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Abstract

The latest developments in information technology have made it possible to have experimental activities
that can be accessed remotely. This article describes the development of experimental apparatus regarding
Archimedes' principle which can be accessed remotely. The apparatus has been developed by adding a

[Deleted: , and Ishafit j

Cr‘ leted: Law )

stepper motor to control the object so that it is immersed in a liquid. Stepper motors are controlled by
Arduino Uno using a graphical user interface (GUI) developed using LabVIEW. The data sampling process
is carried out using a force sensor which is controlled using the same GUI. Using the apparatus that has
been developed, experiments on Archimedes' principle can be done online through the website. The

CI‘ leted: Law )

experimental results show that there is good compatibility with theoretical calculations and with previous
research. So it can be concluded that the developed apparatus can be used in online experimental-based

physics learning.

Keywords: remote experiment, archimedes principle, remote laboratory

1. Introduction

Archimedes' principle is one of the fundamental topics related
to the discussion of fluid mechanics in schools [1]._Students'
understanding of Archimedes' concepts will significantly
support understanding other fluid mechanics principles [2].
This principle says that if an object is immersed in a liquid,
either partially or completely, then the object will experience
an upward thrust whose magnitude is equal to the weight of
the liquid displaced by the object. Using Archimedes'
Principle, we can calculate the density of a liquid [3] through
investigation activities. We can also determine the value of the
density of an object using a liquid whose density is known.
However, in many schools, learning related to this topic is still
dominated by discussion in theoretical studies without being
accompanied by experimental activities, even though
experimental activities are an important aspect of learning,
especially in physics [4],

Referring to previous research, experiments related to
Archimedes' Principle can be carried out using a spring
balance [5] or also a triple beam balance. The load is hung on

XXXX-XXXX/ XX/ XXXXXX

a balance, then immersed in liquid. Then the value of the
buoyant force will be obtained, which is equal to the weight of
the displaced liquid. For better results, Concetto Gianino [6]
developed an experimental method for determining the
density of liquids using a Microcomputer-Based Laboratory
(MBL), which consists of a force sensor, a computer, and a
data acquisition system. 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 a graph of the relationship
between the volume of a submerged object vs. the buoyant
force experienced by the object.

A similar apparatus was also developed by M. Ozvoldova
17]. who developed an experimental apparatus for the

Cr' leted: [7]- )

Archimedes principle based on remote experiments. In his
research, objects hung on a dynamometer connected to a
computer. The container containing the liquid is then moved
(computerized) upward until the object is immersed. The
depth.data of the immersed.object and the buoyancy force are
recorded through a data acquisition system developed using
Java applets. This system can also be accessed online through
an application on the website,

xxxx |OP Publishing Ltd

e (Deleted: [5] )

Deleted: In his research, the motor was used to move three
liquids in the container upwards. Objects are hung on a
dynamometer connected to a computer. The data acquisition
system is developed using Java applets. The system can also
be accessed online through an application on the website.
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Referring to research that has been done and things that

Deleted: In contrast to previous research, in this study,

still need to be done in developing the Archimedes principle
experimental apparatus, this article discusses the development
of the Archimedes principle experimental apparatus for
remote laboratory-based experiments. The novelty of the
apparatus being developed lies in the apparatus control and
data acquisition systems. The user performs device control
and data acquisition through a Graphical User Interface (GUI)
developed using LabVIEW. This Archimedes principle
experimental apparatus can be used in physics learning
experimentally based in a remote laboratory.

2. Materials and Methods

The process of developing the experimental device for
Archimedes' Principle was carried out in three steps, including
studying the physics concept of Archimedes' Principle,
designing hardware, and creating software for control systems
and data acquisition.

a. Archimedes' Principle

When an object is immersed in a liquid, the object will
experience a buoyant force, F . This buoyant force is the
resultant of the compressive force experienced by a
submerged object. The deeper the object is submerged. the
greater the buoyant force on the object. Thus the direction of
the buoyant force will be upward, [8]. Figure 1 (adapted from

m.._is the object's mass, while 7 is the weight of an
app N N app A

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. So that we
can write down the forces acting on objects based on figure 2

(adapted from [9]), it becomes
ZEV = Twire + Fup - Wobjecl ®

is the sensor's value when the object is submerged in

w,

object
liquid. Using equations (2) and (3), the value of the buoyant
force acting on the object is,

Fup = I/I/;app - VV:)bject

(€3]

w.

object

[Formatted: Font color: Auto
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stepper motors were used to move objects so that they were
immersed in liquid. Data is recorded at certain depth intervals
(event with entry). In addition, in this development, the user
interface display is made simpler so that users can efficiently
operate it. The device control system is carried out using a
microcontroller. Microcontroller control and data acquisition
system are built using LabVIEW. This device can also be
accessed remotely via http:/rphylab.pf.uad.ac.id/sisteny/.

