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Science 20 Workbook | Chapter 2

Lesson 2.1: Momentum
Example Problem 2.1 Determine the momentum of a vehicle with a mass of 2100 kg moving at a velocity of 22 m/s [E].

Example Problem 2.2 The total momentum of a motorcycle and rider is 7.20 x 103 kg*m/s[S]. If the combined mass is 250 kg, determine the velocity of the motorcycle and the rider.

Example Problem 2.3 An airplane has a momentum of 8.3 x 107 kg*m/s[N]. If the airplane is flying at a velocity of 990 km/h[N], determine its mass.

1. While stepping off a skateboard, the rider propels the skateboard with a velocity of 2.50 m/s[N]. If the mass of the skateboard is 2.2 kg, calculate the momentum of the skateboard.

2. A 900 kg car has a momentum of 1.35 x 104 kg*m/s[E]. Calculate the velocity of the vehicle.

3. A ball thrown with a velocity of 32.0 m/s[W] has a momentum of 4.5 kg*m/s[W]. What is the mass of the ball?

APPLICATION:
1. Calculate the momentum of a 40.0 kg wagon moving 1.90 m/s[N].

2. A 0.170 kg hockey puck slides across the ice with a momentum of 1.60 kg*m/s[E]. Determine the velocity of the hockey puck.

3. Calculate the mass of a billiard ball given that it has a momentum of 0.320 kg*m/s[N] and a velocity of 2.0 m/s[N].

4. A vehicle with a mass of 40000 kg is traveling 80.0 km/h[S]. Calculate the momentum of this vehicle in kg*m/s.

5. If the rock and the person in the cartoon below both have the same momentum, will the rock hit the person? Justify your answer.
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Lesson 2.1: Change in Momentum
Example Problem 2.4 A 2.1 kg barn owl flying at a velocity of 15 m/s[E] strikes head on with the windshield of a car traveling 30 m/s [W].

a) If the time interval for the impact was 6.7 x 10-3 s, determine the force that acted on the owl.

b) Predict the effects of the collision on the owl and on the car.

4. A water balloon with a mass of 4.00 kg is dropped from a window. The balloon reaches a velocity of 31.3 m/s just before striking the ground.

a) Determine the momentum of the balloon just before it strikes the ground.

b) If the velocity of the balloon is 0 upon striking the ground, determine the change in momentum of the balloon.

c) If the impact with the ground took 0.011 s, calculate the force exerted by the ground on the balloon.

5. A 2000 kg car traveling 25 m/s strikes a tree and comes to rest. If the impact took 0.23 s, determine the force exerted on the car.

6. A 500 g rubber ball is thrown at a velocity of 5.00 m/s and strikes a wall. After only 0.25 s, the ball rebounds straight back with a velocity of 4.50 m/s. Calculate the force exerted on the ball.

Example Problem 2.5 Calculate the magnitude of the change in momentum in each case. Note that since this question asks for magnitude only, the vector notation is dropped.

a) A dog team consisting of two dogs is pulling a sled. If each dog provides a pulling force of 15 N, the total pulling force provided by the team is 30 N. Determine the magnitude of the change in momentum of the sled if the dogs pull for 10.0 s.

b) A dog team consisting of four dogs is pulling a sled. If each dog provides a pulling force of 15 N, the total pulling force provided by the team is 60 N. Determine the magnitude of the change in momentum of the sled if the dogs pull for 10.0 s.

c) A dog team consisting of two dogs is pulling a sled. If each dog provides a pulling force of 15 N, the total pulling force provided by the team is 30 N. Determine the magnitude of the change in momentum of the sled if the dogs pull for 5.0 s.

d) A dog team consisting of four dogs is pulling a sled. If each dog provides a pulling force of 7.5 N, the total pulling force provided by the team is 30 N. Determine the magnitude of the change in momentum of the sled if the dogs pull for 10 s.

