
Episode 324: Stationary or standing waves
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Most musical instruments depend upon standing waves, as does the operation of a laser. In a sense, a diffraction pattern is a standing wave pattern.

Summary

Demonstration: Setting up waves on a rope. (15 minutes)

Discussion: How superposition results in standing waves. (20 minutes)

Demonstration: Melde’s experiment. (20 minutes)

Discussion: Stringed instruments. (10 minutes)

Demonstration: Standing sound waves. (20 minutes)

Student experiments: Measuring  and c. (30 minutes)

Demonstration: Measuring c using a microwave oven. (15 minutes)

Student questions: On Melde’s experiment, and on waves in pipes. (30 minutes)

Demonstration: Standing waves in 2 and 3 dimensions. (20 minutes)

Demonstration:

Setting up waves on a rope

Standing waves do not travel from point to point. They are formed from the superposition of two identical waves travelling in opposite directions. This is most easily achieved by reflecting a travelling wave back upon itself.
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Reflection from a denser medium gives a phase change of 180° ( rad) for the reflected wave. Show this using a rope or stick wave machine held between two people– pull down and let go to make pulse. See that there is a phase change if reflecting from a fixed end, but no effect if reflecting off a less dense medium (e.g. a free end).

The incoming reflected wave superposes with the outgoing wave. The result (if you vibrate the one end of the rope at the correct frequency) is a standing wave. The mid-point of the rope vibrates up and down with a large amplitude – this is an antinode. Other points vibrate with smaller amplitude.

Double the frequency of vibration and you get two antinodes, with a node in between. The amplitude at a node is zero.

Discussion:

How superposition results in standing waves

Discuss how two travelling waves superpose to give a standing wave. A node (where there is NO DisplacEment) is a special point, where a positive displacement from one wave is always cancelled by an equal, negative displacement from the other wave.

TAP 324-1: Standing waves
Demonstration:

Melde’s experiment

[image: image35.bmp]A stretched string or rubber cord can be made to vibrate using a vibrator (of the type illustrated) connected to a signal generator. This is known as Melde’s experiment.

Show that different numbers of ‘loops’ can be formed; identify the pattern of frequencies (e.g. one loop at 40 Hz; two loops at 80 Hz; three at 120 Hz, etc.)

Point out that each point on the string oscillates with simple harmonic motion – if the frequency is high you just see the envelope. Freeze the wave using a stroboscope. To do this, place an electronic strobe between the students and the string, so that it illuminates the string. Adjust the frequency of the strobe until the string appears stationary. (Safety precaution: warn about the flashing light in case you have any students present who may suffer from photo-induced epilepsy.)

The distance between successive nodes (or antinodes) is / 2. Deduce the wavelength.

Notice that only certain values of wavelength are possible. If the string has length L, the fundamental has / 2 = L, first harmonic / L, second harmonic 3/ 2 = L and so on. The allowed wavelengths are quantised.

(This experiment can be extended to look at how the pattern changes with length and tension of the string.)

TAP 324-2: Standing waves on a rubber cord
Discussion:

Stringed instruments

Relate what you have observed to the way in which stringed instruments work. (Wind instruments are covered later.)

TAP 324-3: Standing waves on a guitar
TAP 324-4: What factors affect the note produced by a string?
Demonstration:

Standing sound waves

You can observe the same effect with sound waves. To generate two identical waves travelling in opposite directions, reflect one wave off a hard board.

TAP 324-5: Standing waves in sound
Student experiments:

Measuring  and c
Standing waves make it easy to determine wavelengths (twice the distance between adjacent nodes), and hence wave speed c (since c = f. These experiments allow students to investigate wavelength and speed for sound waves, microwaves and radio waves.
Have a short plenary session for the different groups to report to the whole class.

