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Abstract: This study aims to develop a teaching proposal to measure spring constants of
various spring-mass systems by means of the smartphones. Specifically, a single spring-
mass system, a serial connected and a parallel connected spring systems are experi-
mentally resolved, by using the ambient light sensor of the smartphones. The
measurements are achieved by simply recording the light intensity, detected by the
oscillating smartphone, as a function of time for the simple harmonic motion. Using the
light intensity-time graphs, the average periods and eventually the spring constants are
estimated and the outcomes are compared with the theoretical results. The overall
outcomes of the work indicate some 3,3 % relative error for the serial connected springs
and 10,8 % relative error for the parallel connected springs. The approach is important in
the sense that the apparatus directly plots instantaneous momentum-time graphs and it
creates an enjoyable and beneficial teaching atmosphere.
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Introduction

Physics tries to resolve the nature and natural phenomena that contain very complicated
concepts and equations. This is why, there are certain difficulties in teaching physical concepts and
laws, hence developing an improved understanding and maintaining continuous progress are very
challenging tasks for the physics educators.

In today's rapidly advancing technologies, besides the acquisition of knowledge, understanding
the nature of science, producing scientific knowledge, understanding what is happening around us
and producing solutions to problems are amongst the main objectives of Physics Education Research
(PER). There are many teaching models based on experiments concerning science education and
experimentation should always be at the heart of the science teaching. For instance, Petry itemized
that, scientific knowledge, taught without any laboratory work, makes no sense to the majority of
the students (Petry et al., 2016).

Concerning technology assisted education, the interaction of the learner with the aimed know-
ledge, is maintained by the appropriate technology hence, the technology provides the opportunity
to intervene and direct the learning processes. The number of sensors, in today's smartphones,
rapidly increases day by day and accordingly the smartphones can be seen as miniature tool boxes
with very rich sensors, beneficial and suitable for difficult teaching tasks. It is understandable that
when the phone manufacturers have placed the sensors, some of which are light sensors, proximity
sensors, accelerometers, gyroscopes, barometers, and magnetometers, they have most likely not
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anticipated the educational and scientific purposes. Nevertheless, these portable tool boxes lead to a
new route to measure many concepts in physics education (Diaz-Melian et al., 2018), to give some
examples, in astronomy (Barrera-Garrido, 2015), thermodynamics (Monteiro & Marti, 2016),
magnetism (Taspika et al., 2018) and optics (Sans et al., 2016).

Although the resolution of simple pendulum seems easy, it is a subject with convinced
difficulties in itself. In order to mention a few, vibration characteristics of a cantilever plate with
attached spring—mass system is resolved by Chiba and Sugimoto (2003). The resolution of some
complicated spring-mass systems is handled by Cushing (1984). The visualization of the oscillation
and understanding of the concept of spring constant can sometimes be incomprehensible to majority
of the students. Measuring spring constants with a vertical spring mass oscillator is a standard high
school laboratory activity. Traditionally, the oscillation period of the spring system is measured with a
fault-prone stopwatch due to the adverse effect of the reaction time of the experimenter (Pili, 2018).
The use of smartphones, in elementary experimental physics, has been a popular activity and existed
for a number of years (Coban & Erol, 2019; Countryman, 2014; Dilek & Erol, 2018; Erol & Colak,
2018). The smartphone light sensors also find room for the application opportunities in experimental
kinematics, such as the measurement of velocity and acceleration and free damping oscillations
(Pramudya & Raharja, 2019; Sans et al., 2013).

In this study, we present a teaching tool to measure the spring constants of various spring
mass systems by means of the smartphones. The resolution of the simple harmonic motion is manag-
ed by directly obtaining the light intensity-time graphs from the physics tool box application. The
measured experimental data are compared with the theoretical outcomes and a fairly good
agreement is detected.