(Formatted: Font color: Auto

(Deleted: is the actual mass of the object.

AN A

Deleted: 3

Deleted: The deeper the object is submerged, the greater the

[9]) illustrates the force due to pressure experienced by a
partially submerged object.

=
Vvv

<€
<
<

M

Figure 1. Force due to pressure on a partially submerged object

Mathematically Archimedes' Principle is written as,
Fp=pgV; M

Where P is the density of the liquid, & is the acceleration

due to gravity, and ¥, is the volume of the object submerged.

When an object is hung on a force sensor and the object is
in a state of static equilibrium, the value read is based on the
tension in the rope connecting the object to the sensor,,

Figure 2. A diagram of the forces acting on a submerged
object

b. Hardware design

The main components in developing this apparatus are (1)
Arduino Uno as a microcontroller for communication between
hardware and software, as well as device controllers; (2)
Stepper Motor Nemal7 17HS4401 to move objects. Stepper
motors are connected vertically using lead screws. The lead
screw is the rail on which the object moves up and down. The
stepper motor is controlled by Arduino Uno using the circuit
in Figure 3 to regulate the motion of objects so they can be
immersed in liquid, Limit switches are used as the upper limit

pressure force on the object. Thus the direction of the buoyant
force will be upward

Deleted: Adjusting the stepper motor's rotation makes it

for object movement.
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possible to move objects so that they are immersed in liquid
every 4 cm®. The stepper motor is controlled by Arduino Uno
using the circuit in Figure 3.
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Figure 3. Stepper motor control circuit schematic

Experimental data in the form of an object's weight,

use. The GUI was developed using LabVIEW software.
LabVIEW from National Instrument (NI) is a block diagram-
based programming language for creating virtual

W... .. when the object is suspended in the air or submerged
object
A A

in a liquid, was obtained using a Force Sensor product from

Vernier Technology, This force sensor can read forces from
0.01 fo 50 newtons [10]. The force sensor is connected to the
computer via SensorDAQ, which is a data acquisition
interface from National Instrument and Vernier. SensorDAQ
has three analog and one digital channel with a maximum
capacity of up to 48000 samples per second [I1].
Diagrammatically the design of the experimental apparatus,
Archimedes' Principle, is shown in Figure 4.

‘Movement system _ i
I apparatus Stepper Motor H Arduino UNO

Physical Dual Range
Phenomena > Force Sensor

Computer with

Data Acquisition
Software

—=  SensoDAQ

Figure 4. Hardware schematic design

c. Control system development
The control system is made in the form of a Graphical User
Interface (GUI) which is quite simple and easy for users to

instrumentation. The LabVIEW software has three main parts:

~the ~front—panel —to-create—a~GUIL ~block diagrams—as

programming code, and connectors to connect between

components-that-are-made-{12}.-The-use-of -LabVIEW-in—

developing this GUI-is because LabVIEW has web publishing
tools features. So that the developed GUI can be accessed
remotely via the website.

The GUI design of the experimental software Archimedes'
Principle is shown in Figure 5 below. There are two main parts
to the GUI of the experimental software Archimedes'
Principle: the first is for device settings, and the second is for
the data acquisition system. The device setting section orders
the stepper motor to move down so that the object is immersed
in the liquid. The data acquisition system section displays (in
tabular and graphical form) data on the upward buoyancy
experienced by the object being read by the sensor. Block
diagrams for the device settings, and stepper motor control
sections are shown in Figure 6, while block diagrams for the
data acquisition system and camera display are shown in
Figure 7 and Figure 8.
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Figure 5. Archimedes principle experiment GUI display
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Figure 7. Data acquisition system block diagram

There are at least 7 (seven) main elements contained in the
Archimedes principle experimental GUI with different
functions, including: (1) an Apparatus monitor to display
experimental apparatus, (2) a graphic panel to display data in
graphical form, (3) a table panel, displays data in tabular form,
(4) switch to adjust the direction of motion of the sensor, (5)
Current monitor, displays data in real-time, (6) Button to
retrieve data in the form of object volume and buoyant force
experienced by the object, and ( 7) buttons to start and end the
experiment.

