Student’s Guide-…just a swingin’

Name ____________________________ Date _____________________ Hour _______________


…just a swingin’
INTRODUCTION
Have you ever listened to a wall clock, cuckoo clock, or grandfather clock? Listen to the examples that the teacher has prepared for you. Do these clocks “tick-tock” at different rates? Does one clock keep faster time than the other clocks? What factors affect the time it takes for the arm of a clock to swing back and forth? Let’s investigate further to answer these questions and any other questions that you may have. 
EXPLORATION

Materials:

Each of the following is required per group:
· String (at least 1m)

· Pair of scissors

· Weight i.e., metal washers or machine nuts

· Measuring scale

· Protractor

· Ruler

· Watch (with second hand or stopwatch)

· Graph paper (or computer with MS Excel)

Procedures:

1. Construct a pendulum with a length of at least 1 m. 

2. Pull the mass to the side about 10° from vertical (use protractor) and release. See teacher demonstration.
3. Record the time it takes the pendulum to complete ten complete swings (back and forth). Divide this number by ten to find the average time to complete one swing. 
Part I Amplitude

4. Determine how the period depends on amplitude. Measure the period for three different amplitudes. These amplitudes should not exceed 40°. Each time, the protractor should be used to measure the amplitude so that the mass with the string is released at a known angle. Use the same length and mass for each trial. Why do we need to use the same length and mass for each trial? 

________________________________________________________________________________

________________________________________________________________________________

Repeat Step 3 for each different amplitude. Record the data in the following data table.

	Amplitude

(°)
	Average period

(s)

	
	

	
	

	
	


 Part II Length
5. Determine how the period depends on length. Use a standard mass (teacher’s discretion) and consistent amplitude of 20° for each trial. Why do we need to use the same mass and amplitude for our trials?  ________________________________________________________________________

________________________________________________________________________________ 

Vary the pendulum length in steps of .20 m, from 1.00 m to 0.00 m. Repeat Step 3 for each length. Record the data in the following data table. Measure the pendulum length from the pivot point to the middle of the mass.

	Length

(m)
	Average period

(s)

	1.00
	

	.80
	

	.60
	

	.40
	

	.20
	

	.00
	


Part III Mass
6. Use three different masses to determine how the period depends on mass. Measure the period of the pendulum constructed with each mass, taking care to keep the distance from the pendulum pivot point to the center of mass the same each time as well as keeping the amplitude the same. Again, why is it important to control variables that you are not testing? ______________________________

________________________________________________________________________________   

Repeat Step 3 for each mass, using an amplitude of about 20°. Record the data in the following table.

	Mass

(g)
	Average period

(s)

	
	

	
	

	
	


CONCEPT DEVELOPMENT
Answer questions using complete sentences.

1. Plot a graph of pendulum period T vs. amplitude A. Scale each axis from the origin (0,0). Does the period depend on amplitude? Explain. 
________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

2. Plot a graph of pendulum period T vs. length l. Scale each axis from the origin (0,0). Does the period depend on period? Explain. 
________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

3. Plot a graph of pendulum period T vs. mass m. Scale each axis from the origin (0,0). Does the period depend on mass? Explain. 
________________________________________________________________________________
________________________________________________________________________________

________________________________________________________________________________

4. Based on your data and graphs, what factor affects the period of a pendulum? Answer using complete sentences.

________________________________________________________________________________

 ________________________________________________________________________________

________________________________________________________________________________

CONCEPT APPLICATION
Part A
· To examine more carefully how the period T depends on the pendulum length l, create the following two additional graphs of the same data: T2 vs. l and T vs. l2. Of the three period-length graphs that you have developed, which is closest to a direct proportion; that is, which plot is most nearly a straight line that goes through the origin? Explain. 
________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

· Using Newton’s laws, we could show that for some pendulums, the period T is related to the length of 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?)

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

· Label properly the correct graph before continuing. 

Part B
· From your graph of T2 vs. l  determine a value for g. SHOW YOUR WORK.

· The presence of g as a variable in the pendulum equation means that the frequency is different at various locations on Earth. So, for example, when an accurate pendulum clock in Glasgow, Scotland (g = 9.815 63 m/s2) is transported to Cairo, Egypt (g = 9.793 17 m/s2), the pendulum must be shortened by 0.23% to compensate. The pendulum can therefore be used in gravimetry to measure the local gravity at any point on the surface of the Earth. Note that g = 9.8 m/s² is a safe standard for acceleration due to gravity if locational accuracy is not a concern.
· On top of a mountain, a pendulum of 1.00 m long has a period of 2.02 s. What is the acceleration due to gravity at this location? SHOW YOUR WORK. 
Part C
Given what you have observed in this activity, write a set of rules for constructing a pendulum clock that is reliable under a variety of weather conditions. 

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

Part D
After watching the short on-line video (http://electronics.howstuffworks.com/clock.htm) of how pendulum clocks work, explain why you think wall clocks, grandfather clocks, and cuckoo clocks “tick-tock” at different rates.

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

AUTHENTIC ASSESSMENT
Your lab group will be assigned to construct a clock arm (pendulum) with a specific period. Use your knowledge of pendulum motion to complete successfully your task. To receive full credit, you must 1) provide evidence that you used the correct equation to construct the clock arm; 2) provide a reasonable explanation of how you made this prediction; and 3) construct an accurate clock arm. Do not “test” your clock arm before the teacher checks it; this is part of your assessment. There are twelve (12) possible points in this assessment.

	
	4 points
	2 points
	0 points

	Equation
	Provides evidence that  the correct equation was used
	Provides evidence that an incorrect equation was used
	Does not use an equation

	Explanation
	Provides a reasonable explanation of prediction
	Provides an unreasonable explanation of prediction
	Does not provide an explanation of prediction

	Clock Arm Test
	Constructs an accurate clock arm
	Constructs an inaccurate clock arm
	Does not construct a clock arm
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