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[bookmark: _GoBack]AP Lab #8- The Period of a Pendulum

Purpose/Problem: To investigate whether (and, if so, specifically how) the period of a pendulum varies with mass, amplitude, and/or length.

Hypothesis: Well, what do you think? Be as specific and quantitative as possible. Write this thought down BEFORE you do the lab.  Include “proportional” in your hypothesis.

Materials: Ring stand, pendulum attachment, set of hooked masses, string, stopwatch, meter stick.

Background/Discussion: What characteristics of a pendulum affect its period (the time it takes to make one complete oscillation)? Does a pendulum’s period depend upon the mass of the pendulum bob? Does it depend upon the pendulum bob’s maximum sideways displacement from its rest position (amplitude)? Does it depend upon the length of the pendulum (the distance from the pivot point to the center of mass of the pendulum bob)? If the period of a pendulum does depend on one or more of these factors, what is the mathematical relationship that describes how?
		In order to calculate the period of a pendulum, it is helpful to measure more than one complete oscillation in order to minimize timing errors. In order to measure period accurately, ten complete oscillations (ten complete “there & back’s”) can be timed and the time divided by ten. For example, if a pendulum takes 18.3 seconds to make ten full “to and fro” swings, the period is 18.3/10.0 = 1.83 seconds.

Experimental Design & Procedure:
1. 	Using the equipment listed, create a pendulum with a length of 50 cm (from the string’s pivot point to the center of mass of the hanging object). Test the effect of mass on the period of the pendulum by using different mass bobs (20 g, 50 g, 100 g, 200 g, 500 g, 1000 g).  Release the bob with the same 10 cm amplitude ("sideways" displacement from its rest/equilibrium position) each trial. NOTE: the pendulum's length changes when a new pendulum bob is put on and the string must be adjusted accordingly each time a new bob is used. Record your results in Table 1 below.












	2. 	Repeat Step #1 but, instead of varying the mass, vary only the amplitude (again, the pendulum bob’s maximum sideways displacement from its rest position—try amplitudes of 5 cm, 10 cm, 15 cm, 20 cm, 25 cm, and 30 cm). Use the 200 g mass for the bob each trial and the same 50 cm pendulum length as before. Record your results in Table 2 below.
	3. 	Repeat Step #1 again but now vary only the length of the pendulum (distance from the pivot point to the center of mass of the bob—try lengths of 10 cm, 30 cm, 50 cm, 
		70 cm, 90 cm, and 110 cm). Use the 200 g mass for the bob and a constant amplitude of 10 centimeters for each trial. Record your results in Table 3 below.

Observations & Data:
Table 1- Effect of Mass on Period
	Trial
	Mass (g)
	Period (s)
(Remember to divide the total time for all ten swings by ten)

	1
	20 g
	

	2
	50 g
	

	3
	100 g
	

	4
	200 g
	

	5
	500 g
	

	6
	1000 g
	



Table 2- Effect of Amplitude on Period
	Trial
	Amplitude (cm)
	Period (s)
(Remember to divide the total time for all ten swings by ten)

	1
	5 cm
	

	2
	10 cm
	

	3
	15 cm
	

	4
	20 cm
	

	5
	25 cm
	

	6
	30 cm
	



Table 3- Effect of Length on Period
	Trial
	Length (cm)
	Period (s)
(Remember to divide the total time for all ten swings by ten)

	1
	10 cm
	

	2
	30 cm
	

	3
	50 cm
	

	4
	70 cm
	

	5
	90 cm
	

	6
	110 cm
	




Analysis:
1. Graph period as a function of mass (period vs. mass) on graph paper (remember that in physics, unless otherwise stated, ALWAYS start “x” & “y” scales at zero, use as much of a piece of graph paper as possible, and use regular increments).  Use a new page for each graph – make it big.
	2. 	Graph period as a function of amplitude on graph paper. 
	3. 	Graph period as a function of length on graph paper. 
	4. 	Look at your graphs above. Notice which factor(s) significantly affect(s) the period of the pendulum and examine the corresponding graph(s). Note whether the best fit of each graphs is 
(A) flat, meaning there is no dependency of the period upon the factor or 
(B) a straight sloped line, meaning that the period is directly proportional to that factor or 
(C) a curve, meaning the relationship between the period and the factor is something other than a direct proportion. 
	5.	If any of the graphs show that the factor (mass, amplitude, and/or length) significantly affects the period of the pendulum but the relationship is non-linear (hint: there is at least one!), plot the following on graph paper: T vs. 1/(the factor), T vs. (the factor)2, T vs. √(the factor). Because each graph needs to be generated by a data table, this lab write-up contains at least six data tables (not merely the original three—make sure you use units in the table and graph appropriate to the quantity) and six graphs. If you obtain a straight line plot for any of these graphs, it means you are close to determining the mathematical relationship between period and the factor(s) which affect(s) the period. (This is our old friend “linearization”, remember?)


