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Gravitational acceleration affects falling objects equally
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This experiment examines two hypotheses about the motion of falling objects: Aristotle’s idea
that heavier objects fall faster than lighter ones, and Galileo’s idea that objects fall at a constant
acceleration when air resistance is negligible. Five drop tests were conducted in which we released
a kickball (m = 0.210 kg) and a baseball (m = 0.144 kg) from a height of 5m to obtain the times
it took for each object to fall a distance of 5m. The measurements allowed us to estimate the
acceleration experienced by each. Baseballs fell in 0.84± 0.08 s, while kickballs fell in 0.84± 0.07 s;
the resulting accelerations were 14.7 ± 2.8m s−2 and 14.5 ± 2.4m s−2, respectively. Accelerations
were approximately equal, regardless of mass; and differences between time to fall and between
acceleration were not statistically significant, thus supporting Galileo’s hypothesis that objects fall
at a constant acceleration when air resistance is negligible.

I. INTRODUCTION

In one-dimensional kinematics, the position function
y(t) is a function that connects time t, acceleration a,
initial velocity v0, and initial position y0 to produce a
final position of an object[1–3]:

y =
1

2
at2 + v0t+ y0. (1)

We have rewritten (1) to solve for the gravitational ac-
celeration constant a = −g, assuming that the initial
velocity v0 = 0ms−1, initial position y0 = h, and final
position is y = 0 at t:

g =
2h

t2
. (2)

The importance of gravity has long been recognized
in physics. The gravitational constant g = 9.81m s−2

describes the acceleration of an object falling near the
Earth’s surface [1–3]; but this has not always been
known. In antiquity, Aristotle asserted that heavier ob-
jects fall faster than lighter objects [4], an assertion that
was not challenged until Galileo Galilei, an Italian physi-
cist, proposed that all objects fall at the same rate of
acceleration when air resistance is negligible [5–7]. To
test their hypotheses, we predicted that the acceleration
of falling objects is constant regardless of their mass, and
then conducted several drop tests using a kickball and a
baseball.
The null hypothesis and alternative hypothesis are

listed below:

H0 : t̄k = t̄b (3)

H1 : t̄k < t̄b (4)

where t̄k and t̄b denote the mean fall times of a kickball
and baseball, respectively. The null hypothesis H0 states
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that there is no difference in the mean fall time of the
two objects, after Galileo [5, 7], while the alternative hy-
pothesis H1 states that the heavier object (kickball) falls
faster, after Aristotle [4].

We could test among these hypotheses simply by drop-
ping both objects and seeing which one hits the ground
first. However, we chose to estimate the gravitational
accelerations experienced by each as a further test. To
solve for the gravitational acceleration g, we measured
the fall time t and used (2). This allowed us to compare
the objects’ respective accelerations to see if they were
equal. To verify our hypothesis, we also ran a two-sample
t-test, assuming unequal variances, to further ensure its
accuracy [8].
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FIG. 1. A. Outdoor experimental setup depicting the drop
height (5m) used for timing falling objects. B. (left) Kickball
(m = 0.210 kg) and (right) baseball (m = 0.144 kg).
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II. METHODS AND MATERIALS

A. Drop tests

In our experiment, we had one person stand inside a
classroom at a second-story window, approximately 5m
above the ground, to release objects, as shown in Fig. 1A.
Two of those objects were a kickball (m = 0.210 kg; Wal-
mart; Freehold, NJ) with a circumference of 0.565m and
a baseball (m = 0.144 kg; Walmart; Freehold, NJ) with
a circumference of 0.23m, shown in Fig. 1B, which we
focused on for the remainder of the experiment.
A group of observers outside at ground level measured

time to fall, where each person managed one digital stop-
watch (Pulivia YS-802; Shenzhen, China) with a preci-
sion of ±0.01 s. Additional observers outside at ground
level filmed each trial at 30 and 60 frame/s using a smart-
phone (iPhone 13; Apple Inc; Cupertino, CA).
For each trial, a sequential countdown from three down

to one and a verbal command “drop” were communi-
cated via megaphone (Pyle USA; Brooklyn, NY) to sig-
nal the person at the window to release the object from
his hands by removing his hands from contact with the
object or by opening his fist, depending on the size of
the object. On “drop”, the timers would begin their
stopwatches and, through visual observation, would stop
their stopwatches when the object made contact with the
ground. The videographers would begin recording before
the countdown and stop recording a couple of seconds
after the object hits the ground. The times obtained by
each stopwatch were then recorded for statistical analy-
sis. This process was repeated over five trials, one object
per trial, where each object was released from the same
person’s hands at the same height to maintain consis-
tency. The experiment was conducted outdoors under
calm weather conditions to minimize the effect of wind
and other external factors on the objects as they fell.

