Newton and Playing Cricket

S. Krishnaswamy, The Institute of Mathematical Sciences, Chennai

Playing cricket is possible because of physics. Newton helped to understand these laws of physics. But before seeing that, some ideas, which are not so obvious, have to be understood.
Speed, velocity and acceleration
How fast a person runs in a given time is speed – say 36 kms in one hour, then the speed is 36 kmph or  (36x1000 metres)/(60x60 seconds) or 10m/s.

How fast a person runs in a given time and in which direction is velocity. If you run at 10m/s down the street from your house, turn left into say your friend’s street and run again at 10m/s then your friend will say your velocity has changed.

When you run at uniform speed in a circle or when the moon goes round the earth, the moon’s velocity is different at every position.

UNNAMED BOX

Velocity = how much distance is travelled in a given time and in which direction.
Speed = how much distance is travelled in a given time.
The units in which both are given are the same – m/s.
END OF BOX
Changing velocity requires effort. Changing velocity per given time is called acceleration. 

Velocity = (end distance – start distance) /time

Acceleration = (final velocity – start velocity)/time in units of m/s2. This is usually written as the equation a = (v-u)/t where u and v are the starting and end velocities and t is the time taken.

But how do you subtract quantities with direction? Just as adding or subtracting quantities can be done by mathematics, adding or subtracting quantities with direction can be done by something called ‘vector mathematics’ because quantities with direction are called vectors.

However, one can still find out the change in quantity alone if the directions are same or close to same. If we look at only the quantities and not the directions, then (end distance – start distance ) is simply the distance travelled: let us call it ‘s'. The average velocity is (v+u)/2. Then in a time t, the distance travelled is just the average velocity x time, or,
s = (v+u)/2   x  t. Expanding the terms, we have 
s = ½ v x t + ½ u x t; since  v = u + at , this gives 
s = ½ ut + ½ ut + ½ at2, or s = ut + ½ at2.
Bowling and fast response 
For simplicity, let us assume that the ball bowled in a cricket match directly reaches the batsman without bouncing from a bowler standing at the crease and the ball has a velocity of 36 kmph when it reaches the batsman. How long does it take to reach the batsman if the pitch length is 5m?

As the ball and the bowler are not moving initially, we have u=0; v=10m/s (= 36kmph). We use this to solve for the acceleration:  a = (10 – 0)/t  if the ball takes ‘t’ secs to reach the batsman, which means the equation for distance is

5 = 0 x t + ½  x (10/t) x t2 . 

Hence 5 = ½ x 10 x t, or t = 1 s.

In a more realistic case, the bowler takes a long runup and suppose he reaches the crease with a velocity of 36kmph. He then bowls the ball so that the ball has a velocity of 72 kmph when it reaches the batsman. Now how long will it take to reach the batsman?  

Now u = 10m/s; v = 20 m/s, so a = (20-10) /t. Substituting as before, we get t=0.33s. Since most pace bowlers bowl at over 150 km/hr (around 40 m/s), even if you take the correct pitch length of 20 m into account, the ball reaches the batsman in half a second or less, so the batsman must have really fast responses. The picture shows Pakistan's Shoaib Akhtar, who holds the world record for the fastest ball with speed 161.3 kmph.
Newton's First law:
Inertia means the tendency to do nothing or remain unchanged.

Newton, and Galileo as well, made the ‘now obvious discovery’ that things tend to remain in the state of inertia unless acted upon. This became the First law of Newton. Thus for example, neglecting air friction and gravity, the ball thrown by the bowler would keep on moving until acted upon by the batsman. Similarly, if a body is floating or moving at a uniform speed and in a fixed direction in space then it is moving at a uniform velocity in space. Newton’s first law tells that the body will continue to move so, unless some force pulls or pushes or stops it.

So, that ‘action’ which changes the state of inertia is called as force. Newton ‘discovered’ that the more the amount of matter in a body the more is the force required to change the state of inertia. He also found the more the change in velocity due to the change of state the more is the force required. For example, more force is required to hit the ball if the bowler throws an iron ball rather than a cork ball, even though both may arrive with the same velocity. When the ball is hit, the state of inertia is changed as the velocity (direction and speed) of the ball gets changed. So in cricket, less force is needed to deflect a fast ball than hit it for a four in a completely different direction.
Newton's Second law:
Newton’s second law then tells that the force (‘F’) is given by F = m x a, where ‘m’ is the mass of a body (or ‘amount’ of matter in a body) and ‘a’ is the acceleration or ratge of change in velocity.

There is another way of saying the same equation. That is by bringing in a quantity called ‘momentum’. Momentum is the quantity of motion in a body given by the product of its mass and velocity, p=mv. While traveling with the same velocity an iron ball will have more momentum than a cork ball. The cork ball has less mass than an iron ball of the same size. For the same cork ball a fast bowler gives the ball more momentum than a slow bowler. When a fast ball is deflected, the change in direction is small. Therefore the change in velocity is small. This means the change in momentum is small. The force required is small. So, force can also be defined as the rate of change of momentum. Using our symbols, 
F = (final momentum – initial momentum)/t  

   = (mv – mu)/t  = m (v – u)/t  = m a. 

Thus the two definitions of force turn out to be the same - just different ways of looking at the same quantity.
Newton, apples and gravity
Imagine a foolish player hits the cricket ball hit vertically up into the air. It goes up for a distance and comes down. Because the direction of movement has changed, the velocity and momentum have changed when it starts coming down. The change of velocity or momentum must happen because of a force. Otherwise the ball should, neglecting air friction, keep on going traveling into space and beyond. Newton as the story goes realized that the apple on the tree does not continue its state of inertia and stay there even if the stem breaks but changes its state of inertia and its momentum because of a force. He reasoned that since the apple comes down and does not go anywhere else, the force is probably due to the earth. This force was termed gravity. 

The cricket ball comes down because of gravity. 

Newton showed that gravity is the force exerted by one body on another because of the mass or amount of matter in the two bodies. The acceleration due to the gravitational force of the earth is usually termed as ‘g’.  When one stands on a weighing machine because of the pull of the earth, the body exerts a force on the weighing machine. This is measured as weight. Weight is therefore a force given by  w = m x g.  Mass m is a quantity measuring the ‘amount’ of matter in a body whereas weight w is a measure of the force exerted by the gravitational pull of the earth (since we live on the earth) on the body.
Newton's Third law:
Newton said  ‘every action has an equal and opposite reaction’. Action here refers to force. Newton’s third law in effect says  ‘a force for a force makes the world go on’. Perhaps this reminds you of Gandhi’s saying ‘An eye for an eye makes the world go blind’.

When we stand on the weighing machine we do not go through the weighing machine as it exerts an equal (to the weight of our body) and opposite force on our body.

When the ball hits the bat, the ball exerts a force on the bat. The bat exerts an equal and opposite force on the ball and the ball goes off, not staying in the same place where it hit the bat. The bat is in effect hitting the ball back. The arm that holds the bat feels the force and if the arm manages to keep the bat steady without moving the bat, the ball flies off. The picture shows Sachin Tendulkar hit the winning runs for India in the second test match against Australia, in Bangalore, on October 13, 2010 .

Thus if the world does not follow the physical laws ‘discovered’ by Newton, it would not be possible to play cricket.
