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The purpose of this experiment was to determine whether the rolling motion of spherical objects
on an inclined plane is consistent with a constant-acceleration model and whether displacement
is proportional to the square of time elapsed. Using a setup and procedure similar to Galileo’s
Renaissance-era motion on an inclined plane experiment, a ping pong ball and a baseball were
rolled down a fixed inclined plane five times each, and their motion was measured using high-
frame-rate video analysis. Position–time data were extracted, analyzed, and plotted to evaluate
the relationship between displacement and time. Both objects exhibited displacement proportional
to the square of time (t2), indicating motion consistent with constant acceleration. These results
support the application of constant-acceleration kinematics to rolling motion on an incline and are
consistent with Galileo’s conclusion that motion on an incline is uniformly accelerated.

I. INTRODUCTION

Uniformly accelerated motion is a fundamental con-
cept in mechanics. For an object released from rest and
undergoing constant acceleration along a straight path,
displacement is related to elapsed time by:

x =
1

2
at2 (1)

where x is the displacement of the object along the in-
cline, a is the acceleration of the object, and t is the
elapsed time since the object was released from rest [1–3].
Although the equation is derived under the assumption
that acceleration is constant, this relationship predicts
a parabolic position–time curve and linear position-time
slope, and in that sense serves as a diagnostic test for
constant acceleration
This relationship was first demonstrated by Galileo

Galilei in his 1638 work Discourses and Mathematical
Demonstrations Relating to Two New Sciences, in which
he used inclined planes to study the motion of rolling ob-
jects [4, 5]. Galileo reported that, across repeated trials,
“the spaces traversed were to each other as the squares
of the times,” independent of the inclination of the plane
[4]. He further described this relationship by noting that
the distances covered in successive equal time intervals
follow the ratio of odd numbers: “1, 3, 5, 7...” a result
which implies that total displacement grows as the square
of elapsed time [4]. Galileo’s inclined-plane experiments
thus provided an early experimental demonstration of
uniformly accelerated motion, establishing that displace-
ment increases systematically with time rather than re-
maining proportional to instantaneous velocity alone.
In practical systems, rolling motion introduces rota-

tional dynamics that fundamentally alter acceleration [1–
3]. For objects rolling without slipping, translational ac-
celeration depends on both gravitational components and
the object’s moment of inertia. Consequently, objects
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FIG. 1. General simplified overview of the schematic of our
experiment

with different mass distributions or surface interactions
are not necessarily expected to exhibit identical acceler-
ations, even under similar conditions.

The purpose of this experiment was to recreate
Galileo’s inclined plane experiment, to examine whether
rolling spherical objects on a fixed inclined plane ex-
hibits displacement proportional to the square of elapsed
time, consistent with constant acceleration. Using video
analysis, we evaluated the extent to which constant-
acceleration kinematics describes real rolling motion and
identified sources of deviation from ideal behavior. Based
on [4], we hypothesize that the displacement of a rolling
spherical object on a fixed inclined plane is proportional
to the square of elapsed time, consistent with constant
acceleration over the measurement interval, e.g. (1). Al-
ternatively, the displacement of a rolling spherical object
on a fixed inclined plane does not follow a quadratic de-
pendence on elapsed time.

II. METHODS AND MATERIALS

Two spherical objects, a ping pong ball (m =
0.0018 kg, diameter 40mm) and a baseball (m =
0.143 kg, diameter 73mm), were used to investigate
rolling motion on an inclined plane. For rolling with-
out slipping, each object was treated as a solid sphere
with moment of inertia:

I =
2

5
mr2, (2)
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where r is the radius, reasoning for differences in mea-
sured acceleration. The inclined plane, an aluminum U-
channel with an inner width of 2 cm, was elevated at
a fixed 24◦ angle, measured with a protractor. A dis-
tance of 90 inch (2.29m) along the incline was our mea-
surement path. Each object was released from rest at
the top of the incline without any applied push, ensur-
ing consistent initial conditions. Rather than measure
motion with chimes or pouring of wine [4], motion was
recorded with an iPhone 14 camera (Apple; Cupertino,
CA) at 60 frames per second with a resolution of 1080p.
The camera was positioned perpendicular to the plane
to best determine the position of the balls at different
time intervals. Both the ping pong ball and the baseball
were rolled five times under identical conditions to im-
prove measurement reliability and reduce random error
and variability.
Video analysis was performed using Tracker software