7. A vehicle traveling along a highway encounters an icy patch, causing it to skid. The skit causes the vehicle to strike both a plastic pylon and a wood pylon along the side of the road. If the time interval for the impact was 0.012 s for both pylons, calculate and compare the change in momentum of the vehicle after striking a:

a) Plastic pylon that exerts a resistive force of 18 N

b) Wood pylon that exerts a resistive force of 190 N

8. A child provides a constant force of 30 N by pushing on a wagon. Calculate and compare the change in momentum of the wagon if the constant force is applied for:

a) 4.0 s

b) 8.0 s

APPLICATION:
1. Determine the change in momentum of a cart if a force of 300 N acts on the cart for 4.0 s.

2. Calculate the force required to change the momentum of a wagon by 30.0 kg*m/s in 4.5 s.

3. If a force of 65 N changes the momentum of a ball by 12 kg*m/s, determine the time interval that the force acts on the ball.

4. A force of 25 N acts on a 2.0 kg oject initially at rest for 3.0 s. Determine the:

a. Final momentum of the object

b. Final velocity of the object

5. Calculate and compare the forces required to stop the bird in each of the following cases.

a. A 100 g sparrow flying 8.0 m/s strikes the windshield of a stationary car. The time interval of the impact for the sparrow to come to rest was 0.013 s.

b. A 1.00 kg seagull flying 8.0 m/s strikes the windshield of a stationary car. The time interval of the impact for the seagull to come to rest was 0.050 s.

Lesson 2.3: Impulse
Example problem 2.6: A raw egg drops to the floor. If the floor exerts a force of 9.0 N over a time interval of 0.030 s, determine the impulse required to change the egg’s momentum.

Example Problem 2.7: A raw egg with a mass of 0.065 kg falls to the floor. At the moment the egg strikes the floor, it is traveling 4.2 m/s. Assuming that the final velocity of the egg is zero after impact, determine the impulse required to change the momentum of the egg.

9. A hockey puck strikes a goalies’ mask. The time interval of the impact with the mask is 0.012 s, during which the mask exerts a force of 400 N to change the momentum of the puck. Determine the impulse provided by the mask on the puck.

10. A truck collides with a concrete barrier. The time interval of the impact with the barrier is 0.050 s, and the barrier exerts a force of 2.2 x 106 N. Calculate the impulse provided by the barrier.

11. A 0.17 kg hockey puck traveling 28 m/s strikes a goalie’s mask and comes to rest. Determine the impulse provided by the mask on the puck.

12. A 4000 kg truck traveling 28 m/s[W] collides with a concrete barrier and comes to rest. Calculate the impulse provided by the barrier on the truck.

Example Problem 2.8: Explain why it is less painful to catch a baseball with your bare hands if you let your hands “give” rather than catching the ball with rigid hands.

13. Explain why it is more effective to remove snow that is stuck to your boots by stoping your feed on a solid cement step than stomping your feed into a thick piece of carpet.

14. Why can you hit a baseball farther by using a hard, hickory bat rather than a hollow, plastic bat of the same mass?

APPLICATION:
1. Calculate the impulse provided in each of the following situations.

a. A moving billiard ball strikes the cushion of a billiard table. The cushion provides a force of 1.5 N on the billiard ball over a time of 0.020 s.

b. A ball of putty with a mass of 0.30 kg is thrown with a velocity of 2.1 m/s against a wall and sticks to the wall.

2. Determine the change in momentum in each of the situations described in question 5.
3. A soccer ball with a mass of 0.43 kg travels 14 m/s[E], stirkes a goal post, and rebounds straight back with a velocity of 12 m/s[W]. Determine the:

a. Initial momentum of the ball

b. Final momentum of the ball

c. Change in the momentum of the ball

d. Impulse provided by the goal post on the ball

4. Use the impulse-change in momentum concept to explain each of the following situations.
a. How do air bags reduce injury during a motor vehicle collision?

b. How does the foam lining in a bicycle helmet reduce injury?

