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Group 25: Energy and Forces – Heat Transfer

Key question

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

How does heat travel?

Key ideas behind the key question

Heat or rather heat energy can travel through three methods called ‘conduction’, ‘convection’ and ‘radiation’. Heat will always flow from hot to cold regions. Conduction and convection are similar from the point of view that they involve movement of particles. When particles have more heat (or energy) they vibrate or move around more.

In solids, conduction occurs with the particles vibrating and colliding with each other transferring the heat energy from one particle to the next.

In liquids and gases (both fluids) where the particles have more freedom to move, convection occurs by the warmer particles, which have more energy, moving about more therefore occupying more space and as a consequence parts of the fluid become less dense and more buoyant. These regions of buoyant particles rise up thus causing heat flow to occur giving rise to ‘convection currents’. This is the basis of how hot-air balloons rise.

Good conductors of electricity are generally also good conductors of heat. For example everyday materials, such as metals, which are used in pots and pans to ensure heat energy travels from gas flame/ring to the food. Fluids like water, and air are poor conductors of heat, for example a layer of trapped water between a diver’s skin and the fabric of a wet suit. Poor conductors such as wood and plastic are used for items such as tablemats and pot handles, to reduce heat transfer to the user’s skin and so preventing burns. Carpets feel ‘warm’ when you walk on them because they do not conduct heat away from your feet. Air and gases are poor conductors of heat since the space between the particles is larger therefore fewer collisions between particles and less opportunity for heat to be conducted from one particle to the next. Trapped air is one of the most basic forms of natural heat insulation. For example wearing clothes to keep us warm, air trapped between fibres prevents conduction of heat from our bodies. Similarly birds puff up their feathers to keep warm at night.

Radiation is different from the other two in that it does not involve particles transferring the heat energy. It involves heat transfer by invisible infrared radiation. Every object that has heat energy will radiate infrared radiation as heat rays. This is the how heat gets from the Sun to the Earth. Heat transfer from the Sun cannot be conduction or convection since space is mostly a vacuum! Infra-red radiation is invisible to the human eye but can be sensed by the skin (some snakes can ‘see’ infra red. Infra-red radiation can be detected using special cameras. For an interactive web page on infra-red images go to http://spaceplace.nasa.gov/en/kids/sirtf1/sirtf_action.shtml).

Attainment targets

	Attainment outcome – Energy and Forces

	Group 25 – Heat Transfer*
	Strand

	Distinguish between heat and temperature. EF-D1.1
	Properties and uses of energy

	Describe the differences between the flow of heat by conduction and convection. EF-E1.1
	Properties and uses of energy

	Give examples of everyday uses of good and poor conductors of heat.   EF-E1.2
	Properties and uses of energy

	Describe how energy is transferred by radiation. EF-F1.1
	Properties and uses of energy


*This grouping is taken from the ISE 5–14 ‘Framework for Planning’. See Appendix 2.

Finding out pupils’ present understanding

Use of ‘Cartoon Concepts’ and/or ICT are approaches that can be used for finding out pupils’ alternative framework(s).
	Concept cartoon

Pupils’ general misunderstandings

Pupils may think that:

· things that are cold to the touch are bad conductors of heat

· things that have heat energy will always be warm to touch

· fridges/freezers add cold energy to the food

· cold and hot are the opposite of one another

· objects contain ‘heat’

· shiny objects reflect more light so must be warmer.
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Strategies for teaching key ideas

The activities set out below give possible teaching strategies that will challenge the misunderstanding(s) pupils presently hold.

The strategy outlined below uses an investigative approach to the understanding of heat transfer. Different groups of pupils, or indeed individuals, can use the same equipment to test out their ideas as to how heat transfer occurs.

Possible investigative approaches

Conduction

1. Allow the pupils to put a wooden rod and a metal rod into crushed ice, attach data capture temp sensors to rods and get computer to plot graph of temperature against time. Get pupils to investigate/explain how the materials feel before and after results and then to comment in relation to the graph produced. (The materials should feel ‘different’ in terms of warmth although they should be at the same temperature.)

