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This experiment aims to investigate the influence of air resistance on falling objects with different
masses by comparing the motion at which a penny and a feather fall in environments with and
without air. Creating a vacuum seal in the tube and using a high-speed video recorder, the position of
each object was observed over time for five trials in each environment. In our air-filled environment,
the feather fell significantly slower than the penny, almost floating downwards. On the other hand,

in vacuum conditions, both objects exhibited similar position-time behavior.

These results are

consistent with air resistance significantly affecting the motion of low-mass, high-area objects such
as feathers. In an environment without air resistance, objects experience a constant acceleration,

resulting in increasing velocity over time.

I. INTRODUCTION

This experiment investigates how air resistance affects
the vertical motion of a feather and a penny in a con-
trolled tube under two conditions: with air present and
with air partially removed. The motion was observed
under two different conditions: We used a tube that con-
tained air, and then the same tube, except with the air
removed through a vacuum. In an idealized system with-
out air resistance, all objects near Farth’s surface accel-
erate at the same rate due to gravity. However, in every-
day conditions, the presence of air resistance acts against
the acceleration due to gravity (9.8ms~2) and reduces
the net acceleration of lighter objects, particularly the
feather [1-3]. By observing the feather and penny in
conditions with and without air, our experiment demon-
strates the influence of air resistance on objects in free
fall. It provides evidence of their effects on each object’s
speed. We hypothesized that if objects fall in an envi-
ronment with air resistance, then they will not experi-
ence constant acceleration, and may approach terminal
velocity due to the opposing force of air resistance slow-
ing down the net acceleration. However, if objects fall
in an environment without air resistance, then they will
accelerate uniformly due to gravity, resulting in similar
accelerations due to gravity.

II. METHODS AND MATERIALS

We conducted this experiment using a meter stick, a
few pieces of tape, a feather weighing 0.025g, a penny
weighing 0.050 g, a transparent acrylic tube (inner diam-
eter 8.00 cm; Flinn Scientific; Batavia, IL), connected to
a laboratory vacuum pump (JB Industries DV-85N; Au-
rora, IL) via a valve system to reduce air density inside
the tube.

The resulting motion of objects was recorded with an
smartphone (iPhone 14; Apple, Inc; Cupertino, CA) op-
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erated at 240 frame/s. The camera was mounted station-
ary and perpendicular to the tube to minimize perspec-
tive distortion. The high fps ensured that the objects
in fall would be captured throughout, reducing human
reaction error and allowing us to collect more accurate
position data. To minimize other data collection errors
from the video and because the tube had to be flipped,
causing unsteadiness, we taped the meter stick to the
tube to provide a consistent scale reference. This al-
lowed us not to have to limit our range of motion and
could flip the tube easily, all while still being able to cap-
ture a measurement of position for each of the objects
in the video. To obtain the positions of each object in
the presence of air resistance, the tube lid was sealed,
containing both the penny and the feather, and an open
valve that allowed air inside of it. Before we started to
film, the tube had already been flipped upside down, and
we filmed and used the data of it being flipped right side
up for a total of five trials in order to average out the po-
sitions captured with the aim to minimize confounding
variables that one trial may have.

To create the air-resistance-free environment, we evac-
uated the tube using the vacuum pump, which took
around ten minutes, and then isolated the valve using two
valves, one on the tube and one on the vacuum pump.
Data collection proceeded as previously, for a total of five
trials.

Video kinematics were digitized manually. The posi-
tion of the penny and feather were recorded every 0.25s
for each trial of each object. Velocity was calculated us-
ing:

A
Vawg = ]Ai{ (1)
To associate each average velocity with a time value, a
midpoint time was calculated by finding the midpoint
between two times, or by using the following equation:

_ tnemt - tcurrent
tmidpoint - 2

(2)

Statistical analyses [4] were conducted in R [5] using
the dplyr and ggplot2 libraries [6, 7]. Data and code
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FIG. 1. Position versus time with air resistance present. For
the feather, the slope is v = —0.5340.06 ms ™' (linear regres-
sion, R? = 0.92, p = 8.49 x 107?). For the penny, the slope
is v = —2.00 £ 0.07Tms™ ! (linear regression, R? = 0.997,
p=0.02).

TABLE I. Midpoints of each time interval and calculated
speeds (ms™') for the feather across five trials, used to deter-
mine speed constancy when air resistance is present
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FIG. 2. Position versus time with air resistance absent.

There are not significant diffences between penny and feather
(ANOVA, p = 0.1388); for the pooled data for both penny
and feather, v = —0.808 + 0.007ms~! (linear regression,
R*=0.9992, p < 2 x 107'°,

TABLE II. Midpoints of each time interval and calculated
speed (m sfl) for the penny across five trials, used to deter-
mine speed constancy when air resistance is present.

t, s trial 1 trial 2 trial 3 trial4 trial 5
t,s trial 1 trial 2 trial 3 trial 4 trial 5 0.125 0.214 0.214 0.214 0.213 0.214
0.125 0.396 0.388 0.292 0.390 0.404 0.375 0.186 0.187 0.186 0.186 0.186
0.375 0.344 0.280 0.333 0.330 0.351
0.625 0.150 0.154 0.104 0.112 0.223
0.875 0.544 0.533 0.474 0.465 0.354
1.125 0.216 0.163 0.115 0.211 0.102 IV.  DISCUSSION
1.375 0.320 0.302 0.260 0.314 0.214
1.625 0.444 0.432 0.355 0.396 0.334 A. With air resistance, the penny and feather fall

are available at https://github.com/devangel77b/
427safzal-labl.