The spring pendulum is a very important and simple instrument to demonstrate and teach the
simple harmonic motion. When a mass of m is attached to the bottom of a vertically mounted spring
and the mass is displayed from the equilibrium position by an amount of x, causes the simple
harmonic motion to commence. The spring-mass system moves ceaselessly, assuming the air and
contact frictions are negligible. Resolution of the motion or oscillations, assuming that the actual
spring stays within the limits of the flexibility, is straightforward and the oscillations simply obey to

the Newton’s second law, that is, m Z: = —kx, (Serway & Jewett, 2018). Knowing that the
harmonic motion is described by the equation of, Z: = —w?>x , then the period of the oscillation
can be expressed by,
m
T'=2m L TITRRRt (1)
N

Assuming that two separate springs with spring constants of k;and k, are connected in serial, then
the equivalent spring constant of the resulting compound spring system is given by,

Similarly, when two springs with spring constants of k; and k, are connected in parallel, then the
equivalent spring constant of the resulting compound spring system is given by,

T (3)

g

These expressions are obviously valid in an ideal case, in other words the springs oscillate
within the limits of the flexibility and the contact and air friction effects are negligibly small. One can
smoothly resolve and test these theoretical equations by experimentally determining the actual
oscillation periods and estimating the spring constants of various spring-mass systems.
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Methods

The apparatus is comprised of a spring pendulum with a smartphone is mounted at the bottom
and a second smartphone with the light sensor application is on, specifically set to plot the actual
intensity time graph. The apparatus is shown in the Figure 1. The smartphones employed in the
present work are ordinary in the sense that they are embedded with a light and a motion sensor
together with the required physics toolbox sensor suit software.

Figure 1. The photography of the basic apparatus, comprised of a spring pendulum with an oscillating
smartphone as the actual mass and a stationary second smartphone.

The spring mass system is built such that the oscillating mass of the pendulum is a smartphone
with the light sensor facing down and adjusted on the same vertical line such that the light intensity
can be measured at uppermost sensitivity. The experimentations are managed by switching on the
physics toolbox suite and commencing the simple harmonic motion for the mass/phone mounted to
the actual spring. Simultaneously the posometer of the smartphone on the table is turned on and
resulting light intensity - time graphs are recorded and displayed. Naturally the light intensity-time
graphs are separately obtained for the two separate single springs, and also for the serial connected
and parallel connected spring systems.

In order to perform properly and to get best results, some important points should be taken
into account when conducting the experiments. The first point is the accurate adjustment of the
luminous oscillating smartphone to match the sensor of the stationary smartphone. Basically, if the
sensor of the stable phone does not coincide well enough with the oscillating phone then the light
intensity - time graph does not come out accurately. Secondly, if the oscillating smartphone is not
arranged to have very small oscillations, then the system immediately becomes unstable and cannot
make smooth harmonic motion. Therefore, it is best to oscillate the system with oscillation ampli-
tudes not exceeding 1 cm. Finally, as the system inevitably begins to fade after a while, the
measurements must be performed before the fading starts.

Physics toolbox sensor suite

Physics Toolbox Sensor Suite is an application, comprising a large number of measurement
sensors and many crucial physical concepts which can directly and precisely be monitored and
determined. The screenshot of the actual application is shown in the Figure 2.
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Posometer

Figure 2. The screenshot of the physics toolbox sensor suite application.

In the application, one can measure central concepts such as pressure, sound intensity, light
intensity, magnetic field and position and one can also monitor the relating graphs of the data
selected within the application. The application can carry out complicated experiments and retrieve
the data in a more practical way without having any additional measurement tools (Monteiro &
Marti, 2016; Pili, 2018; Pili & Violanda, 2019). In the present work, the posometer sensor of the
physics toolbox sensor suite is employed and basically the illumination intensity coming from the
light source is plotted as a function of time with the help of the posometer sensor.

