Download K4.3_4.0a ‘Giving practical experiences in light and sound’

Giving Practical experiences – light and sound
Most practical work can be experienced by trainees in school (and will be entirely done this way on school-based training courses). Primary and secondary teachers will all have their favourite ‘experiments’ to do with light and sound, so this download has a few of the more unusual ones, or ones that it is better for trainees to practice away from school for the first time. 

Light

The paragraph numbers refer to the paragraphs in this unit. Some are left blank.

2.1 Light as a form of energy.

(blank)

2.2. Seeing: 

The light box

A shoebox with a see-in hole and ‘windows’ that can be successively opened will help to show that light needs to shine on objects (in the box) in order for us to be able to see them. 

This can be adapted to make a Camera Obscura. Search the web for information about these structures eg http://www.bbc.co.uk/history/society_culture/art/vermeer_camera_01.shtml
Camera Obscura (giant pin-hole camera) 
Put your head into the open end of the box* and cover it with the black cloth. Make sure it is totally dark and allow your eyes to adjust. Look at the white sheet of paper (the screen). Point the pinhole at a window and ask your partner to hold a number of fingers up to see if you (the person inside) can see how many. Try holding up other objects, and try moving them slowly.

Remember that the only way light could get onto the screen was in through the pin hole. Notice that the image is the wrong way up. Try increasing the size of the pin-hole. What happens to i) the brightness of the picture and ii) its sharpness? 
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*A large cardboard box, painted black inside, with a white A3 sheet of paper on one inside wall opposite a hole the size of a 5p piece on the other. One end is open to allow your head to be inserted. Cover the hole with black paper with different sized holes in them, starting with one 4mm in diameter.

The eye

Students should all have a chance to examine a model of the eye, and even dissect a bull’s eye.

2.3 Shadows and reflection

For KS4 getting pupils to model wave fronts can be a useful experience. In these activities half the class should be watching. The students will line up as a military squad, in 3’s, but in open format and march in even step at an angle towards a wall. The front row of 3 students is a wave front, and the columns are the rays. Each student reflects off the wall at an angle equal to their incoming angle, and you should get the new wave front advancing back off the wall. This can be adapted for showing refraction (see 2.6 below).

2.4 Candle-light

It is worth having a blackened out room with a candle burning. Switch on the lights and students are dazzled. Afterwards when their eyes adjust, the candle looks much dimmer.

2.5 Sources of light

Diwali lights can make an interesting investigation. Use a variety of different vegetable oils for the fuel, aluminium pie containers for the oil and string of various thicknesses as the wick. Measure the brightness by using a light sensor from a datalogger.

2.6 Refraction and dispersion – the Rainbow

This is where the wave front exercise can really bring results. Get the ‘squad’ to march at an angle from the playground onto grass. As each student reaches the grass they must take steps that are half as long as before, but keep the frequency of the steps the same. The effect is to slow down the wave front. The trick is that the direction of movement must always be at right angles to the wave front, so the ‘light’ bends:

The movie can be viewed at:

http://regentsprep.org/Regents/physics/phys04/crefractn/default.htm
It is better to have a longer wave front, rather than just two as in this animation.
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2.7 Colour

An activity that tests students’ ideas about pigments in general and the pigment, chlorophyll in green plants is a nice fusion of a traditional physics with a traditional biological experiment suitable for KS4.

Extract chlorophyll from grass using alcohol, and pour the extract between two microscope slides glued together on three sides with a glue gun to make a narrow container.

This becomes your filter for light from a ray box.

The aim is to find out why a filter makes the light green – does it “dye the white light green”, or does it “stop all other colours except green”?

It is hard to tell by simply placing the ‘filter’ in front of the lamp, but if you use a prism to get a spectrum then put the filter in front (either before or after the prism) you will find that the pigment absorbs the red and blue light and only lets the green through.

This shows that: 

(Physics) pigments absorb some colours from white light, only letting the others pass.

(Biology) chlorophyll absorbs red and blue light. We think of plants being associated with green light, but they are using the blue and red parts of the sun’s spectrum to drive photosynthesis. 

Light

The paragraph numbers refer to the paragraphs in download 3.1 on sound. Some are left blank. We have used the same paragraph headings as in light, above, to show the similarities and contrasts. 

3.1 Sound as a form of energy

Getting students to look at the power rating (in watts) of speakers will help them realise how little energy is needed to made very loud noises.

3.2 Hearing sound 

A good ‘trick’ is to tell the students to do something (such as putting up their hands, or stand up) using a language that most will not understand. Then seem surprised they didn’t do as they were told. Sounds not only have to reach the ear, but the brain has then to make sense of them using previous memories.

3.3 Sound shadows and reflections (echoes)

You can get a good measure of the speed of sound by standing 150 metres from a flat building (eg in the school grounds) and make a clap with two pieces of wood. You will hear an echo, but timing it is very inaccurate. If you clap again so that you set up a regular clap; echo; clap; echo … you can now time 30 clap-echoes and thus work out the speed of sound.

3.4 Sound intensity and logarithmic scales

Work on logarithmic scales will be necessary for all but the very mathematically minded student.

3.5 Sources of Sound 

The difference in loudness of tapping a ruler held in the teeth (sound goes via your jawbone) and in the lips (sound goes via the air) is a simple but dramatic illustration of the way sound travels: similarly tapping a pencil on the bench with your ear either resting on the bench or just above it. We hear our own voices mostly through our bones and inner ear, so whispering whist cupping your hands to make a path from your mouth round to your ear allows you to hear your voice as other hear you.

3.6 Refraction, dispersion and the Doppler effect. 
These static pictures can be made of separate OHTs and moved to show the effect of the source of sound travelling eventually at supersonic speeds. There are several animations available on the web. They can be demonstrated on a large ripple tank too.

Stationary
Moving slower than the 
waves
Moving faster than the waves 
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7) Sound and Music – musical ‘colour’

A neat demonstration of harmonics can be performed with a long length of rubber tubing. One student hold one end and you then rotate your end gently to get half a wave (as in C(doh) in the diagram). By rotating twice as fast you can get the octave C’. By practising, and having the tubing tight enough you can get all the harmonics up to 8. (rotation is easier than wiggling up and down – note that we are representing sound waves here, and above with the water analogy,  as transverse waves, and the use of a ‘slinky’ to show longitudinal waves (compression and rarefaction) will be necessary)

Now get a length of hosepipe (3-5 metres) and fit a plastic funnel to one end, and t brass players’ mouthpiece to the other. Ask a brass player to show the same effect by getting the air in the hosepipe to vibrate. Normally you will start at around 4 or 5 half waves, so you can easily get  C’’ E’’ G’’ Bb’’ and C’’’. After that you will hear the normal notes of the scale as the ‘horn’ plays C, D E etc.

The whole thing can now be repeated using an oscilloscope and signal generator. Play the note from 100 hertz, then 200 to show the octave. Now play 300 and 400hertz to hear the dominant and the next octave. Finally 500,. 600., 700, and 800 to get the broken cord up to the next octave.
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3.8 Sound words 
Getting student teachers to look for the origin of the words they want their pupils to use is an important activity. It helps children see that the word has meaning and is not just a brand net ‘foreign’ word to learn.

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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