
[bookmark: P1_5d]Extended   Activity P1.5d Newton’s second and third laws
Learning objective

· Extended  Recall and use the relationship between resultant force, mass and acceleration F = ma.

Learning outcome
· Extended  Be able to recall and use the relationship between resultant force, mass and 
acceleration  F = ma.

Common misconceptions

Students often confuse mass with weight. Use the word weight only for forces due to gravity.
Students have a lot of difficulty in accepting that a resultant force of zero does not automatically result in a velocity of zero.

Resources
Student Book pages 57–61
Files found at www.collins.co.uk: P1_5d_Worksheet; P1_5d_Tech_notes

Approach

Introduce the activity
Release a small ball from above your head. Ask students why the ball accelerates as it moves toward the floor and decelerates on its way up again. Students may suggest that there is a downward force (gravity) acting on the ball when it is moving both downward and upward.
Ask students to suggest what happens to the acceleration as the force on the ball and its mass are changed (but don’t try to demonstrate it).
Develop the activity
Show students how to use a light gate and cardboard comb to measure acceleration before they carry out the practical in Worksheet P1.5d. They will need to operate as teams of four to achieve reasonable results, so you may prefer to run this as a whole class demonstration.
SAFETY INFORMATION: Students need to be aware of the hazard of masses or the trolley coming off the end of the track and landing on someone’s feet.
There will probably not be enough time to obtain more than one change in each value of mass and force, so agreement with the accepted formulation of Newton’s second law will be only approximate.
Discuss the section ‘How are mass, force and acceleration related?’ on pages 57–58 of the Student Book. The worked examples should be worked through as described previously.
Point out that in real life the applied forces do not usually take account of friction, so an applied force of zero will always result in slowing down.
Give students the following table and ask them to work out the missing quantities. Encourage them to write down all the steps of their working so that they can find out any mistake if they go wrong. Higher-ability students may wonder about the vertical forces acting on the objects considered in the practical and the questions. Reassure them that the reasons they don’t need to take this into account will be revealed in a later activity.
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	Question
	Driving force (N)
	Friction(N)
	Mass(kg)
	Resultant force(N)
	Acceleration(m/s2)

	a
	1500
	
	500
	
	+2.5

	b
	500
	200
	600
	
	

	c
	3000
	500
	
	
	+1.25

	d
	400
	1000
	800
	
	



[bookmark: _GoBack]Students can then answer the questions on page 59 of the Student Book before you move on to discuss Newton’s third law of motion. Use the text on pages 59–60 of the Student Book to help.
Higher-ability students can try the Extended task on pages 60–61.
Finish the activity
Use the board to present students with a variety of forms of transport – cars, bikes, lorries, trains and planes. For each, give suggested values for mass and times to get to 60 km/h from a standing start – students might be able to help with the latter. Challenge students to rank the forms of transport by size of resultant force.
Hand out whiteboards and marker pens (or students can use pen and paper). Set a number of questions similar to the ones that students answered in the main part of the activity. This should allow you to assess their progress in using F = ma.
