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	GROUP 24: ENERGY AND FORCES – SOUND AND LIGHT



Group 24: Energy and Forces – Sound and Light
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Overview

Key question

To develop understanding of the key scientific principles of the group of attainment targets.

How do different materials affect light and sound?

Key ideas behind the key question

Light

· As light travels from air to another material such as glass its speed decreases. As light leaves another material to enter air its speed increases. If the light strikes the boundary at an angle the change of speed can alter the direction of the light – this effect is called refraction.

· Lenses use refraction to change the direction of light.

· Convex lens bring the light to a focus (converge) 

· The distance from the convex lens to the image (of a distant object) is called the focal length – very rounded lens have short focal lens and vice versa

· The eye uses its lens to help focus the light on the retina

· Concave lens spread the light out (diverge)

· Lens can be used to help correct some sight problems:

· Convex lenses are used to help correct long sight (hypermetropia)

· Concave lenses are used to help correct short sight (myopia)

· Lenses are also used in cameras, photocopiers, telescopes, magnifying glasses etc.

· When sunlight passes through a triangular prism the light is refracted. However, since sunlight is a mixture of all the colours of the rainbow (giving ‘white’ light) the different colours are refracted by varying amounts – red refracted the least and violet refracted the most. In this way the sunlight can be split into its constituent colours i.e. the colours of the rainbow.

· We see colours due to the coloured light being reflected back to our eyes – red objects reflect red light, blue objects reflect blue light etc. This means that red objects can absorb the other colours of sunlight but not red, red is reflected. If blue light is shone onto a red object it would now appear dark (black) as no light would be reflected. Coloured objects can have a different appearance depending on the colour of light being used to illuminate the object. 

Sound

· The ‘pitch’ of a sound is related to its frequency – the higher the frequency the higher the pitch

· Pitch is usually referred to high and low

· The frequency of a sound is the number of sound vibrations in 1 second. Frequency is measured in hertz (Hz). 1Hz = 1 sound vibration per second.

· The average hearing range of young people is from 20 to 20,000Hz (20 kHz). As people get older they tend to lose hearing at the higher frequencies. Some animals can hear sounds above the human range. Sounds above 20kHz are called ultrasounds.

· As sound depends on vibrations to travel it is understandable that sound travels most quickly through solids and slowest through gases. This can be explained by the relative spacing of particles in the different states of matter.

· The ‘volume’ of a sound is an indication of the energy the sound has. Louder sounds have more energy than quiet sounds. The louder sounds have greater amplitude of vibration. A quantity called the decibel (dB) is used to indicate the intensity of the sound compared to the quietest sound we can just hear. The dB is a logarithmic scale which means that if the sound level trebles the sound intensity increases by 103 i.e. the sound intensity increases 1000 times (10 x 10 x 10). Prolonged exposure to loud sounds can irreparably damage a person’s hearing and lead to deafness.

Related science concepts already covered

· Group 10: Light and Sound

· Group 19: Energy Sources

Future learning

· Standard Grade Physics: Telecom, Health Physics, Transport

· Int 1 Physics: Unit 3 Radiations

· Int 1 Physics: Unit 4 Sound and Music

Attainment targets

	Attainment outcome – Energy and Forces

	Group 24 – Sound and Light
	Strand

	Use the terms 'pitch' and ‘volume’ to describe sound. EF-D1.4
	Properties and uses of energy

	Explain what happens when sound passes through different materials. EF-E1.5
	Properties and uses of energy

	Describe the relationship between pitch and frequency and loudness and amplitude. EF-F1.3
	Properties and uses of energy

	Describe in simple terms how lenses work. EF-D1.2
	Properties and uses of energy

	Give examples of simple applications of lenses. EF-D1.3
	Properties and uses of energy

	Describe what happens when light passes through different materials. EF-E1.4
	Properties and uses of energy

	Explain the effect of a prism on white light. EF-E1.3
	Properties and uses of energy

	Explain the effect of colour filters on white light. EF-F1.2
	Properties and uses of energy


Teaching and Learning

Finding out pupils’ present understanding

Use of objects/items, Concept Cartoons and/or ICT are approaches which can be used to find out pupils' general misunderstandings.

