Properties of a Simple Pendulum

January 8, 2002

TA: Chris Odom

Lab Table # 5
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I. Abstract
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For the first part of this experiment we determined the maximum angle for which the first-order expression of a simple pendulum is valid.  To determine this, we measured the period of a pendulum of a fixed length (L = 0.6m) at various angles between 4( and 50(.  The period was measured with a computer-generated stopwatch and the angle was measured directly with a protractor.  
Using the fact that at small angles the period of a fixed-length pendulum is approximately constant, we were able to determine the so-called cut-off angle.  By plotting the pendulum’s period versus its initial angle, (, and noting the angle at which the period deviated from its constant value at small angles, we were able to determine that this cut-off angle is between 20( and 25(.

We used the full equation for the pendulum’s period (Equation 1) and calculated the theoretical value of the period for each angle.  This modeled data was plotted along with our experimental data and showed excellent agreement.  
The modeled data showed a consistently larger period, but all data points fell within our error bars
.  There was, however, a discrepancy between the theoretical and measured data sets regarding the cut-off angle.  The modeled data showed the cut-off angle to be approximately 15(, which is some 5(-10( lower than the experimental prediction
.  This is understandable since the uncertainty of our period measurements is (0.02s and the change in the theoretical value of the period is on the order of 0.001s in this range.  Therefore the resolution of our apparatus does not permit us to determine the period with this accuracy
.

In the second part of this experiment, we were to determine the acceleration due to gravity using a simple pendulum.  We achieved this by measuring the period of a swinging pendulum of varying lengths.  To greatly simplify the analysis, we used the first-order approximation of the period of a pendulum (Equation 2) and limited our initial angle to 10(; an angle well within the cut-off angle of both the experimental and theoretical data of Objective 1.  We plotted the pendulum’s period versus the square root of it length.  
From the slope of this graph, we were able to calculate the acceleration due to gravity to be 9.92m/s2
.  This shows excellent agreement with the accepted value of g = 9.80m/s2 for this latitude – a percent error of only 1.25%.  Furthermore, our best-fit line had an excellent correlation of 0.9988 and fell within each data point’s vertical and horizontal error bars. 

II. Data
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Here is a link to our Excel worksheet:


(If you are having trouble viewing the above spread sheet, see the sample.xls.)

Some explanation for how we arrived at some of our values is necessary:

· See the error section for how we determined the uncertainty in (, T and L.

· With Excel, we created a theoretical model inputting angles into Equation 2.  To do this, we had to use the RADIANS( ) function to convert our degree measurements 
to radians so Excel could operate on them.  Also, we only used two terms 
in addition to the first-order term for this calculation.

· To find the period of one oscillation, we divided the period for ten oscillations by 10.

· In hindsight, we should have taken more data points around the cut-off angle to better pinpoint its value
.

· We calculated the percent error in the usual way: 
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III. Error Analysis
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· The period of the pendulum was determined by measuring the time of ten oscillations and then dividing by 10 to get the period of one oscillation.  Measuring the time over 10 swings has the effect of reducing the uncertainty 
in our period measurement by a factor of 10!

· In Objective 1, we used a pendulum with a length of 60cm.  The longer the length, the better the accuracy for two reasons.  (1) Any instrumentation error in the length measurement will not be as noticeable with a long length.  In other words, an error of 0.1cm is more discernable with a pendulum length of 10cm than it is with a pendulum length of 100cm.  And (2) a longer pendulum means a longer period and therefore any errors in the period measurement will be diminished due to its long period.  We settled on a length of 60cm because it was relatively long and it made the length measurement manageable.

· Although the uncertainty of measurements made with our protractor is usually 0.2( (20% of 1(), we found it difficult to make such accurate measurements due to unsteady hands, string thickness, the large parallax due to apparatus, and difficulty keeping the protractor level.  As a result, we decided an uncertainty in ( of 0.5( to be more reasonable.

· The uncertainty of the timing device is 0.0002s, and therefore the uncertainty of the period of one oscillation is 0.00002s.  However, we felt that errors in human reaction time (stopping the watch) and determining the exact moment when the pendulum reached the apex of its trajectory were the largest source of error for this measurement.  We assumed that our reaction time was 0.2s (we could have performed a short experiment to determine this!)
.  Therefore over 10 swings our uncertainty in the period of one oscillation was 0.02s.

