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Chapter 7 Project: Swing Time •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••



Beginning the Chapter Project Pendulum motion has been studied for centuries for its special properties. Galileo observed a swinging lantern and made an important discovery about the timing of a pendulum's swing. A Dutch man named Christiaan Huygens discovered the relationship between the length of a pendulum and the time it takes to make a complete swing which led to the use of pendulums in clock making. In this project, you will create pendulums using strings and weights. Then, you will use your pendulums to investigate whether the length of the string or the amount of weight allaehed to a pendulum affects the time it takes the pendulum to make one full swing. List of Materials •



Calculator



•



Metric ruler or measuring tape



•



Thread or thin string



•



Binder clips (2 medium)



•



Coins (3 quarters. 3 nickels.,or 3 pennies)



•



Stopwatch



Activities Activit}, 1: Creating In this activity. each group will create a simple pendulum. Tie a medium binder clip to the end of a piece of string. The binder clip will be used to hold one or more coins for the experiments in Activity 2. The weight on the end of the string. which indudes the binder clip and the coin(s) it holds. is called the pendulum bob. The period of a pendulum is the time it takes for the pendulum to complete one full swing (back and forth). Al1h'itJ 2: Investigating Experiment I Tie the free end of the string of the pendulum you created in Activity 1 to a stable object. This must be done in such a way that neither the string nor the bob touch another object when the pendulum is swung. Insert one coin in the binder clip. Measure the length of the string (in centimeters) from the point where it is attached to the stahle object to the center of the hoh. Record this length. Three times, pull the pendulum back to an angle of about 20° and let it go. You will need to use some frame of reference to be sure that you use the same angle measure for every trial. For each trial, use a stopwatch to record the number of seconds it takes for the pendulum to complete 10 full swings. Record each time in the first column of the table provided on the next page. Next, find and record the average of the three times you listed. Finally, divide the average time by 10 to determine the period of the pendulum. Repeat the procedure using two coins, then using three coins, recording the data in the second and third columns. respectively. Does it appear that the weight of the bob affected the period of the pendulum? What factors other than the weight might affect the period of the pendulum?
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(continued)



••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1 coin



3 coins



2 coins



Trial 1 Trial 2 Trial 3 Average time to complete 10 full swings Period of pendulum Experiment 2 Cut a second string which is half the length of the original string. Repeat Experiment 1. Record data in a table. Docs it appear that the pendulum string length affects its period? Explain. Activi')" 3: Anal)'zing The formula f = 9~2 represents



the length f (in centimeters)



of a simple



pendulum with a period of t seconds. (In this formula, the acceleration gravity is given as 9HO em/s2.)



due to



•



Solve for f. How might this formula he more useful than the one given? According to the formula, how docs changing the weight of the bob affect the period of a pendulum?



•



Use the formula to find the theoretical period for each pendulum. your experimental and theoretical periods for each.



Length of Pendulum



Experimental Period



Record



Theoretical Period



Experiment 1 Experiment 2 Do your experimental results give the same periods as the theoretical models? What factors do you think would account for any differences? Explain your observations.



••



Finishing the Project Prepare a presentation for the class describing your results. Your presentation should include a chart showing your experimental and theoretical results. Rellect and Revise Before giving your presentation, have another group perform one trial of eaeh experiment using your pendulums to verify your accuracy. When you are sure your data arc accurate. decide if your presentation is complete, clear, and convincing. If needed. make changes to improve your presentation. Extending the Project Research the use of clock pendulums. Find out how a pendulum keeps time. Research periods of the pendulums used in different clock types.
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Chapter 7: Swing Time



Gelting Started Read the project. As you work on the project, you will need a calculator and materials on which you can record your results and make calculations. Keep all of your work for the project in a folder, along with this Project Manager. Checklist



Suggestions



o o



o o



o o



Activity 1: constructing a pendulum Activity 2: determining the period



Activity 3: comparing experimental and theoretical periods



pendulum experiment



o



o



Usc the lightest thread or string possible. Have one student swing the pendulum while another student keeps time. Isolate t. then take the square root of each side of the equation. Substitute the string lengths into the new equation. How would your results change if your pendulum were not able to swing freely, that is without contact with any other object? How would your results change if you pulled the pendulum back to an angle of 61T?What other changes would affect your results?



Scoring Rubric 3



Your experimental results are reasonable. Calculations are correct. Explanations arc thorough and well thought out. Data. calculations, and conclusions arc neatly presented.



2



Your experimental results are reasonable. Calculations arc mostly correct with some minor errors. Explanations lack detail and accuracy. Data. calculations, and conclusions arc not well organized.



1



Your experimental results are not reasonable. Calculations and explanations contain errors. Data, calculations, and conclusions arc unorganized and lack detail.



o



Major elements of the project arc incomplete or missing.



Your Evaluation of Project Evaluate your work. based on the Scoring Rubric.



Teacher's Evaluation



or Projett
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