Conservation of Momentum in Two Dimensions

Studio Physics I

For this activity you will need a movie called "collision.mov" .  You can get it from the Studio Physics CD.  (Go to the Physics 1 folder, then look for “collision.mov”.)  You can also transfer it from the course web site.  (Go to “Activities”, scroll down to “Class 08” and click on “Video Point File A”.)  Copy it to your hard drive.  Start the VideoPoint software, open movie and pick "collision.mov" from the folder where you saved it.

When opening the movie, choose to locate 2 objects,

since we will be tracking two different objects.

1. First make the video window larger for easier tracking of the two pucks.  Next, calibrate the length scale (pixels to meters) by clicking on the ruler icon, accept the defaults in the calibration window, and then click on either end of the meter stick.

2. Now collect position data for each puck. Take your data carefully to get a good result the first time around.   To do this, center the cursor over a point on the puck on the right (green). Click on the point you have chosen.  Now do the same for the puck on the left (blue).  Once you have clicked on the second puck, the movie will advance to the next frame. Take data for all of the movie frames.  You need to always click on the pucks in the same order.

3. When you are done taking data, plot and sketch the X and Y velocities of each puck.

4. Make a careful estimate of the average velocity of each puck in the X and Y directions BEFORE THE COLLISION.

5. What is the momentum of the two-puck system in the X and Y directions before the collision?  (The green puck has a mass of 49.6 g and the blue puck has a mass of 49.9 g.)

6. What is the velocity of the center of mass of the two-puck system before the collision?

7. 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 freebody diagrams that you have drawn.  How would your answers change if we used only one of the pucks as our system?

8. Make a careful estimate of the average velocity of each puck in the X and Y directions AFTER THE COLLISION.

9. What is the momentum of the two-puck system in the X and Y directions after the collision?

10. What is the velocity of the center of mass of the two-puck system after the collision?

11. Do your data indicate that momentum is conserved in this collision?  Justify why you say yes or no in terms of the values you calculated from the data and considering the accuracy limitations in the measurements.

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 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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12. Justify the use of conservation of momentum for this problem.

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

14. Find the X and Y velocities of Puck A.  (Hints: Use conservation of momentum.  To do the calculation more efficiently, divide by mass 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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15. 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.)

16. 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.

17. 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 on the tick marks?  Explain your answer.
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