Single, Double, Triple Ball Bounce
Materials
· Basketball

· Racquetball
· Squash ball
Connection to the Curriculum

This discrepant event fits within cluster three of the Grade 10 Science curriculum “In Motion.” This discrepant event addresses the following three specific learning outcomes from that unit.

SLO S2.3.08 Define momentum and impulse and qualitatively relate impulse to change in momentum for everyday situations.

SLO S2.3.09 Investigate the conservation of energy in a motor vehicle collision.

SLO S2.3.10 Investigate conditions that illustrate the effects of friction on motion.

The law of conservation of energy states that energy cannot be created nor destroyed but it can be converted into a different form or transferred to another object. The basketball and racquetball when held at shoulder level have a gravitational potential energy that, when the balls are dropped turns into kinetic energy. When the balls collide with the ground, some of this energy is converted into heat and the rest is used when the balls rebound into the air again. When the racquetball is put on top of the basketball and they are dropped, the gravitational potential energy is again changed to kinetic energy and then again, some is lost to heat when the balls collide with the ground. However, when they begin to rebound the basketball transfers some of its energy to the racquetball and the basketball having lost energy does not bounce as high as before while the racquetball, now having more energy than the first time rockets into the air far higher than it did the first time. The energy that is lost through heat is caused by friction between the balls and the ground when they collide. This results in the balls not rebounding to the same level that they were dropped from because of this loss of some energy.

This same event will be shown with a squash ball on top of the basketball as well as the squash ball on top of the racquetball, which is on top of the racquetball. The same events will occur as are specified above.

While this unit in Grade 10 science is based on vehicles, this discrepant event is very good in showing the law of conservation of energy along with showing how and why friction works. This discrepant event can also be used to show a car crash in another way that some students might find easier to understand. Furthermore, impulse and momentum are discussed and therefore demonstrates the vector components of impulse and how it is related to momentum.
Presentation Sequence

Part 1:

Introduce the three objects to the class.
Predict: Ask them what will happen to the basketball when dropped from shoulder height. 
Observe: Drop the basketball.
Explain: Why does it not bounce as high?

· Where is the energy lost?
Repeat the process using the racquetball and the squash ball. This step in the procedure ensures that all students are familiar with the characteristics of each ball.
Next explain the concept of energy.

· Energy cannot be created nor destroyed. It can however be transferred from one object to another, which is what happens in a collision.
· In this specific collision the basketball starts with a certain potential energy. This energy is easy to find simply by using E=mgh. When the ball is dropped, the potential energy of the ball is converted into kinetic energy. We can solve for kinetic energy using the equation E=½mv2. 

· Notice that Potential energy at h = 0 must be 0.

· Also note that kinetic energy at v = 0 is also 0.

Explain that we have witnessed that the basketball and racquetball do not rebound to the original height. This is because energy is lost in the collision by heat due to friction, and by the temporary distortion in the shape of the object. 

· By measuring the rebound height, we can calculate the total amount of energy lost in the collision.

Also note the change of momentum. This is due to the impulse of the floor and the ball. The impulse is simply the difference of momentum from before the collision to after the collision.

Part 2:
Prediction: Ask: Now what happens when we put the racquetball on the basketball, and let them bounce?

· Will they both rebound to the original height/below the original height/above the original height? 
Observation: Drop both balls, situating the racquetball directly on top of the basketball.
Explanation: The short and simple answer is that part of the rebound energy of the basketball is transferred into the collision observed with the racquetball. Therefore we have the transferred energy from the basketball, plus the rebound energy from the racquetball to get the total energy of the racquetball as it leaves the collision.

It is also important to consider momentum. Unfortunately this system does not demonstrate the conservation of momentum due to external forces, (which are gravity and friction) upon impact. Nonetheless, since the basketball is more massive than the racquetball, it contains more momentum. When the two balls collide, the basketball transfers most of it’s momentum to the racquetball. As a result the racquetball contains more momentum than originally, and therefore goes higher. Notice also that because of this, the basketball barely bounces off the ground. 

Repeat the demonstration while paying attention to the height of the basketball. 
Part 3:

Prediction: What will happen if we place all three balls one on top of the other? (Squash ball on the racquetball, which is on the basketball).
· Specifically, what will happen to the squash ball? Recall that this ball did not bounce more than 4 inches to begin with.

· Conversely, what will happen to the other two balls?

