…just a swingin’
Concept Statement: The number of swings that a pendulum makes is due to the length of string. 
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Any town, Oklahoma
List of Materials Needed:

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

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

· Pair of scissors

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

· Protractor

· Ruler

· Watch (with second hand or stopwatch)

Activity Time Frame:

This activity may take approximately two, 50-minute sessions.
Environmental Setting:

This activity will be conducted in a typical classroom. 
PASS Standards:

Science Processes and Inquiry: Physical Science

Process Standard 1: Observe and Measure
1. Identify qualitative and quantitative changes given conditions before, during, and after an event.
2. Use appropriate tools when measuring objects and/or events.

3. Use appropriate System International units and SI prefixes when measuring objects and/or events.
Process Standard 3: Experiment

1. Evaluate the design of a physical science investigation.
2. Identify the independent variables, dependent variables, and controls in an experiment.

3. Use mathematics to show relationships within a given set of observations.
4. Identify a hypothesis for a given problem in physical science investigations.
Process Standard 4: Interpret and Communicate

1.     Select appropriate predictions based on previously observed patterns of evidence.

2.     Report data in an appropriate manner.
3. Interpret data tables, line, bar, trend, and/or circle graphs.

4. Accept or reject hypotheses when given results of a physical science investigation.

5. Evaluate experimental data to draw the most logical conclusion.

7. Communicate or defend scientific thinking that resulted in conclusions.
Process Standard 5: Model

1. Interpret a model, which explains a given set of observations.

3. Compare a given model to the physical world.

Process Standard 6: Inquiry
1. Formulate a testable hypothesis and design an appropriate experiment relating to the physical world.

2. Design and conduct physical science investigations in which variables are identified and controlled.

3. Use a variety of technologies, such as hand tools, measuring instruments, and computers to collect, analyze, and display data.

4. Inquiries should lead to the formulation of explanations or models. In answering questions, students should engage in discussions and arguments that encourage the revisions of their explanations, leading to further inquiry.

Content Standard: Physical Science

Standard 2: Motion and Forces
1. Objects change their motion only when a net force is applied. Laws of motion are used to determine the effects of forces on the motion of objects.

Standard 3: Interaction of Energy and Matter
1. All energy can be considered to be either kinetic energy, which is the energy of motion; potential energy, which depends on relative position.
Lesson 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
· Graph the collected data and select the appropriate relationship between length and period
· Demonstrate understanding of pendulum motion by constructing a pendulum following certain parameters
Vocabulary Terms:

Simple pendulum: A simple pendulum is a hanging object that pivots around a fixed point when it is pulled aside and let go; gravity makes it swing back and forth at a regular rate. The simple pendulum consists of a weight (bob) hanging at the end of a string or wire. 

Amplitude: Amplitude is the maximum displacement from zero during one period of oscillation.
Arc of pendulum: The path traveled by the weight (bob) is called the arc of the pendulum.
Period of oscillation (T): The period of oscillation is the time it takes the weight to pass back and forth once over this arc. The period of the pendulum that swings beneath a large grandfather clock is usually 2 seconds. 
Frequency of oscillation (f): The frequency of oscillation is the number of cycles (periods) completed in a unit of time. The 2-second period of the grandfather clock pendulum corresponds to a frequency of ½ cycle per second or 30 cycles per minute. The simple relationship between period and frequency is 
f = 1/T
Variable: A variable is something that may or does change in an investigation.
Experimental variable: A variable whose values are independent of changes in the values of other variables, independent variable.
Control variable: A control variable is any factor that remains unchanged and strongly influences values; also, a factor held constant to test the relative impact of an independent variable.
Background Knowledge:
As recorded in the 20th century Chinese Book of Later Han, one of the earliest uses of the pendulum was in the seismometer device of the Han Dynasty (202 BC - 220 AD) scientist and inventor Zhang Heng (78-139).[1] Its function was to sway and activate a series of levers after being disturbed by the tremor of an earthquake far away.[2] After this was triggered, a small ball would fall out of the urn-shaped device into a metal toad's mouth below, signifying the cardinal direction of where the earthquake was located (and where government aid and assistance should be swiftly sent).[2]
An Egyptian scholar, Ibn Yunus, is known to have described an early pendulum in the 10th century.[3] Some claimed that he used it for making measurements of time, but this is now believed to be a misinterpretation on the part of Edward Bernard, an English historian.[4]

