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Virtual Lab: Conservation of Linear Momentum
Student Guide
)Pre-Lab Information
Purpose	Explore the conservation of linear momentum using a virtual simulation.
Time	Approximately 45 minutes
Question	How does changing mass affect colliding objects?
Hypothesis	If the total mass of two colliding carts is increased, then the final velocity of the carts decreases, because mass and velocity determine momentum and momentum is conserved during an inelastic collision.
Variables	Independent Variable: total mass
Dependent Variable: final velocity
Summary	In this lab, you will explore how momentum is conserved by generating inelastic collisions between carts. The law of conservation of momentum requires that the total momentum in the system must remain the same, or be conserved, even though mass or velocities of moving objects in a system may change.
In order to explore momentum, you will use a virtual air track and gliders with variable masses and velocities to observe collisions. The collisions will take place under different conditions, and allow you to verify that momentum is conserved in inelastic collisions.

Since momentum is given by the relationship

p = mv

where p is the momentum, m is mass in kg, and v is velocity in m/s, increasing mass will require a decrease in velocity for momentum to remain constant. Likewise, maintaining total momentum while increasing velocity would require a decrease in mass. The law of conservation of momentum requires that mass and velocity have an inverse relationship in order for momentum before and after a collision to be constant.

Here are the two inelastic collisions you will set up using the simulation:

1. Inelastic collision: one cart moving, one cart stationary
2. Inelastic collision: both carts moving

For each type of collision, you will perform three trials in which the mass of the second cart is varied (increased).
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Step 1:	Open the simulation.

a) Be sure to follow all the directions provided in the lab guide as well as on screen during the virtual lab.

b) Open the Gizmo “Air Track,” and familiarize yourself with the controls. Locate the sliders for setting mass, velocity, and elasticity in particular.

c) Once you have identified the key controls, continue to Step 2 for the experimental setup.
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Step 2:	Produce inelastic collisions with one glider moving, one glider stationary (Scenario A).
a) Since the Gizmo is a virtual air track, it is important to note that the carts are called “gliders.” The gliders will be referred to as G1 and G2.
b) Set the Elasticity to 0. Click the checkboxes next to Glider 1, Glider 2, Show velocity vectors, Show momentum vectors, and Show total momentum.
c) Adjust the mass of the gliders to 0.5 kg using the sliders. Position G1 at the left end of the track, and G2 at the 6 meter mark.
d) Record the masses of G1 and G2 in Table A. Calculate and record the combined mass of the gliders as well.
e) Adjust the velocity of glider 1 (G1) to 3.0 m/s, and glider 2 (G2) to 0. Record the initial velocity and momentum of each glider in Table A as well.
f) Press the play button and observe the collision. Immediately after the collision, press the pause button. Record the post-collision velocity and the momentum of the gliders in Table A.
g) Run another trial by clicking the reset button. Adjust the mass of G2 to 0.8 kg. Keep the other parameters the same. Record masses, velocities, and momentums as you did in Steps 2d–e, this time in Table B. Run the simulation, pausing after the collision to record post- collision velocity and momentum of the gliders in Table B.
h) Repeat Step 2f to run a third trial where the mass of G2 is increased to 1.2 kg. Record masses, velocities, and momentum both before and after the collision in Table C.
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Step 3:	Produce inelastic collisions with both gliders moving (Scenario B).
a) Click on the reset button. Adjust the glider masses back to 0.5 kg. Reposition the gliders with G1 on the left end of the track, and G2 on the right end, since both gliders will have an initial velocity moving toward each other for the collision. The exact position of each is not important, as long as they can collide near the middle.

b) Record the masses of G1 and G2 in Table D. Calculate and record the combined mass of the gliders as well.
c) Set the velocities to 3.0 m/s for G1, and –3.0 m/s for G2. Record the initial velocity and momentum of each glider in Table D as well.
d) Press play to run the trial. After the collision, press pause to record velocity and momentum data for the combined gliders in Table D.
e) Run a second trial. Click the reset button and change the mass of G2 to 0.8, and keep the other parameters the same. Record masses, velocities, and momentums as you did in Steps 3b–c, this time in Table E. Run the simulation, pausing after the collision to record post- collision velocity and momentum of the gliders in Table E.
f) Repeat Step 3e to run a third trial where the mass of G2 is increased to 1.2 kg. Record masses, velocities, and momentum both before and after the collision in Table F.

Step 4:	Compare values for momentum.
a) In each Table, find the momentum for each glider prior to the collision and for the combined mass after the collision. Momentum is calculated by using the formula
p = mv
where p is the momentum, m is mass in kg, and v is velocity in m/s. Compare the total momentum of the gliders both before and after the collisions within each trial of Scenarios A and B. Are they the same? Why? If they are different, why would this be? Once you have considered results in each trial, compare the results between the scenarios. Use the space in Table G to record your observations and explanations, which will be helpful later in the reflection assignment.
Step 5:	Compare velocities before and after the collisions.
a) Compare the velocities of the gliders in all trials, before and after the inelastic collisions. Given that momentum is the product of mass and velocity, how did velocities change? If masses were combined through inelastic collisions, yet momentum was conserved, how would you expect the velocity to change? Record your observations in Table H, in preparation for the reflection assignment.
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Record your data either in your lab notebook or in the tables below.
Scenario A: One Glider Moving, One Glider Stationary Table A
	
Trial 1
	Before Collision
	After Collision

	
	G1
	G2
	G1 + G2

	m
(kg)
	
	
	

	v
(m/s)
	
	
	

	p
(kg ∙ m/s)
	
	
	


Table B

	
Trial 2
	Before Collision
	After Collision

	
	G1
	G2
	G1 + G2

	m
(kg)
	
	
	

	v
(m/s)
	
	
	

	p
(kg ∙ m/s)
	
	
	


Table C

	
Trial 3
	Before Collision
	After Collision

	
	G1
	G2
	G1 + G2

	m
(kg)
	
	
	

	v
(m/s)
	
	
	

	p
(kg ∙ m/s)
	
	
	




Scenario B: Both Gliders Moving Table D
	
Trial 1
	Before Collision
	After Collision

	
	G1
	G2
	G1 + G2

	m
(kg)
	
	
	

	v
(m/s)
	
	
	

	p
(kg ∙ m/s)
	
	
	




Table E

	
Trial 2
	Before Collision
	After Collision

	
	G1
	G2
	G1 + G2

	m
(kg)
	
	
	

	v
(m/s)
	
	
	

	p
(kg ∙ m/s)
	
	
	


Table F

	
Trial 3
	Before Collision
	After Collision

	
	G1
	G2
	G1 + G2

	m
(kg)
	
	
	

	v
(m/s)
	
	
	

	p
(kg ∙ m/s)
	
	
	


 (
Comparison of Momentum before and after the Collisions
)Table G
Table H
 (
Comparison of Velocities before and after the Collisions
)
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