Strategy 1

Pupils work individually to create a concept map, to illustrate what they know about sound/light. These concept maps can be used as a (formative assessment) tool by revisiting them at the end of the topic and amending as appropriate. Alternatively the template in Appendix 1 can be used.

Strategy 2

Pupils complete a KWL grid to indicate what they know about light or sound. The first two columns are completed before the learning activities. The third column is completed after the learning activities are completed, for example:

	What I know about sound 
	What I want to know about sound
	What I’ve learned about sound

	
	Does sound travel through a vacuum?
	


Pupils' general misunderstandings

Sound

· Sound moves faster in air than in solids (air is 'thinner' and forms less of a barrier).

· Sound cannot travel through liquids and solids.

· Low sounds mean quiet sounds; likewise loud sounds equate to high sounds.

· Sound cannot damage hearing or objects.

· Sound can travel through empty space.

· Radio signals are the same as sound; that’s why astronauts can speak on the moon.

· In a telephone, actual sounds are carried through the wire, rather than electrical pulses.

Light

· Humans can see in complete darkness after the eye adjusts.

· Light travels from our eyes to objects.

· The lens is the only part of the eye responsible for focusing light.

· The image on the retina is the ‘correct way up’.

· Light from a bulb only extends outward a certain distance, and then stops. (How far it extends depends on the brightness of the bulb.)

· A white light source produces light made up of only one colour.

· When white light passes through a coloured filter, the filter adds colour to the light.

· When white light passes through a prism, the prism adds colour to the light.

· The rules for mixing colour paints are the same as the rules for mixing coloured lights.

· Reflected light is shine or glare, not something associated with seeing objects.

· Light only reflects from mirrors and shiny objects.

· Sunlight is red, yellow, or orange.

· Light travels further at night.

· Light always passes straight through a transparent material without changing direction.

· When an object is viewed through a transparent solid or liquid material the object is seen exactly where it is located.

· White and black are true colours.

Strategies for teaching key ideas

The activities set out below give possible teaching strategies which will challenge the pupils' general misunderstandings.
Strategy 1

Word Sort: Pupils are given a range of words associated with sound and they have to compose sentences with the words. These sentences are then passed to a partner, who has to comment on the accuracy of the science by scoring the sentences as correct/wrong/unsure. In this pair-share activity pupils’ current perceptions will be highlighted.

Strategy 2

The use of Concept Cartoons: 12.11 Prism; 12.12 Stars. Challenges pupils’ notion of light.

The use of Concept Cartoons: 13.10 Moonwalker; 13.12 Guitarist. Challenges pupils’ notion of sound.

Strategy 3

Investigate a variety of 'musical instruments' like a stretched wire or stretched elastic band.

Strike a tuning fork and lower into a beaker of water. Twang a ruler over the edge of a desk. Fill bottles/test tubes with different volumes of water and blow over the necks.

Strike a tuning fork and hold it against a ping pong ball suspended on string.

Strategy 4

With a signal generator and an open-fronted speaker, generate sound. Show the vibration of the speaker cone by putting grains of rice on it, or putting a candle flame in front of the cone.

Strategy 5

Pupils put ears on desk and tap lightly to show that sound travels well through solids. Immerse a low voltage buzzer in a plastic bag into a beaker of water to show that sound travels through liquids. Demonstrate the bell jar and vacuum pump to show that sound doesn’t travel through a vacuum.

Strategy 6

Use a slinky spring, or a line of pupils with linked arms, to show how sound travels by the passing of vibrations from particle to particle.

Strategy 7

Use a microphone connected to an oscilloscope to look at voice patterns on the screen. Use a slinky to demonstrate the idea of amplitude. 