III. RESULTS

Position data for the feather and penny with air resis-
tance present are shown in Fig. 1 and Tables I and II. For
the feather, the slope is v = —0.53 & 0.06 ms~! (linear
regression, R? = 0.92, p = 8.49 x 10~°). For the penny,
the slope is v = —2.00 & 0.07ms™" (linear regression,
R? =0.997, p = 0.02).

Position data without air resistance are shown in Fig. 2
and Tables IIT and IV. There are not significant diff-
ences between penny and feather (ANOVA, p = 0.1388);
for the pooled data for both penny and feather, v =
—0.808 4 0.007ms~ ! (linear regression, R* = 0.9992,
p<2x10716,

o7

at different velocities

Average velocities were computed over fixed intervals;
this does not imply constant velocity or that terminal
velocity was reached. Objects falling in air may reach
a constant velocity after sufficient time due to termi-
nal velocity; the finite tube length likely limited the ex-
tent to which full terminal velocity was reached in this
experiment. Not only that, but they exhibited similar
accelerations, both hitting the ground at roughly the
same time. Fig. 1 displays the position of the feather
and the penny in relation to time, both color-coded.
The feather initially accelerated and then approached a
regime where drag significantly reduced further accelera-

TABLE III. Midpoints of each time interval and calculated
speeds (ms™') used to determine constancy in the absence of
air resistance for the feather

t, s trial 1 trial 2 trial 3 trial 4 trial 5
0.125 0.781 0.780 0.780 0.780 0.780
0.375 0.785 0.785 0.785 0.785 0.779
0.625 0.800 0.800 0.801 0.800 0.782
0.875 0.805 0.805 0.805 0.806 0.800
1.125 0.800 0.800 0.800 0.802 0.800
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TABLE IV. Midpoints of each time interval and calculated
speeds (ms™ ') used to determine constancy in the absence of
air resistance for the penny

t, s trial 1 trial 2 trial 3 trial 4 trial 5
0.125 0.800 0.800 0.801 0.800 0.800
0.375 0.811 0.812 0.811 0.811 0.811
0.625 0.812 0.811 0.812 0.811 0.811
0.875 0.800 0.801 0.800 0.801 0.800
1.125 0.801 0.801 0.801 0.801 0.801

tion where drag forced a significant reduction in further
acceleration, signalling that the amount of air resistance
was outweighing the feather itself. On the contrary, the
penny had fallen much quicker. The amount of air re-
sistance that the object is affected by can be determined
by two things: the speed of the object and the cross-
sectional area of the object, or the relative magnitude of
drag forces compared to gravitational force [8]. This is
exemplified through the feather, as it is tiny, weighs much
less than a penny, and has soft, ridge-like corners that
catch even more air, allowing for more air resistance. The
penny, which is made of copper, making it more dense
and heavier, does not allow for much air resistance, al-
lowing it to fall and hit the ground almost immediately.
The changing velocity is shown once again in Table I,
where it is suggested that the speeds of the feather and
the penny are not the same or even similar. It is, how-
ever, surprising how high the R? of the feather in Fig. 1
is, especially since the speeds are nowhere near being
the same. Either way, a linear position-time relationship
would indicate constant velocity; however, accelerating
motion is expected prior to reaching terminal velocity,
neither did the table of speeds show that it is constant
in environments involving air resistance.

B. Without air resistance, the penny and feather
fall at similar velocities

In Fig. 2, the plot of the feather and the penny is not
only linear to the eye, but also very close to each other
in proximity, representing similar position-time behav-
ior consistent with constant acceleration and the same
rate within each object. Supporting its linearity, the R?

values of both the feather and the penny are 0.963 and
0.982, respectively, showing great accountability by the
LSRL for all values in the data set. As seen in Table II,
the speeds of both objects, after being calculated, are
in fact similar, and it would be reasonable to conclude
that both objects experienced similar accelerations due
to gravity just as should happen in an air-resistance-free
environment.

C.

Sources of experimental error

Several possible sources of systemic error may have
contributed to vouching for or straying away from a
constant speed in an air-resistance-free environment by
around 5%-10%. For example, the diameter of our tube
was quite small, possibly conflicting with the actual po-
sition of each object as they collided into the wall and
each other. This is especially the case for the feather
and may account for its high R? value as given in Fig. 1.
As the feather hits the sides of the tube, it may seem
like it is falling more slowly when it really should not. If
the penny had interacted with the feather at all, it could
have pushed it down with it, causing the rate to be the
same for both objects in the air-resistance-free environ-
ment when it may not have been.

Possible systematic errors include friction between the
objects and the tube walls, interaction between the
feather and penny, and uncertainties introduced during
the tube inversion. These effects may influence the mea-
sured motion and limit generalization beyond this setup.
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