Momentum
Momentum is a major concept included in the Manitoba science curriculum. The textbook definition defines momentum as the product of velocity and mass.

Materials For Instruction

Computer with Internet and projector

Youtube web address

An old sheet

Eggs

Volunteers

Scenarios

Chalkboard

Safety Considerations

Make sure that you have a large enough sheet so that it will increase the target area for throwing the egg and decrease the chance of someone missing the sheet and hitting a person with an egg. If an egg breaks make sure it is cleaned up immediately to avoid any possible slipping and injury.

Connections with the Manitoba Framework of Outcomes

Entry Level Knowledge

In grade seven, students examined forces and structures. Students determined the effects of various forces on structures. Students may also have real life personal experience with this concept through things such as sports or car collisions.

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

Student Preconceptions

Motion, which is the overarching topic of momentum and impulse, is generally understood qualitatively at the basic level. Although children may not realize that they are experiencing physics first hand, they are generally introduced to the concept of momentum and impulse at a very early age through activities such as playing with cars, air hockey, pool, or other sports. This is why Driver claims that most people have a lay knowledge of motion. However, we did find that some high school physics teachers recognized that their students believed that momentum was the same as force and that moving masses in the absence of gravity do not have momentum.

Instructional Sequence
Our plan is to introduce the concepts of momentum and impulse using the LEP model of instruction. We will activate and engage the students at the experiential level, immerse them in thought experiments for the psychological level to help make sense of the topic, and discuss the concept through theory at the logical level.

1. Experiential

We will begin the class by grabbing the students’ attention. We will do this by showing them part of a Utube video http://youtube.com/watch?v=MEzeZ1aNtbA.

The clip will involve many sports collisions, which involves the underlying concepts of momentum and impulse.

2. After the students watch the clip, tell them that this lesson is based on the concepts of momentum and impulse.

3. Experiential

Ask for two brave volunteers; get them to hold the sheet vertically, if needed, two more to hold the sheet at the bottom to curl it up to catch the egg. Ask the students what kinds of characteristics an egg holds. Guide them to the responses: breakable, it has a mass, and it doesn’t have a velocity unless it’s moving. Next ask the students to predict what will happen if the egg is thrown into the sheet. By a show of hands have the students vote who will think the egg will break.

4. Experiential

Ask for one more volunteer, preferably one who has some aim when throwing. Have the student throw the egg at the sheet. The students will observe that in this case the egg did have a velocity and that it didn’t break. Ask them what would have happened if the identical egg were thrown at a wall. Let more students try to break the egg on the sheet if they want to.

5. Logical 

Proceed from the experiential stage of instruction to some theory in order to give the students some background information to what they have seen so far. At this point we would like the students to acquire a working understanding of momentum and impulse for the next activity.

Teaching Points to Cover in Mini Lecture

· Any object that is moving has momentum even in the absence of gravity; therefore the egg had momentum, as did some of the athletes in the clip.

· Momentum is a term used to describe a quantity of motion.

· In order to bring a moving object to rest such as the egg or an athlete, you must change the momentum to zero

· Momentum of an object is directly proportional to both its mass and velocity.

· Simply stated, if a moving object has more mass, it has more momentum, and if an object has more velocity, it has more momentum, therefore if either the mass or velocity (or both) of an object increases for example the hockey or football player speeds up or has a large mass, they will be more difficult to stop/bring to rest than a player with a smaller mass or velocity.

· If we want to change motion (momentum) we need to apply a force.

· In order to find a change in momentum we must also know for how much time the force is applied – short or long.

· The amount of force and the time during which the force is applied is called the impulse.

· Therefore, more force equals more impulse, or if force is applied for a longer time it equals more impulse.

· Impulse is proportional to force and time.

· In the egg example – in order to stop the egg, its momentum must be brought to zero. The only way to do this is to apply an impulse opposite to the eggs motion. With the wall, the impulse is exerted over a very short period of time resulting in a large destructive force acting on the egg causing it to break. When throwing the egg into the sheet the impulse is applied over a longer period of time consequently decreasing the applied force, the sheet acted as a cushion, which is why the egg did not break.

