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1 Introduction
The motion of a simple pendulum and the acceleration due to local gravity are connected, and we
can express its period T in terms of its length ¢ and gravity g through the formula we derived:

T =2rm é
g

This also means that if we can determine T and ¢, we can obtain a value for g. In this paper, we
will show how to calculate an experimental value of g for Earth’s gravity using a simple pendulum.

2 The Experiment

2.1 Materials

e Ring stand

e String

o Weight (with known mass)
o Meterstick

e Timer

e Camera

2.2 Procedure

1. Set up the ring stand and hang the weight from the ring with a piece of string. Record the
length of the string.

2. Set up the stopwatch and camera (recording, preferably in slow motion) so that they can see
the pendulum.

3. Start the stopwatch as you release the weight from its initial position.

4. Wait for 10 oscillations, and check the recording to determine the time it took for those 10
oscillations. Collect this data.

5. Repeat 2 more times, for a total of 3 trials, and record the average.

6. Change the length of the string and repeat the trials again. Run the experiment for 3 different
lengths of string.



2.3 Diagram

TODO

Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod tempor incididunt ut
labore et dolore magnam aliquam quaerat voluptatem. Ut enim aeque doleamus animo, cum cor-
pore dolemus, fieri tamen permagna accessio potest, si aliquod aeternum et infinitum impendere
malum nobis opinemur. Quod idem licet transferre in voluptatem, ut postea variari voluptas dis-
tinguique possit, augeri amplificarique non possit. At etiam Athenis, ut e patre audiebam facete
et urbane Stoicos irridente, statua est in quo a nobis philosophia defensa et collaudata est, cum id,
quod maxime placeat, facere possimus, omnis voluptas assumenda est, omnis dolor repellendus.
Temporibus autem quibusdam et aut officiis debitis aut rerum necessitatibus saepe eveniet, ut et
voluptates repudiandae sint et molestiae non recusandae. Itaque earum rerum defuturum, quas
natura non depravata desiderat. Et quem ad me accedis, saluto: 'chaere,' inquam, 'Tite!' lictores,
turma omnis chorusque: 'chaere, Tite!'" hinc hostis mi Albucius, hinc inimicus. Sed iure Mucius.
Ego autem mirari satis non queo unde hoc sit tam insolens domesticarum rerum fastidium. Non est
omnino hic docendi locus; sed ita prorsus existimo, neque eum Torquatum, qui hoc primus cog-
nomen invenerit, aut torquem illum hosti detraxisse, ut aliquam ex eo est consecutus? — Laudem
et caritatem, quae sunt vitae sine metu degendae praesidia firmissima. — Filium morte multavit.
— Si sine causa, nollem me ab eo delectari, quod ista Platonis, Aristoteli, Theophrasti orationis
ornamenta neglexerit. Nam illud quidem physici, credere aliquid esse minimum, quod profecto
numquam putavisset, si a Polyaeno, familiari suo, geometrica discere maluisset quam illum etiam
ipsum dedocere. Sol Democrito magnus videtur, quippe homini erudito in geometriaque perfecto,
huic pedalis fortasse; tantum enim esse omnino in nostris poetis aut inertissimae segnitiae est
aut fastidii delicatissimi. Mihi quidem videtur, inermis ac nudus est. Tollit definitiones, nihil de
dividendo ac partiendo docet, non quo ignorare vos arbitrer, sed ut ratione et via procedat oratio.
Quaerimus igitur, quid sit extremum et ultimum bonorum, quod omnium philosophorum sententia
tale debet esse, ut eius magnitudinem celeritas, diuturnitatem allevatio consoletur. Ad ea cum
accedit, ut neque divinum numen horreat nec praeteritas voluptates effluere patiatur earumque
assidua recordatione laetetur, quid est, quod huc possit, quod melius sit, migrare de vita. His rebus
instructus semper est in voluptate esse aut in armatum hostem impetum fecisse aut in poetis
evolvendis, ut ego et Triarius te hortatore facimus, consumeret, in quibus hoc primum est in quo
admirer, cur in gravissimis rebus non delectet eos sermo patrius, cum.



3 Data

3.1 Measurements

¢ =0.28m
Trial Time, 10 oscillations (s) | Period (s)
1 10.82 1.082
2 10.76 1.076
3 10.32 1.032
Average 10.63 1.063
¢ =0.18m
Trial Time, 10 oscillations (s) | Period (s)
1 8.76 0.876
2 8.76 0.876
3 8.81 0.881
Average 8.78 0.878
{=0.12m
Trial Time, 10 oscillations (s) | Period (s)
1 7.33 0.733
2 7.38 0.738
3 7.32 0.732
Average 7.34 0.734




3.2 Chart

The average periods (7) for each length have been plotted below, as well as a best-fit trend line.
The slope of this best-fit line is critical in our calculation of g, as shown in the next section.
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4 Calculations

4.1 Calculating acceleration due to gravity

From our formula:
4
T =24 —
g
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where m is the slope of the graph of T? versus ¢, as pictured above. Plugging in our value of
m = 3.684, we get

g=10.7213




4.2 Calculating error
The true value of gravity on Earth is around 9.813, so our experimental value is off by 0.9133, a
percent error of 9.3%.

4.3 Approximating error in our time measurements
Ideally, the period of the pendulum should be

10.28
2w 4/ ——= = 1.06s
1.06

To estimate the amount of error, F,, we made in our time measurements, we can use differentials.
The error in our measurement would propagate through our calculations, resulting in our propa-
gated error of 0.915. We can find the original E, by differentiating the equation and plugging in
our error to dg. Note that we assume our measurements of £ to have negligible error.

T =2m g
g
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Note that TTQ is the slope m = 3.684, so

Plugging in dg = 0.91, we obtain
dt = —0.42

meaning that

E, ~ | dt| = 0.42s




5 Conclusion

5.1 Sources of error

As shown above, we have an error of around 0.42s in our time measurements. Possible explanations
for this error are

e Inaccurate timing due to human error

e Non-negligible torsion or friction in the string

o Non-negligible air resistance

e Slight inaccuracies when measuring the length of the string

5.2 Possible improvements

In order to ameliorate our experiment to mitigate these sources of error, we could

o Use a more precise timing system (possibly involving robotic arms)

o Use a lighter string

o Ensure that the string is not twisted before the experiment starts, creating unnecessary torsion

e Hang the string from the ring stand in a way that avoids the friction between the string and
the stand itself when swinging
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