5. Explain why the boxer being punched in the first illustration experience less force than the boxer in the second illustration. (See images below)
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6. Compare the impulse provided by a wall on a:

a. 0.20 kg rubber ball thrown with a velocity of 2.5 m/s at a wall and rebounding with a velocity of 2.0 m/s

b. 0.20 kg putty ball thrown at the same velocity at a wall and sticking to the wall

7. If the time interval of the impact with the wall was 0.012 s in both situations described in question 6, compare the force exerted by the wall on the rubber ball and the putty ball.
8. Identify five safety features on an automobile that reduce injury by using the concept of impulse-change in momentum.
Lesson 2.4: A Closer Look at Forces and Newton’s Third Law
15. The technologies identified in the following table are designed to reduce injury in a motor vehicle collision. Identify the class of collision for which each technology is designed.
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Example Problem 2.9: Identify the action and reaction forces in the illustration of the skaters as the skater on the right pulls on the rope.
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16. Identify the action force and reaction force in the following situations:
a) A passenger colliding with a  deployed air bag

b) A car bumper colliding with a concrete barrier

c) A swimmer pushes against the water

d) A hiker pushes against the ground

e) While moving forward, a car tire pushes against the ground

APPLICATION:
1. In an interaction between a large vehicle and a smaller vehicle, state whether or not the following quantities must be the same for each vehicle. Justify your answer.

a. Mass

b. Velocity

c. Acceleration

d. Force

e. Time

f. Impulse

g. Change in momentum

2. The following diagram shows two objects approaching each other at the same speed.
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a. Which vehicle will experience the greatest force?

b. Which vehicle will experience the greatest impulse?

c. Which vehicle will experience the greatest change in momentum?

d. Which vehicle will experience the greatest acceleration?

e. Which vehicle will experience the greatest change in velocity?

f. Which vehicle would you rather be in during the collision?

3. Two astronauts in space are attached by a rope. The mass of one astronaut is 100 kg; the mass of the other is 80 kg.
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If the larger astronaut pulls on the rope with a force of 20N for 0.20 s, determine the:

a. Force acting on each astronaut

b. Acceleration of each astronaut

c. Final velocity of each astronaut if the both start from rest

d. Final momentum of each astronaut if they both start from rest

e. Impulse acting on each astronaut

4. Imagine you are an astronaut on a spacewalk outside your capsule. You are attached to the capsule with a safety rope; however, the rope detaches from the capsule and you are floating freely in space. How could you use your knowledge of Newton’s third law to assist your return to the capsule?
Section 2.5: Conservation of Momentum
Example Problem 2.10: A 10000 kg freight car traveling west with a velocity of 1.5 m/s collides with a 20000 kg freight car at rest. After the collision, the freight cars stick together. Determine the velocity of the freight cars after the collision.
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Example Problem 2.11: A 3.0 kg ball rolling east with a velocity of 1.5 m/s collides with another 6.0 kg ball at rest. After the collision, the first ball rebounds and is traveling at a velocity of 0.50 m/s[W].
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a) Determine the velocity of the second ball after the collision.
b) Determine the momentum values of the balls before and after the collision.

c) Use scale diagrams of momentum vectors to demonstrate that momentum is conserved in this collision.

Example Problem 2.12: A 0.020 kg firecracker at rest explodes into two pieces. If a 0.015 kg piece flies off the right at a velocity of 3.00 m/s, determine the velocity of the other 0.0050 kg piece.
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17. A 0.010 kg marble rolling on the floor with a velocity of 0.90 m/s [E] collides with a 0.015 kg marble at rest. The first marble rebounds with a velocity of 0.30 m/s[W].

a) Determine the velocity of the second marble.

b) Determine the momentum of the marbles before and after the collision.

c) Use scale diagrams, such as the head-to-tail method, to demonstrate that momentum is conserved in this collision.

18. A 0.010 kg marble rolling on the floor with a velocity of 0.90 m/s[N] collides with a 0.015 kg ball of putty at rest. If the two stick together, determine their combined velocity immediately after the collision.

19. A 0.0100 kg balloon, initially at rest, explodes into two pieces. If a 0.0090 kg piece is propelled with a velocity of 4.0 m/s[N], determine the velocity of the other 0.0010 kg piece.

