II. POSITION, SPEED AND ACCELERATION

1. Object: The purpose of this activity is to introduce the relationships between the motion of an object and a graph of position, velocity and time and to determine the acceleration due to gravity by measuring the time of fall of a “picket fence” dropped through a photogate.

2. Apparatus: Motion sensor, base and support rod, computer, PASCO Science workshop interface, photogate or smart pulley, picket fence, spring-loaded clothes pin, ruler.

3. Experiment:
When describing the motion of an object, knowing where it is relative to a reference point, how fast and in what direction it is moving, and how it is accelerating is essential. In this experiment a sonar ranging device “PASCO motion sensor” uses pulses of ultrasound that reflect from object to determine the position of the object. As the object moves, the change in its position is measured many times in each second. The change in position from moment to moment is expressed as a velocity (meters per second). The change in velocity from moment to moment is expressed as acceleration (meters per second per second). The position of an object at a particular time can be plotted on a graph, (a graph is a mathematical picture of the motion of an object). For this reason it is important to understand how to interpret a graph of position, velocity, or acceleration versus time. 

A) Position versus time:

For this activity, you will be the object in motion. The motion sensor will measure your position and your velocity as you move in a straight line. The challenge in this activity is to move in such a way that a plot of your motion on the same graph will much the line that is already there.

B) Velocity versus time:

As in part A), you will be the object in motion. The motion sensor will measure your velocity as you move in a straight line at different speeds. The science Workshop program plots your motion on a graph of velocity and time. The challenge in this activity is to move in such a way that a plot of your motion on the same graph will match the line that is already there. 

C) Acceleration due to gravity:

Under the effect of gravitational attraction, falling bodies move with a constant acceleration of approximately 9.8 m.s-2 near sea level. To study the motion of a falling object, and thus be able to determine its velocity and acceleration we have to make a record of its position at different times. If air resistance is neglected, and speed of the object is measured over several short consecutive intervals of time as it falls, the difference in the speed can be used to determine the acceleration due to gravity.

In this activity, a “picket fence” (a clear plastic strip with uniformly spaced opaque bands) drops through a photogate (Fig. 1). The photogate beam is blocked by each opaque band and the time from one blockage to the next becomes increasingly shorter. Knowing the distance between the leading edge of each opaque band, the science workshop program calculates the average speed of the picket fence from one band to the next. The slope of the graph of average speed versus time gives the acceleration of the falling object.

Fig. 1

4. Procedure: 

A) Position versus time.

1. Connect the science workshop interface to the computer, turn on the interface and turn on the computer.

2. Connect the motion sensor’s phone plugs to digital channels 1 and 2 on the interface. (The yellow taped plug to digital channel 1).

3. Open the file titled P01_MOT1.SWS located in the directory c:\phys105.

4. Set up the sampling option of your experiment as follow: 

a) Periodic samples = fast 10 Hz

b) Condition = time at 10 seconds e. g. after 10 seconds the program will stop collecting data.

5. Mount the motion on a support road so that it is aimed at your midsection when you are setting in front of the sensor. Make sure that you can move at least two meters away from the motion sensor. Position the computer monitor so you can see the screen while you are moving away from the sensor.

6. From the existing graph on your screen determine the following:

a) How close should you be to the motion sensor at the beginning?

b) How far away should you move?

c) How long your motion last?

7. Click REC button to begin recording data. (Data recording will begin almost immediately. The motion sensor will make a faint clicking noise.

8. Watch the plot of your motion on the graph and try to move so that the plot of your motion matches the position versus time plot that is already there.

9. Data recording will automatically stop after 10 seconds, or click the stop button to end the recording sooner.

10.  Repeat the data recording process a second and a third time. Try to improve the match between the plot and of your motion and the plot that is already on the graph. 

11. Print your graphs using the main menu. (Your instructor will show you how.)

12. After printing the graphs, choose the best curve that match with the plot that was already on the graph. Keep the best curve and erase the others plot from you data set.

13. Use the built in Statistics tools graph to determine the slope of the best fit line for the middle section of your best position versus time plot. (To select only the middle section of your plot Click Statistic button (   
 ) and then the Autoscale button, use the cursor to click-and-draw a rectangle around the middle section of your plot.

14. Click statistics Menu button in the statistics area of the graph. Select Curve Fit, Linear Fit from the statistics menu.

15. In the equation y = a1 + a2x , what does a2 represents? Examine the goodness of your fit (Chi^2).
B) velocity time:
1. Open the file titled P01_MOT2.SWS located in the directory c:\phys105.

2. Study the velocity versus time plot in order to determine the following:

a) Which direction (positive or negative) should you go at the beginning?

b) What is the maximum speed (positive or negative) you must achieve?

c) How long should your motion last?

3. When you are ready, stand in front of the motion sensor about one meter away. Click the RECORD button to begin recording data (your partner will help you).

4. Watch the plot of your motion on the Graph and try to move so that the plot of your motion matches the velocity versus time plot that is already there. Data recording will end automatically after 10 seconds.

5. Repeat the data recording process several times. Try to improve the match between the plot of your motion and the plot that is already there.

6. Repeat procedures 11), 12). 

C) Acceleration due to gravity:

1. Connect the science workshop interface to the computer, turn on the interface and then turn on the computer.

2. Connect the photogate’s stereo phone plug to Digital Channel 1 on the interface.

3. Open the science workshop file titled P06_FALL.SWS found in the directory c:\Phys105.

4. The Science Workshop program assumes a 5 centimeter (0.05 m) spacing, leadind-edge-toleading-edge, for the opaque bands on the picket fence. To change the default setting to another value, double click on the photogate & picket fence icon in the experiment setup window to open the sensor setup window. Enter the correct value of the spacing of the opaque bands on your picket fence. Click ok to return to the experiment setup window.

5. Turn on the photogate head so that you can drop the picket fence vertically from above the photogate. Make sure that the picket fence will move through the photogate’s opening without lighting it.

6. Prepare to drop the picket fence through the photogate beam. Hold the picket fence between you thumb and forefinger so the bottom edge of the picket fence is just avove the photogate beam.

7. Click the RECORD button and then drop the picket fence through the photogate beam. You have to release the picket fence without given it a initial push.

8. When the picket fence is through the beam, click STOP to end recording. The position, velocity, and acceleration values will appear in the table display and run #1.

9. To analyze your data Click the statistics Menu button in the stats area, select curve fit, Linear fit from the statistics Menu.

10. From the fitting determine the measured value of the acceleration due to gravity. Repeat several time and record you value in a table.
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