
Models of Motion – Fall, 2014-15 
    
Lab 6: Measuring Momentum in 1 diMension 
 
Goals: Improve communication, teamwork capacities, observational skills, and record-keeping; Explore momentum conservation in 1D.  
 
Equipment: 2 meter track + feet + end stops + etc (should be set up); low friction carts: one blue and one red; masses: 2 silver or 1 black. 
 
Groups & Lab Notebook: Groups of 3 for observations and analysis. Update Table of Contents. General Lab Notes guidelines. 
 
Sticking Collisions Observations: 
In this series, two carts on low friction tracks will collide and stick together. These kinds of sticking collisions are also 
called perfectly inelastic. This will be achieved by having the Velcro ends of the carts oriented towards each other so 
that after any interaction, they stick together. Don’t have any collisions be very violent – gentle collisions are 
best. You might find it hard to get the carts to move towards each other at the same speed when directed. This 
doesn’t have to be exact, but they should move towards each other with similar speeds. Practice a few times, and 
repeat as needed. 
 
Scenario A: Equal masses, one cart stationary, sticking collision. Place the red cart (mass m) so that it is 
stationary on the track. Gently push and release the blue cart (mass m) so that it moves to the right at speed vi and 
collides with the stationary red cart. The blue cart and red cart should stick together and move together after the 
collision at some speed vf. Draw before and after pictures for this scenario, including labels for the carts and 
indicating m, vi, and vf. Draw the relative lengths of the velocity vectors to be qualitatively accurate (in other 
words, longer arrows mean moving faster, shorter arrows mean moving slower). 
 
Scenario B: Unequal masses, more massive cart stationary, sticking collision. Add mass to the red cart (either 
two silver masses or one black mass) so that its mass is 3m. Place the red cart with extra mass so that is stationary 
on the track. Gently push and release the blue cart (mass m) so that it moves to the right at speed vi and collides with 
the stationary red cart (note: this vi should be about the same as before, but doesn’t need to be exact). The blue cart 
and red cart should stick together and move together after the collision at some speed vf (not necessarily the same as 
in the previous scenario). Draw before and after pictures for this scenario, including labels for the carts and 
indicating m, 3m, vi, and vf. Draw the relative lengths of the velocity vectors to be qualitatively accurate. 
 
Scenario C: Unequal masses, more massive cart moving, sticking collision. Add mass to the blue cart so that its 
mass is 3m. Place the red cart (mass m) so that is stationary on the track. Gently push and release the blue cart with 
extra mass so that it moves to the right at speed vi and collides with the stationary red cart (note: this vi should be 
about the same as before, but doesn’t need to be exact). The blue cart and red cart should stick together and move 
together after the collision at speed vf (not necessarily the same as the previous scenario). Draw before and after 
pictures for this scenario, including labels for the carts and indicating m, 3m, vi, and vf. Draw the relative 
lengths of the velocity vectors to be qualitatively accurate. 
 
Scenario D: Unequal masses, both carts moving about same speed, sticking collision. Add mass to the blue 
cart so that its mass is 3m. Gently push and release the blue cart (mass 3m) so that it moves to the right at speed vi 
and collides with the red cart (mass m) moving to the left at about the same speed vi. The blue cart and red cart 
should stick together and move together after the collision at some speed vf. Draw before and after pictures for this 
scenario, including labels for the carts and indicating m, 3m, vi, vi, and vf. Draw the relative lengths of the 
velocity vectors to be qualitatively accurate. 
 
Scenario E: Equal masses, both carts moving at different speeds, sticking collision. Gently push and release 
the blue cart (mass m) so that it moves to the right at speed vB,i and collides with the red cart (mass m) moving to the 
left at speed vR,I; have the blue cart move faster than the red cart. The blue cart and red cart should stick together 
and move together after the collision at some speed vf. Draw before and after pictures for this scenario, including 
labels for the carts and indicating m, vB,i, vR,i, and vf. Draw the relative lengths of the velocity vectors to be 
qualitatively accurate. 
 
Scenario F: Unequal masses, both carts moving with massive car moving faster, sticking collision. Add mass 
to the red cart so that its mass is 3m. Gently push and release the blue cart (mass m) so that it moves to the right at 
speed vB,i and collides with the red cart (mass 3m) moving to the left at speed vR,I; have the red cart move faster 
than the blue cart. The blue cart and red cart should stick together and move together after the collision at some 
speed vf. Draw before and after pictures for this scenario, including labels for the carts and indicating m, 3m, 
vB,i, vR,i, and vf. Draw the relative lengths of the velocity vectors to be qualitatively accurate. 
 
 

 



 
Bouncing Collisions Observations: 
In this series, the carts will collide and bounce off each other. This will be achieved by having magnet ends oriented 
towards each other so that after the collision they don’t stick together.  
 