TAP 324-6: Kundt's experiment
TAP 324-7: Standing waves with microwaves
TAP 324-8: A stationary 1 GHz wave pattern
Demonstration:

Measuring c using a microwave oven

Use a microwave oven to measure the speed of light. This makes a memorable demo if you have a microwave oven to hand in the lab. Without using the turntable, place marsh mallows or slices of processed cheese in the oven. Observe that the heating occurs in definite places – the cooking starts first at the anti-nodes, where the standing waves have the maximum amplitude. The purpose of the turntable it to even out this localised heating. Measure the distance between nodes, deduce , and multiply by f to find c.
NB It is a widely repeated misconception that microwave heating is a resonance effect, i.e. that the frequency of the microwaves is chosen to be one of the vibration frequencies of the water molecule. It is not. Water molecules resonate at rather higher frequencies than the 2.5 GHz of microwave ovens (22 GHz is one such frequency for free water molecules). The frequency used in ovens is a compromise between too low a value, when no microwaves would be absorbed by the food at all, and a frequency too close to the resonant frequency, when the microwaves would all be absorbed in the outside layer, instead of penetrating a few cm. Microwaves are attenuated exponentially by foodstuffs with a half-depth of about 12 mm.

Student questions:

On Melde’s experiment, and on waves in pipes

Some questions based on Melde’s vibrating string experiment.

TAP 324-9: Stationary waves in a string
[image: image36.bmp]Questions on standing waves in air in a pipe; note that you will have to explain that there is a node at the closed end of a pipe, and an antinode at an open end. (The air molecules cannot vibrate at a closed end.)

TAP 324-10: Standing waves in pipes
TAP 324-11: Standing waves in pipes questions 

Demonstrations:

Standing waves in 2 and 3 dimensions

You can demonstrate standing waves in two and three dimensions. Mount a wire loop or a metal plate (a Chladni plate) on top of a vibrator.

A wire loop shows a sequence of nodes and antinodes around its length, and is an analogue for electron standing waves in an atom.

TAP 324-12: More complicated standing waves
Chladni plate:  Fine sand sprinkled on the plate gathers at the nodes.

Jelly (make up a large cubical shape) on a vibrating plate can look fantastic.

Rubber sheet stretched over a loud speaker: the low frequency standing waves are clearly visible.

TAP 324- 1: Standing waves

An example of superposition
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Practical advice

This diagram is provided here for use in the classroom.

External reference

This activity is taken from Advancing Physics chapter 6, 14O

TAP 324- 2: Standing waves on a rubber cord
Seeing waves stand still

Waves travelling in opposite directions can produce a wave that stands still. Standing waves on a cord are very clearly shown in this demonstration. By matching the frequency of a stroboscope to that of the signal generator the transverse motion of the cord can be 'frozen' to show the presence of standing waves.
You will need

· signal generator

· vibration generator

· stroboscope

· rubber cord (0.5 m long, 3 mm square cross section)

· two retort stand bases, bosses and clamps

· four metal strips (as jaws)

· two G-clamps, 10 cm jaws

· leads
What to do

1.
Set up the apparatus.
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
	Safety

Anyone known to suffer from photosensitive epilepsy should not be subjected to stroboscopic light. Flashing light may also affect those prone to migraine attacks. Frequencies below 15 Hz need particular consideration. Wear safety goggles.


2.
Use the metal strips to hold the ends of the cord in the retort stand clamps. Clamp the retort stands to the bench so that the cord is stretched to about 1 m. Attach the vibration generator to the cord a few centimetres from one end; you can use a short length of wire to do this, or feed the cord through the generator and tighten the screw down on it. The vibration generator needs to be driven from the low-impedance sine wave output of the signal generator.

3.
Slowly increase the frequency from 10 Hz to 100 Hz. You should first see a standing wave with a single 'hump'. As the frequency is increased a wave with two 'humps' will appear, then three and so on. The 'humps' are 'antinodes' and the points of least movement are 'nodes'. The nodes are half a wavelength apart. These standing waves can be clearly seen using the stroboscope to 'freeze' the movement.
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4.
Make a note of the frequency of the signal generator each time a standing wave is produced. What is the relationship between the wavelength of the standing wave and the frequency of vibration?

5.
Why do you think that standing waves are only observed for specific frequencies?

You should now:

1.
Have observed standing waves of a number of different frequencies.

2.
Understand that this is another example of a superposition phenomenon, caused by 
travelling waves moving through one another.

Practical advice

This is a visually effective demonstration that can be done quickly or used as a basis for a more detailed consideration of standing wave phenomena and superposition. All students should understand that standing waves are another example of a superposition phenomenon produced by travelling waves being reflected and superposing with waves travelling in the opposite direction.  Quick students can look deeper into the phenomenon, to consider why standing waves are only seen at certain frequencies.