Observe: Drop all three balls. (Squash ball on top, basketball on the bottom).
Explain: Have the students explain what has happened. Essentially it is the same concept as when using two balls, however we have introduced a third object and as a result, a third collision.
Elaboration:

· Try using different size balls.
· Substitute the squash or racquetball with an object other than a ball. 

· Experiment by inversing the order of the balls.

· Perform the experiment without the racquetball.

· Examine why some combinations work better than others.
· Experiment what will happen if the basketball is deflated.

Theoretical Background
Conservation of energy is observed everywhere within the world, at every moment. It is an essential part of how we understand and explain collisions not only in a hypothetical situation, but in everyday life. Arguably the most common form of this is car collisions. When considering a collision, there are various aspects which must be examined. First consider the conservation of energy.
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In a collision such as a basketball hitting the floor, we understand that the ball has a certain potential energy which is found by computing (mass x height x gravity). As the ball falls to the ground, this energy changes form. As the height decreases, the velocity of the ball increases, thus increasing the kinetic energy. At the point of impact, all the potential energy is converted into kinetic energy (since height is 0, and velocity is at its maximum). If all the energy of the ball were to remain in the ball, it would be expected to rebound to the original height. As observed, this is not the case. The question is, where did part of our energy go? When the basketball collides with the floor, energy is transferred into two different forms. Some energy is lost due to friction, which creates heat, and some energy is lost due to the sudden deformity of the ball. The remaining energy stays with the ball which is why it rebounds to a new height. The height is determined by the amount of kinetic energy contained in the ball after the collision. The ball has less kinetic energy after the collision than it did before the collision and thus rebounds to a lower height.

However, in the case with multiple balls, energy is always transferred to the ball on top. Because the ball on the bottom is bigger, it contains greater energy than the smaller balls. As a result, a large amount of energy is transferred to the smaller ball on top. In this case, the smaller ball has much more kinetic energy after the collision than it had beforehand. The effect is that the ball will attain a greater rebound height.

Next, let us consider the effects of impulse. The point of impact with the ball is the moment of impulse. Impulse can be determined by finding the difference of momentum from before and after the collision. Impulse is a vector quantity and therefore has the same direction as the average force. (Cutnell and Johnson, 2007) In our situation, the impulse of the basketball is directed into the floor, which is why the ball loses momentum. On the other hand, the impulse of the basketball on the racquetball is pointed upwards (towards the racquetball) which provides the racquetball with a greater momentum after the collision.

Finally, let us examine the conservation of momentum. We have learned that in all elastic collisions (a collision where no external forces are a factor), momentum must be conserved. Unfortunately our experiment provides an inelastic collision (external forces are taken into consideration) and therefore momentum is not conserved. In our experiment, the external forces which must be considered are gravity, friction and the atmosphere (air particles, wind, etc). 
When the basketball rebounds it still possesses some momentum. Momentum can be solved by multiplying (mass x velocity) However, if the racquetball is colliding with the basketball at the point when the basketball is rebounded, a certain quantity of momentum contained in the basketball is converted into the racquetball. Thus, the racquetball rebounds with a greater momentum. 

In the case of all three balls, momentum is transferred from the basketball and from the racquetball into the small squash ball. This is the reason for which it rebounds with such great velocity. 
Explanation of how the Event is Likely to Create Disequilibrium

This discrepant event will create disequilibrium among the students in several ways. Students have seen balls dropped and not come up to the same level so this will probably not create any disequilibrium for them, however when the racquetball is put on top of the basketball and then dropped the racquetball goes far higher than imagined. Even if the students predict that this will happen it is probably not with the same force, as they would think. This disequilibrium will be displaced by discussing how energy is transferred from the basketball to the racquetball and that is why it goes so high in the air. When the squash ball is put on top of the racquetball and basketball, disequilibrium will come into play again as the squash ball, which did not bounce very much by it, is thrown into the air. They may have thought that it worked with the racquetball because it was already bouncy but perhaps not with the squash ball because it is not. Equilibrium will be re-established by again talking about transfer of energy through both balls into the squash ball. The different extensions will create more disequilibrium for the students which will allow them to explore and learn more about the topic.
Equipment, Safety Concerns

Refer to the materials for the equipment used. The safety concerns for this discrepant event are moderate. The teacher should tell the students to be watching the balls in case one shoots off towards the students however unlikely this possibility is. The teacher should also be watchful of where the racquetball and squash balls go when they are put on top of the basketball. They may shoot into the ceiling and then towards students and caution should be taken.
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