Scenario G: Equal masses, one cart stationary, bouncing collision. Place the red cart (mass m) so that is 
stationary on the track. Gently push and release the blue cart (mass m) so that it moves to the right at speed vi and 
collides with the stationary red cart (mass m). The blue cart and red cart should bounce and move separately after the 
collision, with the blue cart moving at vB,f (though you might note something interesting about vB,f) and the red cart 
moving at vR,f. Draw before and after pictures for this scenario, including labels for the carts and indicating m, 
vi, vB,f, and vR,f. Draw the relative lengths of the velocity vectors to be qualitatively accurate. 
 
Scenario H: Unequal masses, more massive cart stationary, bouncing collision. Add mass to the red cart so 
that its mass is 3m. Place the red cart with extra mass so that is stationary on the track. Gently push and release the 
blue cart (mass m) so that it moves to the right at speed vi and collides with the stationary red cart (mass 3m). The 
blue cart and red cart should bounce and move separately after the collision, with the blue cart moving at vB,f (though 
you might note something interesting about vB,f) and the red cart moving at vR,f. Draw before and after pictures for 
this scenario, including labels for the carts and indicating m, 3m, vi, vB,f, and vR,f. Draw the relative lengths of 
the velocity vectors to be qualitatively accurate. 
 
Scenario I: Unequal masses, more massive cart moving, bouncing collision. Add mass to the blue cart so that 
its mass is 3m. Place the red cart (mass m) so that is stationary on the track. Gently push and release the blue cart 
(mass 3m) so that it moves to the right at speed vi and collides with the stationary red cart (mass m). The blue cart 
and red cart should bounce and move separately after the collision, with the blue cart moving at vB,f and the red cart 
moving at vR,f. Draw before and after pictures for this scenario, including labels for the carts and indicating m, 
3m, vi, vB,f, and vR,f. Draw the relative lengths of the velocity vectors to be qualitatively accurate. 
 
Scenario J: Equal masses, both carts moving at about same speed, bouncing collision. Gently push and 
release the blue cart (mass m) so that it moves to the right at speed vi and collides with the red cart (mass m) moving 
to the left at about the same speed vi. The blue cart and red cart should bounce and move separately after the 
collision, with the blue cart moving at vB,f and the red cart moving at vR,f. Draw before and after pictures for this 
scenario, including labels for the carts and indicating m, vi, vB,f, and vR,f. Draw the relative lengths of the 
velocity vectors to be qualitatively accurate. 
 
Scenario K: Unequal masses, both carts moving at about same speed, bouncing collision. Add mass to the red 
cart so that its mass is 3m. Gently push and release the blue cart (mass m) so that it moves to the right at speed vi 
and collides with the red cart (mass 3m) moving to the left at about the same speed vi. The blue cart and red cart 
should bounce and move separately after the collision, with the blue cart moving at vB,f and the red cart moving at vR,f 
(though you might note something interesting about vR,f). Draw before and after pictures for this scenario, 
including labels for the carts and indicating m, vi, vB,f, and vR,f. Draw the relative lengths of the velocity 
vectors to be qualitatively accurate. 
 
 
 
Mystery Scenarios: 
 
Mystery Scenario I: Consider a collision between a light cart and a massive cart that are both moving (relative to the 
track). Can you have a collision such that the massive cart comes to rest after the collision? Why or why not? 
 
Mystery Scenario II: Consider a collision between two carts of similar mass that are moving towards each other at 
about the same speed. Can you have a collision such that the carts move away from each other faster than they were 
moving towards each other? Why or why not? 
 
 

After discussing the Mystery Scenarios in your group,  
call Krishna or Diane over for discussion and demonstration. 

 
 
  



 
Analysis:  
 
a) Consider Scenario A. Explain why you can treat the momentum of the carts as conserved. Use your before and 
after diagrams and conservation of momentum to show that vf = ½ vi. 
 
b) Consider Scenario B. Use your before and after diagrams and conservation of momentum to show that vf = ¼ vi. 
 
c) Consider Scenario C. Use your before and after diagrams and conservation of momentum to show that vf = ¾ vi. 
 
d) Consider Scenario D. Use your before and after diagrams and conservation of momentum to show that vf = ½ vi. 
 
e) Consider Scenario E. Use your before and after diagrams and conservation of momentum to explain why the stuck-
together carts move to the right after the collision. 
 
f) Consider Scenario F. Use your before and after diagrams and conservation of momentum to explain why the stuck-
together carts move to the left after the collision. 
 
g) Consider Scenarios G – K. Why is a momentum analysis more complicated in these scenarios (compared to the 
sticking collisions?) Are you able to determine the final velocities of each cart in terms of the initial velocities (and cart 
mass) like you could in Scenarios A – D? Why or why not? 
 

Checkpoint: At this point, pause, review, and make sure everyone in your group understands the analysis. 
 