Results and Discussions
Single spring case

In order to measure the spring constant of the selected first spring, the simple spring
pendulum, shown in the Figure 1 is basically equipped and employed. The first smartphone,
employed as the actual mass of the pendulum and attached to the bottom of the spring, is moved
from the equilibrium position by an amount of about 1 cm and the system let to oscillate freely. The
first smartphone, with an oscillating mass, is also used as the genuine light source and the second
smartphone fixed appropriately on the table and is set to measure the light intensity oscillations by
using embedded light detector. Using the special application of the physics tool box, the light
intensity-time graph of the oscillation is recorded and displayed directly by the fixed smartphone.
Typical recorded light intensity-time graph of the oscillation is shown the Figure 3, as the screenshot.
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Figure 3. The screenshot of the first single spring, clearly showing the simple harmonic motion of the spring —
mass system.

The average period, To, of the motion is directly measured from this graph, by basically reading
the number of oscillations per 5 seconds and by dividing the overall evolved time to the number of
periods. The number of oscillations within the time interval of 5s is measured 3 times and the
experimental data and the calculated period values are given in the Table 1.

Table 1. The outcomes of the first spring mass system, showing the measurement time intervals, number of
periods within the time intervals and the average oscillation period.

At(s) Tn (number of periods) T(s)
85-90 10,7 0,467
90-95 10,3 0,485
95-100 10,8 0,462
To=0,471s

The mean value of the oscillation period is calculated to be 0,471s. Using the overall oscillating

mass, that is solely the smartphone with a mass of m=191,3 g, it is direct to calculate the spring
an”

constant from the equation of , klj = 'T—zm, and the final result for the spring constant is found to
o

be, k1=33,98 N/m.

210 3 215 220
Fime (=)

Figure 4. The oscillation screenshot of the second spring, noticeably showing the simple harmonic motion of
the spring —mass system.
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In order to estimate the spring constant of the second spring, exactly same procedure is
carried out by only changing the actual spring. In this case, the light intensity, determined as a
function of time for the free oscillations and the typical screenshot of the oscillations is given in the
Figure 4.

The same method is employed to estimate the average oscillation period of the motion and
actual outcomes of the measurements are given in the Table 2. In this case, the average period is

estimated to be, To=0,473s. Using the overall oscillating mass, that is m=191,3 g, and the equation of,
2 2ntm
k,” = <z eventually leads to the spring constant of, k,=33,67N/m.
o
Table 2. The outcomes of the second spring mass system, showing the measurement time intervals, measured
number of periods within the time intervals and the calculated average oscillation period.

At(s) Tn (number of periods) T(s)
205-210 10,7 0,467
210-215 10,5 0,476
215-220 10,5 0,476
To=0,473s

The results obtained from two distinct approaches are in a very good agreement with each
other and overall method is well-matched with the approach offered by Pili (2018).

Serial Connection

One of the central objectives of this work is to resolve the oscillations of the serial and parallel
connected spring systems. The basic apparatus used to measure the spring constant of the serially
connected spring system is shown in the Figure 5. The two springs, with previously measured spring
constants, are employed in this case and the actual connection point between the springs is
particularly made very stiff to prevent any loosening.

(C—

Figure 5. The photography of the serial connected spring-mass system.

Typical oscillation graph, in other words the light intensity versus time graph, is given in the
Figure 6. The screenshot picture clearly shows smooth and discrete oscillations which can be used to
experimentally measure the average oscillation period.
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Figure 6. The oscillation screenshot of the serial connected spring system, noticeably showing the simple
harmonic motion of the spring —mass system.

In order to measure the average period, the oscillations between the time interval of 140s-
155s, are taken into account. The experimental results are given in the Table 3.

Table 3. The outcomes of the serially connected spring mass system, showing the measurement time intervals,
measured number of periods within the time interval and the calculated average oscillation period.

