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The conceptual barriers to understanding ideas about sound
This download follows the same paragraph headings as in light to show the similarities and contrasts. It identifies some of the misconceptions children have about sound, it has explanations for common experiences, such as echoes, the Doppler effect and musical notes. It can be used as the basis of a hand-out for trainees.

3.1 Sound as a form of energy

When sounds die away or are muffled, the vibrational energy, where the particles of air vibrate in a regular way, becomes heat energy, where the particles' motion is random. This means that the sound energy is degraded to heat, however the energies involved even in a very loud sound are tiny. Compare a powerful loud speaker of 20 watts with a 20 watt heater which gives only enough energy to power a small glue gun. Materials that are soft are the best at converting the regular vibrations into random vibrations so they absorb sounds the best. 

3.2 Hearing sound 

Sound is a sensation, caused by vibrating objects, which is detected by our ears. These vibrations pass to the fluid of the inner ear (the cochlea) which passes electrical messages (nerve impulses) to the brain. The brain interprets this as the experience which we call sound. This is similar to a microphone, which converts the physical vibrations in the air into electrical signals, which can be amplified, recorded etc. 

Once again the brain has an important part to play in understanding the meaning of sound, and this can sometimes play tricks on us when our brains tell us to expect one thing but we seem to get another. Perception is a two-way process of comparing what our senses sense with what our brain has already stored. When we hear a word in a foreign language we cannot make it out, whereas native speakers can. We can also ignore sounds and only notice when they stop, or will only hear someone else talking when they say our name. 

Children at KS1 do not normally think about the path sound has to make from source to listener. They say we heard because it ticked or we listened or I heard it. Since the brain plays such an important role in the interpretation of the sounds we hear, we should treasure these comments from children - there is more to hearing than vibrations reaching our ears! 

At KS2 children begin to link the source of sounds with vibrations - You can see it wobbling, When the wobbling stops you can't hear it any more. 

They are much less likely to explain transmission of sound through the use of vibrations, and there seems to be little change from the 'listening' at KS1. However there is a clear sense of the sound actually travelling (the picture is from two Y4 pupils). 
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Children at KS2 do not describe absorption of sounds as the damping of vibrations - it is only when they actually touch a visibly vibrating string or drum, where they see the movement and sound stopping together that this connection is usefully made.

In secondary school vibrations will be seen using oscilloscopes, but the naïve view of sound ‘just travels’ may persist. The link with energy becomes easier to make as they develop a particle model of matter, and can see how regular vibrations (sound) can dissipate in to irregular vibrations/movement of particles (heat energy).

3.3 Sound shadows and reflections (echoes)

Sound shadows are caused when the sound is blocked. Shutting the door or window prevents most of the noise entering (or leaving) a house. Putting your hands over your ears or standing round a corner makes it less easy to hear a commotion in the street. In these cases the sound may be reflected away from where you are rather than being absorbed. Because the wavelength of sound is so long, the waves spread out (diffract) round corners much better than light waves, so it is less easy to make sound shadows (where it is quiet) than light shadows (where it is dark). 

Sound bounces off hard surfaces. In a valley 300m wide the sound waves from your shout will take one second to cross, it is reflected by the opposite side and after another second you hear your own voice as an echo. This is useful in a hall where a speaker can address a larger crowd than outside where the sound dies away over a short distance. In large halls there can be too much delay in the reflections producing echoes (reverberation). The acoustics (how the sound behaves in the space) are important in design of buildings. Hard surfaces are reflective, whilst soft ones absorb or diffuse the sound. 

Bats and dolphins use reflected sound for navigation. High frequency sounds are emitted and detection of the echo tells where an object is and how far away. Echo sounders on ships use the same system for finding the depth of the water below them. And ultra sound gives us good pictures of unborn babies.

3.4 Sound intensity and logarithmic scales

We think sounds are louder at night because there is less interference from other sounds. Rather like the candle that seems brighter at night. Some car radios will monitor the external noise level and automatically adjust their volume. Sound intensity is measured in decibels. A change of 10 decibels (eg 60 to 70 or 100 to 110 etc) represents a 10-fold increase in sound energy. So a 20 decibel increase is a 100 times louder. These ‘logarithmic’ scales give a false sense of security. “Oh its only a difference of 20 decibels from 90 to 110”. Other logarithmic scales are pH for acidity (acid rain of  pH 3 is 1000 times more acidic than normal rain pH6), Richter for earthquakes (Richter 6 is 100 times more devastating than Richter 4), and Beaufort for wind. 

3.5 Sources of Sound 

Vibrating objects push the air in waves which produce areas of compression (high pressure) and rarefaction (low pressure). These waves spread out from the object producing pulses of movement, though each air molecule moves only a short way. Thus there is no substance moving from the source to the hearer (as children may think) only waves of movement (similar to that in a slinky spring, or ripples on a pond - remember a cork bobs up and down as the waves go by, the water stays in one place). 

