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Learning objectives

· Recognise and name typical good and bad thermal conductors.
· Describe experiments to demonstrate the properties of good and bad thermal conductors.
· Extended  Explain conduction in solids in terms of molecular vibrations and transfer by electrons.
· Recognise convection as the main method of energy transfer in fluids.
· Interpret and describe experiments designed to illustrate convection in liquids and gases (fluids).
· Extended  Relate convection in fluids to density changes.
· Identify infrared radiation as the part of the electromagnetic spectrum often involved in energy transfer by radiation.
· Recognise radiation as the method of energy transfer that does not require a medium to travel through.
· Extended  Describe the effect of surface colour (black or white) and texture (dull or shiny) on the emission, absorption and reflection of radiation.
· Extended  Interpret and describe experiments to investigate the properties of good and bad emitters and good and bad absorbers of infrared radiation.
· Identify and explain some of the everyday applications and consequences of conduction, convection and radiation.

Learning outcomes

· Be able to recognise and name typical good and bad thermal conductors.
· Be able to describe experiments to demonstrate the properties of good and bad thermal conductors.
· Extended  Be able to explain conduction in solids in terms of molecular vibrations and transfer by electrons.
· Be able to recognise convection as the main method of energy transfer in fluids.
· Be able to interpret and describe experiments designed to illustrate convection in liquids and gases (fluids).
· Extended  Be able to relate convection in fluids to density changes.
· Be able to identify infrared radiation as the part of the electromagnetic spectrum often involved in energy transfer by radiation.
· Be able to recognise radiation as the method of energy transfer that does not require a medium to travel through.
· Extended  Be able to describe the effect of surface colour (black or white) and texture (dull or shiny) on the emission, absorption and reflection of radiation.
· Extended  Be able to interpret and describe experiments to investigate the properties of good and bad emitters and good and bad absorbers of infrared radiation.
· Be able to identify and explain some of the everyday applications and consequences of conduction, convection and radiation.

Common misconceptions

Conduction and convection sound very similar, so students often confuse them. Many students have difficulty in accepting that a conductor and an insulator can both be at the same temperature, yet one feels colder than the other. Take time to explain this phenomenon in terms of energy transfer.
Many students also have difficulty with the idea that continually transferring energy into something can result in a steady temperature.
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Resources

Student Book pages 135–144
Files found at www.collins.co.uk: P3_5ai_Worksheet; P3_5aii_Worksheet; P3_5a_Tech_notes

Approach

Introduce the activity
Ask students what they understand by the terms conduction and convection. They may have ideas about conduction from previous learning about electricity. Ask them how the term applies to thermal energy.
Set up a Bunsen burner on the front bench with a yellow flame. Introduce the idea of convection currents. Use a windmill to show that there is an upward movement of gas from the flame.
Develop the activity
Discuss conduction using pages 136–137 of the Student Book. If possible, demonstrate conduction using the equipment shown on page 137 of the Student Book. In any case, make sure that students have noted this experiment and don’t gloss over it. Students should answer the question on page 137 of the Student Book with a partner to check understanding.
You could also ask students to touch conductors and insulators and explain whether they think they are conductors or insulators, and why.
Extended  Higher-ability students should answer the Extended question on page 137 of the Student Book.
Next move on to convection, discussed on pages 137–138 of the Student Book. The experiment described in Worksheet P3.5ai can be presented as a demonstration or students can carry it out in small groups, depending on the availability of equipment. Condensation on the outside of the beaker might block the view of the convection currents. However, students should be discouraged from wiping it clear. For details, see Technician notes found at www.collins.co.uk.
SAFETY INFORMATION: Potassium manganate(VII), KMnO4, is oxidising, harmful and dangerous to the environment. Wear eye protection.
Extended  Move on to discuss radiation using the Student Book pages 138–140 as a guide. If possible, set up a Leslie’s cube and an infrared heat sensor with a large display meter. Show students that all four walls have the same thickness and so should transfer energy from hot water inside at the same rate. Then fill the cube with boiled water from the kettle and show that the black surface emits much more radiation than the white one. Students should try the questions on page 140 to check their understanding.
Finally, discuss everyday examples of thermal transfer using the Student Book pages 140–141 as a guide. Students should work through the Developing investigative skills feature on page 142 with a partner.
If possible, after they have studied the section on ‘Using insulation to reduce energy transfers’ on pages 143–144 of the Student Book, students could carry out the practical on Worksheet P3.5aii to demonstrate the principle of insulating a house.
Ask students to use their ideas of conduction, convection and energy transfer to explain these observations:
a) The walls of a refrigerator are mostly made of plastic.
b) Many cooking pans have a metal body and a plastic handle.
c) Cooking ovens often use a fan to keep all of the shelves at the same temperature.
d) Many houses are built with a double outer layer of bricks with a narrow air gap between the two layers.
e) The cooling unit of a refrigerator is always at the top of the inside, above the food, never at the bottom.

Finish the activity
Ask students to write down their own definitions of conduction and convection. Place three items on the bench: pullover, blanket and rubber-soled shoes. Use questioning to elicit from the students that the pullover reduces convection from the skin, the blanket reduces radiation and the rubber soles of the shoes reduce conduction.
There are opportunities for students to understand that the air trapped in the pullover reduces conduction, leading to a low surface temperature, which in turn reduces radiation.
Give each group a sheet of paper. Ask each group to design a house that will keep cool inside in hot weather – without the use of air conditioning. Give the groups five minutes before sharing their ideas with the whole class. Ideas might include: thick insulated walls and roofs, small windows, white outside walls, etc.