2. Illustrated below is an experiment used to demonstrate that water is a poor conductor of heat.

	· Hold ice at the bottom of test tube with a marble.

· Heat water near the top of the test tube.

· Water at the top boils.

· Ice does not melt as water is a poor conductor.

Give pupils a sample of different materials and ask them to investigate which ones are better at conducting heat.
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Convection

1. An experiment using data logging could consist of a hair drier blowing hot air between two temperature sensors. One sensor is positioned below the stream of hot air and the other above. The pupils predict what they think will happen to the temperature of the air at the sensors.

2. Have an experiment where a beaker of water is being heated. Place temperature sensors at the bottom and top of the water. Pupils investigate the temperatures at both parts of the liquid over time. A similar experiment can be set up to illustrate the same properties using air. Use a fairly large box with a light bulb inside (used as heat source). The temperature at the bottom and top of the box can be measured over time. Pupils can use their conclusions to explain why smoke and hot air balloons rise.

Radiation

1. Use a heater and get the pupils to investigate if radiated heat can bend round corners or travel in straight lines? Does the distance matter? An infrared heat sensor that measures temperature would be ideal for this. Also try putting different objects in the way of the heat source to investigate the thermal properties of the materials used.

2. Pupils to investigate the temperature of water in beakers covered on the outside with different types of surface, namely silver foil, black paint, etc., when next to a heat source.

How do we know that understanding has progressed?

The following strategies can be used to find out that learning has progressed.
Practical

· Pupils can set up experiments to illustrate conduction, convection and radiation.

Pupils describing ideas

· Pupils can describe clearly the difference between heat and temperature.

· Pupils can describe how heat travels through conduction and that it only occurs in solids.

· Pupils can describe how heat travels through convection and that it only occurs in liquids and gases.

· Pupils can describe how heat travels through radiation and know that it is infrared radiation and does not require particles to travel.

Pupils presenting ideas

· Pupils can identify three good conductors and three bad conductors of heat.

· Pupils can identify a situation where heat transfer is occurring and tell if it is conduction, convection or radiation.

· Explain why objects that are cold to the touch are good conductors of heat.

Checking questions

· What is the difference between hot and cold?

· What is the difference between heat and temperature?

· Where would you use good conductors of heat?

· Where would you use bad conductors of heat?

· How can heat from the Sun reach Earth?

Pupil explanation

· Explain why objects that are cold to the touch at room temperature are good conductors of heat.

· Explain where you think the hottest part of a room might be.

· Why are people encouraged to wear layers of clothes rather than one really thick garment to keep warm?

· How would you explain these new ideas to someone else? (brother, sister, friend)

Reflective questioning

· Why do you feel cold when you leave a swimming pool?

· How does double-glazing work in terms of heat insulation?

· Explain what happens to the temperature of objects when two objects of different temperature touch.

· In a warm day, why is it better to wear light-coloured clothing?

· Is there anything that you have learned in this (group, unit, topic or project) that you found difficult?

· Is there anything that you have learned in this (group, unit, topic or project) that surprised you?

Key words

The pupils begin to use the following words correctly within a scientific context.

Heat, temperature, conduction, convection, radiation, infrared, particles, hot, cold, warm.

Related science concepts already covered

It is important to build on pupils’ prior learning.
Group 10 – Light and Sound

Group 13 – Introducing Electricity

Future learning

This allows teachers to set the scene for future learning.

The activities in this group relate to:

· Energy Unit at Standard Grade Physics.

Effective use of ICT

In situations where it is difficult to illustrate key concepts by appropriate activities ICT can provide effective alternatives for example animations/simulations/modelling or data capture.

· Use of computer simulations/animations can be a very effective strategy in developing understanding of the concept of heat transfer.

· Multimedia encyclopaedias have some useful animated illustrations. Several Physics Standard Grade/Int1/Int2 software packages contain interactive illustrations of heat transfer. Also a number of websites contain animations of heat transfer.

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.
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