At(s) Tn (number of periods) T(s)
140-145 7,8 0,641
145-150 7 0,714
150-155 7,3 0,684
T0=0,679s

In order to extract the equivalent spring constant for the serially connected spring mass
system, the data in the Table 3 is basically used. It is straightforward to measure the average

oscillation period which is estimated to be, To=0,679s. Using the oscillation mass of, m=191,3 g, and

- 4T~
the formula for the equivalent spring constant, ksq‘ = 1;:”, gives the final result for the serial

o
spring system as, keq=16,36 N/m. In order to compare this experimental result with the theoretical
estimation, the equivalent spring constant is also calculated from the theoretical equation. Using the
previously calculated separate spring constants of k; = 33,98 N/m and k, = 33,67 N/m, one

can easily estimate the equivalent spring constant and that leads to the final result of

K yuken . . . -
kaq = ﬁ = 16,91 N/m. The discrepancy between the experimental and theoretical analysis is
about, %3,3, and this relative error seems to be quite reasonable within the limits of the experi-
mental sensitivity. The inconsistency between the theoretical result and the experimental result is
mainly attributed to the design of the spring-mass system and the environmental effects, such as air
and contact frictions. The results are quite compatible with the previous approach of (Pili & Violanda,

2019).
Parallel connection

The apparatus, employed to measure the spring constant for the parallel connected spring
system, is shown in the Figure 7. In this case, a special effort is spent to adjust the oscillating smart-
phone perfectly horizontal and also such that the light intensity variation due to the motion can be
detected and recorded healthy.

Copyright © 2020, Momentum: Physics Education Journal, ISSN 2548-9127 (print) | 2548-9135 (online)



Momentum: Physics Education Journal, 4 (1), 2020, 8
Mustafa Erol, Seyda Kaya, Kadir Hocaoglu

Figure 7. The photography of the parallel connected spring-mass system with two smartphones.

The light intensity plotted as a function of time, during the smooth oscillations, is recorded by
the employed physics tool box and the typical oscillation graph is given in the Figure 8.

7o 7= Z7a
Tiraaes CmD

Figure 8. The oscillation screenshot of the parallel connected spring system, noticeably showing the simple
harmonic motion of the spring —mass system.

In order to measure the average period, the oscillations between 140s and 155s are basically
considered. The outcomes are given in the Table 4.

Table 4. The outcomes of the parallel connected spring mass system, showing the measurement time intervals,
measured number of periods within the time interval and calculated average oscillation periods.

At(s) Tn (number of periods) T(s)
68-70 5,7 0,351
70-72 5,6 0,357
72-74 5,7 0,351
To=0,353s

In order to estimate the equivalent spring constant for the parallel connected spring mass
system, the data in the Table 4 is employed. The average oscillation period, in this case, is estimated
to be, T,=0,353s. Substitution of the oscillation mass of, m=191,3 g, and the average period in the

T
expression for the equivalent spring constant, kgq T = 1; m, leads to the final result of, keq=60,35

o

N/m. In order to compare this experimental result with the theoretical estimation, the equivalent
spring constant is also calculated from the theoretical equation. Using the previously calculated
separate spring constants of, k; = 33,98 N/m and k, = 33,67 N/m, leads to the final result of,
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—_— k'_'k:
larger in this case and is about, %10,8. The difference is assumed to be reasonable again within the
limits of the experimental sensitivity. The inconsistency between the theoretical and experimental
results could mainly be due to the design and the environmental influences, such as friction and
connection problems. The overall evaluation of results leads to a very good agreement with the
previous results of (Pili & Violanda, 2019).

k = 67,65 N/m. The discrepancy between the experimental and theoretical analysis is

Conclusions

In this work, a simple and easily accessible teaching apparatus and method are developed and
suggested, in order to resolve and understand the simple harmonic motion and also the motion of
the various spring mass systems. The approach basically employs various spring mass systems with
two smartphones. The measurements are achieved by quantifying and recording the light intensity-
time graphs, in the sense that from the oscillations the periods and eventually the spring constants
are estimated for serially and parallel connected spring systems. The measurements are compared
with the theoretical analysis and reasonably good agreements are obtained. The approach is
beneficial for physics teachers because of being an uncomplicated, easily reachable method and the
approach offers an enjoyable physics education atmosphere.
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