This Archimedes principle experimental system can be
used offline or online. In offline use, the user installs the GUI

iMAg]

. #Stop Collection® l

Figure 8. Camera panel block diagram

of the Archimedes Principle Experiment that has been
developed, then connects the experimental apparatus to a
computer via a USB connection, Meanwhile, for remote

experimental online use, this system needs to be published
first into HTML code via the web publishing tools feature
available in LabVIEW. After publishing, users can access the
system and its apparatus via the website. The remote
laboratory system architecture (see figure 9) used in this
experiment is as written in [13] . The experimental apparatus
is connected to a computer on the lab server. Through the lab
server computer, the data acquisition system is published as
HTML to be accessed by users via the internet network.

@

Webcam

N
\[J

Wab Sarvar

Intarnet Cllont

-
Archimedes®
Principle Apparatus

—

Figure 9. Remote laboratory architecture diagram,
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3. Result and Discussion

Result

The real form of the development of the experimental
apparatus for the Archimedes principle in this study is shown
in Figure 0. The novelty of this study, when compared to

research [6], lies in the computerization of the hardware
control system. The stepper motor is computerized and
controlled to insert objects into the liquid. Meanwhile,
compared to research [7], the difference lies in the type of
sensor used and the data collection process. In this study, a
Dual-Range Force Sensor from Vernier Technology was used,
and data collection was carried out by event with entry.

Cr\ leted: 9

Dual-Range
Force Sensor

Lead scre
as rail

object sample

liquid

container ¥ |

Computer with the data
acquisition system

Figure,l 0. Photo of Archimedes principle experimental apparatus for remote laboratory

The apparatus developed can be used for learning physics
with remote laboratory-based online experiment methods.
Using the camera installed in the system, students can observe
the experimental apparatus, control the apparatus, and control
the data collection process. This apparatus can be accessed
remotely using a GUI embedded in the remote laboratory web
portal, rphylab.pf.uad.ac.id/sistem/. Users can create accounts
independently and confirm experimental activities to the
administrator via email rphylab@pfis.uad.ac.id. Figure |1

the object can be determined. Table 1 shows the experimental
results of the relationship between the volume of a submerged
object and the buoyant force experienced by the object.

Archimedes' Principle Experiment
10 2521, ys EcatonDputner Ui Ao Dt

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

In this study, the experimental apparatus of the
Archimedes principle was used to verify the density value of
liquids. In this case, water and alcohol were used. Objects (in
the form of blocks of 2.5 x 1 x 18 cm) are immersed from 4
cm3 to 40 cm3. Users can observe the movement of objects
when immersed through video streaming from the camera
installed in the apparatus.

Discussion

Based on the remote experimental results, from Figure | 1,

Figure,l I. Archimedes' principle experiment online with a remote

laboratory

“( Deleted: 10
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data is obtained that there is a linear relationship between the
volume of the immersed object and the force read on the
sensor. The force that is read on this sensor is the object's
gravity. Using equation (3), the buoyant force experienced by
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JTable 1. Experimental result

The experimental apparatus for the Archimedes principle

(and also for the GUI) that has been developed is not equipped
with components to measure the temperature of liquids. The

(Deleted: )

3 Buoyant Force (N)
Volume (m) Water Ethanol
0.000004 0.033 0.038
0.000008 0.079 0.076
0.000012 0.122 0.114
0.000016 0.165 0.153
0.000020 0.209 0.192
0.000024 0.250 0.230
0.000028 0.292 0.267
0.000032 0.336 0.306
0.000036 0.378 0.344
0.000040 0.420 0.384

operator measures the temperature of the liquid during the
experiment and notifies the user through the remote laboratory
portal. In addition, users cannot change liquids themselves
when using online. Replacement liquids are carried out b
operators based on user requests. In terms of accuracy and
precision, the data generated from this apparatus is very good,
so it can be used for physics learning with online experimental
methods.

