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Abstract

CrossMark

The latest developments in information technology have made it possible to
have experimental activities that can be accessed remotely. This article offers
an explanation about the development of experimental tools that can be
accessed remotely based on Archimedes’ principle. The equipment has been
developed by adding a stepper motor to control the object to submerge in
liquid. The stepper motor is controlled by Arduino Uno using the graphical
user interface (GUI) developed using LabVIEW. Data sampling process uses
a force sensor that is controlled using the same GUI. Based on the equipment
that has been developed, experiments on the principle of Archimedes’ can be
done online through websites. The experimental results agree with theoretical
calculations and with previous research. Therefore, the developed apparatus
can be used as an experimental-based learning tool in an online platform.

Keywords: remote experiment, Archimedes’ principle, remote laboratory

1. Introduction

Archimedes’ principle is one of the fundamental
topics of fluid mechanics in school [1]. A strong
comprehension of Archimedes’ principles can
significantly enhance a student’s grasp of vari-
ous fluid mechanical concepts [2]. This principle
states that if an object is immersed in a liquid,
either wholly or partially, it is buoyed up equal to
the weight of the liquid transferred by the object.
Using Archimedes’ principle, fluid density can be

" Author to whom any correspondence should be addressed.

calculated [3] through several investigations. The
density of an object can also be determined from
the known density of the liquid. Due to lack of
physical resources in certain schools, lessons per-
taining to the aforementioned principle are often
confined to theoretical discussions, devoid of any
practical hands-on experience [4].

Based on previous studies, experiments on
Archimedes’ principle can be done using spring
balance [5] or triple beam balance. The load is
hung on the balance, then immersed in liquid. The
buoyant force value is then obtained, which equals
the weight of the liquid being moved. Gianino [6]

© 2024 IOP Publishing Ltd
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developed an experimental method to determine
fluid density using a microcomputer-based labor-
atory (MBL), which consists of a force sensor,
computer, and data acquisition system for better
results. In this case, the load is hung on the force
sensor. Then the object is slowly dipped into the
liquid. The MBL system will display the rela-
tionship graph between the object’s submerged
volume vs. the buoyant force experienced by the
object.

A similar apparatus was also developed by
Ozvoldova et al [7], who developed an exper-
imental apparatus based on Archimedes’ prin-
ciple for remote experiments. They reported that
the object was hung on a dynamometer con-
nected to a computer. The container with liquid
was lifted by the setup operated remotely until
the hanging object was immersed. Data on the
object’s immersed depth and buoyancy force
is recorded through a data acquisition system
developed using Java Applet. This system can also
be accessed online through certain applications on
websites.

Previous studies have shown that a software
control to submerge the object in the liquid is
not yet available. This software control allows
full control of the data acquisition process to sup-
port remote experimentation. In research [7], soft-
ware control was carried out in a container with
liquid. Shocks may occur in the liquid, interfer-
ing in the data obtained. Therefore, the devel-
opment of an experimental apparatus based on
Archimedes’ principle is needed. This article dis-
cusses the development of experimental apparatus
for remote laboratory based on Archimedes’ prin-
ciple. The novelty of the device being developed
lies in the device control and the data acquisi-
tion system. Users can perform device control and
data acquisition through a graphical user inter-
face (GUI) created using LabVIEW. This exper-
imental tool, which uses Archimedes’ principle
and is based on this remote laboratory, can be used
for learning physics.

2. Materials and methods

The  experimental apparatus based on
Archimedes’ principle was developed in three
steps: studying Archimedes’ principle in physics,
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Figure 1. Forces due to pressure acting on the surface
of a partially immersed body. Reprinted from [6], with
the permission of AIP Publishing.

designing hardware, and creating software for
control systems and data acquisition.

2.1. Archimedes’ principle

When an object is immersed in a liquid, it exper-
iences a buoyant force, F. This buoyant force is
the net upward force on the object by the liquid
[8]. The deeper the object sinks, the greater the
buoyant force experienced by the object. Figure 1
(adapted from [9]) shows forces due to pressure
acting on the surface of a partially immersed
body.

Archimedes’ principle is mathematically
written as,

Fup:pgvx (D

where p is the density of the liquid, g is the accel-
eration due to gravity, and V, is the volume of the
fraction of the submerged object.