HYPERLINK "http://en.wikipedia.org/wiki/Pendulum" \l "_note-2"[5]
Among his scientific studies, Galileo Galilei performed a number of observations of the properties of pendulums. His interest in pendulums may have been sparked by looking at the swinging motion of a chandelier in the Pisa cathedral. He began serious studies of the pendulum around 1602. Galileo noticed that period of the pendulum is independent of the bob mass or the amplitude of the swing. He also found a direct relationship between the square of the period and the length of the arm. The isochronism of the pendulum suggested a practical application for use as a metronome to aid musical students, and possibly for use in a clock.[6]
Perhaps based upon the ideas of Galileo, in 1656 the Dutch scientist Christiaan Huygens patented a mechanical clock that employed a pendulum to regulate the movement.[7] This approached proved much more accurate than previous timepieces, such as the hourglass. Following an illness, in 1665 Huygens made a curious observation about pendulum clocks. Two such clocks had been placed on his mantlepiece, and he noted that they had acquired an opposing motion. That is, they were beating in unison but in the opposite direction—an anti-phase motion. Regardless of how the two clocks were adjusted, he found that they would eventually return to this state, thus making the first recorded observation of a coupled oscillator.[8]
During his Académie des Sciences expedition to Cayenne, French Guiana in 1671, Jean Richer demonstrated that the periodicity of a pendulum was slower at Cayenne than at Paris. From this, he deduced that the force of gravity was lower at Cayenne.[9] Huygens reasoned that the centripetal force of the Earth's rotation modified the weight of the pendulum bob based on the latitude of the observer.[10]
In his 1673 opus Horologium Oscillatorium sive de motu pendulorum,[11] Christian Huygens published his theory of the pendulum. He demonstrated that for an object to descend down a curve under gravity in the same time interval, regardless of the starting point, it must follow a cycloid (rather than the circular arc of a pendulum). This confirmed the earlier observation by Marin Mersenne that the period of a pendulum does vary with amplitude, and that Galileo's observation was accurate only for small swings in the neighborhood of the centerline.[12]
The English scientist Robert Hooke devised the conical pendulum, consisting of a pendulum that is free to swing in both directions. By analyzing the circular movements of the pendulum bob, he used it to analyze the orbital motions of the planets. Hooke would suggest to Isaac Newton in 1679 that the components of orbital motion consisted of inertial motion along a tangent direction plus an attractive motion in the radial direction. Isaac Newton was able to translate this idea into a mathematical form that described the movements of the planets with a central force that obeyed an inverse square law—Newton's law of universal gravitation.[13]