User feedback is obtained using the USE Questionnaire
(Usefulness, Satisfaction, and Ease of use). After conducting
an online experiment using a remote laboratory, the user is

Figure 12 shows a graph of the results of fitting the data

asked to fill out a questionnaire. The feedback results show

into a linear equation, with the volume of the immersed object
(v,) as the dependent variable ¥ and the upward pressure

force as the independent variable V .
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Using equation (1), the density value of the liquid can be
calculated from the gradient of the line on the graph divided
by the acceleration value due to gravity of g =9,8 m/sf [4].

that the use of “reiiote physics laboratories in physics

(peleted:o )

(Deleted:
(Deleted: 11

(AN

experiments gets a very good response. The score that still
needs to be improved is the ease of use aspect. This is because
the use of remote laboratories requires the support of fast and
stable internet access. During implementation, some users
experienced internet connection problems when conducting
experiments because the users were in several places with
unstable internet infrastructure support.

4. Conclusion

Archimedes' principle experimental apparatus for remote
physics laboratories have been successfully developed. This
apparatus and its data acquisition system succeeded in
demonstrating a linear relationship between the volume of an
immersed object and the upward force that the object
experiences very well. So that it can be said that the apparatus

~~developed for the remote laboratory is feasible to beused for

experiments to verify the density value of a liquid through the
application of the Archimedes principle.

Reaf,
neterences

The calculation results show that water and ethanol density
values are obtained, as shown in Table 2.

Table 2. The results of calculating the value of the density of liquids

Liquid Slope R? P (Kg/m®) % Error
Water 10709  0,9999 1092.76 0.09
Ethanol 9590.9 1 980.66 0.18

The relative error is obtained by comparing the
experimental results with the reference values contained in the
reference [3]. The experimental results in this study showed
results that were as good as similar studies that had been
conducted by [3], [5] and [6]. So it can be said that the
apparatus that has been developed is capable of verifying the
density value of a liquid with good results.
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COMMENTS TO THE AUTHOR(S)
| like the idea you present in the paper. However, it requires some edits before consideration for
publishing it. | have listed some of the comments directly referring to the sections on the article.

Introduction:

1.

References - there can be more references going along with Ref [1] or you can rephrase the text.
New sentences have been added that support the statement of the previous sentence.
"Using Archimedes' Principle, we can calculate the density of a liquid [2] through investigation
activities" Also, you can find the density of the object using a liquid with a known density -- best if
you add that as well.
It has been added according to the reviewer's suggestion.
Ref. 3 - is this the correct reference for what you are discussing in the text?
The reference is replaced. The reference here explains that experimentation is an important
aspect of learning, especially learning physics.
3rd paragraph: "In his research, the motor was used to move three liquids in the container
upwards." -- | don't understand what you are trying to say here. Re-write the paragraph in a
manner a reader, who hasn't come across Ref. 3, can understand.
It has been rewritten in the third paragraph.
Last paragraph: "In contrast to previous research, in this study, stepper motors were used to
move objects so that they were immersed in liquid ". It is important to mention the types of
objects (wood/metal or other), and liquids (water/oil or any other liquid?) you are using in this
experiment.

"Data is recorded": what data? heights or depths?

"event with entry": can you be more specific here?
Last paragraph is the most important paragraph in this section; however, it is not explained well.
consider re-writing the paragraph.

According to the suggestion, paragraph rewriting has been done.

Archimedes' Principle:

"The deeper the object is submerged, the greater the pressure force on the object." Did you
mean " deeper the object is, more pressure it experiences"? what is "pressure force"?

The sentence has been replaced, becomes “The deeper the object is submerged, the greater the

buoyant force on the object. Thus the direction of the buoyant force will be upward.”



7. Equations: 2, 3, and 4 (also marked as 3) somewhere at the beginning you may want to mention
"static equilibrium". It is important.
The sentence has been changed to “When an object is hung on a force sensor and the object is in
a state of static equilibrium, the value read is based on the tension in the rope connecting the

object to the sensor,”

8. Why do you use, "mapp" for the true mass of the object?
What is Wapp ? is that apparent weight? It is important to say so.
Sentence changes have been made: "mapp" is the object's mass, while "Wapp" is the object's

weight when it is suspended in the air.

Hardware design:

9. "Adjusting the stepper motor's rotation makes it possible to move objects so that they are
immersed in liquid every 4 cm3." | don't fully understand this. Explain it better.
The sentence has been changed to “The stepper motor is controlled by Arduino Uno using the

circuit in Figure 3 to regulate the motion of objects so they can be immersed in liquid.”