When an object is hung on a force sensor, and
the object is in a state of static equilibrium, the
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Figure 2. A forces acting on a submerged object.
Reprinted from [6], with the permission of AIP
Publishing.

sensor directly reads the tension on the string as
shown in equation (2),

Wapp = Mappg€ = Twire (2)

where m,, is the object’s mass, while Wy, is the
weight of an object when it is suspended in the air.
If the suspended object is immersed in a liquid, the
tension in the rope will be less than the object’s
weight because of the buoyant force. The formula
of the forces acting on objects is shown in figure 2
(adapted from [9]). The net force on the object can
be expressed by equation (3),

ZFy = Twire + Fup - Wobject (3)

where Wpjec is the weight of the object that is read
on the sensor when the volume of the object is sub-
merged. Using equations (2) and (3), the value of
the buoyant force acting on the object is,
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Figure 4. Hardware schematic design.

Fup = Wapp - Wobject- “4)

2.2. Hardware design

The main component in developing this appar-
atus is (1) Arduino Uno as a microcontroller for
communication between hardware and software,
as well as a device controller, (2) Nema 17HS4401
stepper motor to move the object. The stepper
motor is connected vertically using a lead screw,
which is a rail where the object moves up and
down. The stepper motor is controlled by the
Arduino Uno using a circuit (figure 3) to adjust the
object’s moves, so it can be immersed in liquid.
The limit switch is used as an upper limit for
object movements.

Experimental data on the weight of an object
suspended in the air or submerged in liquid
is obtained using a Force Sensor from Vernier
Technology. This apparatus can read forces from
0.01 to 50 newtons [10]. The Force Sensor is con-
nected to the computer via SensorDAQ, a data
acquisition interface from National Instrument
(NI) and Vernier. SensorDAQ has three analogs
and one digital channel with a maximum capacity
of up to 48 000 samples per second [11]. The hard-
ware schematic diagram of the experiment is dis-
played in figure 4.

Phys. Educ. 59 (2024) 025029
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Figure 5. The experimental software’s GUI based on
Archimedes’ principle.

2.3. Control system development

The control system is made with a GUI, which
is simple and easy to use. The GUI is developed
using LabVIEW software. LabVIEW, originally
from NI, is a block diagram-based program-
ming language for creating virtual instrumenta-
tion. LabVIEW software has three main parts:
a front panel for creating GUIs, a block dia-
gram as programming code, and a connector panel
for connection between components made [12].
LabVIEW is used for GUI development because
it features web publishing tools, so the developed
GUI can be accessed remotely via the website.

The experimental software’s GUI design
based on Archimedes’ principle is shown in
figure 5. The two main parts of this experimental
software are device settings and data acquisition
systems. The tool setting instructs the stepper
motor to move downwards to submerge the object
in the liquid. The data acquisition system displays
the object buoyancy data that is read by the sensor.
The data is in tables and graphs. Block diagrams
for device settings and stepper motor control can
be seen in appendix A, while the block diagrams
for data acquisition systems and camera displays
can be seen in appendices B and C.

There are seven main elements in the exper-
imental software’s GUI based on Archimedes’
principle with different functions: (1) an appar-
atus monitor to display experimental apparatus,
(2) a graphic panel to display data in graphic
form, (3) a table panel, which displays data in
tabular form, (4) switch to adjust the direction of
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motion of the sensor, (5) current monitor, which
displays real-time data, (6) buttons to retrieve data
of object volume and buoyant force experienced
by the object, and (7) buttons to start and end the
experiment.

This experimental system can be used offline
or online. In offline use, the user installs it, then
connects the experimental apparatus to a com-
puter via a USB connection. Meanwhile, this sys-
tem must first be published into HTML code via
the web publishing tools available in LabVIEW
for remote experimental online use. After publish-
ing, users can access the system and its apparatus
via the website. The architecture of remote labor-
atory system (see figure 6) used in this experiment
is as described in [13]. The experimental appar-
atus is connected to a computer on a lab server.
Through the lab server computer, the data acquis-
ition system is published as HTML to be accessed
by users via the internet.

3. Results and discussion
3.1. Result

Figure 7 displays the apparatus used in the
Archimedes’ principle experiment, including all
associated hardware. The novelty of this study,
when compared to the research [6], lies in the
computerization of hardware control systems. The
stepper motor is computerized and controlled to
immerse the object into the liquid. Meanwhile,
compared to research [7], the difference is in the
type of sensor used and the data collection pro-
cess. The Dual-Range Force Sensor from Vernier
Technology was used in this study, and the event
collected data by entering.

The apparatus developed can be used for
learning physics with remote laboratory-based
experiment methods. Using the camera installed
in the system, students can observe the exper-
imental apparatus, control the apparatus, and
control the data collection process. This appar-
atus can be accessed remotely using a GUI
embedded in the remote laboratory web portal,
http://rphylab.pf.uad.ac.id/sistem/. Users can cre-
ate an account independently and confirm exper-
imental activities to the administrator via e-mail
to rphylab@pfis.uad.ac.id. Figure 8 shows the

Phys. Educ. 59 (2024) 025029
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Figure 6. The architecture of remote laboratory system. Reproduced from [13]. © IOP Publishing Ltd. All rights

reserved.