HYPERLINK "http://en.wikipedia.org/wiki/Pendulum" \l "_note-11"[14] Robert Hooke was also responsible for suggesting (as early as 1666) that the pendulum could be used to measure the force of gravity.
In 1851, Jean-Bernard-Leon Foucault suspended a pendulum (later named the Foucault pendulum) from the dome of the Panthéon in Paris. The mass of the pendulum was 28 kg and the length of the arm was 67 m. Once the pendulum was set in motion, the plane of motion was observed to precess 360° clockwise once per day. To Foucault, the precession was most easily explained by the rotation of the Earth.[15]
The National Institute of Standards and Technology based the U.S. national time standard on the Riefler Clock from 1904 until 1929. This pendulum clock maintained an accuracy of a few hundredths of a second per day. It was briefly replaced by the double-pendulum W. H. Shortt Clock before the NIST switched to an electronic time-keeping system.[16]
If and only if the pendulum swings through a small angle (in the range where the function sin(θ) can be approximated as θ)[17] the motion may be approximated as simple harmonic motion. The period of a simple pendulum is significantly affected only by its length and the acceleration of gravity. The period of motion is independent of the mass of the bob or the angle at which the arm hangs at the moment of release. The period of the pendulum is the time taken for two swings (left to right and back again) of the pendulum. The formula for the period, T, is
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is the length of the pendulum measured from the pivot point to the bob's center of gravity.[18]
For larger amplitudes, the velocity of the pendulum can be derived for any point in its arc by observing that the total energy of the system is conserved. (Although, in a practical sense, the energy can slowly decline due to friction at the hinge and atmospheric drag.) Thus, the sum of the potential energy of bob at some height above the equilibrium position, plus the kinetic energy of the moving bob at that point, is equal to the total energy. However, the total energy is also equal to maximum potential energy when the bob is at its peak height (at angle θmax). By this means, it is possible to compute the velocity of the bob at each point along its arc, which in turn can be used to derive an exact period.[19] The resulting period is given by an infinite series:
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[18]
Note that for small values of θmax, the value of the sine terms become negligible and the period can be approximated by a harmonic oscillator as shown earlier.

A more complex example is the double pendulum. This consists of a pendulum attached to the free end of another pendulum. Unlike a simple pendulum, the behavior of this system is much more complex.[20] For relatively small angles of displacement the behavior of this system can be simulated as a pair of springs that are attached end-to-end. As the angles increase, however, the double pendulum exhibits chaotic motion that is sensitive to the initial conditions. 
The most widespread application is for timekeeping. A pendulum whose time period is 2 seconds is called the seconds pendulum since most clock escapements move the seconds hands on each swing. Clocks that keep time with the use of pendula lose accuracy due to friction.
The presence of g as a variable in the periodicity equation for a pendulum 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.
A pendulum in which the rod is not vertical but almost horizontal was used in early seismometers for measuring earth tremors. The bob of the pendulum does not move when its mounting does and the difference in the movements is recorded on a drum chart.

Resources:

en.wikipedia.org/wiki/Pendulum
www.howstuffworks.com
www.dictionary.com
http://electronics.howstuffworks.com/clock.htm
Kuhn, K.F. (1996). Basic physics: A self-teaching guide. New York: Wiley.
Activity Procedures:

· Students will listen to various clock sounds and make a hypothesis as to why these sounds are different.
· Wall clock- http://www.freesfx.co.uk/WALL_CLOCK_FREE.wav
· Cuckoo clock- http://www.audiosparx.com/sa/play/port_lofi.cfm/sound_iid.205899
· Grandfather clock- http://www.audiosparx.com/sa/play/port_lofi.cfm/sound_iid.34728
· Students will make a pendulum and test which factor(s) affect pendulum motion.
· Students will collect data, graph data, and compare data to determine the factor that affects pendulum motion.
· Students will develop concept statement.
· Student groups will make various pendulums that differ in length and graph these data to derive the relationship between pendulum length and pendulum period.
· Students will watch “How Stuff Works” video on how pendulum clocks work http://electronics.howstuffworks.com/clock.htm
· Students will use pendulum motion equation to build a pendulum with a specific period.
Technology Component:

A computer with internet connection and MS Excel will be used throughout this lesson.
Engineering Application:

Students will be given the opportunity to design and build a clock arm (pendulum)
Assessment Tools:

Each group will be assigned to construct a pendulum with a specific period. Students will use their knowledge of pendulum motion including their constructed graphs to complete successfully their task.
…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. 
· Wall clock- http://www.freesfx.co.uk/WALL_CLOCK_FREE.wav
· Cuckoo clock- http://www.audiosparx.com/sa/play/port_lofi.cfm/sound_iid.205899
· Grandfather clock- http://www.audiosparx.com/sa/play/port_lofi.cfm/sound_iid.34728
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. Show the students a simple pendulum and have them construct a pendulum with a length of at least 1 m. Note: The length of the pendulum is the distance from the point of attachment (pivot point) to the center of the mass. 
2. Have students pull the mass to the side about 10° from vertical (use protractor) and release. Demonstrate for students.
3. Have students 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. Note: From now on use the scientific term, period, to describe the time it takes the mass to complete one swing (back and forth).
Part I Amplitude

