Elastic collisions HW

1.     	When an object of mass M and velocity u collides head-on elastically with a stationary object of mass m then mass m moves off with velocity vb given by: -

 
 
and the mass M changes speed from u to va where va is given by:-

 

a)     	A golf club head has a mass very much larger than that of the ball.  Use the above formula to show the golf ball will be driven from the tee at about twice the speed of the golf club head.
 
b)     	An alpha particle makes a head on collision with a stationary helium atom.  Show the alpha particle will stop and the helium atom will move off with the original speed of the alpha particle. (Assume an alpha particle and helium nucleus have the same mass)
 
c)     	A fast moving electron collides with a stationary heavy atom.  Show the electron bounces back with nearly the same speed
 
2.     	A cricket ball, mass 0.5 kg, was bowled at 50 m s-1 at a batsman who misreads the ball and the 5 kg bat is knocked out of his hands, the ball rebounds at 25 m s-1.
a)     	What is the initial momentum of the ball?
b)     	What is the momentum of the ball just after it hit the bat?
c)     	How much momentum is transferred to the bat?
d)     	Calculate the velocity of the bat as it leaves the batsman.
e)     	Calculate the kinetic energies before and after the collision of bat and ball.  Is the collision elastic or inelastic?
 
3.     	A ball of mass 0.20 kg is dropped from a height of 3.2 m onto a flat surface which it hits at 8.0 m s-1.  It rebounds to 1.8 m. (g = 9.8 m s-2)
a)     	What is the rebound speed just after impact?
b)     	What is the change in energy of the ball?
c)     	What momentum change has the ball between just touching the surface and leaving it?
 
4.     	In October 1999 the United Nations announced that the world’s population had reached
6 billion (6 x 109) and that the population of the People’s Republic of China was rapidly approaching 1.3 billion. Imagine a situation in which the entire population of China were gathered together and, all at the same time, they each jumped as high as they were able. Estimate the speed that would be (temporarily) imparted to the Earth as a result of this jump. Show all your calculations and reasoning and state clearly any assumptions you have made. Take the mass of the Earth to be 6 x 1024 kg.
