TAP 221-1: Worked examples in momentum: elastic and inelastic collisions

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

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.
Answers and Worked Solutions

1. a)
The ball has a much smaller mass than the club head so it can be ignored in  
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.  So the speed is twice that of the club head.  As the ball does not have zero mass the ball speed will be slightly under 
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 b)
The alpha particle speed after the collision is given by 
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 as M = m the speed will be zero.  The helium nucleus will move off with speed given by 
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 and as M = m then 
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.  Therefore the alpha particle stops and the helium nucleus moves off with the same speed.

    c)
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 m can be ignored so 
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The larger mass will hardly move

2. a)
Initial momentum of the ball = 0.5 x 50 = 25 kg m s-1 

b)
Momentum of the ball just after it hit the bat = 0.5 x (-25) = -12.5 kg m s-1 (Taking positive velocity to the right.)

    c)
Momentum transferred to the bat =25 - (-12.5) = 37.5 kg m s-1 

    d)
Momentum of bat = 37.5 kg m s-1 so velocity of bat = (37.5)/5 = 7.5 m s-1
    e)
Calculate the energy stored kinetically before and after the collision of bat and ball.  Is the collision elastic or inelastic?
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 so before collision 
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After the collision KE of ball is 
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 so KE = 156.25 J = 156 J to 3sf

After collision Bat KE = 
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 so KE = 140.63 J = 141 J to 3sf

Total KE after collision is 156.25 + 140.63 =296.9 J = 297 J to 3sf so the collision is inelastic as KE before > KE after the collision

3. a)
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 and speed =   5.9 m s-1 so velocity = - 5.9 m s-1       

    b)
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  so before impact KE = 0.5 x 0.20 x 8.0 x 8.0 = 6.4 J

after impact KE = 0.5 x 0.20 x (-5.9) x (-5.9) = 3.5 J so KE change is 6.4 - 3.5 = .2.9J 

    c)
Momentum before collision = 0.2 x 8.0 = 1.6 kg m s-1

Momentum of ball after = 0.2 x (-5.9) = -1.2 

Change in momentum = 1.6 - (-1.2) = 2.8 kg m s-1
4. 
This question shows the effect of many small masses on a very much larger mass

Estimate average mass of person m = 50 kg   (NB Population will contain many children)

Jump height _h = 0.2 m Take-off speed 
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 = 2 m s-1 (accept any reasonable method or blind guess of about 1 to 3 m s-1)

Total upward momentum of all jumpers:

p =1.3 x 109 x 50 kg x 2 m s-1 = 1.3 x 1011 kg m s-1 
To conserve momentum, Earth must acquire equal momentum in the opposite direction.

Earth, mass M, acquires speed v = p/M = 1 x 3 x 1011 / 6 x 1024 = 2x 10-14 m s-1 i.e. velocity of the Earth is negligible.  An elastic or inelastic jump?
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