TAP 220- 2 Worked examples

1.
A runner of mass 70 kg accelerates from 3 m s–1 to 5 m s–1 in the same direction. 

Draw three vectors to show the runner’s initial momentum, final momentum and change in momentum. 

Label each vector with its magnitude and ensure that the directions of the vectors are consistent.

2.
A hare of mass 4 kg decelerates from 8 m s–1 to 2 m s–1 in the same direction. 

Draw three vectors to show its initial momentum, final momentum and change in momentum. 

Label each vector with its magnitude and ensure that the directions of the vectors are consistent

3.
A tennis ball of mass 60 g strikes a racket at 20 m s–1 and rebounds along the same line at 15 m s–1. 

Draw a vector diagram to show how the change in momentum can be found from the initial and final values. 


Label the magnitude of all vectors you draw.

4.
A car of mass 400 kg is travelling due north at 15 m s–1. It turns a corner so that it is travelling due west at the same speed.

Draw a vector diagram to show how the change in momentum can be found from the initial and final values. 

Label the magnitude of all vectors you draw, and indicate the values of any relevant angles.

5
A railway truck of 2 x 104 kg travelling at 6 m s-1 hits a truck of 1 x 104 kg that is travelling at 3 m s-1 in the opposite direction. They automatically couple together.

a)
What is the momentum after the collision?

b)
What velocity have the two trucks after the collision?

6
A bullet of mass 30 g is fired from a rifle of mass 5 kg at a speed of 250 m s-1.

a)
What is the momentum of the rifle just after the bullet is fired?

b)
What is the recoil velocity of the rifle?

Practical advice

Examples should be chosen to illustrate momentum ideas. Some possibilities are given here but you may have your own.

The questions have been left without answers so that you can choose the method of working through them or use them as extra examples.

Questions 1 – 4

These questions show the vector nature of momentum. The first three deal with motion in a straight line, while question 4 involves motion in two dimensions (i.e. a change in direction). They are intended to be used as practice in drawing vector addition diagrams and to: -

· show how to calculate momentum from values of mass and velocity. Emphasise that units are kg m s-1 (no special name in SI system).

· establish a sign convention (e.g. velocities to the right are positive; to the left they are negative).

1.
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Taken as positive since they are drawn to the right

2.


Initial momentum = 4 x 8 = 32 kg m s-1. Final momentum = 4 x 2 = 8 kg m s-1  


3.



4.  ΔP = (60002 + 60002)-2 = 8490 kg m s-1  


5

Calculation of velocity of moving mass after inelastic collision.

a)
m1v1 - m2v2 = m3v3 
(2 x 104 x 6) – (1 x 104 x 3) = momentum after collision = 9 x 104 kg m s-1 

b)
9 x 104 = (2 x 104 + 1 x 104 )x v3 

9 x 104 = (3 x 104) v3 so v3 = 3 m s-1 to the right (as the 6 m s-1 truck was taken as moving in that direction)

6

Calculation of velocity of one mass after explosion, given velocity of the other

Initial momentum is zero.  After the bullet is fired the bullet moves in one direction and the gun recoils in the other.

0 = m1v1 + m2v2 so m1v1 = - m2v2 

a) 
momentum of gun is in the opposite direction to that of the bullet 

momentum of bullet = 30 x 10-3 x 250 = 7.5 kg m s-1 

b) 
recoil speed of gun =7.5/5 = 1.5 m s-1 (in the opposite direction to the bullet)

Emphasise the need to draw diagrams showing the situation before and after an event (collision or explosion) when solving numerical problems.

Emphasise the predictive power of the principle of conservation of momentum. Mention that it works in 3 dimensions, as well as in these simple 1-D situations.

External references

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