20. A collision occurred when a 1500 kg car collided with a 15000 kg truck initially at rest. Since neither vehicle had its brakes engaged, the external forces present can be considered minimal. After the collision, the vehicle locked together and rolled with a combined velocity of 1.0 m/s, east.

a) What type of collision is described by this situation?

b) Use the law of conservation of momentum to solve for the velocity of the car, in meters per second, before the collision occurred.

c) Convert your answer to question ‘b’ into kilometers per hour.
d) The posted speed limit in this area was 25 km/h, because it was designated for loading passengers and freight. Was the car speeding?
APPLICATION:
1. A 3500 kg truck traveling 20.0 m/s[E] strikes a 2000 kg parked minivan. After the collision, the parked minivan is propelled forward with a  velocity of 14.0 m/s[E]. Determine the final velocity of the truck.
2. A 3500 kg truck traveling 20.0 m/s[E] strikes a 2000 kg parked minivan. After the collision, the truck sticks to the minivan. Determine the combined final velocity of the truck and the minivan.

3. A 2500 kg van traveling 80.0 km/h[E] strikes a 1500 kg compact car at rest. After the collision, the 1500 kg car propels forward with a velocity of 60.0 km/h[E]. Determine the final velocity of the van in kilometers per hour.

4. A 20.0 g inflated balloon, initially at rest, is punctured with a nail and explodes into two pieces. If a 12.0 g piece of balloon explodes to the left with a velocity of 3.00 m/s, calculate the final velocity of the other 8.0 g piece.

5. A 75 kg football player running 1.50 m/s[E] is tackled by another player who is initially at rest. After the collision, the football players stick together and travel with a combined velocity of 0.80 m/s[E]. Calculate the mass of the other player.

Lesson 2.6: Designing a Helmet
21. Identify the parts of the egg test dummy that correspond to the skull and brain of the human head.
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22. Consider the list of the three design characteristics for the egg test dummy’s helmet. Identify the design characteristic(s) that make the egg test dummy’s helmet similar to a bicycle helmet as well as those that make it different from a bicycle helmet.

Example Problem 2.13: An egg test dummy is fitted with a helmet and sealed in  plastic bag. The mass of the egg, helmet, baggie and paper clamp is 0.085 kg. The egg and its accessories are attached to the swing and pulled back so that they are now 0.40 m above the reference level. The egg is released and swings down to collide with the cement block.

a) Calculate the gravitational potential energy of the egg and its accessories when it is 0.40 m above the reference level.

b) Determine the kinetic energy of the egg and its accessories when it collides with the cement block. Explain how this energy is transformed in the collision.

c) Calculate the speed of the egg and its accessories the moment just before impact.

d) Calculate the magnitude and direction of the momentum of the egg and its accessories just before impact.

e) Even though there is a small amount of bouncing, assume the egg and its accessories stop immediately after impact. Use this information to approximate the change in momentum of the bag and its contents.

f) Calculate the impulse required to stop the bag during impact.

g) If the impact lasts for 0.040 s, determine the force that acted upon the bag and its contents during the collision using the equation for impulse.

h) Determine the acceleration of the egg and its accessories over the 0.040 s.

i) Use Newton’s second law to confirm your answer to question g. by calculating the force that acted on the bag and its contents.

23. Answer questions a to i of Example Problem 2.13 for a bag and contents with a mass of 0.092 kg that is released from a height of 0.65 m.

24. Answer questions a to i of Example Problem 2.13 for a bag and contents with a mass of 0.088 kg that is released from a height of 1.00 m.

APPLICATION
1. During a collision, a force of 9.0x106 N displaces a car bumper 0.080 m. Determine the work done on the bumper by the force of the collision.

2. A 3000 kg truck is traveling 22 m/s. Calculate the kinetic energy of the truck.

3. A 2500 kg car is hoisted 1.80 m vertically by a hydraulic jack. Determine the gravitational potential energy of the car at this position.

4. If 40.0 J of work is done lifting an object, how much gravitational potential energy will the object gain?

5. Explain how a bicycle helmet could save your life if you fell off your bicycle and hit your head on the curb.