Strategy 8

Demonstrate a model ear. Label a diagram of the ear. Use a signal generator and speaker to test the range of frequencies that can be heard by pupils. Play a tape of speech through the speaker; then connect a capacitor across the speaker connections. This shorts out the high frequencies, giving an effect similar to high frequency deafness.

Discuss hearing loss, sign language, etc.

Strategy 9

Demonstrate use of Sound Level Meter (these can have tricky scales).

Pupils use meters to measure various sound levels in decibels (dB). These measurements are usually made from a distance of 1 metre, for fairness.

Discuss noise pollution and soundproofing.

Let pupils try on ear defenders.

Use a speaker and Sound Level Meter to investigate the sound absorption properties of various materials.

Strategy 10

Pupils to sketch what they think happens to light as it passes through a lens or what they think happens to light once it reaches the eye.

Strategy 11

Remind pupils that in the bell jar experiment, the bell could still be seen when the air was evacuated. This shows that light can travel through a vacuum.

Using a raybox with a single ray of light, shine light on to a mirror and trace the rays. Explain the 'normal'. To help with angle measurements, this experiment can be carried out on a sheet of paper with a protractor photocopied on to it. 
Construct a periscope.

Extension activity: investigate reflection from a curved mirror. For example, what differences do you notice in the reflections from each surface of a shiny spoon?

Investigate different materials and classify them as transparent (e.g. glass), translucent (e.g. tracing paper) or opaque (e.g. wood). 

Light meters, or light sensors interfaced to computers, could be used here.

Strategy 12

Shine a single ray from a raybox through a glass or plastic block, at an angle. Trace the path of the ray.

Repeat for a prism or triangular plastic block, but use a coloured filter on the raybox to avoid the splitting up of the white light at this stage. (This is in a later lesson.)

Software simulations like Crocodile Physics would be useful here (see list at start of this guide).

Strategy 13

Using several parallel rays from the raybox, shine light through convex and concave lens shapes. Draw ray diagrams. 

Investigate the effect of using lens shapes which are more or less curved ('thicker' or 'thinner'). Again, Crocodile Physics would be useful here. 

Strategy 14

Use a convex lens to form an image of a distant object (e.g. a window frame or light bulb) on a screen of white card. Show that the image is upside down. Explain that this is how a camera forms an image on the film.

(Extension activity – try this with different lenses. 'Thicker' lenses will need to be closer to the screen to focus the image. This leads to the Standard Grade idea of focal length.)

Hold the convex lens close to some writing, to show its use as a magnifying glass.

Construct pinhole cameras. 

Investigate spectacles, microscopes, binoculars, telescopes, hand lenses, OHPs, etc.

Strategy 15

Using a raybox, shine a ray of white light through a prism. This is harder than the books suggest, and careful adjustment is needed before the spectrum is seen.

Sketch the pattern of colours.

Research rainbows.

Black card with lots of small glass spheres glued to it should show a rainbow effect when light is shone on it.

Strategy 16

Investigate the effect of coloured filters on white light. Stress to pupils that for light, the primary colours are red, green and blue.

Use a colour mixing kit (a raybox with space for three separate filters) to investigate the effect of overlapping different coloured beams of light. Investigate the colour of shadows produced when different colours are blocked.
There are several good websites or ICT simulations to show this.

Demonstrations of colour mixing can now be done with new, powerful LEDs known as ‘lumileds’.

These are described in SSERC Bulletin 210.

(Safety control measures: S1/S2 pupils should not be allowed to work with lumileds. However, they may be shown demonstration experiments.)

In a blackout, shine different (primary) colours of light on to different colours of card, and investigate their apparent colours.

Extension activity

Investigate colour blindness using Ishihara cards.

Additional activities

A range of practical activities to take forward pupils’ learning. These activities are well documented in most texts/schemes of work.

