Two-Dimensional Collisions I

OBJECTIVES

This is the first in a series of two labs in which we will study collisions between objects in two dimensions and the concepts of conservation of momentum and kinetic energy.

APPARATUS

· Air table with spark generator and two identical, heavy pucks

· Carbon paper and newsprint

· T-square, triangle, ruler, and tape

· Protractor

· Electronic scale

INTRODUCTION

Collisions between objects in two dimensions are excellent laboratories for exploring the concepts of momentum and energy conservation.  An object’s momentum is its mass times its velocity (not speed).  The total momentum of two or more interacting objects should be conserved; that is, the total momentum should be the same before the collision as after the collision.  Since the momentum is a vector quantity this is really saying that momentum in x is conserved separately from momentum in y.  Momentum conservation is a fundamental physical principle and, as such, is true for all collisions.  Under certain circumstances the total kinetic energy (mv2/2) may also be conserved during.  If kinetic energy is conserved then the collision is referred to as elastic; if it is not then the collision is inelastic.  Over the course of the next two lab periods you will look at several different collisions in order to determine whether or not momentum is always conserved and under what circumstances kinetic energy is conserved.
PROCEDURE

Experiment

Make sure that the air table is level with the ground; a floating puck placed on its surface should not drift significantly in any direction.  Launch both pucks from the near corners in such a way that they suffer a glancing collision in the middle of the paper and wind up in opposite far corners.  You may need to practice a few times without the spark generator to get it right.  When you feel like you can get the proper collision consistently set the spark generator to 20 Hz and take data on a clean sheet of paper.  Use the scale to weigh the pucks. Record the mass of the puck on the paper by the appropriate track.  If you assign the wrong mass to a puck you will have difficulties with the remainder of the lab.  Turn off the air pump and spark generator and take the paper back to your station for analysis.
Air Table and Spark Generator Operation

The general procedure for operating the air table and spark generator is below.

1. Place a sheet of carbon paper on the air table followed by one of the large sheets of blank newsprint.  Make sure that they are smooth and clean so the pucks can glide without friction.

2. Make sure both pucks are on the air table and over the carbon paper.  If you want one of the pucks to remain stationary turn down a corner of the newsprint and place the puck on it.  Make sure that the puck is in contact with the carbon paper.

3. Turn on the air pump.  You may want to verify that the table is level if that is important to your measurement.

4. Turn on the spark generator and set it to 20 spots/second (or 20 Hz).

5. When you step on the pedal the spark generator will start firing at the selected rate and leave a dark spot on the underside of the paper at the location of each puck.  Release the pedal to stop the spark generator.

If you operate the spark generator incorrectly it is possible to give yourself a shock.  Here are a few safety guidelines to keep in mind.  

· Turn off the spark generator at the switch whenever you are done taking data.

· Do not touch the pucks while the pedal is depressed.  Launch the pucks, let go, and then step on the pedal.

· Make sure both pucks are on the table and in contact with the newsprint/carbon paper. 
· If you hear a clicking noise then something is wrong.  Take your foot off the pedal and get help from the instructor.

Data Collection

This week we will use the image analysis software embedded in LoggerPro to quickly acquire the position data for your experiment.  In order to use the software efficiently it is necessary to do a little setup on your data ahead of time.  Draw straight lines through each puck’s trajectory before and after the collision (four lines in total).  Each point on one puck’s trajectory occurs simultaneously with a point on the other puck’s trajectory.  Determine which points from the two pucks occur at the same instant of time and draw a straight line connecting them.  Repeat for at least five points before and after the collision.  These lines will help in identifying point pairs in LoggerPro.  In order to record the positions of the trajectory points in useful units it is necessary to identify a pair of points separated by a known distance.  Make two marks on your paper that are separated by, say, 20 cm and make sure to record the separation distance on the paper.  Write the name of each member of the lab group prominently on the paper.

Take your paper to the image capture station (the iPad or digital camera/computer combination) and affix it to the corkboard in the indicated position.  The instructor or lab TA will assist in capturing the image and transferring it to a location that your group can retrieve it from.  Remove your paper from the corkboard and find a lab computer to log into for subsequent work.

Start up the LoggerPro software and select the “Picture”(”Picture with Photo Analysis…” from the “Insert” menu.  Insert the picture you just took and make the image fill as much of the screen as you can.  The following procedure will allow you to quickly extract point positions for subsequent analysis in Excel.

1. Press the “Add Point” button to the right of the picture (it looks like plus sign with a red dot in the center).  Start with one of your puck’s initial trajectories and click on the earliest time point you want to use.  A red dot should appear on the picture and you should see a new entry for the position of that point in the data table.  Repeat this for a total of 5 points (skipping every other point) on this initial trajectory.

2. Select the “Set Active Point” button to the right of the picture (the one with the little black downward-pointing triangle in the lower right corner) and choose “Add Point Series”.  Repeat Step 1 for the other initial trajectory.  A series of green dots should appear and the positions should appear in a new pair of columns in the data table.

3. Repeat Step 2 for each of the outgoing trajectories.

4. Select “Set Active Point” and choose “Add Center of Mass Series”.  Select the data series corresponding to the initial trajectories and enter the correct puck masses before choosing “OK”.  A set of dots corresponding to the center of mass should appear on the picture as well as additional columns in the data table.  Repeat for the final trajectories.  All center of mass points should fall on the same line.  If they do not, then you may have misidentified pairs of points.

5. Press the “Set Scale” button to the right of the picture (it looks like a horizontal ruler).  Click and drag from one of your scale markers to the other and put in the distance between them in the window that pops up.  You should see the numbers in the data table update to reflect the new scale.

6. Press the “Set Origin” button to the right of the picture (the third from the top) and select a point near the collision point on the center of mass line.  Rotate the axes that appear in order to make the y-axis line up with the center of mass points by dragging the yellow circle around.  The numbers in the data table should change to reflect the new choice of axes.

7. Choose “File”(”Export As…”(”CSV” to save the data table in a format that can be read into Excel.  This will export the positions of all the tagged and center of mass (COM) points for subsequent analysis.

ANALYSIS

· Calculate the average x- and y velocity components of the COM before and after the collision.

· Calculate the average x- and y velocity components of each puck before and after the collision.  The protractor may prove helpful here.

Use this information to answer the questions below.

· Is the motion of the COM what you would expect?  Why or why not?

· Is momentum conserved during the collision (use your data for each puck, not for the COM)?  Does your result make sense?  Why or why not?  Under what conditions should momentum be conserved during a collision?

· Is kinetic energy conserved during the collision?  Does your result make sense?  Why or why not?  Under what conditions should kinetic energy be conserved during a collision?

