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Revision
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Newton’s laws of motion

Newton’s first law of motion (the law of inertia):

A body in a state of rest or motion in a straight line will continue in that state unless compelled to change by external forces exerted upon it.
Newton’s second law of motion (the law of acceleration):

The rate of change of momentum of a body (or the acceleration for a body of constant mass) is proportional to the force causing it and the change takes place in the direction in which the force acts.
Newton’s third law of motion (the law of reaction):

To every action there is an equal and opposite reaction.
The table below applies these laws to football:

	Newton’s law
	Application

	Law of inertia
	In a penalty kick, the ball (body) will remain on the spot (in a state of rest) until it is kicked by the player (an external force is exerted upon it)

	Law of acceleration
	When a player kicks (force applied) the ball during a game, the acceleration of the ball (rate of change of momentum) is proportional to the size of the force. So, the harder the ball is kicked the further and faster it will go.

	Law of reaction
	When a player jumps up (action) to win a header, a force is exerted on the ground in order to gain height. At the same time, the ground exerts an upward force (equal and opposite reaction) on the player.


Task
Copy and complete the table below, giving an example of how each of the laws can be applied to a sport of your choice.

	Newton’s law
	Application

	Law of inertia
	

	Law of acceleration
	

	Law of reaction
	


Exam-style questions
1 Use Newton’s three laws of motion to explain how a player moves towards the ball in a football match. (4 marks)

2 Use Newton’s three laws of motion to explain how a high jumper takes off from the ground. 
(6 marks)

Answer these questions yourself before checking the answers given at the end of this document.
Impulse

Impulse is the product of force and time — the length of time that a force is applied to an object or body. It is calculated as:

impulse (in newton seconds/N s) = force × time

Impulse is often related to momentum since any increase in the force applied or the time over which the force is applied will increase the momentum of the object.
In a sporting activity, impulse can be used to add speed to a body or object, or to slow down moving bodies on impact. Speeding up a body or object can be achieved by increasing the amount of muscular force applied. For example, in basketball a large force is generated when jumping for a rebound in order to achieve as much height as possible as quickly as possible to catch the ball. Speeding up a body or object can also be achieved by increasing the amount of time for which the force is applied. For example, in the hammer throw three or four turns are used rather than a single swing.

Impulse is used to slow down an object or body by increasing the time during which forces act upon it. In any activity that involves a landing action, such as a gymnast dismounting from the parallel bars, flexion of the hip, knee and ankle occurs, which extends the time of the impact force and therefore reduces the chance of injury.
Graphical representation of impulse

Impulse is represented by the shaded areas in the following force–time graphs, which show various stages of a 100 metres sprint.
At the start of the race the net impulse is positive, which shows that the sprinter is accelerating:

[image: image1.emf] 
In the middle of the race the positive and negative impulses are equal (net impulse is zero). This means that there is no acceleration or deceleration, so the sprinter is running at a constant velocity:
[image: image2.emf]
It is important to note that in running and sprinting positive impulse occurs for acceleration at take-off, and negative impulse occurs when the foot lands to provide a braking action.
At the end of the race the net impulse is negative, which shows that the sprinter decelerating:

[image: image3.emf]
Answers to exam-style questions

1 Any four for 4 marks:

· First law: a force is required to change the state of motion (of performance).
· Second law: the size of force governs the change of momentum
· Mass remains constant.
· Force governs the magnitude of the acceleration given to the ball.
· Force governs direction.
· Third law: equal and opposite (ground) reaction force.
· Performer applies force to ball through muscle contractions.

2 Any six for 6 marks:
· Law of inertia. A body remains in a constant state of motion unless acted upon by a force.
· Change in the state of motion from the run-up to the take-off.
· Law of acceleration. Magnitude of force governs the acceleration at take-off.
· The direction of force also governs direction of acceleration.
· The more force applied, the greater the height achieved.
· Law of reaction. To every force there is an equal and opposite reaction force.
· The reaction force is a ground reaction force 

· Ground reaction force needs to generate a large vertical component for high jumping.
· Name a muscle group (e.g. quadriceps).
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