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Instructional Component Used: Mass, Velocity & Momentum
Grade Level: 3rd Grade and Higher

Content (what is taught):

· The concept of momentum

· The relationship between mass and velocity on momentum

Context (how it is taught):  

· Activities

· Observe demonstrations

· Use robots to explore
Activity Description:

Students first learn to recognize momentum through observations and participation in everyday events.  Students also conduct experiments using a robot, which propels balls at constant, but variable rates of motion.  They observe the effects of different levels of momentum through these activities.  Finally, students calculate momentum after first determining the mass and velocities of varied balls.
Standards:
Math: MD1, ME1



Science: SB1, SB3

Technology: TA3, TC4, TD1, TD2, TD3

Materials List:

· Football, basketball, racket ball or similar balls of varying mass
· Empty pop cans
· Water balloons (optional)
· Video camera
· Wheeled robots such as CEENBoTs
· Pairs of balls of different masses for each student team/robot
· Rulers
· Disposable plastic cups

· Stopwatch

· Meter sticks

· Scale or balance accurate to tenths of grams
Asking Questions: (The Mighty Mo)

Summary:  Students will experience momentum through a variety of hands-on demonstrations.  The teacher will lead a discussion to help students understand momentum and the relationships which rate of speed (velocity) and/or mass have upon it.  A final demonstration will allow students to predict and observe the transfer of momentum.

Outline: 

· Students will perform tasks in which momentum is transferred or easily observed

· The teacher will lead a discussion about momentum and the effect of mass and speed on momentum

· Students will predict and observe the transfer of momentum between two balls

Activity: Students will complete “tasks” that will cause them to think about the concept of momentum.  Some of the tasks will allow students to observe momentum and other tasks will allow them to actually experience the effects of momentum.  The tasks will be videotaped to allow for detailed analysis later.

Resources:

· Football, basketball, racket ball or similar ball
· Empty pop cans
· Water balloons (optional)
· Video camera
Exploring Concepts: (The Mighty Mo)

Summary:  Students will use a robot to determine the relationships between mass and velocity on momentum.  The robot will move balls of two different masses towards an object.  The resulting impact will be observed and the results recorded.  The experiment will be repeated with one ball being moved at two different rates of speed.  The student findings will be presented to the class during a teacher-led discussion on the effects of mass and rate of travel on momentum.
Outline:

· Students will use a robot to push balls of two different masses towards disposable plastic cups.  The results will be observed and recorded

· Students will repeat the experiment with the variable being the velocity of the ball

· The students will summarize their findings and present them during a teacher-led discussion on the relationships between mass, rate of speed, and momentum

Activity:  Students will use a wheeled robot, such as a CEENBoT, to push a ball of relatively low mass (such as a racket ball or golf ball) towards disposable plastic cups (open side against the floor).  The students will stop the robot approximately 12 inches from the cups and allow the ball to continue rolling towards the cups.  If the students have difficulty controlling the path of the ball, a simple cardboard “U” shaped holder could be attached to the front of the robot to guide the ball forward.  The students will measure and record how far the cups moved after the impact from the ball.  A smooth floor is essential for this experiment.  Students will place marks on the floor for the stopping location of the robot and the beginning location of the cups.

Students will then repeat the experiment, this time using a ball of greater mass (such as a croquet or softball).  Students will replicate all other conditions and then observe and record the results.

Students will then choose one ball to use for the final experiment.  This time the variable will be the velocity of the ball.  The students will operate the robot at a slow speed before its release of the ball towards the cups.  The movement of the cups will be recorded.  Finally, students will operate the robot at its highest speed before release of the ball towards the cups.  Students will record the distance the cups were displaced from their starting positions during each of these trials.

The teacher will lead a class discussion re: the nature of momentum—the direct relationship between mass and velocity on momentum.  Students will be asked to contribute other examples of these relationships (such as heavier bats and faster pitched balls in baseball, football players with greater mass, and the relative safety of cars with greater mass).  The teacher may choose to show the formula for determining momentum: Momentum = mass times velocity and give an example.

Resources:

· Wheeled robots such as CEENBoTs
· Pairs of balls of different masses for each student team/robot
· Rulers
· Disposable plastic cups
Instructing Concepts: (The Mighty Mo)
Putting “Momentum” in Recognizable Terms:  Momentum has been nick named “splat power” as it measures a quantity useful in collisions or in determining the difficulty of stopping an object.  Momentum is a vector quantity that relates the mass and velocity of an object.  The direction of the momentum vector will be the same as the velocity.

Putting “Momentum” in Conceptual Terms:  Two factors affecting momentum is the mass and velocity of the object. An object that has a low velocity and a small mass produce minimal momentum because it would take a small force and/or time to stop it.  Likewise a heavy object traveling at high speed will have a large momentum as it will take a large force and/or time to stop it.

Putting “Momentum” in Mathematical Terms: Momentum can be mathematically represented by the formula p = m * v where “p” is the Momentum of the object, “m” is the mass of the object, and “v” is the velocity of the object. It is measured in the units kg*m/s meaning it indicates how many kilograms are coming in one direction at the rate of 1 meter per second. So, momentum is then directly proportional to the mass of the object if the velocity is constant or is directly proportional to the velocity of the object if the mass is constant. 

Another calculation possibility, is to relate Newton’s Second Law where Force equals mass times acceleration (F=ma) and then substitute the change in velocity divided by change in time (Dv/Dt) for the acceleration. This rewrites Newton's Second Law as F = m Dv/Dt rearrange the equation by multiplying both sides by t; FDt = mDv. The equation is the proof that “impulse” (FDt) equals “change in momentum” (mDv).  It reveals how to produce or reduce a given momentum by applying a force over a period of time.