Figure 7. Image of the experimental apparatus based
on Archimedes’ principle for remote laboratory.
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Figure 8. Archimedes’ principle experiment with an
online remote laboratory.

results of Archimedes’ principle experiment and
access to the apparatus remotely via the website.

In this study, the experimental apparatus
involving Archimedes’ principle was used to
verify the density of liquids. In this case, water
and alcohol were used. Blocks of dimensions
2.5 x 1 x 18 cm were immersed from 4 cm?® to
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Table 1. Experimental result.

Buoyant force (N)
Volume (x 107> m?) Water Ethanol
4 0.033 0.038
8 0.079 0.076
12 0.122 0.114
16 0.165 0.153
20 0.209 0.192
24 0.250 0.230
28 0.292 0.267
32 0.336 0.306
36 0.378 0.344
40 0.420 0.384

40 cm?®. Users can observe the movement of the
objects when immersed through video streaming
from the camera installed in the apparatus.

3.2. Discussion

As shown in figure 8, V, and the sensor read-
ing, show a linear relationship. The force read
on this sensor is the object’s gravitational force.
The buoyant force experienced by an object can
be determined using equation (3). Table 1 shows
the relationship between the volume of a sinking
object and the buoyant force experienced by the
object based on the experimental results.

Figure 9 shows the results of fitting the data
into a linear equation, with the volume of the
immersed object (V,) as the dependent variable x
and the upward pressure force as the independent
variable y.

Using equation (1) and comparing it with the
equation of a straight line, y = mx, the slope of
a line is m = pg. Using this slope, one can find

Phys. Educ. 59 (2024) 025029
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Figure 9. The graph of the relationship between the
volume of objects infected with buoyant force on
objects.

Table 2. Results of the calculation of the value of the
density of liquids.

Liquid  Slope R? p(Kgm™>) % Error
Water 10709 0.9999  1092.76 0.09
Ethanol  9590.9  1.0000 980.66 0.18

the density of the unknown liquid (g = 9.8 m s—2
[4]). The results of the calculation of the density
of water and ethanol are shown in table 2.

The relative error is obtained by compar-
ing the experimental results with [3]. The experi-
mental results in this study confirm the results of
similar previous studies [3, 5, 6]. Therefore, the
apparatus that has been developed can verify the
fluid density value with good results.

The experimental apparatus (and also for
GUI) developed needs to be equipped with a
liquid temperature sensor, as liquid temperature
measurements are still performed manually by
an operator who will convey the results to the
user through the remote laboratory portal. In addi-
tion, users cannot replace automatic liquids dur-
ing experiments online. Fluid replacement is car-
ried out by an operator based on user’s requests.
However, the accuracy and precision resulting
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from the apparatus are close to the value theor-
etically expected, so it can be used for learning
physics with the online experimental method.

After experimenting in R-PhyLab, users
fill out a questionnaire created based on the
USE Questionnaire [14], which examines sev-
eral dimensions of usability, including usefullnes,
easy of use, easy of learning, and satisfaction.
Usefulness refers to the benefits of R-PhyLab for
users. Easy of use examines how easy it is to use
R-PhyLab. Ease of learning shows how easy it
is to learn to operate R-PhyLab, while satisfac-
tion examines user’s satisfaction after using R-
PhyLab.

The results of the questionnaire survey show
that R-PhyLab gets a positive response from users.
According to the users, some aspects of R-PhyLab
operation that cannot be done at any time must be
considered. This is because the use R-PhyLab typ-
ically depends on the role of an operator. In addi-
tion, the use of R-PhyLab requires a fast and stable
internet connection, and this may not be possible
for some users who have unstable or inconsistent
internet access due to geographical location [15].

Future research, could develop an R-PhyLab
system that minimizes the operator’s role so that
R-PhyLab can be accessed anytime.

4. Conclusion

An experimental apparatus for remote physics
laboratories based on Archimedes’ principle has
been successfully developed. This apparatus and
its data acquisition system have demonstrated
a linear relationship between the volume of an
immersed object and the buoyant force that the
object experiences. Thus, the apparatus is feas-
ible to be used for experiments to verify the dens-
ity value of a liquid through the application of
Archimedes’ principle.

Data availability statement

No new data were created or analysed in this
study.
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Appendix A. Block diagram for device setup and stepper motor control
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