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This experiment uses a simple pendulum to measure the acceleration due to gravity. This is done
by timing the pendulum’s oscillations for several different string lengths. For small release angles,
the motion of the pendulum can be approximated as simple harmonic motion, leading to the linear
relationship between the period of oscillation and the square root of the length of the pendulum.
The time for ten oscillations was measured for multiple trials for ten different lengths. A weighted
linear fit of period versus the square root of length was used, whose slope was proportional to g.
This gave g = 10.01 4 0.04m/s>. This value is slightly larger than the accepted value, likely due to
systematic timing uncertainties. The results clearly follow the expected linear relationship.

I. INTRODUCTION

Despite their apparent simplicity, pendulums have
been important tools in physics for centuries, from
Galileo’s early observations of regular motion in swing-
ing chandeliers to Foucault’s use of a large pendulum to
demonstrate Earth’s rotation. Galileo’s work on isochro-
nism laid the foundation for the development of accu-
rate timekeeping, and Christiaan Huygens later devel-
oped pendulum clocks, which greatly improved naviga-
tion and measurement.

A simple pendulum consists of a mass suspended from
a fixed point by a light string. When displaced from
equilibrium and released, the pendulum swings back and
forth under the influence of gravity, with a restoring force
directing it toward equilibrium. For small angular dis-
placements, the motion is approximately periodic, and
the period depends primarily on the length of the pendu-
lum and the acceleration due to gravity [1]. Real pendu-
lums deviate from the ideal due to air resistance, friction,
and the finite mass of the string, providing an opportu-
nity to explore the limitations of theoretical models and
the role of experimental uncertainty.

In this experiment, the period of a simple pendulum
was measured for several string lengths to investigate
the relationship between oscillation period and pendulum
length to determine the acceleration due to gravity. By
analyzing how the period changes with length, this study
demonstrates the principles of simple harmonic motion
while highlighting experimental limitations. Even with
simple equipment, the experiment illustrates how classi-
cal mechanics can be connected to hands-on observations,
making it accessible for both educational and research
purposes.
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FIG. 1. Diagram of experimental setup, showing simple pen-
dulum with mass m, length L, and small angle 6.

II. KEY FINDINGS

A simple pendulum is a system consisting of a point
mass m suspended from a fixed pivot by a massless, inex-
tensible string of length L. When displaced from its equi-
librium position and then released, the pendulum swings
back and forth due to the force of gravity. The force of
gravity acts vertically on the mass, and only the com-
ponent of this force along the arc of motion contributes
to restoring the pendulum toward its equilibrium. This
component of the gravitational force creates a restoring
torque about the pivot that returns the pendulum to its
lowest point.

The restoring torque 7 is related to the angular dis-
placement 6 from equilibrium:

7 =mgLsin, (1)

where the negative sign indicates that the torque acts
against the displacement. The torque generates angu-
lar acceleration « according to Newton’s second law for
rotation:

T =la, (2)
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where I = mL? is the moment of intertia of the mass
about the pivot, and a = d?/6dt? is the angular ac-
celeration. Therefore, the angular displacement of the
pendulum satisfies the nonlinear equation:

d*0

@+%sm9:o. (3)
For small angular displacements, (6 < 15°), sinf = 6.
This small-angle approximation linearizes the equation,
making it mathematically equivalent to a simple har-
monic oscillator. Physically, this means the restoring
torque is approximately proportional to the displace-
ment, which results in periodic motion with a fixed fre-
quency. The resulting linear differential equation is:

o+ dg—no, (4)

a second-order ODE whose solution has two constants of
integration representing the initial amplitude and phase.
The angular frequency is

w=1/%. (5)

The period of oscillation, T' = 27 /w, is now

T=2r (6)

L
g
This predicts a linear relationship between 7' and v/L.

The experimental apparatus shown schematically in
Fig. 1 consisted of a simple pendulum formed by a spher-
ical metal mass suspended from a fixed support by an
inextensible string of negligible mass. The string was at-
tached to a fixed rod supported by the edge of a rigid hor-
izontal surface, forming a fixed pivot point about which
the pendulum oscillated. The pendulum length L was
defined as the distance from the pivot point to the center
of mass of the metal sphere.