10. "Experimental data in the form of the object's gravity, when the object is suspended in the air or
submerged in a liquid, was obtained using a Force Sensor from Vernier Technology." Are you
discussing the "true and apparent weights" here? please explain it.

Yes, what we mean is the weight of the object. In the manuscript, we have corrected it to
“Experimental data in the form of an object's weight, Wqe , when the object is suspended in the

air or submerged in a liquid was obtained using a Force Sensor product from Vernier Technology.

11. Ref. [9] - can you change or add another reference that explains the LABVIEW software? Ref. 9 is
specific for X-ray spectrometry IAEA beamline end-station at Elettra Sincrotrone Trieste.

Yes, it's been replaced with a more appropriate reference that describes LabVIEW.

12."offline use is enough to install on a computer, then connect the computer to the apparatus, and
the system is ready to use." re-write or explain it better.

The sentence has been rewritten.

13.The remote laboratory system architecture used in this experiment is as written in [10] -- This is
an important piece of information. Please include all the details in the paper or set up an external
document and include it as a supplementary material

Explanations and pictures have been added.



Discussion and conclusion:

14.There is no figure 11 - " Figure 11 shows a graph of the results of fitting the data into a linear
equation, with the volume of the immersed object ( Vx ) as the dependent variable x and the
upward pressure force as the independent variable y." where is the figure?

The figure has been added.

15.What is the equation of the graph?
Can you show the equation, relating Vx and the density of the unknown liquid, where you display
the graph?
Yes, the equation for the relationship between Vx and buoyancy is in the image that has been
added.

16.1t is important to write about the user feedback? Do you have any feedback from the students,
colleagues or any other users who have used the remote?
User feedback is obtained using the USE Questionnaire (Usefulness, Satisfaction, and Ease of
use). It's been added to the script.

17.What are the constraints? When someone is doing the experiment remotely, can they change the
liqguid? When it comes to non-metallic objects - like wood for example, how would you
proceed? It may be important to include the experimental constraints as well.

It has been added according to suggestions from reviewers.

Additional comments from the editorial team:

We notice that the link you've included in your paper leading to the r-phylab site seems to lead to
a general website. It is not clear what this link is supposed to lead to, as a lot of this site is in
Indonesian, and the obvious links at the bottom (labelled "available courses") are password
protected. Please can you check this link leads to your intended site, and add some clarity around
what the site adds to the paper. Thank you.

R-PhylLab is a remote-based experimental portal with several experimental apparatuses, one of
which is an experiment related to the Archimedes principle so that the first display that appears is
the general portal view. The user selects the desired experiment topic. Users can coordinate with

the admin for experimental activities via email at rphylab@pfis.uad.ac.id.
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Abstract

The latest developments in information technology have made it possible to have experimental activities

that can be accessed remotely. This article explains the development of experimental tools regarding the

principle of Archimedes that can be accessed remotely. Equipment has been developed by adding a stepper

motor to control the object to submerge it in a liquid. Stepper Motors is controlled by Arduino Uno using

the Graphic User Interface (GUI) developed using LabView. The data sampling process uses a force sensor

that is controlled using the same GUI. Based on equipment that has been developed, experiments on the

principle of Archimedes can be done online through websites. The experimental results show that there is

good compatibility with theoretical calculations and with previous research. So. the developed apparatus

can be used in online experimental-based physical learning

| the density of liquids using a Microcomputer-Based
'| Laboratory (MBL), which consists of a force sensor, a

Keywords: remote experiment, archimedes’ principle, remote laboratory

1. Introduction

The principle of Archimedes is one of the fundamental topics
related to the discussion of fluid mechanics in schools [1].
Student understanding of the concept of Archimedes will
significantly support understanding of other fluid mechanical
principles J2]. This principle says that if an object is soaked in
a liquid, either wholly or partially, then the object will
experience an upward push equal to the weight of the liquid
transferred by the object. Using Archimedes’ principle, we can
calculate fluid density,[3] through investigation activities. We

