Name: _________________________   Date: ____________   Period: ______

Momentum Change and Collision Forces Lab
What’s Your Intuition?

You are sleeping in your sister’s room while she is away at college. Your house is on fire and smoke is pouring into the partially open bedroom door. The room is so messy that you cannot get to the door. The only way to close the door is to throw either a blob of clay or a super ball at the door—there’s not enough time to throw both.

· Prediction 1 (Put in comp book): Assuming that the clay blob and the super ball have the same mass, which would you throw to close the door—the clay blob (which will stick to the door) or the super ball (which will bounce back with almost the same speed it had before it collided with the door)? Give reasons for your choice, using any notions you already have or any new concepts developed in physics such as force, momentum, Newton’s laws, etc. Remember, your life depends on it!

Observing the Wallop:

Let’s check out your intuition by using a ball as a pendulum to hit a wood block (a short length of 2 x 4). To do this you need to attach a bouncy super ball (known as a “live ball”) to a string, and then pull the ball back just far enough to knock over the block when you let it go. Next you can hit the block in the same way with a clay blob (or “dead ball”) attached to a string. We can associate the force exerted on the block by the balls with the force a thrown ball can exert on a door. We would like to investigate how these forces exerted by the live and dead balls are related to their momentum changes. To do these observations you’ll need the following: 
Materials: 

· One live ball with string attached with scotch tape (of mass m)

· One dead ball with string attached (also mass m)

· One right angle clamp

· 2 rods – one which fits into the specially drilled holes in the table

· One string

· One meter stick

Testing the Wallop of a Super Ball:

Put the live ball and the clay ball on the rod at the same time. Attach them with loops so they can slide sideways on the rod and also so that their centers are the same distance from the rod they are hanging from. Make the length of the string so that the ball hits close to the top of the wooden block. Sliding the clay ball aside drop the live ball from a sufficient height so that as it swings down it just barely knocks the block over. Then move the clay ball into the same position as the live ball was and release the dead ball from exactly the same height. Describe what happens.

· Question 1: How good was your intuition?

____________________________________________________________

It would be nice to be able to use Newton’s formulation of the second law of motion to find collision forces, but it is difficult to measure the rate of change of momentum during a rapid collision without special instruments. However, measuring the momenta of objects just before and just after a collision is usually not too difficult. This led scientists in the seventeenth and eighteenth centuries to concentrate on the overall changes in momentum that resulted from collisions. They then tried to relate changes momentum to the forces experienced by an object during a collision. In the next activity you are going to explore the mathematics of calculating momentum changes.

· Question 2: Which object undergoes the most momentum change during the collision with a door—the clay blob or the super ball? Explain your reasoning carefully.
Formal Calculations of Momentum Changes:

Let’s check your reasoning with some formal calculations of the momentum changes for both inelastic and elastic collisions. This is a good review of the properties of one-dimensional vectors. Recall that momentum is defined as a vector quantity that has both magnitude and direction. Mathematically, momentum change is given by the equation:




(p = pf-pi = final momentum-initial momentum
Calculating 1D Momentum Changes:

1. Question 1: Suppose the dead ball hits the wooden block and “sticks” in such a way that it has an initial momentum just before it hits the wooden block in the negative x-direction. Express the final momentum of the dead ball vector notation.

pf=? 

2. Question 2: What is change in momentum of the clay blob as a result of its collision with the clock? Use the same type of vector notation to express your answer. 

(p = ?
3. Question 3: Supposed that a live ball hits the wooden block and bounces off so that the speed just before, and just after, are the same. What is the final momentum of the ball using vector notation? Hint: what direction does the final p vector face? (+x or –x axis?)

pf=? 

4. Question 4: What is the change in momentum of the ball as a result of the collision? 
(p = ?
5. Question 5: The answer from 4 is NOT zero. Why? How does this result compare with your prediction?

6. Question 6: Measure the mass of each of your balls. (They should be the same). Use the conservation of mechanical energy to determine the velocity of the ball just before it hits the block (KE at that point is at a maximum, PE is zero). Calculate the momentum just before the collision. Calculate the momentum just after the collision. Summarize your results in the following table. Show calculations for the speed of the balls right before the collision in your comp book.
	
	Mass (kg)
	Initial Velocity (m/s)
	Final Velocity (m/s)
	Initial Momentum (kg*m/s)
	Final Momentum (kg*m/s)
	Change in Momentum (kg*m/s)

	Live Ball
	
	
	
	
	
	

	Dead Ball
	
	
	
	
	
	


Applying Newton’s 2nd Law to the Collision Process:
The Egg Toss:

Suppose somebody tosses you a raw egg and you catch it. In physics jargon, one would say that the egg has undergone an ‘inelastic collision.’ Would you try to catch this egg slowly? Or fast? 

Question 1: If you catch an egg of mass m that is heading towards your hand at speed v, what is the magnitude of the momentum change it undergoes?

Question 2: Does the total momentum change differ if you catch the egg more slowly, or is it the same?

Question 3: Suppose the time you take to bring the egg to a sharp stop is (t; would you rather catch the egg in a way that makes (t small or large? Why?

Question 4: What do you suspect might happen to the average force you exert on the egg while catching it when t is small?

Question 5: What is newton’s 2nd Law? Can you find a way to apply Newton’s second law to tie it to the concept of momentum? (Hint: separate the SI units to try to figure out a way to make an equation with Newton’s 2nd law and momentum. 

Question 6: What does the above equation suggest about the amount of force applied to an object in a collision? Discuss both an increased and decreased amount of time. 