Oscillations began with a small angular displacement
0 = 10° — 15° to satisfy the small-angle approximation.
Three different string lengths were used while the mass
of the pendulum was held constant. For each length, the
time for ten complete oscillations was measured using a
handheld stopwatch. Each measurement was repeated
three times and averaged to reduce random timing un-
certainty.

The plot of measured values for the period versus the
square root of the pendulum length is shown in Fig. 2.
A weighted linear regression was performed, forcing the
fit through the origin, consistent with the theoretical re-
lationship Tav/L. The slope of this line, M, represents
a ratio of 27 to g. Rearranging this ratio gives the cal-
culated value of gravitational acceleration:

g =10.07(2M)* £ 0.04 m/s?. (7)
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FIG. 2. The average of the measured periods is plotted
against the square root of the measured lengths. The solid
line is a least squares regression fit.

The accepted value of gravitational acceleration is
Jaccepted = 9.80665 m /s, (8)

as reported in [2]. The experimentally determined value
differs from the accepted value by 2.6%.

Despite this small discrepancy, the data clearly demon-
strates the expected linear dependence of period on the
square root of length. The slight overestimation of g
likely arises from systematic effects. The dominating sys-
tematic error is reaction time bias in timing, estimated
at + 0.02 seconds per period, or 0.2 seconds for the time
of N=10 oscillations. Random variations due to human
reaction time were minimized by averaging over multiple
oscillations for each length.

III. CONCLUSION

In this experiment, the period of a simple pendulum
was measured for multiple string lengths to determine the
acceleration due to gravity. The results show a clear lin-
ear relationship between the period and the square root
of the pendulum length, consistent with the theoretical
model for small-angle oscillations. The experimentally
determined value, g = 10.07 & 0.04m/s?, shows a small
overestimation relative to the accepted value. This is
primarily due to systematic factors such as reaction time
bias, finite release angles, and uncertainties in effective
pendulum length.

The experiment is subject to both systematic and ran-
dom errors that affect the accuracy of the measured grav-
itational acceleration. While statistical uncertainty from
the regression is minimal, systematic errors dominate the
overall uncertainty. Systematic errors include reaction
time bias in timing, deviations from the small-angle ap-
proximation, minor elasticity in the string, and potential



Phys. in Prog. 2 (Feb. 2026)

PHYSICS IN PROGRESS

Rapid Communication

misalignment of the pivot, all of which can slightly in-
crease or decrease the measured period. Human reaction
time bias when timing was the dominate error factor in
the experiment, due to changes from trial to trial. Dur-
ing the data analysis the time error was weighted while
the length measurement or angle error was considered
negligible.

To reduce these errors in future experiments, sev-
eral improvements could be implemented. Using auto-
mated timing systems such as photogates would elimi-
nate reaction-time uncertainty, while increasing the num-
ber of oscillations per measurement would reduce the
relative effect of timing variability. Additionally, taking
more measurements at a wider range of pendulum lengths
would improve the linear fit and decrease the statistical
uncertainty in the slope used to calculate g. Careful con-
trol of the release angle and using a more rigid pivot and
inextensible string would further minimize systematic de-
viations from the ideal simple pendulum model.

Overall, the experiment successfully illustrates funda-
mental principles of classical mechanics, demonstrating

how a simple pendulum can be used to determine ac-
celeration due to gravity. With improved measurement
techniques, this system offers both educational and re-
search value in exploring harmonic motion and the limi-
tations of idealized models.

ACKNOWLEDGMENTS

This work was assisted by lab partner Braedon Larsen.
Additionally, this research would not have been made
possible without funding from the Carthage College
Physics and Astronomy Department along with assis-
tance from Dr. Joseph Anderson.

DATA AVAILABILITY STATEMENT

A Jupyter notebook containing all the experimental
data, data analysis, figure generation, and additional in-
formation on uncertainty analysis can be found in the
supplemental materials. [3]

[1] A. Beléndez, C. Pascual, D. Méndez, T. Beléndez, and
C. Neipp, Revista brasileira de ensino de fisica 29, 645
(2007).

[2] National Institute of Standards and Technology, Codata
value: Standard acceleration of gravity (g»), https://
physics.nist.gov/cgi-bin/cuu/Value?gn.

[3] See online article posting for access to supplemental ma-
terial.



