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Experiment 14



Pendulum Periods


Pendulum Periods (altered a bit)
A swinging pendulum keeps a very regular beat. It is so regular, in fact, that for many years the pendulum was the heart of clocks used in astronomical measurements at the Greenwich Observatory.

There are at least three things you could change about a pendulum that might affect the period (the time for one complete cycle):

· the amplitude of the pendulum swing

· the length of the pendulum, measured from the center of the pendulum bob to the point of support

· the mass of the pendulum bob

To investigate the pendulum, you need to do a controlled experiment; that is, you need to make measurements, changing only one variable at a time. Conducting controlled experiments is a basic principle of scientific investigation.

In this experiment, you will use a laser and a light probe to measure the period of one complete swing of a pendulum. By conducting a series of controlled experiments with the pendulum, you can determine how each of these quantities affects the period. 

objectives

· Measure the period of a pendulum as a function of amplitude.

· Measure the period of a pendulum as a function of length.

· Measure the period of a pendulum as a function of bob mass.

· Measure the velocity of the pendulum bob at its lowest point.

Materials

	LabPro or CBL 2 interface 
	Bowling ball pendulum

	TI Graphing Calculator
	Softball pendulum

	TI Light Sensor
	Golf ball pendulum

	Datamate program
	Tape measure

	protractor
	Graphical Analysis (optional) or 
    graph paper

	Low power laser
	Tripod

	Ladder
	Pendulum clamp

	Caliper
	Scale

	Ring stand
	Test tube clamp


Preliminary questions

1. Do you think that the period of a pendulum will depend on the amplitude of the swing? 

2. Will the period depend on the mass? If so, under what conditions?
3. Do you think the length of the pendulum will effect the period?

Procedure

1. Hang all three pendulums and the protractor from the plate in the ceiling using the pendulum clamp and the heavy duty loop. (note: this procedure is quite specific to Davis High) Adjust all three pendulums to have exactly the same length from pivot point to center of mass of the bob.
2. Attach the laser to the tripod and position the laser so the beam shines horizontally on the pendulum bobs at their centers of mass perpendicular to the pendulums’ plane of motion. Attach the light sensor to the ring stand gently, using the test tube clamp. Orient the light sensor horizontally, and position the sensor opposite the laser so that the laser shines into the sensor. Spread the laser and the light sensor far enough apart to give the pendulums plenty of room to swing.
3.
Connect the light sensor to the channel 1 input on the CBL 2 or the LabPro. Use the black link cable to connect the interface to the TI Graphing Calculator. Firmly press in the cable ends.

4.
Turn on the calculator and start the DATAMATE program. It should show the light sensor in channel 1.
5.
Set up the calculator for time graph.

a. Set the timing interval to 0.1 seconds. 

b. Set the number of intervals to 100.
c. Zero the light sensor at ambient light levels. 

d. Return to main Datamate screen. 

6.
Check the reading on the calculator screen; you should see --0--. Turn on the laser. Temporarily hold the bobs out of the path of the light beam. You should now see a nonzero reading, which indicates that the laser is hitting the sensor. Allow one of the pendulums to swing back and forth interrupting the beam. Check the reading and make sure it is alternating between the zero and nonzero readings.

7.
Now you can perform a trial measurement of the period of your pendulum. Hold the mass from about 10º from vertical and release. As the pendulum swings back and forth it will block the laser beam twice during each period. Verify that a proper graph is being generated. 
8.
The graph should go from high to low every time the light beam is blocked. The period of the pendulum should be the distance along the time axis from the beginning of one low area to the beginning of the second low area following it. 
9.
Measure the width of a low area each time you make a new data run and record it alongside the data table.
Part I Amplitude
9.

Determine how the period depends on amplitude. Measure the period for five different amplitudes. Use a range of amplitudes, from 15º to 35º in 5º increments. Each time, measure the amplitude using the protractor so that the mass with the string is released at a known angle. Repeat this step for each different amplitude. Record the data in your Data Table. 

Part II Mass


12.
Use the three different pendulums to determine if the period is affected by changing the mass. Measure the period of the pendulum constructed with each mass, taking care to keep each pendulum bob well away from the laser and light sensor and centered in the light beam. Also, keep the amplitude the same for each pendulum. Repeat Steps for each one, using an amplitude of about 15°. Record the data in your Data Table.

Part IlI Length


11.
Use the method you learned above to investigate the effect of changing pendulum length on the period. Use one pendulum and a consistent amplitude of 15º for each trial. Shorten the pendulum length in uniform steps of your choosing. Raise the laser and light sensor as necessary. Repeat steps 7 through 9 for each length. Record the data in the Data Table below. Measure the pendulum length from the pivot to the middle of the mass.

Data Table

Part I Amplitude

	Amplitude 
	Average period

	(°)
	(s)

	
	

	
	

	
	

	
	

	
	


Part II Mass

	Mass
	Average period

	(g)
	(s)

	
	

	
	

	
	


Part lII Length

	Length 
	Average period

	(cm)
	(s)

	
	

	
	

	
	

	
	

	
	

	
	


Analysis

1. Were your predictions correct?
2. Using your calculator, Graphical Analysis, or graph paper, plot a graph of pendulum period T vs. amplitude in degrees. Scale each axis from the origin (0,0). According to your data, does the period depend on amplitude? Explain.

3. Using your calculator, Graphical Analysis, or graph paper, plot the pendulum period vs. mass. Scale each axis from the origin (0,0). Does the period appear to depend on mass? Do you have enough data to answer this conclusively?
4.  Using your calculator, Graphical Analysis, or graph paper, plot a graph of pendulum period T vs. length
[image: image1.wmf]l

. Scale each axis from the origin (0,0).  Does the period appear to depend on length?
5. Use the width of the low area measurement to determine the velocity of the pendulum bob for each trial. How could this be done?
6. To examine more carefully how the period T depends on the pendulum length 
[image: image2.wmf]l

, create the following two additional graphs of the same data: T 2 vs. 
[image: image3.wmf]l

and T vs. 
[image: image4.wmf]l

2. Of the three period-length graphs, which is closest to a direct proportion; that is, which plot is most nearly a straight line that goes through the origin?

7. Using Newton’s laws, we could show that for a simple pendulum the period T is related to the length 
[image: image5.wmf]l

and free-fall acceleration g by
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Does one of your graphs support this relationship? Explain. (Hint: Can the term in parentheses be treated as a constant of proportionality?)

Extensions

1. From your graph of T 2 vs. 
[image: image8.wmf]l

, determine a value for g.

2. From your measurements and calculations, determine the kinetic energy of each pendulum at its lowest point. Then determine its potential energy at its highest point. Is energy conserved?

3. Given what you observed in this experiment, write a set of rules for constructing a pendulum clock that is reliable under a variety of temperatures.

4. Try a larger range of amplitudes than you used in Part I. If you did not see a change in period with amplitude before, you should now. Check a college physics textbook for an expression for the period of a pendulum at large amplitudes and compare to your own data. 

5. Use an air table and air table puck as your pendulum. Tip the air table to a variety of angles, , and determine the relationship between the period and the angle.
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