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Learning objectives

· Demonstrate an understanding that work done = energy transferred.
· Relate (without calculation) work done to the magnitude of a force and distance moved in the direction of the force.
· Extended  Recall and use W = Fd = E.

Learning outcomes

· Be able to relate work done to the magnitude of a force and distance moved in the direction of the force.
· Be able to demonstrate an understanding that work done = energy transferred.
· Extended  Be able to recall and use W = Fd = E.

Common misconceptions

Work has a special and precise meaning in physics. Students need to realise that for work to be done, the distance moved must be in the same direction as the force and that both force and distance are required for an energy transfer to take place.
To evaluate the results of the practical, students must understand that energy transfers by friction can reasonably account for the differences in the work done and the energy gained.

Resources
Student Book pages 74–78
Files found at www.collins.co.uk: P2_1a_Worksheet; P2_1a_Tech_notes

Approach

Introduce the activity
Invite a student to stand against a wall and push very hard against it. Explain to the class that, although the student is getting tired, the student isn’t doing any work because there is no energy transfer to the wall.
Ask for a volunteer. Hold one end of a long length of rubber tubing and invite the volunteer to take hold of the other end and extend it as far as possible. Ask the class if an energy transfer has taken place. Explain that the volunteer has applied a force and moved against it, so work has been done. Be careful to release the elastic potential energy safely.
SAFETY INFORMATION: Both you and the volunteer, and all observers, need to wear eye protection. Check tubing for any cracks.
Develop the activity
Discuss work and explain that it has one specific meaning in physics and a wide range of different meanings in everyday life. Use the section ‘Work’ on page 74 of the Student Book to help with this.
At this point you can ask the students to carry out the practical. Instructions are given on Worksheet P2.1a. The practical work is a useful test of the idea of energy conservation. Within the random and systematic errors prevalent in practical work at this level, the work done pulling the trolley along the ramp and straight up into the air should be the same, as there should be almost no friction. The string is necessary because the force meter only works correctly when it is vertical.
Extended  Students should complete the worked examples on page 75 of the Student Book in the usual way. You may ask them to look at the Extended questions on pages 75–76.
[bookmark: _GoBack]Extended  Some of these questions require students to arrive at their answer in two steps, so it is particularly important for them to write down all of their working clearly before using their calculators. Students also need to deal with some very large and very small numbers, so it might be a good opportunity to show them how to use standard form on their calculators.
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Discuss with all the students the Science in context feature on pages 76–78 of the Student Book.
Finish the activity
Hand out mini-whiteboards and marker pens. Set the class a number of work calculations of decreasing difficulty to test their understanding. You might begin with students standing up and tell them to sit down if they have the correct answer, so that as the questions get easier, fewer students are still on their feet.
Ask for a volunteer to hold a heavy weight at arm’s length without moving it up or down. Invite the class to discuss the energy transfers taking place in the volunteer’s arm muscles. [As muscle fibres take it in turn to hold the load they have to contract, so friction is able to transfer work done by the fibres into heat.]
