TAP 222-3: Kicking a football

What force do you use when you kick a ball? 

Using the equation F ( t = m ( v, it is possible to calculate the force used to kick a soccer ball. 
Requirements

· millisecond timer 

· metre rule 

· two pieces of aluminium foil 

· two crocodile clips 

· two long 4 mm leads 

· soccer ball 

Safety

If it is really necessary for the kicker to be elevated, precautions must be taken to ensure that they cannot fall.

What to do 

You will need a volunteer to kick the ball – inside the gymnasium or school hall! 

1.
The volunteer will stand on a strong bench to kick the ball horizontally (and lightly) across an open space in the room. Watch carefully to see where the ball lands. To get an appropriate force in the kick, it is worth practising a few times without attempting any measurements. 

2.
Both the toe of the kicking foot and the surface of the ball where it is to be kicked should be covered in aluminium foil, perhaps held in place with sticky tape. The time of contact in kicking can be measured if these pieces of foil are connected to a millisecond timer, using crocodile clips and leads. 

The timer should be set so that it starts running when the contact is made and stops when the contact is broken. 
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3.
Measure the mass of the ball, the height from which the ball is kicked (or the height to which it rises) and the horizontal distance it travels before first hitting the floor. 

4.
Assume the ball, once kicked, is in free fall. Knowing only the vertical distance it falls, the time of flight can be calculated. Use the kinematic equation s = ½gt2. 

5.
Using the time of flight together with the distance travelled, calculate the horizontal speed. 

Putting the measurements together 

1.
You can now use the equation F ( t = m ( v to solve for the impact force, F. 

2.
Can you think of a practical alternative for measuring the speed of the ball as it leaves the foot?

Practical Advice

The whole analysis rests on the fact that the ball leaves the foot travelling in a horizontal direction – students should understand this. It may be difficult to achieve in practice. 

The crocodile clips should be attached so that the foil can tear easily when the ball is kicked. 

Done in the classroom, this experiment may seem somewhat artificial.

If you have a portable timer, the experiment is much more effective done at a suitable outdoor location, where a good kick can be given. 

In either case, its merit is that it encourages students to solve three simple equations to get the desired result. It may be worth going on to discuss possible experiments which would enable continuous measurements of force with time to be recorded – perhaps after this has been set as homework. 

Alternative Approaches

You could do the same thing with a table-tennis ball. Paint the ball with aquadag and attach aluminium foil to the bat. You will need to devise a way of making the lead to the ball. You could go on to compare typical values for balls of various types, and ask students to calculate the forces.  

	Ball
	Mass / g
	Diameter / cm
	Typical values of v / m s–1
	Typical values of

contact time  / 10–3 s

	Cricket or hockey
	160
	6.4
	30
	1

	Golf
	46
	4.1
	70
	0.5-1

	Football
	420
	22
	25
	6

	Squash
	24
	4
	25
	3

	Tennis
	57
	6.4
	30
	4

	Table-tennis
	2.4
	3.8
	10
	Measure it


In every case, students will see the importance of ‘following through’ and so increasing the contact time. 

Social and Human Context

Sports scientists may need to study ball impact for football and other sports, in order to help players improve their technique.

External References

This activity is taken from Advancing Physics Chapter 11, 140D