Putting “Momentum” in Process Terms:  Thus, momentum can be thought of in terms of force that would be required to bring an object to rest.  If an object is at rest it has no momentum because there is no velocity.  If an object is moving or has velocity, it is possible to change the momentum of that object which can be done slowly or quickly. If done quickly the force exerted to change the momentum must be greater than if done slowly.  This is why an actor's stunt double jumps into padded or inflated cushion.  The cushion extend the time it takes for the person to come to a stop; reducing the force. If you catch a fast moving object bare-handed, you will move your hands with the object during the catch to extend the time the object is slowing down, thus reducing the force on your hands.

Another major concept of momentum is the conservation of momentum. In an isolated system (one without external forces) there is no change in momentum or it is said that momentum is conserved. When objects collide, Newton's 3rd Law states that they will apply equal and opposite forces on each other. Those forces act for the same amount of time, which is the time of contact. The objects will experience equal and opposite impulses, which means the momentum one object loses the other object will gain, that is, momentum is conserved.

Both momentum and kinetic energy are conserved in what are known as elastic collisions which usually involve very tiny particles such as atoms and molecules. In totally inelastic collisions the momentum is conserved, but not energy, and the objects become tangled or couple together. 

Putting “Momentum” in Applicable Terms:  Momentum is a concept that often arises in the world.  Momentum can be viewed anytime an object changes velocity (slows down, collides, or stops) such as:  air bags being deployed during a car accident, billiard balls hitting during a pool game, police officers determining the force of impact during a car collision, or gymnastics/ski jumpers bending their knees during a landing.  

Organizing Learning: (The Mighty Mo)
Summary:  Students will determine the momentums of two balls with different masses being pushed by a wheeled robot.  They will change the conditions of the experiment and recalculate the momentum.

Outline: 

·  Students will measure the mass, in grams, of two different balls

· The rate of travel of the robot will be determined—the unit of meters/second will be used

· The momentums of each ball while being pushed by the robot will be determined

· The experiment will be repeated with a changed rate of speed of the robot

· Students will observe the differences in momentum of each ball and/or each rate of speed by observing their impact on a stack of disposable cups or empty pop cans

Activity:  Students will complete a laboratory exercise to calculate momentum.  After initial calculations are completed, the conditions of the lab will change (the weight of the ball will change, the speed of the robot/ball will change) and the momentum will be recalculated.  For a detailed lab see attached file: S110_The_Mighty_Mo_O_Lab.doc

After the experiments have been run, the teacher will then lead a discussion, asking what the students learned with respect to the relationship between mass and momentum and velocity and momentum.  The teacher will also ask questions such as:  What is the momentum of the cups prior to the impact with the ball (zero).  What happens to the cups’ momentum when impacted by the ball (it increases).  What happens to the momentum of the ball as it impacts the cups (it decreases).

Resources:

· Wheeled robots (such as CEENBoTs)

· Stopwatch

· Meter sticks

· Scale or balance accurate to tenths of grams

· Balls of varying mass

· Disposable plastic cups or empty pop cans

Attachment:

· S133_The_Mighty_Mo_O_Lab.doc
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Understanding Learning: (The Mighty Mo)
Summary: Students will be assessed on their conceptual knowledge of momentum.
Outline: 

· Formative Assessment of Momentum

· Summative Assessment of Momentum

Activity:  Students will complete written/conceptual assessments related to momentum.

Formative Assessment: As students are engaged in the lesson ask these or similar questions:
1) Do students understand the variables that affect momentum?

2) As variables change, can students predict the effect on momentum?

3) Did students accurately measure and properly conduct the experiments relating to momentum?

Summative Assessment: Students can complete one of the following writing prompts:
1) A car is traveling at 65 miles per hours and slams on their brakes.  As a driver explain why you experience momentum.  If the car is slowed down to 55 miles per hour and all other variables remain the same, explain how the momentum has changed.

2) A car is in an accident, the airbags deploy and prevent injury to the passengers.  In what ways is momentum involved in this situation?  How does the “cushioning” effect of the airbags prevent injury?

3) An arrow is shot into a target which is placed against a concrete wall.  A second arrow misses the target and strikes the wall.  The first arrow is undamaged, the second one’s point is ruined.  Why?

4) Pairs of students are in an egg toss.  All of the teams are able to throw the eggs far enough.  One group of students, however, is much better than the others at catching the eggs without breaking them.  What are these students most likely doing which keeps the eggs from breaking?

5) Bobo and Cooie go bungie jumping (don’t try this at home!).  They will jump from a bridge 50 meters above the ground.  Bobo uses the recommended bungie cord which will stretch when he comes to its end.  Cooie doesn’t like the idea of the stretchy cord and decides to use a very strong rope instead—one which will not stretch.  The bungie cord and rope are attached to each of their ankle.  Why will Cooie get badly injured in the jump while Bobo will not?  What does momentum have to do with the injury?

6) Bobo, who weighs 75 pounds, is standing in front of her house while texting her bff, Cooie.  Cooie, her 75 pound bff, is walking north towards along the sidewalk while reading the text.  Dingbat, who also weighs 75 pounds, is running as fast as he can going south down this same sidewalk trying to get away from his little brother who’s chasing him.  Cooie and Dingbat both run into Bobo at the same time.  At the moment just before the collision, which of the three had the greatest momentum?  Why?  Which of the three had the least momentum?  Why?  In the moment just after they hit, what happened to some of Dingbat’s momentum?
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