TAP 310- 1: Graphs for a longitudinal wave

The diagram shows a row of 20 undisplaced particles. By tracing the motion of each particle, generate graphs of displacement versus distance and pressure versus distance.
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· Copy the diagram accurately along the top of a sheet of graph paper.

· Number each particle from 1 to 20 starting from the left.

The Table below lists the displacement of particles 1 to 10 at equal time intervals as they as disturbed by a longitudinal wave travelling from left to right. The unit of displacement is one small graph-paper square, and displacements to the right are positive.
[image: image2.emf]
Use the table above to help you to plot the positions of particles at successive time intervals (as shown in the next diagram) up to ‘time 20’.

You might want to extend the table above by adding more rows and columns. Notice that after ‘time 10’ particles to the right of no. 10 will be disturbed.

On the bottom row of your plot (showing particles at ‘time 20’)

· identify the compressions and rarefactions, and label them C and R;

· add arrows to indicate the size and direction of each particle’s displacement.
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On axes like those below plot the displacement of each particle at ‘time 20’. Plot positive displacements upwards and negative displacements downwards. Take care to plot each particle above or below its equilibrium position (not its displaced position).
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Sketch a graph showing how pressure varies with distance along the row of particles at ‘time 20’. 

Describe in words the phase relationship between your two graphs.

Practical advice

Graphs of longitudinal travelling waves

Longitudinal waves are somewhat harder to represent graphically – mainly because graphs plotted on x–y axes always look ‘transverse’.

This activity is more instructive and less tedious than it might seem at first – we do recommend that students work through it (perhaps starting in class and finishing for homework). When students are plotting the displacement graph, make sure they know to plot each particle above or below its equilibrium position (not its displaced position). To generate the pressure graph, students need only to identify places where the pressure is maximum, minimum or ‘normal’, i.e. where particles are close together, far apart or ‘normal’.

For ‘time 20’ the displacements of the first ten particles are as shown in the table below. Their positions, and the corresponding displacement and pressure graphs, are shown in Figure 1.
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Tap 310-1 makes the point that the extreme pressures occur when the displacement is zero, and vice versa. The two graphs differ in phase by π/2 radians.
Answers and worked solutions
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External reference

This activity is taken from Salters Horners Advanced Physics, section TSOM, activity 7