Conclusion:
1. Make sure your conclusion is a well-developed paragraph of an appropriate length, that you include an error analysis, and that you do not include any "fluff" statements (if you want full credit). Do not write the previous sentence or any of the sentences or questions below in your paragraph of conclusions but DO include the sentiment of the questions below in your answer to those questions.
2. Is the period vs. mass graph that is generated by your data basically flat or does it vary significantly? With this in mind, what effect, if any, does mass have on the period of the pendulum?
3. Is the period vs. amplitude graph basically flat or does it vary significantly? With this in mind, what effect, if any, does amplitude have on the period of the pendulum?
4. Is the period vs. length graph basically flat or does it vary significantly? With this in mind, what effect, if any, does length have on the period of the pendulum?
5. From an examination of all of the graphs, to what do you conclude period is directly proportional?
6. Relate the previous statements and results of your analysis to your hypothesis.

Have a Nice Day!!!
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	15 pts	
Penalty Box  (check means that there are problems in that area)
	□ lab notes not attached to lab report
□ doesn’t use third-person voice
□ lab framework is not followed (calculations not in analysis section, data tables not together in proper section, etc)

	□ more than a few obvious spelling/grammatical errors
□ math is not easy to follow (original algebra not shown, plug-in not shown, unclear progression)





	
	Missing
	Inadequate
	Needs Improvement
	Adequate
	Points

	Title, Heading, Purpose, Hypothesis, Materials (1 pt)
	

	Graphs/
Analysis Questions
(5 pt)
	Concern with 3 or all:

* correct labels & units
* axes are scaled correctly
* best-fit line
* detailed title
	Concern with two:

* correct labels & units
* axes are scaled correctly
* best-fit line
* detailed title
	Concern with one:
* correct labels & units
* axes are scaled correctly
* best-fit line
(points drawn from table rather than line)
* detailed title
	* correct labels & units

* axes are scaled correctly

* best-fit line(s)

* detailed title(s)
	

	Diagrams & Data Tables
(3 pt)
	* diagram is missing

* data tables are missing or extremely vague
(i.e. numerical values only)
	* diagram is unclear or unrelated
or  has major omissions 

* data tables have major omissions
(i.e. table missing for a graphed set of data)
	* diagram is vague or  has minor omissions 

* data tables have minor omissions
(i.e. units incorrect or missing)
	* diagram present & clear
*diagram labeled and captioned as necessary

* data tables clear and complete
* tables include labels and proper units
	

	Procedure & Conclusion
(4 pt)
	* procedure or conclusion extremely vague or missing altogether

*unintelligible

*missing: no attempt made to explain
	*major problems with procedure and conclusion
*unclear with important details missing

*lengthy/unrelated digressions

*vague or ambiguous statements
	* minor problems with procedure and conclusion: unclear
*vague details or omissions
* effort required to comprehend the progression
*unrelated digressions
*All logical steps present, but in non-sequential order 
	* procedure clear & complete, matching what was actually done
* conclusion is drawn that is related to the purpose/problem
* makes sense on 1st read-through
* organized, sequential, argues from evidence
	

	Error Analysis
(2 pt)
	*error analysis missing

*emotional response

*”miscalculation” or ”mistake”

*”faulty equipment”

*”human error”
	*estimated values not related to calculated results
*no attempt/failed attempt to quantify
*ambiguous, unclear language
*missing necessary diagrams
*incorrect statements
	*sources of error identified, but focus on non-major sources
*estimated values unfounded or unreasonable--related loosely/not related to calculations
*ambiguous, unclear language
*incorrect statements
	*major sources identified & explored
* quantified (amounts estimated)
*shows effect on calculation
*diagrams included
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