Gianino [6] developed an experimental method to determine

fluid density using a Microcomputer-Based Laboratory
(MBL) consisting 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 in
the liquid. The MBL system will display the relationship graph

between-the.object's-submerged - volume vs.-the buoyant.force ./

experienced by the object,

'\ Ozvoldova

* /| aliquid, either partially or completely, then the object will
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Uno using a graphical user interface (GUI) developed
using LabVIEW. The data sampling process is carried
out using a force sensor which is controlled using the
same GUL Using the apparatus that has been developed,
experiments on Archimedes' principle can be done
online through the website. The experimental results
show that there is good compatibility with theoretical
calculations and with previous research. So it can be
concluded that the developed apparatus can be used in
online experimental-based physics learning.
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computer, and a data acquisition system. 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 a graph of the
relationship between the volume of a submerged object vs.
the buoyant force experienced by the object
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experience an upward thrust whose magnitude is equal to the
weight of the liquid displaced by the object. Using
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liquid
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A similar apparatus was also developed by Ozvoldova et
al, [7], which developed an experimental apparatus for

can also determine the density of an object using a liquid
whose density is known. However, in many schools, learning
related to this topic is still dominated by discussions in
theoretical _ studies without being accompanied by
experimental activities, even though experimental activities
are an essential aspect of learning, especially in physics,[4].
Based on the previous studies, experiments on the
principle of Archimedes can be done using spring balance [5]

or the beam three balance, The load is hung on the balance
then soaked in the liquid. Then the buoyant force value will be
obtained, the same as the weight of the liquid being moved,

Archimedes’. principle based..on.remote.experiments.. They.
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transferred (computerized) until the object is immersed. Data
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novelty of the device being developed lies in the device
control and data acquisition system. Users can perform device
control _and data acquisition through a Graphical User
Interface (GUI) created using LabVIEW. This experimental
tool using Archimedes’ principle based on this remote
laboratory can be used for learning physics,,

can write down the forces acting on objects based on figure 2
(adapted from [9]), it becomes

ZFr = Twire + F‘up _VVobjecl S

W, is the sensor's value when the object is submerged in

object

Deleted: Referring to research that has been done and things

2. Materials and Methods

Developing the experimental apparatus for Archimedes'
Principle was carried out in three steps, including studying the
physics concept of Archimedes' Principle, designing
hardware, and creating software for control systems and data
acquisition,,

liquid. Using equations (2) and (3). the value of the buoyant
force acting on the object is,

Fup = VKipp _VVobjem Q)

a. Archimedes' Principle
When an object is immersed in a liquid, the object will
experience a buoyant force, F. This buoyant force is the

wire

* | buoyant force acting on the object is

resultant of the compressive force experienced by a sinking
object, and the buoyant force has an upward direction [8]. The

that still need to be done in developing the Archimedes
principle experimental apparatus, this article discusses the
development of the Archimedes principle experimental
apparatus for remote laboratory-based experiments. The
novelty of the apparatus being developed lies in the apparatus
control and data acquisition systems. The user performs
device control and data acquisition through a Graphical User
Interface (GUI) developed using LabVIEW. This Archimedes
principle experimental apparatus can be used in physics
learning experimentally based in a remote laboratory.

Deleted: is the sensor's value when the object is submerged
in liquid. Using equations (2) and (3), the value of the

deeper the object sinks, the greater the buoyant force
experienced by the object. Figure 1 (adapted from [9])
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Figure 1. Force due to pressure on a partially submerged object

Mathematically Archimedes' Principle is written as,
Fyp=pgl; M

Where P is the density of the liquid, & is the acceleration

due to gravity, and V/, is the volume of the object submerged.

When an object is hung on a force sensor, and the object is
in a state of static equilibrium, the value read is based on the
tension in the rope connecting the object to the sensor,

I/Vapp = mappg = Twire @

is the object's mass, while is the weight of an
Mapp J Wapp &

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. So that we

b. Hardware design

The main component in developing this apparatus is (1)
Arduino Uno as a microcontroller for communication between
hardware and software, as well as a device controller; (2)
Stepper Motor Nemal7 17HS4401 to move the object. The
Stepper motor is connected vertically using the lead screw.
The lead screw is the rail where the object moves up and down.
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are (1) Arduino Uno as a microcontroller for communication
between hardware and software, as well as device controllers;
(2) Stepper Motor Nemal7 17HS4401 to move objects.
Stepper motors are connected vertically using lead screws.
The lead screw is the rail on which the object moves up and
down. The stepper motor is controlled by Arduino Uno using
the circuit in Figure 3 to regulate the motion of objects so
they can be immersed in liquid. Limit switches are used as the
upper limit for object movement.
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Figure 3. Stepper motor control circuit schematic

