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Simple Harmonic Motion with Pendulums
The purpose of this exercise is to explore some of the variables affecting the oscillation of a pendulum (“simple harmonic motion”).  In particular, the dependence of the oscillation frequency on oscillation amplitude, the length of the pendulum, and the mass of the bob is examined.

	Equipment:
	• Stand and clamp for suspending pendulum
	• String and scissors

	
	• Bobs of various masses
	• Protractor

	
	• Ohaus electronic mass balance
	• Stopwatch

	
	• Meter stick
	


Procedure:
I.  Experimental Set-up
1. Measure and record the various bob masses you have available.  You may assume that the uncertainty in a mass value m as measured by the Ohaus electronic balance is 
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2. Construct a support frame that will allow you to suspend pendulums of various lengths above the table (in a range of 10-100 cm).  Arrange the frame so that it is easy to see when the bob is hanging straight down (at the bottom of its swing).  Also, mount the protractor with its center at the pendulum’s pivot point, so that it is easy to measure the initial angle (relative to the vertical) from which the pendulum is released.  Measure and record the length and bob mass of the first pendulum you construct.
II.  Test for Dependence of the Period of Oscillation on the Amplitude
3. First, let’s explore how the pendulum’s period T depends upon the amplitude of its motion (as determined by the initial angle of release).  Keep in mind that the period is the time it takes for one complete oscillation:  i.e., for one full swing from one side to the other and back again.  Therefore, if you start timing the oscillation from the bottom of the swing, note that one period will be the time it takes for the bob to make its second return to the bottom!  Note also that, because of the human error involved in starting and stopping your stopwatch, it may be more accurate to measure the period T by averaging the duration of several complete cycles, than by trying to time a single cycle.  To get an estimate of the accuracy of your results, record several independent measurements of the period as in the table below, each time using as nearly the same initial angle as you can.  (Choose a fairly small initial angle, no more than about 15°.)  How much scatter do you see in these period values?  What uncertainty δT would you assign to the average period value derived from these measurements?

	Initial angle
(in deg)
	Period T
(in s)

	…
	…

	…
	…


4. Now measure the period for a set of four or five different amplitudes of oscillation from what you used before, spanning a range of initial angles between about 5°-40°.  For each initial angle, average together the results of five independent measurements of the period to obtain an average period value with assigned uncertainty, T ± δT.
5. In Excel, make a scatter plot of the results of all these measurements (initial angle as independent variable, period as dependent variable).  What correlation do you see between the two variables?  Can you use oscillation amplitude as a predictor of period?

[Note to Instructor:  If the small-angle approximation for the pendulum is valid, students should find that these two variables are in fact uncorrelated!  You may or may not wish to have them determine the correlation coefficient value.]

III.  Test for Dependence of the Period of Oscillation on the Length
6. Next, let’s explore how the period T depends upon the pendulum’s length L.  In these trials, keep the bob mass and initial angle the same as in Step 3, while you measure the period for a series of trials with at least five more different pendulum lengths, as in this table (don’t forget to include the entry you already have from Step 3!):
	Length L
(in cm)
	Period T
(in s)

	…
	…

	…
	…


7. Now let’s do some curve-fitting to these data, taking the length L as the independent variable, and period T as the dependent variable.  Use the Excel function LINEST to make a linear fit to these data (
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 for some constants A and B), and look carefully at the result (maybe plot the residuals):  does it look reasonable, or a bit suspicious?  Describe your observations clearly.  Now try a power-law fit (i.e., of the form 
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 for some constants A and B).  From your scatter-plot and curve-fitting, what kind of dependence of the period on the length of the pendulum would you propose?  Is the best-fit value of the exponent B in the 
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 power-law fit close to some simple value which suggests that the true relation between T and L is some fairly simple but non-linear relation?
[Note to Instructor:  The expected relation is that period is proportional to the square root of the length, 
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 is the acceleration due to gravity at Earth’s surface.  Does Excel offer any easier way to perform a power-law fit, than by first taking the logarithm of all data values and doing a linear fit of the form 
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?  Students will probably need to be guided to this form, if it’s necessary to use it to find A and B.]

IV.  Test for Dependence of the Period of Oscillation on the Bob Mass

8. Finally, let’s test how the pendulum’s period T is affected by the mass m of the bob.  Using the same pendulum length and initial angle as in Step 3, create a table like the one below, in which you supplement the results of Step 3 with a series of trials using four or five more different bob masses:

	Mass m
(in g)
	Period T
(in s)

	…
	…

	…
	…


9. Make a scatter plot of the results of all these measurements (bob mass as independent variable, period as dependent variable), assigning reasonable error bars to each measured value.  What correlation do you see between the two variables?  Can you use the bob mass as a predictor of period?

[Note to Instructor:  These two variables are again expected to be uncorrelated.  You may or may not wish to have students determine the correlation coefficient value.]
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