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Conservation of Momentum
EQUIPMENT: 

	Computer
	Dynamics Track with end stops

	USB Links or  Power Link
	Dynamics Cart with Mass bar

	2 Photogates with track mounting brackets
	Collision Cart with Mass bar

	1 Digital Adapter
	2 Picket fences to mount on carts


INTRODUCTION:
Momentum, 
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, is a vector quantity that is in the direction of the velocity.  The magnitude of the momentum of an object can be calculated by multiplying the mass of the object by its speed: 
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.  The total momentum of more than one object is the vector sum of the individual momenti.

PURPOSE:
The purpose of this lab is to verify the Law of Conservation of Momentum.  The law states that for a closed system, the total momentum remains the same.  A closed system is one where no forces enter or leave the system.  Three situations will be examined:

I.   Two carts moved apart by the action of a compressed spring (plunger).  A compressed spring is an internal force, and the action of the spring cannot change the total momentum of the system.  Since the total momentum is zero before the spring is released, the total vector sum must be zero after the spring is released.  The vector sum can only be zero if the carts move in opposite directions with equal magnitudes of momentum.  The magnitudes will be compared to find the percent difference between them.

II.  A collision between two carts that do not stick together after colliding.  A moving cart collides with a stationary cart.  The carts do not stick together after colliding.  To verify the conservation of momentum in this situation, the total momentum of the two carts before and after the collision will be compared.

III. A collision between two carts that stick together after colliding. A moving cart collides with a stationary cart.  The carts stick together after colliding.  To verify the conservation of momentum in this situation, the total momentum of the two carts before and after the collision will be compared.

Important Note:  It really does not matter which cart is labeled 1 or 2; the important point is to keep track of which cart is 1 and which is 2.  Confusion will be eliminated if the cart moving before the collision is plugged into port 1 on the digital adapter and the stationary cart is plugged into port 2.  This will be the convention followed for Part II and Part III.  
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PROCEDURE:
1. Open the computer file “Conservation of Momentum” before connecting the digital adapter to the computer By double left clicking on the Datastudio icon on the desktop. When the program opens, click Open Activity.  From the ASIM folder, open the file “Conservation of Momentum.” Two tables should open; one for photogate one and a second for photogate two.  

2. Level the track by setting a cart on the track to see which way it rolls.  Adjust the leveling screw at the end of the track to raise or lower that end until a cart placed at rest on the track will not move.
3. Connect the photogates to the digital adapter such that photogate 1 is connected to slot one of the digital adapter and photogate 2 is connected to slot two.  Connect the digital adapter to the USB link and plug the USB link into the computer.

4. Position the photogates at the 40 and 80 cm marks on the track. Test which photogate is sending data to which table by taking sample data.  Press the START button, then use your hand to roll one of the carts through photogate one.  Make sure the data appears in table one.  Otherwise, adjust as needed.

5. Put a picket fence on each cart with the 2.5cm band at the top. The picket fences should be on the far side of the cart to provide easier access to the plunger release. Adjust the height of the photogate so the 2.5 cm band on the picket fence will block the photogate beam.
6. Record the mass in kg of your carts, mass bars and picket fences in your data table.
Note:  ALWAYS position the carts on the track so that the explosion or collision occurs at the 60 cm mark.  In other words, make sure the carts make contact at the 60 cm mark.  This will allow both carts to pass through their respective photogates as soon as the “event” occurs.  

Each of the following situations will include 2 cases. Each case should be performed twice (Trial 1 and Trial 2). Reminder: If (+) represents the velocity of an object moving to the right, then an object moving to the left would be considered (-).

Situation I:  Exploding Carts

1. Depress the plunger on the Dynamics Cart.  Set both carts together in the middle of the track and position the two photogates so that the picket fences will pass through the photogates just after the carts separate.  Click START on the computer and gently “pop” the plunger release button until the carts separate.  After the carts pass through the photogates, press stop. Write your velocities in your data table.


Case 1:  No additional mass in either cart.



Case 2:  One mass bar in one of the carts (does not matter which cart).

Situation II:  Carts that do not stick together when a moving cart collides with a stationary cart

2. Arrange the carts so that the magnetized end of one cart will face the magnetized end of the other cart.  Place the “stationary” cart between the 2 photogates.  Click START and gently push the “moving” cart through the first photogate so that it will strike the “stationary” cart after it clears the first photogate.  Press Stop and write your velocities in your data table.  


Case 1:  No additional mass in either cart.



Case 2:  One mass bar in the “stationary” (center) cart.

Situation III: Carts that stick together when a moving cart collides with a stationary cart.

3. Arrange the carts so that the velcro ends are facing each other. (Note: You will need to depress the plunger on the plunger cart).   Place the “stationary” cart between the 2 photogates.  Click START and gently push the “moving” cart through the first photogate so that it will strike the “stationary” cart after it clears the first photogate.  Press Stop and write your velocities in your data table.  


Case 1:  No additional mass in either cart.

Case 2:  One mass bar in the “stationary” (center) cart.

ANALYSIS:

Calculate the momentum of both carts for each case and trial using the data collected in the table.  Note that the prime or apostrophe indicates a cart velocity or momentum AFTER the collision occurred.

Name:

Period ______  
Partner’s Name:

Date: 


Conservation of Momentum

QUESTIONS:
1.  State the Law of Conservation of Momentum.  Are you convinced that the Law of Conservation of Momentum holds based on your findings in this experiment?

2.  Did you have any % differences greater that 5%?  What factors could explain a large percent difference between the momentum before an event and after an event? Can you think of ways to reduce this error?
3.  What effect did adding the 500 gram mass bar have on the velocity of the loaded cart?  

4.
If the concept of mechanical energy has been covered in your class, calculate and compare the initial and final kinetic energy of the carts in each situation and discuss whether mechanical energy is conserved. If it is not, can you explain what happened?

Data Tables: Record Mass in Kg and Velocity in m/s
Name:
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Conservation of Energy Extension:
An elastic collision is one in which the total kinetic energy of the system is the same before and after the collision.  Calculate the total kinetic energy of the system before and after the collision for all trials in Situation II and Situation III.  Record your calculations in Data Table I.  Which collision(s) are nearly elastic?

DATA TABLE:
	
	
	
	Kinetic Energy


	

	
	
	
	Before 
	After
	Nearly Elastic?

	Situation II
	Case 1
	Trial 1
	___________
	___________
	___________

	
	
	Trial 2
	___________
	___________
	___________

	Situation II
	Case 2
	Trial 1
	___________
	___________
	___________

	
	
	Trial 2
	___________
	___________
	___________

	Situation III
	Case 1
	Trial 1
	___________
	___________
	___________

	
	
	Trial 2
	___________
	___________
	___________

	Situation III
	Case 2
	Trial 1
	___________
	___________
	___________

	
	
	Trial 2
	___________
	___________
	___________


QUESTION:
1. Were any collisions nearly elastic?  Explain using your results.
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