Experimental data on the weight of an object when it is .

suspended in the air or submerged in a liquid is obtained using
a Force Sensor product from Vernier Technology. The force
sensor can read forces from 0.01 to 50 newtons [10]. The force
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sensor is connected to the computer via SensorDAQ, a data

LabVIEW software has three main parts: the front panel for

acquisition interface from National Instrument and Vernier.

creating GUIs, block diagrams as programming code, and

SensorDAQ has three analog and one digital channel with a

connectors for connecting between components madg, [12].

maximum capacity of up to 48000 samples per second, [11].

LabVIEW is used for GUI development because it features

Diagrammatically, the experimental apparatus Archimedes'

web publishing tools so that the developed GUI can be °

Principle's design is shown in Figure 4,

accessed remotely via the website.

Movement system y .
I apparatus }——[ Stepper Motor H Arduino UNO

Computer with
Data Acquisition

Dual Range

The GUI design of Archimedes’ Principle experimental

software is shown in Figure 5. The two main parts of the GUI

of Archimedes’ Principle experimental software are device
settings and data acquisition systems. The tool setting section

Physical
Phenomena

— s

Figure 4. Hardware schematic design

Force Sensor

c. Control system development
The control system is made with a Graphical User Interface

instructs the stepper motor to move downwards to submerge

Deleted: The control system is made in the form of a
Graphical User Interface (GUI) which is quite simple and
easy for users to use. The GUI was developed using
LabVIEW software. LabVIEW from National Instrument
(NI) is a block diagram-based programming language for
creating virtual instrumentation. The LabVIEW software has
three main parts: the front panel to create a GUI, block
diagrams as programming code, and connectors to connect
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the object in the liquid. The data acquisition system section
displays (in the form of tables and graphs) the object buoyancy
data that is read by the sensor. Block diagrams for device
settings and stepper motor control sections can be seen in

SensorDAQ, which is a data acquisition interface from
National Instrument and Vernier. SensorDAQ has three
analog and one digital channel with a maximum capacity of
up to 48000 samples per second

(GUI), which is simple and easy for users to use. The GUI is
developed using LabVIEW software. LabVIEW, originally
from National Instrument (NI), is a block diagram-based
programming language for creating virtual instrumentation.

Appendix 1
systems and camera displays can be seen in Appendices 2 and
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apparatus, Archimedes' Principle, is shown in Figure 4.

[r leted: Diagrammatically the design of the experimental
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Deleted: The use of LabVIEW in developing this GUI is
because LabVIEW has web publishing tools features. So that
the developed GUI can be accessed remotely via the website."
The GUI design of the experimental software Archimedes'
Principle is shown in Figure 5 below. There are two main
parts to the GUI of the experimental software Archimedes'
Principle: the first is for device settings, and the second is for
the data acquisition system. The device setting section orders
the stepper motor to move down so that the object is
immersed in the liquid. The data acquisition system section
displays (in tabular and graphical form) data on the upward
buoyancy experienced by the object being read by the sensor.
Block diagrams for the device settings, and stepper motor
control sections are shown in Figure 6, while block diagrams
for the data acquisition system and camera display are shown

‘| in Figure 7 and Figure 8.
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There are seven main elements contained in Archimedes’
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3. Result and Discussion

Result

apparatus for Archimedes’ princiﬁle in this study is shown in

The real form of the development of an experimental

research J6],

systems. The stepper motor is computerized and controlled to
insert the object into the liquid. Meanwhile, compared to
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the data collection process. The Dual-Range Force Sensor
from Vernier Technology was used in this study, and the event
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The apparatus developed can be used for learning physics

2.5 x 1 x 18 c¢m) are immersed from 4 cm? to 40 cm?, Users

with remote laboratory-based online experiment methods.
Using the camera installed in the system, students can observe

can observe the movement of objects when immersed through |
video streaming from the camera installed in the apparatus,

the experimental apparatus, control the apparatus, and control
the data collection process. This apparatus can be accessed
remotely using a GUI embedded in the remote laboratory web
portal, http://rphylab.pf.uad.ac.id/sistem/. Users can create

accounts independently and confirm experimental activities to
the administrator via e-mail at rphylab@pfis.uad.ac.id. Fi

8 shows access to the apparatus and the results of Archimedes’

principle experiment remotely via the website.