· We measured the length of the pendulum with a meter stick.  Usually we can say that the uncertainty of this measuring device is 20% of 0.1cm or (0.02cm = (0.0002m.  However, due to the unsteady nature of the apparatus, we arbitrarily assumed the uncertainty of our length measurements was (0.1cm = (0.001m.  And since we plotted the square root of the length, the uncertainty in this 
is 
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Although 0.1cm was arbitrarily chosen, it seems reasonable.

· Looking at our error bars from Objective 1, we see that our data did match the theoretical data
.

· From Objective 1, we determined that the cut-off angle was between 10( and 25( and therefore in Objective 2 we released our pendulum from an angle of 10( for each trial
.

IV. Questions


Each member of the group should print out this section and answer the questions individually.  A hard copy will be handed in and your TA will grade each student’s work.  It is not necessary to answer the questions using Word and the Equation Editor – working in pencil will do fine.

1.) Describe how the pendulum's period is affected if the bob's mass is doubled.  Halved.  Assume the period is independent of (.

The period of a simple pendulum is independent of mass, therefore the period is not affected in either case.

2.) Draw a free-body diagram of the pendulum at the top of the web page.  You may ignore friction forces.  Write down the force that drives the system, that is, the force along the direction of motion.



This is the component that drives the system along the direction of motion.

3.) A simple pendulum has a mass of 0.750kg and a length of 0.500m.  What is the tension in the string when the pendulum is at an angle of 20(?
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4.) Show that for small angles, the driving force in Question 2 becomes 
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.  Use the fact that at small angles 
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, and the image of the pendulum at the top of the web page to help you.

At small angles: 
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Substituting this into the driving force equation from Question 2, we find


5.) Compare the pendulum's restoring force to the restoring force of the simple harmonic motion of an oscillating mass on a spring.

A spring’s restoring force is of the form: F=-kx, where k is the spring constant.  By analogy for a pendulum, k = Mg/L.  Therefore, for small angles, a simple pendulum does approximate Simple Harmonic Motion.
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�PAGE \# "'Page: '#'�'"  ��Excellent!  You briefly told me about some procedural details so that I would know what is going on, but you kept it very brief.


�PAGE \# "'Page: '#'�'"  ��Nice job!  Again, clear and concise.  Nice job giving me the results of the experiment and telling me the basic method you used to find it.  However can you think of a way that you could have narrowed down the cut-off range?  It would have been nice to have it narrowed down to something like 22(.


�PAGE \# "'Page: '#'�'"  ��Great way to check your results!


�PAGE \# "'Page: '#'�'"  ��Good use of uncertainty!


�PAGE \# "'Page: '#'�'"  ��Good comparison!


�PAGE \# "'Page: '#'�'"  ��Excellent insight!


�PAGE \# "'Page: '#'�'"  ��Again, this is just the right amount of procedural details.  You have future as a scientist!


�PAGE \# "'Page: '#'�'"  ��Very reasonable value.


�PAGE \# "'Page: '#'�'"  ��Nice job including error!  Again, not too much, but enough to let the world know your experiment was a success.


�PAGE \# "'Page: '#'�'"  ��Yes!  You would not believe the number of students who forget to do this!  Nice work!


�PAGE \# "'Page: '#'�'"  ��Any idea how the inclusion of more terms would have affected the model?  Would it match the experimental data better or worse?


�PAGE \# "'Page: '#'�'"  ��Nice job, but any reason for ch0osing 10?


�PAGE \# "'Page: '#'�'"  ��Yes!  As I mentioned in the abstract section, this would have been nice.


�PAGE \# "'Page: '#'�'"  ��Good!  You told me what you did to reduce error.


�PAGE \# "'Page: '#'�'"  ��Great observations!


�PAGE \# "'Page: '#'�'"  ��Very well documented.  Nice work!  This is exactly what you have to do with equipment!


�PAGE \# "'Page: '#'�'"  ��Tell me why you assumed this!  What experiment could you have done?


�PAGE \# "'Page: '#'�'"  ��Good work!


�PAGE \# "'Page: '#'�'"  ��Again: good use of a model to verify your data!


�PAGE \# "'Page: '#'�'"  ��Excellent observation.  Good job incorporating this into the procedure!


�PAGE \# "'Page: '#'�'"  ��I found no mistakes – great job.
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