Standing waves occur when all parts of the cord have a fixed phase difference between the waves passing through them. Consider a point at the middle of the string. When the cord oscillates at its fundamental frequency an antinode is seen in the middle. Transmitted and reflected waves are always in phase at this point so maximum amplitude develops. When the frequency of the oscillation is doubled a node forms at the centre. At the centre point the cord is not oscillating, even though waves are passing through it. This is because the waves are always superposing in antiphase. Animations may make things clearer and can be used at this point.

	[image: image5.png]



	Safety

Anyone known to suffer from photosensitive epilepsy should not be subjected to stroboscopic light. Flashing light may also affect those prone to migraine attacks. Frequencies below 15 Hz need particular consideration. Wear safety goggles.


Alternative approaches

Interested students could be encouraged to consider more complex standing wave phenomena.

Social and human context

Standing waves are observed and used in a wide range of phenomena. Perhaps the guitar is the most obvious example, but it can be stressed that all musical instruments rely on standing waves.

External reference

This activity is taken from Advancing Physics chapter 6, 100E

TAP 324- 3: Standing waves on a guitar

An example of superposition
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Practical advice

This diagram is provided here for use in the classroom

External reference

This activity is taken from Advancing Physics chapter 6, 16O

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.

[image: image7.emf]
	[image: image8.wmf]
	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.

	[image: image12.wmf]
	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

TAP 324- 5: Standing waves in sound

Musical standing waves

Standing waves of sound in air are the basis of wind instruments.

You will need

· oscilloscope

· loudspeaker (about 80 mm in diameter)

· signal generator

· microphone

· metre rule

· hardboard reflector (about 0.3 m square)
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1.
Set the signal generator to give a note of around 3000 Hz from the loudspeaker.

2.
Adjust the oscilloscope so a clear trace is produced.

3.
Place the reflector about 1.5 m from the loudspeaker.

4.
Place the microphone in between the loudspeaker and reflector – pointing at the 
loudspeaker.

5.
Move the microphone slowly towards the reflector. Using a metre rule to push the 
microphone along will help reduce unwanted reflections, for example from your body. 
You will observe places of maximum and minimum signal.

6.
Place the microphone at a position of minimum signal and remove the reflector so that 
less sound is reflected back. How the signal at the microphone increase, if less sound can is now reaching it?

7.
The distance between two points of minimum signal is half a wavelength. Measure and 
record the distance moved by the microphone between a number of points of minimum 
signal, and calculate the wavelength.

8.
Your value for the wavelength can be checked using v = f and taking the velocity of 
sound in air to be 340 m s–1.

You should have

1.
Observed standing waves in sound.

2.
Measured the wavelength of a standing wave.

3.
Checked this value using v = f
Practical advice

This is a quick and simple demonstration for a pupil to perform in front of a class. 3 kHz is a sensible frequency to use as it produces waves of wavelength around 100 mm. However, it is not particularly comfortable on the ear.

The demonstration leads to a dependable value for the wavelength. It also gives another example of 'more can be less and less can be more' as the rise in amplitude of the signal at a minimum when the reflector is removed can be quite dramatic. Before tackling this activity students should have observed standing waves on a cord or slinky. They can use the idea of nodes and antinodes but must remember that they are dealing with longitudinal waves – this is another chance to discuss that the trace on the oscilloscope shows variation in pressure so that pressure antinodes (where the pressure variation is the greatest) are seen.

These experiments can be ruined by reflections from other objects in the room. If clear traces are not obtained, try draping old curtains around the apparatus.

When discussing sound, remember that the pressure antinodes are velocity nodes, and vice versa. There will be a pressure antinode but a velocity node where sound reflects from a hard surface or the closed end of a pipe. There will be a velocity antinode but a pressure node where sound reflects from the open end of a pipe. Clear thinking about the air rushing to and from pressure antinodes helps make this connection.

Alternative approaches

This can be performed as part of a circus of experiments on standing waves in which each group of students moves from one piece of apparatus to the next.

Alternatively, the experiment can be performed and demonstrated to the rest of the class by one group of students.

Social and human context

Standing waves in sound have important consequences for the design of musical instruments.

External reference

This activity is taken from Advancing Physics chapter 6, 110P

TAP 324- 6: Kundt's experiment

Kundt's tube

Kundt's demonstration, first described in 1866, gives a visual record of the nodes and antinodes of a standing wave set up in a tube. It can be used to determine the speed of sound within the tube, but here you are only asked to show standing wave behaviour.

