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Momentum

Materials

· Golf ball

· Basketball

· 2 push cars

· Weights

· Handout of the momentum charts (1 for each student)

Curriculum Applications

S2-3-08
Define momentum and impulse and qualitatively relate impulse to change in momentum for everyday situations.



Include: car collisions, bumpers, restraints, air bags.

Difficulties with Momentum

· Momentum is the same as force.

· Momentum and kinetic energy are the same.

Instructional Sequence

Evidential Level:

This part of the lesson will be started using the discrepant event of the basketball and the golf ball and the cars on the inclined plane. 

1) Ask the students what they think will happen when the two balls are dropped with the golf ball on top of the basketball. Also ask them why they think it will happen.

2) Carry through with the discrepant event. When the basketball hits the ground the golf ball bounces off the basketball and moves faster than the basketball does (we can see this by the fact that the golf ball bounces higher and thus was moving faster after impact).
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While balls are falling:

After balls bounce:

3) Invite the students to share any ideas as to why the golf ball went higher than the basketball. Tell the students that the golf ball bounces higher because the basketball is ‘transferring its bounce’ to it.
4) Using two cars of the same mass, ask the students to predict what they think will happen when one car is pushed into the other. Push one car into the other and note what happens. (Each collision may be repeated several times at different speeds). The first car will stop and the second car will move forward at the same velocity as the first car was initially (Equal mass: v1’=v2.v2’=v1). See diagram below:
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Before collision:




After collision:

5) Run the collision again making the stationary car heavier than the moving car by adding weights to it. The lighter car will bounce back, and the heavier car will move forward. As the stationary cart gets more massive, the lighter car bounces back faster and the target car moves forward slower, as seen in the diagrams below:
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Before collision:




After collision:
[image: image7.png]


[image: image8.png]


Before collision:




After collision:
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In effect, this is the same as when the basketball hits the floor. You have a relatively small mass hitting a relatively large mass. When the basketball hits the earth, the earth has a very large mass so virtually all of the momentum is transferred from the floor to the ball, so it bounces back at much the same speed as it hit the floor. See diagram below:

6) Do the demonstration a third time, putting the weights on the moving car instead of the target car.  Both cars will be moving forward after the collision.  As the mass of the moving car increases, it is slowed less by hitting the target car, and the speed of the target car after collision approaches 2x the initial car’s speed. This is shown in the diagrams below:
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Before collision:




After collision:
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Before collision:




After collision:

This is analogous to the basketball hitting the golf ball. You have a relatively large mass colliding with a relatively small mass. Just as the small car moves forward at a faster rate than the car that hit it, so the golf ball bounces faster than the basketball [image: image14.png]


that hits it. In both cases, the heavier object continues to move in its initial direction.
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Psychological:
1) Tell the students that what they have been observing is explained by the concept of momentum.

2) Ask the students if they can identify what made a difference in how fast the car was moving after the other car hit it. They should respond that the speed of the car and the mass of the car affected what happens as a result of the collision.

3) Use a train as an example. Ask the students to envision a toy train moving at 5m/s. They will say that they could. Now ask the students if they could stop a real train moving at 18 km/h (which is the same as 5m/s). They will reply that, logically, they cannot. The students will understand that it is because they train is so much bigger it would take a lot more strength to stop it. Also helpful here is the illustration that a baseball being thrown at 90mph can be caught easily by a back catcher. However, a car traveling at 145 km/h (equal to 90mph) cannot be caught. Again, the difference here is that it is so much heavier.

4) Ask the students to relate again to a baseball. If it is thrown lightly, it is easy to catch with bare hands. If, however, it is thrown with considerable speed, you use a glove to protect your hand. In this case it was the same mass, but it was the velocity that made the difference. 

5) Explain to the students that the equation for momentum is mass times velocity of the object or p=mv. This means that any object that is in motion has momentum.

6) Invite the students to offer ideas as to why the mass and velocity are multiplied instead of added. Guide them to the example of a building. A building has a very large mass but it has no momentum because it is not moving. If, however, the equation was additive, then the building would have a momentum as illustrated in the example below:

eg. Mass of building = 100 000 kg


Velocity of building = 0 m/s


Momentum (if multiplied) = 100 000 kg x 0 m/s = 0 kg m/s


Momentum (if added) = 100 000 kg x m/s = 100 000 kg m/s

Also, a car that is at rest has no momentum because it has no velocity. As soon as the car starts to move, it has momentum. So if the mass and the velocity were added, then the definition of momentum would be defied by it equation because an object at rest would have momentum due to its mass. This also means that the mass or velocity of the object is doubled then the momentum also doubles.

7) Give the students the charts found in Appendix A and ask them to calculate the momentum of each object. Then invite them to describe the amount of momentum that each object has in their own words.
Theoretical:

Momentum is defined as the product of the mass and the velocity of an object. The units of momentum are defined as kg.m/s or N.s. If an object has no velocity, it has no momentum.
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Appendix A

A Momentous Thought Experiment

Which of these objects has the greatest momentum?  Which object has the least?  

Please Estimate the amount of momentum each object has before you complete this chart.

	Object
	Mass

(kg)
	Velocity

(km/h)
	Momentum

(kg-km/h)
	Thoughts/Comments

	Transit Bus
	8 000
	50
	
	

	Football (Thrown)
	0.5
	35
	
	

	Sprinter
	75
	35
	
	

	Golden Boy Statue
	1 650
	0
	
	

	NASCAR Stock Car
	1 545
	300
	
	

	Marathon Runner
	65
	12
	
	

	Slapshot
	0.15
	150
	
	

	Building
	1 000 000
	0
	
	

	Skateboarder
	68
	20
	
	


Now, order the objects on the previous page in order of increasing momentum. 

	Object
	Amount of Momentum

(Describe in own words)
	Thoughts/Comments

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Thoughts:

Imagine walking across the street.  What would you feel if these objects moving at these velocities hit you?  How does that compare to the momentum values you calculated?