· If the force acts opposite to the objects motion the object slows down, in the same direction the object will speed up.

· Thus, when velocity is changed, momentum is also changed.

· Impulse changes momentum, which is why we call it an impulse – momentum relationship.

6. Now that the students will have a working understanding of the concept at hand after touching on the teaching points mentioned above, we will take the students to the psychological level where they will be able to make more sense of the concept through group thought experiments.

7. Psychological

We will break the class up into groups and then distribute the following scenarios that they will take and discuss in their groups.

Scenario #1

Using the concepts of momentum and impulse in physics and using what we have discussed in the egg example describe some attributes of a car that will help decrease incidence of injury in collisions. Also explain how they work using the terms momentum, impulse, velocity, mass, time and force.

(Example answers: In order to cushion the blow by increasing the amount of time for the impulse and consequently decreasing the applied force – Bumpers – absorb some of the impulse, Crumple Zones – compress during an accident to absorb the impulse from impact, also increases amount of time it takes the car to stop decreasing the amount of force in the impulse, Padded Dashboards – increase the duration of the impact by the person minimizing the amount of force of the impulse, Air Bags – cushion the blow by increasing the amount of time during which the force is applied, time of impact increases therefore amount of force of impulse decreases)

Scenario #2

If your group was in charge of designing the surface of a new child’s playground what kind of material would you use and why? Explain your answer by using physics terms we talked about such as momentum, impulse, velocity, mass, time and force.

(Example answers: sand or rubber instead of tar or concrete, they will act more like a cushion, increasing the duration/time of the impact by the child therefore minimizing the amount of force of the impulse when a child falls)

Scenario #3

If your group was in a water balloon throwing competition where you had to throw full water balloons between your group members at increasing distances while trying not to break them how would you use physics to help you win? Explain your answer by using terms we talked about in class such as momentum, impulse, velocity, mass, time and force.

(Example answers: an impulse is necessary to catch the balloon but you would want to spread the impulse over a longer period of time, you could use your shirt similar to the blanket in the egg toss)

Scenario #4

A professional golfer is trying to improve his performance. Using the physics concepts of momentum and impulse and terms we discussed in class such as velocity, mass, time and force, explain how the golfer could improve both his drive and putting skills.

(Example answers: Drive – need a larger impulse, swing harder to increase the force or use proper technique to increase time of contact ie. Follow through. Putt – need a smaller impulse, exert a smaller force with the putter on the ball which will decrease the momentum change the ball undergoes)

Scenario #5

Using physics and the concept of momentum and impulse as well as some of the terms we discussed in class such as velocity, mass, time and force explain how you could use this to teach a hockey player how to “take a hit” properly to help reduce incidence of injury or possibilities of falling over.

(Example answers: you want to try to increase the amount of time of contact of the “hitter” to reduce the effects of the impulse. You want to try and cushion the blow.)

8. After giving the students some time to discuss their scenarios in their groups at the psychological level we will take charge of the discussion again. At this point we will go group to group and discuss the scenarios as a whole class.

9. Logical

During this discussion we will enter into the logical level again with the students. Here we well go into further explanation of the scenarios and we will finally display the actual formulas on the board. Momentum (p) = Mass (m) x Velocity (v) and Impulse (I) = Force (F) x Time (t). Hopefully after this further theoretical explanation the students will be able to make complete sense of momentum and impulse.

10. This is where the students would be provided with a set of notes and homework questions involving the use of the momentum and impulse equations.

11. The next lesson will address conservation of energy in a motor vehicle collision.

Conclusion

By using the LEP model for instruction we addressed the experiential level by getting the students attention using the video and using the egg discrepant event to create student curiosity. We decided to use a direct teaching/discussion strategy to give the students a working understanding of momentum and impulse. For the psychological level we chose to use real life scenarios to help the students make connections between physics and real life. We decided that by using this type of thought experiment it would help the students to actually make sense of a physics concept that they have actually been surrounded by since a very young age. We then chose to address the logical level again but in more detail, this is where we would actually introduce formulas and numbers to further the students understanding even more.
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