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ew learning strategies try to extend the use of common

devices among students in physics lab practices. In par-
ticular, there is a recent trend to explore the possibilities of
using smartphone sensors to describe physics phenomena.
On the other hand, the study of the moment of inertia by the
use of the torsion pendulum is a typical example in the first
courses of fundamentals of physics.? This example allows the
exploration of harmonic motion, Newton’s second law, the
moment of inertia theory, and the parallel axis theorem all in
one. Here, we report the use of the accelerometer sensor of
a smartphone to visualize and demonstrate the parallel axis
theorem in a torsion pendulum.

1,2

Experiment

The study of the torsion pendulum motion will serve to
visualize forced, damped, or simple harmonic motion and
explore the implications of the moment of inertia and the
parallel axis theorem.*>

Fig. 1. Scheme of the experiment performed.

In the experiment described in Fig. 1, a rod rotates around
its rotation axis subjected to the force of a spring (stiffness k).
In order to measure the acceleration caused in the extreme
of the rod, we took advantage of the accelerometer sensor of
the smartphone, whereas a known mass m is placed at several
distances from the center of the rod. Thus, applying Newton’s
second law, we know that the moment of force or torque M
is related to the angular acceleration avand the moment of in-
ertia I. Therefore, the motion is dominated by the stiffness of
the spring and the angle shifted 6 with the following relation:

My =1Io=-ko. 1)

Then, the equation that must be solved is
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where the angular frequency is:
o- [k_2m 3)
I T

The moment of inertia of the system can be described as the
addition of the moment of inertia of its components, as fol-
lows:

I=1Iq+ Ismartphone + Ipass: 4

Now, applying the parallel axis (or Huygens-Steiner) theorem
to m that says the moment of inertia around any axis (I ;)
separated a distance d to the center of mass can be obtained
from the moment of inertia of a parallel axis passing through
the center of mass of the object (I;,,,¢0)>

Tnass = Imasso + md? . (5)

Then, the moment of inertia of the system can be expressed as
a function of the distance, such as

I=1Iq+ Ismartphone + Inasso + md* = Ip+ md?. (6)
The period squared of the oscillation can be expressed as
_4Ar’l  4An’l,  An'm

k k k

In summary, there is a direct relation between the period
of the oscillation registered in the extreme of the rod and the
distance of the mass to its center of gravity.
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Analysis and discussion
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Fig. 2. Plot of the normal and tangential components of
the acceleration in function of time placing the mass m
atd =0.20 m.

By means of a slight shift of the rod in the spring, the
system starts to oscillate. The oscillations of the system are
collected by the Android application Physics Toolbox Suite,®
taking advantage of the smartphone’s accelerometer sensor.
The representation of the oscillations is shown in Fig. 2,
which allows us to calculate the period (T) of each oscillation
for the normal and tangential component of the acceleration.
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The values of the time period of the tangential component of d? (m2)
the acceleration at each position of the mass m of 0.236 kg are Fig. 3. Linear fit of period squared in function of the square
represented in Table I. of the distance between the mass and its center of gravity.
The square of the values showed in Table I are displayed
in Fig. 3, where one can observe a linear trend, according to 5. D. Christie, “Tennis rackets and the parallel axis theorem,”
Eq. (7). The high quality of the fit (> = 0.9999) offered a large Phys. Teach. 52, 208 (April 2014).
reliability of the parameters obtained. Thus, from the fitto a 6. Physics Toolbox Suite, Google Play, https://play.google.com/
linear dependence through minimum squares and comparing store/apps.

with Eq. (7), we can obtain that the slope g, is related to
the stiffness of the spring as ag,p, = ar’m/k.

Applying Eq. (1), one can also find the value of the stift-
ness of the spring by the application of a force at a determined
distance. In our case, we have applied 0.25 N at a distance of
0.3 m and we have observed that the rod rotated 7 rad, then k
= |Mrt|/0 =0.0239 Nm. The stiffness calculated from Eq. (7)
is Ky easured = 412m/a = 0.0231 Nm. The discrepancy obtained
in the calculation of the stiffness of the spring by both of these
methods is less than 4%.

In summary, we present a new way to calculate the stiff-
ness of a spring applying previously acquired knowledge
about moment of inertia and parallel axis theorem thanks
to the use of the accelerometer sensor of a smartphone. This
new method has been proved as an invaluable tool to bring
physics experimentation to the students and discover the
potential possibilities of this common device as a sensor in a
multitude of basic physics experiments.
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