You will need

· 1000 cm3 glass measuring cylinder

· signal generator

· small loudspeaker and paper cone

· cork dust

What to do
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1.
Vary the frequency of the signal generator from 1 kHz to 10 kHz. There will be certain 
frequencies where standing waves are set up and you will observe a pattern of dust 
collecting at the nodes and moving away from the antinodes. Explain this phenomenon 
using the idea that pressure antinodes are places of maximum pressure variation but 
minimum velocity variation.

2.
Can you see how to use this experiment to calculate the speed of sound in the air in the 
tube?

3.
Might you expect the result to be significantly different from a speed measured in open 
air?

You may have seen that

1.
Areas of dust collect in the tube at nodes when the frequency is such that standing waves 
are formed.

2.
This experiment can lead to a measurement of the speed of sound in the tube.

Practical advice

Technician: place some cork dust (made by filing a cork) into the dry cylinder (a long closed glass tube can be substituted for the 1000 cm3 glass measuring cylinder). Arrange the cylinder horizontally and tap gently so that a thin layer of dust settles along the tube. Make a paper cone to channel the sound energy from the loudspeaker (approximately 50 mm diameter) into the cylinder.

Although this experiment was originally developed to measure the speed of sound, the main purpose of the demonstration is to help students understand standing waves in sound as areas of maximum and minimum pressure or velocity variation.

Alternative approaches

There is a nice demonstration at the San Francisco Exploratorium using a tube on its side partly filled with water.

http://www.exploratorium.edu/music/index.html 

External reference

This activity is taken from Advancing Physics chapter 6, 120P

TAP 324-7: Standing waves with microwaves

Microwaves can make standing waves

In a microwave oven, the microwaves reflect from the walls and form a standing wave pattern in the oven. At the nodes, the food does not get cooked. This is why microwave ovens have a turntable, or have a 'stirrer' to break up the standing wave pattern.

You will need

· microwave transmitter

· slotted base

· metal reflector (about 0.3 m square)

· audio amplifier

· loudspeaker 

· digital multimeter used as a microammeter

· diode probe

· metre rule

· 4 mm leads

What to do

Set up the apparatus as shown.
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You can use an audio amplifier to detect changes in the signal at the diode probe, but you will find that the microammeter allows you to observe changes in the strength of the signal more precisely. You will find that microwaves will reflect off many other surfaces than the metal reflector – including yourself!

1.
Place the reflector about 1.5 m from the transmitter.

2.
Place the diode probe between the transmitter and the reflector.

3.
Slowly move the probe along the line between transmitter and reflector.

4.
Note what happens to the strength of the received signal as the probe moves towards the 
transmitter.

5.
Measure the average distance between pairs of minima (two 'lows' of radiation or nodes).

6.
Use this to find the wavelength of the radiation.

You should have seen that

1.
Microwaves can set up stationary wave patterns.

2.
The distance between two adjacent nodes is about 15 mm.

3.
The wavelength of the radiation is about 30 mm.

Safety 

It is important to check that the power supplies are electrically safe. Those transmitters using a Klystron oscillator require about 300 V at a hazardous current. Ensure that all high voltage connectors are a safety pattern.
Practical advice
The experiment is similar to one that measures the wavelength of sound, using standing waves from a reflector. Students should realise that measuring the distance between adjacent nodes is imprecise, and that it is better to measure over several nodes. The horn receiver is not suitable for this experiment.

Alternative approaches

This can be performed as part of a circus of experiments in which each group of students moves from one piece of apparatus to the next. Alternatively, the experiment can be performed and demonstrated to the rest of the class by one group of students.

Social and human context

Standing waves in a microwave cavity were for a time the most accurate method of measuring the speed of light, because the cavity could be machined to given dimensions very accurately. Microwave ovens get standing wave patterns in them so that the food cooks patchily, unless placed on a rotating turntable, or unless the microwaves are reflected in a variety of directions by a 'stirrer' or paddle.

External reference

This activity is taken from Advancing Physics chapter 6, 130P

TAP 324- 8: A stationary 1 GHz wave pattern

Standing waves at television frequencies

The row of rods on a typical television aerial are half a wavelength long. Standing waves form along the rods and enhance the reception. Here you look at the standing wave pattern between the rods that these aerials use.

