Standing Waves

OBJECTIVES:

14.  Describe the nature of standing waves.
15. Explain the formation of standing waves in one dimension.

16. Compare standing waves and travelling waves.

17. Explain the concept of resonance and state the conditions necessary for resonance to occur.

18. Describe the fundamental and higher resonate modes in strings and open and closed pipes.
19. Solve problems involving the fundamental and higher harmonic modes for stretched strings and open and closed pipes.
Standing (or Stationary) Waves

When a wire under tension is disturbed at a point, waves travel away from the point where the disturbance occurred.  The waves are then reflected at the fixed ends of the wire.  Therefore, we have two waves of the same frequency travelling in opposite sense along the wire.  A standing wave is created when two waves of the same speed, same wavelength, equal or almost equal amplitudes, travelling in opposite directions, meet.  It is the result of the superposition of the two waves travelling in opposite directions.  The main difference between a standing and a travelling wave is that in the case of the standing wave, no energy or momentum is transferred down the string.
Interference occurs between these waves.  Points where destructive interference, the disturbance is zero, occurs are called nodes or nodal points.  Constructive interference gives anti-nodes.
For certain frequencies of disturbance, the nodes and anti-nodes do not move along the wire.  This pattern of stationary nodes and anti-nodes is called a stationary (or standing) wave.
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When a stationary wave occurs the wire is said to be in resonance.  If the frequency of the source of a vibration is exactly equal to the natural frequency of the oscillatory system then the system will resonate.
Resonance of a String under Tension
When a wave is reflected at a fixed end of a string, a phase change of phase occurs.  A node of the stationary wave exists at a fixed end. A free end can also reflect waves but without a phase change. 

When a wave passes through a point on a string, that point oscillates.  If the wave later returns to the same point (for example, after reflection), interference will occur between the existing oscillation and the reflected wave.  The interference will be constructive if the "effective distance" moved by the wave n a whole number of wavelengths.

A phase change of 180° makes a wave "look as if" it has travelled an extra half wavelength. So an effective distance of  could be due to the wave actually moving /2 and experiencing a phase change of 180° (rads).

Fundamental Frequency of Resonance (First Harmonic)
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All points oscillate in phase but with different amplitudes of oscillation.

Consider the string to be disturbed at A (the centre).  Waves travel towards B (and C) and are reflected with a 180° phase change. 

If the "effective distance" travelled by the waves is , then resonance occurs. 

This means that, for the first resonance, the distance A  B  A (or A C A) must be equal to /2.  This means that [image: image3.jpg]


 = /2.

Conclusion: The distance between adjacent nodes of a stationary wave is equal to half the wavelength (/2) of the travelling waves which are producing the stationary wave. 

The diagram below represents the second harmonic.
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Assuming that the tension is still the same this vibration (resonance) has a frequency 2f.
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Resonance in Air Columns
Stationary (standing) waves can occur in columns of air.  The frequencies at which resonance occurs depend on

	i)
	the length of the air column

	ii)
	the speed of waves in the air column


Resonance in Closed Pipes

Graphical representation of an air column in a closed pipe resonating at its fundamental frequency, fo (the lowest frequency).
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The distance between the full and broken lines represents the amplitude of the oscillation of the air at that point in the pipe.

At the closed end, waves are reflected with a phase change of 180°, there is no displacement: a displacement node exists at the closed end.

At the open end, the air is free to move; waves are reflected with no phase change so a displacement anti-node exists at the open end.

Therefore, if waves take half a time period to travel twice the length of the pipe, resonance occurs and a loud sound is heard.

For the fundamental frequency, fo, length of air column = /4

Therefore [image: image7.jpg]


= (approx) /4 and, as f = v/ we have
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The same pipe can be caused to resonant at higher frequencies.

The diagram below represents the second harmonic in the same closed pipe.
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Now the waves travel twice the length of the pipe in 1½ time periods (3T/2).  Now, [image: image10.jpg]


= (approx) 3/4 and therefore
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In general, for a closed pipe
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and
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Beats
The diagrams below represent graphs of displacement against time for waves of slightly different frequencies, f1 and f2.
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At t = 0, the two oscillations are in phase with each other. At t = tA, they are in anti-phase and at t = tP they are again in phase.

The next diagram represents the sum of the two waves.
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If the graphs represent sound waves, then we would hear a loud sound at t = 0 and t = tP but a quiet sound near t = tA.  These variations in loudness are called beats.

T1 is the time period of wave 1, T2 is the time period of wave 2 and T is the time period of the beats.  If there are N time periods of wave 1 between t = 0 and t = tP, then there will be (N+1) time periods of wave 2.
[image: image16.png]ANy

High Sound

Low Sound

Soft Sound

Loud Sound




