Rectilinear Motion

OBJECTIVES

In this lab we will study rectilinear motion. Rectilinear means motion in a straight line. 

APPARATUS

Sonic ranger

Cart

1 Kg mass

Balls

INTRODUCTION

We will use the sonic ranger to measure the position of the object. The sonic ranger determines the position of an object by bouncing a high frequency sound wave off of it, much as a bat navigates. The sonic ranger transfers the position and time values that it measures directly into the computer. We will use Excel to analyze this data. We will attempt to take data on an object that is experiencing constant acceleration. The position, x, and velocity, v of an object experiencing constant acceleration are described by
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where v0 is the initial velocity and a is the acceleration. The position curve should be parabolic, and the velocity curve should be linear. We will find that only portions of our data will fit these criteria. We will have to select the portion of the data that represents constant acceleration.

PROCEDURE

1. Verify that your sonic ranger is connected to the computer and turned on.  Start "Logger Pro" by double-clicking on the icon on the desktop.  A window should open with a table along the left-hand side and two graphs, one above the other, on the right-hand side.  The graphs should be labeled “Position” and “Velocity” and both should have “Time” on the x-axis.  Check with an instructor if you see something else.

2. There are several steps that you need to perform to set up the sonic ranger to take data.  Right click the mouse on each graph one at a time. From the pop up menu select Graph -> Graph Options.  Choose the Axes Options tab. Choose autoscale for the time axis. Set the y-axis scale to “Manual” and set the minimum and maximum at 0 m and 3 m for the “Position” graph and -2 m/s and +2 m/s for the “Velocity” graph.  From the Menu Bar select Experiment -> Data Collection then click the “Collection” tab and choose 20 samples per second and 6 seconds for experiment length. Select the “Triggering” tab and verify that triggering is not enabled.

3. You begin taking data by selecting Experiment -> Start Collection from the menu bar. You will hear a clicking noise when the sonic ranger takes data. Familiarize yourself with the apparatus by taking data on a person walking.  The sonic ranger has a switch for setting the devices sensitivity.  This needs to be set appropriately (Person vs. Cart).  The walker should start by facing the sonic ranger about 60 cm from it. When the ranger starts taking data (clicking) the walker should walk away slowly for 2 seconds, stop for 2 seconds, and walk rapidly back toward the ranger. Examine the position and velocity curves and explain them in terms of what the walker did. You can repeat this experiment several times until your walker gets the hang of it. Print these curves and include them along with an explanation.

4. Observe what constant velocity motion looks like.  Place the track flat with the cart about 40 cm from the ranger.  Start collecting data with the ranger and give the cart a push.  Repeat as necessary until you understand the graphs.  Print the graphs for inclusion and explain what they show.

5. Now you are ready to do uniformly accelerated motion. Use the Experiment -> Data Collection menu to change the experiment time to 4 seconds. Tilt the track by raising the end with the detector 5-10 cm on a lab jack. Clamp the sonic ranger on the higher end of the track. Place a 1 kg mass in the cart. Place the cart in front of the ranger at a distance of about 40 cm. Start the ranger collecting data. As soon as the ranger starts clicking, release the cart and let it roll freely down the table. Be sure that a lab partner is in position to catch the cart. You will get graphs similar to Figure 1.
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Figure 1: The Logger Pro output window

6. Examination of Figure 1 reveals that much of the data is not what we were looking for. Sometimes the ranger might confuse the cart with the wall and other objects in the room. In the above graph around 4 seconds the cart reached the end of the track and came back.  However, between about 1.4 seconds and 4 seconds, the data looks good. Your data should have a similar good section in the middle. If it doesn't, repeat the experiment. If you still don't get a good section of data, ask the instructor for help. By examining the curves and the tabulated data, determine where the good data starts and ends.

7. There are analysis features in Logger Pro, but we will need to transfer the data to Excel to analyze it in more depth. Highlight the first two columns of data (time and distance) in the Table window, and Edit -> Copy it to the clipboard. Open a new spreadsheet in Excel and Edit -> Paste the data in the first sheet (in block A2). Remember to label your columns (with units) in row 1.

8. In column C, program the time.  In other words, in cell C2 place =A2. Highlight as many rows in column C as you have data in columns A and B. Select Edit -> Fill -> Down. That should fill column C with a duplicate of column A’s data.

9. Program column D for velocity using:
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In other words, in cell D3 place =(B3-B2)/(A3-A2), and fill down (Edit -> Fill -> Down). Now you have time and position in columns A and B, and you have time and velocity in columns C and D. 

10. Graph position versus time and velocity versus time. Do this with Insert -> Chart…  Choose columns A and B for the position vs. time graph and C and D for the velocity vs. time graph. Both should be XY (scatter) plots with lines and markers. I suggest entering them into the Excel Workbook as separate worksheets. Play around and get help from your instructor to make it look right. The graphs should look like those from Logger Pro.

11. At this point, you may want to delete the first and last few points so that you are left with only the good region. Examine the curves and tables to determine which points to delete. Highlight those points from all columns A-D, and choose Edit -> Delete… Choose to move cells up. Note that the velocity points must start one row below the position and time points.

12. The velocity curve should be close to a straight line. Its slope is the acceleration. To find the slope of your line, use Excel to perform a line fit to your data. Click on the velocity curve to select it. Select Chart -> Add trendline. Select ‘linear’ for your line fit, then click on the ‘options’ tab and select ‘display equation on chart’. Once the equation appears on the graph, be sure to move it to a position where it can be easily read.

13. From your value for the acceleration of the cart, you can calculate the acceleration of gravity, g. Measure the height of the high end of the track and the horizontal distance between where the legs touch the table and the lab jack. From these measurements, you can determine the angle of inclination of the table. Only the component of gravity parallel to the track contributes to the acceleration of your cart (the slope you calculated in the preceding step). You can use vector analysis to compute the acceleration of gravity from your measured value of its component down the table and the inclination of the track. This is your measured value of the acceleration of gravity.

14. You now have two measures of the acceleration of gravity:  one is the value from the ranger measurements and trigonometry and another is the accepted value of g. Compare the two by calculating a percent difference:
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where gm is your measured value, and ga is the accepted value.

15. Increase the inclination of the track and repeat steps 5-14.

16. Use a freely falling ball instead of an inclined plane to measure the acceleration of gravity. Someone will have to hold the ranger near the ceiling while someone else drops the ball to the floor. You will have to repeat steps 5-14 (with the exception of step 13) to get your calculations. Repeat with all of the available balls.

17. In your lab summary, be sure to include the position vs. time and velocity+fit vs. time graphs for each run. Make sure everything is labeled and has units. Give your calculations for g and the percent differences. See if you can explain why the value of g differed between the balls and the cart. Which system gave the best results? What were your sources of error for each experiment?

�Change to “% difference” once Equation Editor is installed.
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