B. Analysis

Statistical analysis [8] was done in R [9] using the
dplyr and ggplot2 packages [10, 11]. For each mea-
sured time, (2) was used to estimate g. t-tests were
then performed on measured fall times as well as
on the estimates of g from each drop. Data and
analysis code are available at https://github.com/
devangel77b/427snagrani-lab1.git

III. RESULTS

Measured fall times are shown in Table I. Table II sum-
marizes the measured fall times and estimates of g for
kickball and baseball. The data are plotted in Fig. 2.
Differences are not significant between baseball and kick-
ball (two-sample t-test, p = 0.9269 for t, p = 0.8643 for
g estimates).

TABLE I. Fall times for the kickball and baseball across five
trials.

trial kickball 1, s kickball 2, s baseball 1, s baseball 2, s
1 0.780 0.900 0.880 0.880
2 0.870 0.900 0.970 0.900
3 0.780 0.880 0.720 0.840
4 0.750 0.870 0.820 0.850
5 0.750 0.910 0.750 0.750

TABLE II. Fall times for kickball and baseball (mean ± 1
s.d.), for n = 5 drops each, and corresponding estimates of g
based on (2). Differences are not significant between baseball
and kickball (t-test, p = 0.9269 for t, p = 0.8643 for g esti-
mates).

type t, s g, m s−2

baseball 0.84± 0.08 14.7± 2.8
kickball 0.84± 0.07 14.5± 2.4

IV. DISCUSSION

A. Aristotle or Galileo?

As shown in Table II and Fig. 2, the gravitational con-
stant gk for n = 5 kickballs was 14.5±2.4m s−1 (mean ±
1 s.d.). The gravitational constant gb for n = 5 baseballs
was 14.7 ± 2.8m s−1. Both objects fell with the same
acceleration (one sided, two-sample t-test, t = 0.17343,
df = 17.529, p = 0.8643, α = 0.05). This result is con-
sistent with Galileo’s hypothesis (H0) that objects fall at
the same rate of acceleration when air resistance is neg-
ligible [5]; and we reject Aristotle’s alternative H1, that
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FIG. 2. (left) Bar chart of measured fall times. (right) Bar
chart of g estimates. Differences are not significant between
baseball and kickball (t-test, p = 0.9269 for t, p = 0.8643 for
g estimates).
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heavier objects fall faster.
This experiment provides experimental confirmation of

Galileo’s conclusion that objects of different masses fall
with the same acceleration when air resistance is negli-
gible. Although limited by human reaction time and a
small sample size, our results align with the established
physical theory and demonstrate the value of statistical
analysis in experimental physics.

B. Sources of experimental error

Our measured values of g (Table II and Fig. 2) are
somewhat higher than a typical value of g = 9.8m s−2

[1–3]. Rearranging (1) gives the time t for an object to
fall distance h from rest:

t =

√
2h

g
. (5)

(5) predicts the theoretical fall time from a height of 5m
to be approximately 1.01 s. Our experimentally measured
mean fall times (Tables I and II and Fig. 2) were slightly
shorter than this value, which we attribute to reaction
time error when using handheld stopwatches [12, 13], ei-

ther due to timers starting the stopwatches late or ending
them early in anticipation of objects hitting the ground.
In hindsight, it may have been beneficial to have the
timers give the countdown and verbal command to drop
the object.

Although air resistance was neglected, it may still have
had a minor effect due to differences in surface area and
shape between the baseball and the kickball. Another
limitation is inconsistency in drop height, which could
have been reduced by providing a landmark at the win-
dow. Future experiments could improve precision by us-
ing high-speed cameras to eliminate human timing errors,
having better communication among experimenters, or
automating drop and timing.
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