Sound waves move at 332 metres per second (m/s) in air at sea level. They are faster in a liquid and faster still in solid. The sound vibrations ‘die away’ (to form the random vibrations of waste heat) more quickly in loose substances, such as air, so sounds do not travel very far in air, but in water (a stiffer medium) whales can hear over hundreds of miles, and earthquake vibrations travel right across, and through, the Earth. We can hear someone tapping on a radiator, for example, in another room. Sound waves need a substance for transmission so there is no sound in the vacuum of outer space. 

3.6 Refraction, dispersion and the Doppler effect. 
There is no commonly observed equivalent phenomenon in sound to refraction (bending) and dispersion (of white light into colours), but there is a sound equivalent to the ‘red shift’ of light from receding galaxies.

When you hear an ambulance approaching with a siren working it appears higher in pitch at first because the vehicle is catching up its sound waves, so shortening the frequency. As it goes past, the waves get longer so the perceived pitch lowers. This is called the 'Doppler effect'. 

If something travels faster than sound it will actually push through the sound waves it makes – commonly called ‘breaking the sound barrier’. This is a confusing idea for children, and it is better to think of it as a shock or bow wave moving along with the bullet or plane that is exceeding the speed of sound. Think of a canal boat. When it is ready to move off, ripples spread out evenly all around (first picture). As it picks up speed it begins to catch up the waves that spread out in front (second picture) and it soon pushes through its own water waves (third picture). The bow wave that it makes in this way causes a huge disturbance that can damage the bank, but ahead of the boat the water in the canal is undisturbed. In the same way a supersonic jet drags its own 'bow wave' along with it as it pushes through the sound waves that try to spread out in front - as this shock wave passes along the ground we hear a sonic boom, like the bow wave on the bank. Because the plane approaches you faster than the sound you don't hear the boom until the plane has passed. 
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3.7 Sound and Music – musical ‘colour’

For students who play musical instruments much can be revealed, and they can provide the demonstrations. The pitch of a sound is due to the frequency of vibration. The shorter the string or pipe the more vibrations it can make a second, so the pitch increases to a higher note. Humans hear within a range of about 20 to 20 000 vibrations per second i.e. from 20 Hz to 20 kHz. Above that is ultrasonic (sensed by such animals as dogs, bats etc and used in body scanning, eg during pregnancy), below is subsonic (sensed by such animals as whales). As we get older our ears cease to hear the highest notes. 

The amplitude, ie the deflection, of the vibrations determines the loudness of the sound, linked with energy input – the harder you hit, pluck or blow, the louder the sound. 

The quality of a sound is the hardest idea to grasp. How can two sounds, equally loud and of the same pitch sound different? The easiest way to illustrate this is by considering a stringed instrument. Most objects, like the string, vibrate at several frequencies at once. This is compounded by the natural vibrations in the sound boxes associated with the instrument. A musical sound with a recognisable pitch vibrates at a steady main (fundamental) frequency but may be accompanied by faster vibrations 2, 3, 4 or more times the main frequency. These are called harmonics. The quality of a note is determined by the mix of harmonics that are added to the fundamental.

These natural harmonics that make up the normal musical scale, as shown in the following table. 
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Doubling the frequency raises the pitch by one octave, eg middle C on a piano vibrates at 256 Hz whilst the next C up (eight notes of the scale higher) vibrates at 512 Hz or one octave higher. The higher the frequency the shorter the wavelength, thus shortening the length of vibrations on the string of a guitar or the length of the column of vibrating air of a recorder makes a higher pitch. You can see this in the table above, where the note C and its octaves are obtained by 1, 2, 4 and 8 vibrations - each octave is double the frequency of the previous one. The next octave (not shown) will have 16 waves in the string - the 8 'notes' from 8 vibrations to 16 vibrations form the natural harmonic scale. 

The air or string in a musical instrument can only vibrate in whole numbers of half waves - in the table, 1 = one half wave in string, 2 = 2 half waves etc as shown in the pictures. By over-blowing a wind instrument you can play higher notes - an octave higher for a flute, 1.5 octaves for a clarinet. Brass instruments rely on harmonics for their whole scale (8 to 16 half waves but not shown in the table). 

When two or more notes are played together (a chord) they only sound pleasant when they have a simple mathematical ratio to the main (fundamental) vibration. If the ratio is not simple it sounds unpleasant, or discordant. Sounds with random mixes of vibrations are called noise, eg wind, radio interference etc. This is often called white noise by analogy with white light, which is a mixture of all wavelengths (or colours). 

3.8 Sound words 

Many words we use for sounds are onomatopoeic - that is they sound like the sound they represent, eg woof, bang, crash, cough, hoot, moo. It is interesting to ask what words are used in other languages for these words, for example in France doors claque, rather than bang. 

The scientific sound-related words that we use come from the Latin audire to hear (audience, audit, aural, audio, audition etc), from the Latin sonare to sound (sonar, sonata, sonic, sonnet, consonant (sounding with) etc) and the Greek phone a sound (gramophone, telephone, phoneme, phonetic). 
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