line.

Write a one-page summary of your findings indicating any common-sense and/or more rigorous scientific explanations of what you discovered.

Practical advice

As a preparation for the activity students need to discuss the various ways in which the pitch of stringed instruments is controlled. If one of your students plays a stringed instrument, a demonstration of how to tune and play it would be worthwhile here. Do make sure that the instrument is treated carefully and kept safe.

In these discussions, we deal only with standing waves on strings that arise from reflections at two fixed ends, giving rise to displacement nodes. It is also possible in principle (though difficult in practice) to set up standing waves on a string with one or both ends free. As there would be no phase change on reflection, there would be a displacement antinode at each free end.

Also, when a string is bowed, rather than plucked, the standing waves are not quite the same as those generated by plucking (because the string is repeatedly being disturbed by the player, rather than being ‘left to get on with it’). However, they do have the same fundamental frequency.

It is worth mentioning the sound boxes of stringed instruments at this point and showing their importance – a plucked guitar or violin string on its own makes a feeble sound. The sound boxes of guitars and violins, and related instruments, have elegant curved shapes. This is not purely to make them look nice. Rather, the box must amplify over a wide range of frequencies. The shapes of sound boxes have evolved, probably initially through trial and error, so that standing waves of many different wavelengths can be set up in the air within them.

It is envisaged that each pair or small group of students will explore just one of the factors that affect the pitch of the note from a string. They can be asked each to produce a one-page summary of their findings for distribution to the rest of the class.

This activity involves plotting graphs of experimental data.  The aim is to look for a mathematical relationship that describes the data.

The approach is to try plotting the data in various ways until a straight-line graph is produced. Again this is likely to need careful preparation, discussing ideas about proportionality and linear relationships.  All three factors can readily be investigated using a sonometer. The effects of length and mass per unit length can also be explored using a guitar (tension is less easy to measure here).

In each case, students need to measure emitted frequency. Alternatively, since length and tension can be continuously varied, students could be asked to ‘tune’ the string so that its pitch matches that of a tuning fork of known frequency. Some students find difficulty in hearing a tuning fork, and in comparing its note with that from a string. It might be helpful to use pre-recorded notes at the tuning fork frequencies that can be played back at a relatively loud volume. It may also be worthwhile, if doing this activity in groups, to try and ensure that each group contains at least one student (e.g. a musician) who is definitely able to compare two notes reliably.

When investigating mass per unit length, which cannot be smoothly varied, students could perhaps measure the emitted note by adjusting the note produced by a signal generator-plus-speaker until it matches that from the string. (This approach could be used in the other two cases as well if desired.)

For the trial-and-error graph plotting, we strongly recommend that students use a graph-plotting package.

Encourage students to think before they plot, since some relationships can be ruled out because they go ‘the wrong way’ (e.g. it is not worth trying f (1/T because increasing the tension increases the frequency and inverse proportionalities can be ruled out). Perhaps the least obvious factor is mass per unit length – students are unlikely to think of trying f ( 1/√μ to start with.

Depending on how this activity is organised, students’ results may need to be photocopied.
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	Safety

The weights should not be too high off the floor, and there should be a suitable soft ‘landing platform’ (not your feet!) if the wire breaks.

Use eye protection –beware of the wire ‘whipping back’ if it breaks. A wire under tension can cause injury if it breaks. Do not lean over the stretched wire.


External reference

This activity is taken from Salters Horners Advanced Physics, section TSOM, activity 12
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