[6, 7] to extract position and time data, which were
plotted using Matplotlib as displacement (x) versus the
square of time (t2) based on (1). Possible sources of er-
ror, including friction, air resistance, timing precision,
etc., were considered in the interpretation and analysis
of results. Position data were extracted at regular time
intervals using Tracker [6], with spatial calibration per-
formed using a known reference length along the incline.
Representative frames were sampled consistently every
three frames across each trial to reduce noise, avoid over-
sampling, and balance measurement resolution.
The objects were observed to roll without sustained

slipping for the majority of their motion. Any brief ini-
tial slipping immediately after release was treated as a
transient effect and excluded from trend analysis. Be-
cause rolling motion couples translational and rotational
dynamics, measured accelerations are expected to differ
from both free-fall acceleration and frictionless sliding
acceleration. No assumption was made that the accel-
erations of the two objects should be equal. After the
constant-acceleration model was verified to be accurate,
average accelerations for the baseball and the ping pong
ball were measured and estimated using the relation [1–3]

A =
2d

t2
(3)

where d is the total distance traveled along the incline
(90 inch, 2.29m), and t is the time.
Results were initially visualized in Python using the

numpy, scipy, and matplotlib libraries [8–10]. Subse-
quent statistical analysis [11] was perfomed in R [12] us-
ing the ggplot2 and dplyr libraries [13, 14]. All data
and analysis code is available at https://github.com/
devangel77b/427bdemairo-lab1.

III. RESULTS

Position–time data for both the baseball and the ping
pong ball were obtained from five trials each and plot-

0.0

0.5

1.0

1.5

2.0

2.5

0 25 50 75
x, in

t,
s

baseball
pong

FIG. 2. Distance traveled down the inclined plane versus time
for five trials for the baseball and the ping pong ball. Differ-
ences between baseball and ping pong ball are statistically
significant (nested ANOVA, p = 7.19× 10−11).
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FIG. 3. Distance traveled down the inclined plane versus
time squared for five trials fo the baseball and the ping pong
ball. Differences between baseball and ping pong ball are
statistically significant (nested ANOVA, p = 7.19× 10−11).

ted as displacement versus elapsed time. Fig. 2 shows
the mean distance traveled along the incline as a func-
tion of time for all trials of the baseball and the ping
pong ball, respectively. In both cases, the data exhibit a
clear parabolic relationship aside from slight deviations,
consistent with uniformly accelerated motion.

To further evaluate this relationship, displacement was
plotted as a function of the square of time. Linear fits
to these plots, as shown in Fig. 3, showed strong agree-
ment with the constant-acceleration model of (1). This
indicates that the rolling motion of both objects is well
described by constant acceleration over the length of the
incline. Slight discrepancies in both graphs from “per-
fect” parabolic or linear behavior can be attributed to
previously-mentioned sources of error, ranging from the
effect of rotational inertia to air resistance or precision
inconsistencies.

The mean times across five trials were used to com-

39

https://github.com/devangel77b/427bdemairo-lab1
https://github.com/devangel77b/427bdemairo-lab1


Analyzing Galileo’s inclined plane J S&E 2, 38–40 (2026)

pute representative acceleration values. For the baseball,
the mean time to travel 90 in was 2.221 s, corresponding
to an average acceleration of approximately 36.49 in/s2.
For the ping pong ball, the mean time was 2.332 s, cor-
responding to an average acceleration of approximately
33.10 in/s2.
The measured accelerations, from linear regression of

Fig. 3, were approximately 35.2 ± 0.3 in/s2 for baseball
and 32.0 ± 0.3 in/s2 for ping pong. While the measured
accelerations were not identical, both objects demon-
strated motion consistent with constant acceleration, as
evidenced by the quadratic displacement-time relation-
ship. The observed differences in acceleration magnitude
are consistent with expectations for different moments of
inertia during rolling motion and do not detract from the
validity of the constant-acceleration model.

IV. DISCUSSION

The results of this experiment indicate that the rolling
motion of spherical objects on a fixed inclined plane is
well-represented by constant acceleration. For both the
baseball and the ping pong ball, displacement was appro-
priately found to be proportional to the square of elapsed
time. This agreement supports the use of constant ac-
celeration equations to describe rolling motion over the
duration of the incline. It aligns with Galileo’s original
observations on the inclined plane, demonstrating uni-

formly accelerated motion.

Although the measured accelerations were not identi-
cal, the observed differences are expected for rolling sys-
tems and do not contradict the model of constant ac-
celeration. Rolling motion involves rotational dynamics,
causing acceleration to depend on various factors other
than mass, including rotational inertia, friction, and any
experimental noise. The data support the conclusion that
the rolling motion of an inclined plane follows constant
acceleration while highlighting the role of rotational iner-
tia and rotational effects in real systems involving rolling
and acceleration. Overall, these results do not imply
identical accelerations for all rolling objects, but rather
demonstrate that rolling motion can be modeled as uni-
formly accelerated over the experimental interval.
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