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Abstract

The effects of bob mass, length, and amplitude on the period of a
simple pendulum are investigated. Mass is found to have no effect on
the period. The period is found to increase roughly as the square root
of the length, in agreement with theory. The period increases slowly in a
complex manner with amplitude.

Introduction

Over 400 years ago, Galileo claimed that the period of a simple pendulum
depends on only the pendulum’s length, `. Naively, one might expect rather
that not just the length but also the weight, mg, and the amplitude of the
swing affect the period. Dimensional analysis rules out a dependence on the
mass m: The dimension of the period [T ] = T , time, while [m] = M (mass),
[g] = LT−2 (length × time−2), and [`] = L (length), so T ∝

√
`/g or, because

g cannot be simply varied, T ∝
√
`. The influence of the swing amplitude

remains, in this analysis, an empirical question, although a more sophisticated
approach predicts a second order affect.

Experiment

A simple pendulum was constructed [see Figure 1] from a thread wound around
a nail and a paper clip that could hold old-style Spanish 25 pesetas coins. The
unit of mass was one coin.

A

D

E

B

C

Figure 1: A simple pendulum comprised of a thread (A) hanging from a nail
(B) supporting a light hook (C) on which different masses (D) are hung. A
protractor (E) measured the amplitude.

Mass, length, and swing amplitude were varied independently from the stan-
dard configuration of m = 3 coins, ` = (55.6± 0.2) cm, and θ = (10± 2)◦. The
length was measured with a tape measure ruled to 1 mm. The amplitude was
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measured with a protractor ruled to 1◦. Five trials were made of each configura-
tion and the average period and standard deviation calculated. A trial consisted
of displacing the pendulum to its amplitude angle, releasing it, and timing 50
complete cycles. A stop watch, measuring to 0.01 second, was started (stopped)
at a highest point of the first (fiftieth) swing.

Data and Analysis

Figures 2, 3, 4 show the results for variations of mass, length, and amplitude,
respectively. Notice the suppressed zero on the vertical scale in the cases of the
mass and amplitude varying data. Error bars in the case of the length varying
data are too small to be visible on the plot.

There was, of course, no uncertainty in the number of coins. Length mea-
surements were uncertain ±0.2 cm. The uncertainty in amplitude varied with
the amplitude; the relative uncertainty was 20%. The relative uncertainty of the
period measurements was typically 0.01%, due mainly to starting and stopping
the watch.

Results

The period vs. mass plot, Figure 2, is featureless, indicating no dependence, as
expected. The period vs. amplitude plot, Figure 4, suggests a small increase
in period with amplitude, but the data are insufficient to determine the precise
form. The period vs. length plot shows a distinct, non-linear dependence.
Figure 5 shows ln T vs lnA, which is strongly linear. The correlation coefficient
r > 0.999± 0.001 for 6 data points, which could occur by chance less than 1%
of the time. The slope of the graph is 0.499± 0.001, consistent with 0.5.

Discussion

As expected, the period of a pendulum depends on the the square root of the
pendulum’s length, but not on the mass. There appears to be some amplitude
dependence; further investigation is necessary to determine the precise form of
this dependence. The angular measurement presented the greatest challenge,
and its precision should be improved.
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Figure 2: Period versus mass plot. Notice the ordinate’s zero is suppressed.

Figure 3: Period versus length plot. Note that the error bars are shorter than
the radii of the data points.
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Figure 4: Period versus amplitude plot. Notice the ordinate’s zero is suppressed.

Figure 5: Natural log of the period versus natural log of the length plot.
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