Studio Physics I

Activity 06 – Conservation of Momentum in Two Dimensions

Observations:

Go to your Physics I data folder and double-click on the file Collision.xmbl.  Alternatively, you can download the files you need from the Physics I web site on the Activities page.

1. We will analyze the X and Y motions of two pucks on an air hockey table.  We will track the blue puck on the upper left first.  Click on the “Add Points” icon and the “Toggle Trails” icon.  Advance the movie to the second frame, the one after the title frame.  Click on the center of the blue puck and the frame will automatically advance.  The blue puck should be stationary until the green puck hits it.  You will take a total of 15 data points.

2. Next, click on the “Set Active Point” icon just over the “Toggle Trails” icon.  You will now collect position data for the green puck.  Rewind the movie to the beginning and advance again to the second frame.  Repeat the procedure in step 1 for the green puck.  You should have a table of position values for both pucks.  You do not need to copy the table into your laboratory notebook.

3. Switch the "Analyze": page.  You will see a large data table and plots of the X and Y momentum for the blue puck (in blue), the green puck (in green), and the total system of two pucks (in red).  Call the blue puck #1 and the green puck #2.  The blue puck has a mass of 49.9 g and the green puck has a mass of 49.6 g.  Note that the units of momentum shown on the graphs are g m/s, which is a slightly unusual choice but easier for calculations in this case.  Which plots (blue, green, red) are approximately constant and which ones are not?

Analysis:

4. Explain what it means in physics for a quantity to be conserved.  Write down the formulas used to calculate the momentum of each puck and the total momentum.  For a given system, what determines whether its momentum is conserved in each direction (X, Y, Z)?

5. Draw free-body diagrams for each puck during the collision.  Should momentum in the X direction be conserved in the two-puck system during the collision?  Why or Why not? How about the Y direction?  Justify your answers in terms of the free-body diagrams that you have drawn.  How would your answers change if we used only one of the pucks as our system?

6. Based on the plots, estimate the error in the measurements of momentum in ± g m/s.  [Hint: Check the "wiggles" on the plots in places where they should be flat lines.]  Based on your error estimate, does it appear that the momentum of puck #1 (considered by itself) was conserved for the whole movie?  Does it appear that the momentum of puck #2 (considered by itself) was conserved for the whole movie?  Does it appear that the total system momentum was conserved for the whole movie?

7. Consider the velocity of the center of mass shown in the last two columns of the table.  Starting from the definition of center of mass, show how the velocity of the center of mass is related to the momentum of a system.  (Yes, you will need to use some algebra and calculus for this step!)  Based on your answers to questions 5 and 6, and the relationship you derived, was the velocity of the center of mass conserved for the two-puck system?

Exercises

A hockey puck (Puck A) sliding on frictionless ice collides with another puck (Puck B) initially at rest.  Each puck has mass = 0.150 kg.  The initial velocity of Puck A is 10.0 m/s in the +X direction.  The net force on Puck B from Puck A during the collision versus time is shown on the graph below.  The direction of this force is 50.0° counter-clockwise from the +X axis.  Find the velocities of Pucks A and B after the collision.
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8. Justify the use of conservation of momentum for this problem.

9. Find the X and Y velocities of Puck B.  (Hint: Use the Impulse-Momentum Theorem.)

10. Find the X and Y velocities of Puck A.  (Hints: Use conservation of momentum.  To do the calculation more efficiently, divide by mass using algebra before plugging in numbers.)

Consider the system of objects shown below, one of mass M and one of mass 3 M.
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11. Draw this diagram on your own paper and label the axis to reflect your own choice of scale and origin.  (That is, you pick the numbers that you want to associate with the little vertical lines, but note that the lines are equally spaced.)  Calculate the exact X coordinate of the center of mass of this system according to your choice of coordinate system. Mark the location of the center of mass with an X on your diagram on the X axis.  (Ignore Y.)

12. Does the location of the X in your diagram make sense physically (like in terms of a balancing point)?  Justify (explain) why you say yes or no.

13. Would the numerical value that you calculated for the location of the center of mass have changed if you had chosen a different scale and/or origin?  What about the physical location of the center of mass on the tick marks?  Explain your answer.
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