4. Have the students determine how the period depends on amplitude. Students should 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. Students should use the same length and mass for each trial. Why do we need to use the same length and mass for each trial? It is important when performing scientific investigations that all variables are held constant except the variable that is being tested. This is to ensure that only one variable may have an effect on the outcome of the investigation. Repeat Step 3 for each different amplitude. Record the data in the following data table. The expected data for a pendulum length of 1 meter is in italics.
	Amplitude

(°)
	Average period

(s)

	10
	2.01

	25
	2.01

	40
	2.01


Part II Length
5. Have the students determine how the period depends on length. Students should 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? It is important when performing scientific investigations that all variables are held constant except the variable that is being tested. This is to ensure that only one variable may have an effect on the outcome of the investigation. 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. Expected data for a pendulum of varying length with a constant mass and amplitude is in italics.
	Length

(m)
	Average period

(s)

	1.00
	2.01

	.80
	1.80

	.60
	1.55

	.40
	1.27

	.20
	.90

	.10
	.63

	00
	0


Part III Mass
6. Have the students use three different masses to determine how the period depends on mass. Students should 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? It is important when performing scientific investigations that all variables are held constant except the variable that is being tested. This is to ensure that only one variable may have an effect on the outcome of the investigation. Repeat Step 3 for each mass, using an amplitude of about 20° and a length of 1.0 m. Record the data in the following table. Expected data for a pendulum of varying mass and a constant amplitude and length is in italics.
	Mass

(g)
	Average period

(s)

	20
	2.01

	40
	2.01

	60
	2.01


CONCEPT DEVELOPMENT
1. Plot a graph of pendulum period T vs. amplitude A in degrees. Scale each axis from the origin (0,0). Does the period depend on amplitude? Explain. No, varying amplitude of the pendulum does not significantly affect the pendulum period. 
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T vs. A
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. Yes, varying length of the pendulum does affect the pendulum period. 
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T vs. l
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. No, varying mass of the pendulum does not significantly affect the pendulum period. 
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T vs. m
4. Based on your data and graphs, what factor affects the period of a pendulum? Answer using complete sentences. The length of the pendulum affects the pendulum period, or the number of swings a pendulum makes is due to the length of the string of the pendulum. 
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, which is closest to a direct proportion; that is, which plot is most nearly a straight line that goes through the origin? Explain. The T2 vs. l  graph is closest to a direct proportion as evidenced by a straight line that passes through the origin. In other words, the square of the period is directly proportional to the length of the pendulum. 
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                    T vs. l2
· 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?)  Yes, T2 vs. l is a direct (linear) relationship, which is defined by the equation y = mx. Therefore, the term in parentheses is equivalent to the slope of the line. The slope of the graph should be close to 4.04. 
· Label properly the correct graph before continuing. 
Part B
· From your graph of T2 vs. l  determine a value for g. SHOW YOUR WORK. 

Realizing that [image: image14.png]


 = m in y = mx, students could find the actual slope of their line and then solve for g. Answers should be close to 9.8 m/s2. Using the expected answers in the above table, g equals 9.77 m/s2.
· FYI: 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. Approximately 9.67 m/s2. 
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. The type of material of the pendulum arm should be considered. A change in temperature, humidity, or pressure could affect the length of the pendulum, which could affect the reliability of the pendulum motion. Accept any reasonable answers. 
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. Please read the short article associated with the video to learn more about pendulum clocks. Most wall clocks have a period (T) of 1 second (s) and a length of 0.248 m; most grandfather clocks have a T of 2 s and a length of 0.996 m; and most cuckoo clocks have a T of .5 s and a length of 0.062 m.
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


…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 cm, from 1.00 m to 0.00 cm. 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

(cm)
	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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