· A resonance tube is an effective demonstration, although difficult to explain.

· Construct string telephones with tin cans or plastic cups. Keep the string tight!

· Use the signal generator and speaker to demonstrate high and low notes.

How do we know that understanding has progressed?

Pupils describing ideas

· Pupils describe how sound travels through air.

· Describe how a signal would appear on a Cathode Ray Oscilloscope (CRO) if the sound signal changed pitch and volume.

· Describe how a convex lens alters the path of light rays. 

· Describe how a concave lens alters the path of light rays.

· Describe how a triangular prism alters the path of light rays.

· Describe the sequence of the colours in the visual spectrum.

Pupils presenting ideas

· Pupils develop a database of sound levels and their possible dangers.

· Pupils present their work on lenses illustrating how lenses work.

· Poster of the eye showing the forming an image of an object on the retina.

Checking questions

· What does pitch mean?

· How are volume and amplitude related?

· What are the colours of the rainbow?

· What happens to light as it passes through a convex lens?

· What type of lens is used to correct short-sightedness?

Pupil explanations

· Why are ‘white’ and ‘black’ not true colours?

· Why does red light not produce red shadows?

· How does a triangular prism produce the colours of the rainbow?

· How does a convex lens correct for long-sightedness?

· Why are the leaves of most plants green?

· How would you explain the difference between loud and quiet sounds?

· How would you explain the difference between high and low sounds?

· If sunlight contains all the colours of the rainbow why is the sky blue?

Reflective questions

· What did you enjoy in this topic?

· What did you learn in this topic that you found surprising or unusual?

· What did you find difficult in this topic and how did you overcome this difficulty?

Key words

Vibration, hertz, amplitude, volume, frequency, pitch, refraction, concave, convex, translucent, opaque, transparent, colour, wavelength, focal length, reflect, absorb.

Effective use of ICT

Using a sound level meter or suitable data-logger pupils measure a range of noises and present them as a bar chart/pie chart or line graph if the sound level had been monitored over a continuous period.

The following link has a good explanation of sound and a table of sound levels:

www.glenbrook.k12.il.us/gbssci/phys/mmedia/waves/edl.html
The following link has a good applet showing light rays passing through a convex lens:

www.school-for-champions.com/science/experiments/simopticslens.htm#The%20optical%20bench
The following link has a good applet showing sound signals as you play a piano keyboard:

www.frontiernet.net/~imaging/play_a_piano.html 

Developing informed attitudes

Opportunity to discuss issues relating to light and sound pollution. Are these real ‘pollutions’ or just old people being grumpy?

Checklist for formative assessment

1.
Plan for an effective learning environment

· Share learning intentions and success criteria with pupils.

· Plan classroom activities to give pupils the opportunity to discuss their thinking so that feedback can help develop it.

· Plan oral and written feedback so that it guides improvement in individual and group learning.

· Plan activities that promote or encourage collaboration so that everyone is included and challenged, and train pupils to listen to and respect one another’s ideas.

· Plan tasks in a way that requires pupils to use certain skills or apply ideas.

· Ensure that pupils are active participants in lessons.

2.
Gathering information about pupils’ learning and encouraging pupils to review their own work critically through self- and peer assessment

· Observing pupils – this includes listening to how they describe their work and their reasoning.

· Questioning, using open questions phrased to invite pupils to explore their ideas and reasoning.

· Gather evidence as pupils demonstrate and communicate their thinking through a range of classroom activities, for example drawings, artefacts, actions, role play, and concept mapping, as well as writing.

· Discussing key words and how they are being used.

· Using summative assessment as a positive part of the learning process to plan revision and direct learning.

Appendix 1
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What is light?





What is colour?


Why do we see different colours?





Where does light come from?





Other things I know about light.





What are lenses?


What can lenses do?








What are mirrors?


How do they work?





What can light do/how does light behave?


























LIGHT





How does light travel?
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