You will need

· dipoles and oscillator, 15 cm wavelength

· digital multimeter used as a microammeter

· metal screen, 30 cm square

· slotted base

· 4 mm leads

What to do

Set up the transmitting and receiving dipoles about 10 cm apart and gradually increase their separation until they are about 1 m apart. You should see the current in the microammeter fall as the separation increases.
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1.
Place the reflector about 2 m from the transmitter.

2.
Place the receiver between the transmitter and the reflector.

3.
Slowly move the receiver as shown.

4.
Note what happens to the strength of the received signal as the receiver moves towards 
the transmitter.

5.
Record the distance between two minima (two nodes).

6.
Use this distance to find the wavelength of the radiation.

You may have seen that

1.
A 1 GHz transmitter can set up stationary wave patterns.

2.
The distance between two adjacent nodes is about 15 cm.

3.
The wavelength of the radiation is about 30 cm.

Practical advice

This is less easy to do than other standing wave demonstrations. With care it can yield pleasing results. It should, if used, be given to students with sufficient patience and skill to produce clear results.

Alternative approaches

This can be performed as part of a circus of experiments in which each group of students moves from one piece of apparatus to the next. Alternatively, the experiment can be performed and demonstrated to the rest of the class by one group of students.

Social and human context

Standing waves at GHz frequencies are the basis of the Yagi television aerials often seen on rooftops. The receiving dipole and director rods are about half a wavelength long.

External reference

This activity is taken from Advancing Physics chapter 6, 140P

TAP 324- 9: Stationary waves in a string

This is a question about stationary wave patterns set up in a vibrating string.
A vibrating string
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An elastic string is clamped at both ends. Near one end a vibration generator is loosely attached. The vibrator oscillates with fixed amplitude but with variable frequency. A graph of maximum amplitude along the string against frequency of vibration is shown.

Sketch the instantaneous appearance of the string at:

1.
15Hz.

2.
30Hz. 

3.
45Hz. 

4.
What is the wavelength of the waves on the string at these frequencies? 

5.
What is the speed of travel of the waves along the string? 

Hints

1.
15 Hz is the lowest frequency at which a standing wave is produced. What is the longest 
wave that can be fitted on the string with a node at each end?

2.
30 Hz will produce a wave of half the length of 15 Hz.

3.
45 Hz will produce a wave of one-third of the length of the 15 Hz wave.

4.
You know the length of the string and you know the wavelength in relation to this length.

5.
Use v = f .

Practical advice

These questions are closely related to activities concerning standing waves on strings.

Answers and worked solutions

1.
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External reference

This activity is taken from Advancing Physics chapter 6, 90S

TAP 324- 10: Standing waves in pipes

An example of superposition.
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Practical advice

This diagram is provided here for use in the classroom

External reference

This activity is taken from Advancing Physics chapter 6, 18 O

TAP 324- 11: Standing waves in pipes

This is a question about standing waves in organ pipes and flutes.
Organ pipes

An organ pipe closed at one end can allow standing waves which have a node (zero displacement) at that end and an antinode (maximum displacement) at the other (neglecting a small 'end correction'). This is called the 'fundamental'.
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One such pipe has a fundamental note of 64 Hz.

1.
Draw a diagram showing the next possible standing wave pattern that could be set up in 
this pipe. What would its frequency be? 

2.
Draw another diagram showing the third possible standing wave pattern and calculate its 
frequency. 

Flutes

Flutes are an example of a pipe open at both ends. This means the fundamental note has an antinode at either end as shown.
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3.
A flute open at both ends and an organ pipe closed at one end have the same length. The organ pipe has a fundamental note of frequency 130 Hz. What is the frequency of the flute's fundamental note? Explain your answer. 

Effect of temperature

The speed of sound in air is proportional to the square root of the temperature in kelvin. A flute player begins playing with the temperature of air in the tube at 288 K. The speed of sound at this temperature is 340 m s–1. After a few minutes playing the air temperature in the bore rises to 298 K.

4.
What is the speed of sound at this temperature? 

5.
When the musician started playing the flute a certain length of tube gave a note of 
frequency 438 Hz. What would be the frequency of this length of tube when the flute had 
'warmed up' to 298 K? What assumptions are you making?

