Physics 513						Name ______________________________
Vaughan						Worksheet

Impulse, Momentum and Conservation of Momentum

1. What is the change in momentum caused by a 35 Newton force to the right acting on a mass for 5 sec?

2. A freight train moves with a velocity of 17 m/s to the North. The mass of the train is 6 x 106 kg. What would have to be the velocity of a 2000 kg car if the car were to have the same momentum?

3. A force acting on a 5 kg body increases its speed uniformly from 2.0 m/s to 8.0 m/s through 5 seconds.
a) What is the initial and final momentum of the body?
b) What impulse did the body receive?
c) What is the net force acting on it?

[bookmark: _GoBack]4. The driver of a 1.5 x 103 kg car is traveling east at 10 m/s and increases its speed to 30 m/s east over 15 seconds.
a) What is the initial and final momentum of the body?
b) What was the change in momentum of the body?
c) What is the net force acting on it?

5. How long must a 50 N force act on a 400 kg mass to raise its speed from 10 m/s to 12 m/s?

6. A 75 kg skateboarder is initially going 5 m/s to the right. He slows to a stop over 10 seconds. 
a) What is the direction and magnitude of the net force that causes this change?
b) If the skateboarder had to stop over 2 seconds rather than 10 seconds, what would need to be the direction and magnitude of the net force?
c) When we changed the time over which the skateboarder had to stop, did the impulse experienced by the skateboarder change? Why or why not?

7. A woman drives a 45 gram golf ball off of a tee and gives the ball a velocity of 28 m/s to the right. The impact of the club on the ball lasts for 0.006 seconds.
a) What is the change in momentum of the ball? 
b) What is the Impulse that acts on the club?
c) What is the force of the club on the ball? 
d) What is the force of the ball on the club?

8. A 0.3 kg tennis ball is travelling west with a speed of 4 m/s and bounces off a wall. After bouncing, the ball is travelling east at 2 m/s. The tennis ball was in contact with the wall for 0.004 seconds.
a) What is the initial and final momentum of the ball?
b) What is the direction and magnitude of the force the ball experienced due to the wall?
c) What is the direction and magnitude of the force the wall experienced due to the ball?
9. A volleyball is spiked so that it’s incoming velocity of 4 m/s is changed to an outgoing velocity of 17 m/s. If the mass of the ball is 0.6 kg, what is the impulse provided?

10. A 50 kg person steps off of a 1 meter tall desk.
a) Assuming they started at rest, how fast are they going JUST before they hit the ground?
b) What would be the momentum of this person, JUST before they hit the ground?
c) The interaction with the ground causes the person to stop. What was the magnitude and direction of the impulse received by the person from the ground?
d) Let’s say two different people with identical masses step off simultaneously, Betty and Sally. Betty is smart and listened in physics classes so when she hits the ground, she bends her knees causing her to stop over 1.2 seconds. Sally is dumb and doesn’t bend her knees, meaning she stops abruptly over 0.2 seconds. 
i) Who receives the bigger impulse, Betty or Sally? Explain
ii) Who experiences the larger stopping force, Betty or Sally? Explain.

11. Ball A has a mass of 5 kg and Ball B has a mass of 10 kg. Both are dropped from rest from a height of 2 meters off the ground.
a) Compare their velocities right before impact with the ground.
b) Compare their accelerations right before impact with the ground
c) Compare their momenta right before impact with the ground
d) If Ball A collides elastically with the ground, what happens?
e) If Ball B collides inelastically with the ground, what happens?

12. A 3 kg rifle has an 18 gram bullet loaded in it. The bullet leaves the barrel of the rifle with a velocity of 600 m/s North.
a) What is the recoil velocity of the rifle?
b) If the interaction lasts for 0.002 s, find the average force that the explosion exerts on the bullet.

13. Mass A (10 kg) is travelling west at 8 m/s and collides inelastically with Mass B (30 kg) which is travelling east at 4 m/s.
a) Find the final velocity of both masses after the collision
b) Calculate the change in momentum of mass A.
c) Calculate the change in momentum of mass B
d) What is the impulse mass A experiences?
e) If the collision lasts for 0.06 seconds, find the net force on mass A.

14. A 10 kg bomb is sliding across an ice rink southward at 6 m/s. It explodes. Piece 1 with a mass of 2 kg moves southward at 12 m/s. Find the direction and magnitude of the velocity of mass 2.

15. A 5 kg ball is moving 4 m/s to the right when it collides elastically with a 2 kg ball moving at 6 m/s to the left. After the collision, the 5 kg ball is moving 0.8 m/s to the right.
a) What is the final velocity of the 2 kg ball?
b) What is the impulse received by the 5 kg ball?
.
16. A 30 kg swimmer runs at 10 m/s off the end of a dock onto a 120 kg raft that is at rest next to the dock. Find the velocity of the swimmer and the raft after the collision if both move off together.

17. A 300 kg mass is moving to the right at a velocity of 20 m/s. All of a sudden (for no explicable reason) the mass of the object triples. What happens to the velocity?

18. A 5 kg ball (ball A) moves to the right at 2 m/s and collides elastically with ball B (15kg) that was at rest. Find the final velocities of both balls if
a) they collide elastically and ball A has a final velocity of 1 m/s to the left.
b) they collide inelastically

19. A 900 kg Volvo is travelling north at 20 m/s. A 1200 kg Dodge is travelling east at 15 m/s. They both enter an intersection at the same time and collide inelastically.
a) What is the initial momentum of the Volvo?
b) What is the initial momentum of the Dodge?
c) What is the magnitude and direction of the initial momentum of the entire system?
d) What is the magnitude and direction of the final momentum of the entire system?
e) What is the final velocity of both cars after the crash?

20. Below are graphs of Force vs. time exerted on a 15 kg mass. The initial velocity of the object is 2 m/s east. (Let positive be east)
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1. For each graph, find the total impulse received in 12 seconds.
1. For each graph, find the final velocity of the mass after 12 seconds.