At this point, each student should work on her/his own individual computer, though you are welcome to 
consult with your lab partners as needed. If you have a laptop with LoggerPro, use that (if you can’t access 
the program file share, consult with Krishna). If you need to share a lab computer, make sure there are no 
more than 2 people at the computer, and make sure you take turns so each of you completes one part of the 
quantitative analysis, with one goal being to support each other to learn and use the software. 
 
In the program share, Handouts: Lab 6, you will find a series of LoggerPro files that correspond to the scenarios you 
observed. Copy the files to a usefully named folder in your Workspace. The data was collected using two motion 
detectors, one aimed at the red cart (Position 1 data, in red) and one aimed at the blue cart (Position 2 data, in blue). 
Each file shows the position vs. time graph for the motion of the carts before, during, and after the collision described 
in the corresponding scenario. 
 
1) How do you determine velocity from a position vs. time graph? How do you get that information in LoggerPro? 

2) Choose a Sticking Collision scenario you found interesting or surprising or that would give you the best practice 
with momentum conservation problem solving. Examine the graph, and identify regions just before the collision, 
the collision event, and just after the collision. Adjust the graph to show individual points. Highlight 3 or 4 
points just before the collision, and determine the velocity of each cart (keep track of signs). Highlight 3 or 4 points 
just after the collision and determine the velocity of the (combined) carts. Make sure not to include the actual 
collision time. 

3) Determine the momentum of each individual cart before and the combined cart after the collision. Note that m = 
250 g (approximately). Make sure to keep track of the sign of each momentum. 

4) Compare the total momentum before the collision to the total momentum after the collision. Note that the low 
friction carts are not friction-less. Given that, are your results broadly consistent with conservation of momentum? 

5) Choose a Bouncing Collision Scenario you found interesting or surprising, and repeat the above analysis. Is your 
analysis broadly consistent with conservation of momentum? 

6) We (should have) discussed earlier in this lab that for bouncing collisions, momentum conservation was 
insufficient to determine the final velocity of each cart in terms of the initial velocities (and cart masses). However, 
the bouncing collisions observed in today's investigation can be treated as nearly perfectly elastic, since the 
magnets act as nearly perfect springs. Using your results from the Bouncing Collision Scenario you just analyzed, 
do you find that your results are broadly consistent with the claim that this collision is nearly perfectly elastic? 

 
  



 
Extensions: 
The following computer simulation allows you to reinforce and extend your hands-on experience and 
analysis from today’s lab. 
 
Find the Collision Lab at http://phet.colorado.edu/en/simulation/collision-lab. Click on the green Run Now! button. 
Ignore or accept any error messages or warnings. From the Collisions Lab description “Use an air hockey table to 
investigate simple collisions in 1D and more complex collisions in 2D. Experiment with the number of discs, masses, 
and initial conditions.” An air hockey table is a horizontal surface that blows air at a constant rate and lifts air hockey 
pucks slightly above the surface of the table. The effect is to drastically reduce any frictional forces in the horizontal 
plane; in this simulation, friction is neglected entirely so that the only interactions to consider are between the pucks; 
the point of view is a bird’s eye view (a view from above). 
 
Make sure you begin in the Introduction tab (that should come up automatically).  
 
In this version, the pucks can only move to the right or to the left. You should see that the red puck 1 has velocity 
pointing to the right and that green puck 2 is stationary. You can also see that the mass of red puck 1 is 0.5 kg and 
green puck 2 is 1.5 kg (the relative sizes of the pucks also indicate which is more massive). You can see More Data 
(and change the parameters as well) using the yellow More Data button. You can increase the Sim Speed. There are 
a number of check boxes you can check on or off. The only thing I recommend you not play around with yet is the 
Elasticity slider bar; for now, leave it at 100%. If you’d like, feel free to play with this later. There are also Play, Back, 
Step, and Restart controls (Restart can be a little buggy; it sometimes doesn’t exactly re-set back to the initial 
condition), as well as a Reset All button. 
 
Begin just by hitting Play and observing the collision. What do you notice? Watch again as needed. 
 
Now, play around, and see what turning on and off the various checkboxes does, and what changing the various 
parameters for mass and velocity does (make sure to figure out how to make things move left, for example).  
 
Play around with different initial conditions, adjusting the mass and velocity of one or both pucks, and observe the 
resulting collisions. You are welcome to play haphazardly or to play systematically, but play enough to get a sense of 
the kinds of collisions you can achieve. 
 
See if you can reproduce the collisions you observed in today’s lab. 
 
After playing around with 100% elastic, make it only partially elastic, or even totally inelastic, and play around some 
more.  
 
Make sure to note down for future reference the parameters associated with the collisions you personally find most 
interesting (and perhaps describe why you found that collision interesting).  
 

http://phet.colorado.edu/en/simulation/collision-lab

