Equations of Motion, friction and restitution
By combining theoretical predictions and experimental evidence we are able to make useful deductions of how objects are most likely to react or the outcome of performances.
Equations of Motion
When an object (ball) flies through the air it is subject to variety forces including spin and air resistance which change the flight characteristics. However if we ignore these for the moment it is possible to predict the flight using the following equations of projectile motion; 
Time of flight			T = (2VsinƟ) / g    Time to peak height	Tp = VsinƟ / g
Maximum height reached	H = (VsinƟ)2 / 2g
Horizontal range		R= v cos Ɵ x T

Where v is the initial velocity, Ɵ is the angle of take-off and g is gravity (9.81 ms-2)

When the ball land is subject to other forces such as restitution and friction which act to change the subsequent flight characteristics.
Coefficient of Restitution 
This defines the loss and return of energy to an object after a collision, such as a tennis ball bouncing on the court. It can be defined by the ratio of the velocity just before collision to that just after. 



Where Vf is the velocity of the ball just before impact and Vi is the velocity of the ball just after impact.

If the object is dropping vertically then;


 Where H the height dropped and h is the height bounced.

Coefficients of Friction
Friction exists where two surfaces try to slide over each other resulting in a slowing down of motion. There are two types that are important in sport, sliding friction and rolling friction

Coefficient of Kinetic or sliding friction
[image: http://study.com/cimages/multimages/16/frictionequation.png]Where F = change in velocity.



Rolling Friction
F= µ x N			µ= u/tg		u= initial velocity of the ball
g is gravity 
t=time taken for the ball to stop 

Tasks
Using a football calculate;
1. How far does a ball fly before its first bounce (range) if it is kicked at 550 to the ground at a velocity of 20 ms-1?
2. What is the maximum height reached by the ball?

The ball bounces on the ground where both friction and restitution act. 

Assume e=0.8 and µ=0.9

3. Calculate the range and height of the second bounce

Remember the angle of bounce will change

Useful equations[image: Image result for football]
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[bookmark: _GoBack]Gently kick a football and calculate the calculate the flight characteristics for the first and second bounce (ignore wind resistance).
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