Practical advice

This develops the idea of standing waves in columns of air and gives students practice in handling ratios. The drop in note when a tin whistle is covered can be easily demonstrated by closing all the holes, blowing softly and immersing the foot of the tube in water. The note does not drop an octave, but it is immediately clear that the wavelength of the standing wave has changed.

Social and human context

Interestingly, in some cathedrals the lowest organ notes cannot be safely played because resonance effects can cause structural damage.

Answers and worked solutions

1.
64 Hz is the frequency where  is equal to four times the length of the tube. The next 
standing wave will be formed whereis one and one-third times the length of the tube. 
Wavelength has decreased by a factor of 3, so frequency has increased by a factor of 
three: 64 Hz  3 = 192 Hz

[image: image28.wmf]
2.
Similar argument to (1), leading to 320 Hz.

[image: image29.wmf]
3.
A flute will fit half a wave into the length of tube while an organ pipe will fit one-quarter of 
a wave. Hence wavelength is half that of an organ pipe so frequency is twice that of the 
organ pipe.

4.
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5.
Assuming length to be constant, wavelength is constant so frequency is proportional to 
speed. f = 346 ms–1  438 Hz / 340 ms–1 = 446Hz. Assuming the speed of sound is only 
affected by the temperature change. The air from the player's breath will be considerably 
more moist, which will affect the speed. 


(Assuming the metal in the tube has expanded and lengthened the tube would be a very 
minor effect indeed.)

External reference

This activity is taken from Advancing Physics chapter 6, 100S

TAP 324- 12: More complicated standing waves

Standing waves everywhere

Standing waves are very common. The skin of a drum has standing waves on it. The panels of a car vibrate with standing waves. The swaying of a building may be a standing wave. All music depends on standing waves. Here are a few examples.

Standing waves in a loop:

You will need

· signal generator

· vibration generator

· stroboscope

· loop of copper wire

· two 4 mm leads

What to do

This demonstration shows standing waves on a loop of wire.


[image: image31.wmf]


1.
Make a wire ring of about 10 cm diameter and fix it to the vibration generator.

2.
To produce standing waves the wire must be vibrated at certain specific frequencies. The 
stroboscope may help you see the standing waves.

Things to notice

1.
Standing waves on a loop.

2.
That if one node is produced for frequency f, two nodes will be produced for frequency 2 f 
and so on.

Chladni figures:

You will need

· signal generator

· vibrator

· metal plate, to be fixed to the vibration generator

· sand

· leads

What to do

1.
Attach the metal plate to the vibration generator.

2.
Shake sand over the plate until you have an even, thin layer.

3.
Vibrate the plate and observe standing waves at certain frequencies – sand collects at 
the nodes.


How are the frequencies related to one another?

You may have observed

1.
Two-dimensional standing waves.

2.
The nodes can form complex patterns. Here the nodes are lines.

Vibrations in a rubber sheet:

You will need

· signal generator

· stroboscope

· large loudspeaker

· large metal ring supporting a disc of thin rubber or latex

· three retort stands, bosses and clamps

· three small G clamps

· two 4 mm leads

What to do

1.
Take the ring with the rubber stretched over it and place it over the loudspeaker.

2.
Drive the loudspeaker through a range of frequencies.

You have seen

1.
Two-dimensional standing waves in a rubber sheet.

Practical advice

This should be performed as a quick demonstration if there is insufficient apparatus for all the class to use. However, students should be given the opportunity to vary the frequency as the results are dramatic.
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
	Safety

Strobe lighting can cause fits in some epilepsy sufferers, especially at frequencies below about 15 Hz.


Technician's note

The copper wire ring, used in the first experiment, can be substituted by thinner steel wire. A solder joint produces a neat preformed loop, but may prove fragile.

The metal plate, used in the second experiment, can be circular or square. Use a size that produces clear patterns. This will need adjusting to match the power output of your vibration generator.

The rubber disc is best made out of pale latex so that a grid can be drawn on the surface, making the wave patterns more visible. The ring can be an embroidery ring, in which case the rubber can be stretched over the rim. You will need to experiment with the separation between the ring and the loudspeaker for optimal results. 

Social and human context

Chladni's demonstrations have always created interest. Napoleon called on the German experimenter to show the principles of standing waves on plates to a very select audience. Chladni is also remembered for inventing the euphonium.

External reference

This activity is taken from Advancing Physics chapter 6, 150D
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