Momentum Collisions


The collision of two carts on a track can be described in terms of momentum conservation. If there is no net external force experienced by the system of two carts, then we expect the total momentum of the system to be conserved. This is true regardless of the force acting between the carts. 


objectives


Observe collisions between two carts, testing for the conservation of momentum.


Materials


Windows PC�
dynamics cart track�
�
LabPro Interface 


Logger Pro�two Vernier Motion Detectors �
two low-friction dynamics carts with magnetic and Velcro™ bumpers


Excel sheet (on web site)


�
�
[Carts without a plunger have magnets in both ends]


[Carts with plungers (marked) magnetic have magnets in end opposite plunger]


[Each team needs two magnetic and 1 plunger cart]


	


Preliminary questions


1.	Consider a head-on collision between two billiard balls. One is initially at rest and the other moves toward it. Sketch a position vs. time graph for each ball, starting with time before the collision and ending a short time afterward. 


2.	Is momentum conserved in this collision? 


Procedure


1.	Measure the masses of your carts and record them in your data table. Label the carts as cart 1 and cart 2.


2.	Set up the track so that it is horizontal. Test this by releasing a cart on the track from rest. The cart should not move.


3.	Practice creating gentle collisions by placing cart 2 at rest in the middle of the track, and release cart 1 so it rolls toward the first cart, magnetic bumper toward magnetic bumper. The carts should smoothly repel one another without physically touching.


4.	Place a Motion Detector at each end of the track, allowing for the 0.15 m minimum distance between detector and cart for black motion sensor and 0.4 m for blue motion sensor. Connect the Motion Detectors to DIG/SONIC 1 and DIG/SONIC 2 of the LabPro Interface.


5.	Open the file in the Experiment 19 folder of Physics with Computers. Logger Pro will be set up to collect data from two Motion Detectors, plotting distance vs. time and velocity vs. time.


6.	Place one cart in the center of the track. Keep your hands clear of the carts and click�. Click on All Sensors to zero both Motion Detectors. Click � to begin taking data. Push one cart into the cart at rest. Use the position graphs to verify that the Motion Detectors can track each cart properly throughout the entire range of motion. You may need to adjust the position of the cart at rest.


Part I: Magnetic Bumpers – One Cart at Rest


7.	Position the carts so the magnetic bumpers are facing one another. Place the stationary cart in the center of the track. Zero the sensors. Click � to begin taking data. Push one cart into the other. Make sure you keep your hands out of the way of the Motion Detectors after you push the cart.


8.	From the velocity graphs determine the velocity just before and just after the collision for each cart. Enter the four values in the data table. Be sure to save each run.


9.	Complete an additional trial for each partner.


Part II: Magnetic Bumpers – Both Carts Moving Towards Each Other


10.	Position each cart as close as reasonable to the sensor nearest it. Zero the sensors. Click � to begin taking data. Push each cart toward the other. Collect and record data as indicated in 8 and 9.


Part III: Velcro Bumpers – One Cart at Rest


11.	Position the carts so Velcro bumpers are facing one another. The end of one of the carts must not have a magnetic end (cart with plunger). Place the stationary cart in the center of the track. Zero the sensors. Click � to begin taking data. Push one cart into the other. Make sure you keep your hands out of the way of the Motion Detectors after you push the cart. Collect and record data as indicated in 8 and 9.


Part IV: Velcro Bumpers – Both Carts Moving Towards Each Other


12.	Position each cart as close as reasonable to the sensor nearest it. Zero the sensors. Click � to begin taking data. Push each cart toward the other. Collect and record data as indicated in 8 and 9.


Part V: Explosion


13.	Position the carts so that the plunger end is facing the other cart. Push the plunger into the cart and lock it. Place the carts in the center of the track with the plunger end touching the other cart. Zero the sensors. Click � to begin taking data. Tap the plunger so that the explosion takes place. Collect and record data as indicated in 8 and 9.


Part IV: Collision – Both Carts Moving Towards Each Other, Plunger Extended.


14.	With the plunger sticking out of the cart, position each cart as close as reasonable to the sensor nearest it. Zero the sensors. Click � to begin taking data. Push each cart toward the other. Collect and record data as indicated in 8 and 9.














Data Table


Mass of cart 1 (kg)�
Mass of cart 2 (kg)�
�
�
�
�
�
�
�
Interaction�
Velocity of cart 1 before collision��
Velocity of cart 2 before collision��
Velocity of cart 1 after collision��
Velocity of cart 2 after collision��
�
�
(m/s)�
(m/s)�
(m/s)�
(m/s)�
�
Magnetic – one cart at rest�
�
�
�
�
�
Magnetic – both moving�
�
�
�
�
�
Velcro – one cart at rest�
�
�
�
�
�
Velcro – both moving�
�
�
�
�
�
Explosion�
�
�
�
�
�
Plunger – both moving�
�
�
�
�
�



Analysis


1.	For each of the five runs, determine the momentum (mv) of each cart before the collision and after the collision. Next determine the change in momentum of each. Compare the change in momentum of mass two to that of mass one by determining the percent of difference. You will need to set up the Excel spreadsheet and let it do the calculations for you. 


2.	Determine the total momentum before and after the collision. Compare the two values by determine the percent of change. 


3.	If the total momentum for a system is the same before and after the collision, we say that momentum is conserved. If momentum were conserved, how should they compare?


5.	For your five runs, inspect the percentage difference. Even if momentum is conserved for a given collision, the values may not be exactly the same before and after due to measurement uncertainty. The value should be close to zero, however. Is momentum conserved in your collisions? 


Extensions


1.	Consider other combinations of cart mass by adding weight to one cart. Is momentum conserved in these collisions? 


2.	Perform the momentum calculations using the spreadsheet.
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