In this study. the experimental apparatus of Archimedes’
principle was used to verify the density of liquids. In this case
water and alcohol were used. Objects (in the form of blocks of

Discussion

Based on the results of remote experiments (see Figure 8),

data were obtained for a linear relationship between the

volume of'a-submerged object and-the force read-on the sensor:

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,
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apparatus, and control the data collection process. This
apparatus can be accessed remotely using a GUI embedded in
the remote laboratory web portal,
rphylab.pf.uad.ac.id/sisteny/. Users can create accounts
independently and confirm experimental activities to the
administrator via email rphylab@pfis.uad.ac.id. Figure 11
below shows access to the apparatus and the results of the
Archimedes principle experiment remotely via the website.|
In this study, the experimental apparatus of the Archimedes
principle was used to verify the density value of liquids. In
this case, water and alcohol were used. Objects (in the form
of blocks of 2.5 x 1 x 18 cm) are immersed from 4 cm3 to 40
cm3. Users can observe the movement of objects when
immersed through video streaming from the camera installed
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calculating the density of water and ethanol are shown in
Table 2,

Table 2. The results of calculating the value of the density of liquids

Liquid Slope R? P (Kg/m®) % Error
Water 10709 0,9999 1092.76 0.09
Ethanol 9590.9 1 980.66 0.18

The relative error is obtained by comparing the
experimental results with reference [3]. The experimental
results in this study are the same as similar studies that have

been conducted in previous studies 3], [5] and [6]. So the

apparatus that has been developed can verify the fluid density

Figure 8. Archimedes' principle experiment online with a remote

value with good results.

laboratory

JTable 1. Experimental result

The experimental apparatus (and also for GUI) developed
needs to be equipped with a liquid temperature measuring
component. The operator still carries out liquid temperature
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Volume (m%) Buoyant Force (N) through the Remote Laboratory Portal. In addition, users
Water Ethanol cannot replace automatic liquids during experiments online.
0.000004 0.033 0.038 Fluid replacement is carried out by the operator based on user
0.000008 0.079 0.076 requests. However, the accuracy and precision resulting from
0.000012 0.122 0.114 . -
the apparatus approach the value theoretically, so it can be
0.000016 0.165 0.153 5 : . . . :
0.000020 0.209 0.192 used for learning physics with the online experimental ;
0.000024 0.250 0.230 method, —
0.000028 0.292 0.267 After experimenting with R-PhyLab, users fill out
0.000032 0.336 0.306 feedback questionnaires using the USE Questionnaire [14],
0.000036 0.378 0.344 including Usefullnes, Easy to Use, Easy of Learning, and
0.000040 0.420 0.384 Satisfaction. Usefulness describes the benefits of R-PhyLab *

Figure 9 shows a graph of 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,,

for users. Easy to Use illustrates the ease of using R-PhyLab

for users. Ease of learning illustrates the ease of operating R-
PhyLab by the user. At the same time, Satisfaction describes

developed is capable of verifying the density value of a liquid
with good results.{

The experimental apparatus for the Archimedes principle
(and also for the GUI) that has been developed is not
equipped with components to measure the temperature of
liquids. The operator measures the temperature of the liquid
during the experiment and notifies the user through the
remote laboratory portal. In addition, users cannot change
liquids themselves when using online. Replacement liquids
are carried out by operators based on user requests. In terms
of accuracy and precision, the data generated from this
apparatus is very good, so it can be used for physics learning
with online experimental methods.
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4. Conclusion
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Abstract:

"So, the developed apparatus can be used in online experimental-based physical learning. "
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Introduction:

first page, first column 42:
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Archimedes' principles can significantly enhance a student's grasp of various other fluid mechanical concepts."
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50-54 "However, in many schools, learning related to this topic is still dominated by discussions in theoretical studies
without being accompanied by experimental activities, even though experimental activities are an essential aspect of
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Consider re-writing it: "Due to the lack of physical resources in certain schools, lessons pertaining to the
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"The container containing liquid is then transferred (computerized) until the object is immersed." -- Sorry, | am lost
here.

Was the container with liquid lifted until the hanging object was immersed? And was the setup operated remotely with
the aid of computers?

"Based on the previous studies, the development of Archimedes' experimental apparatus is needed."

As | understand, you are trying to say there is a clear need to develop an experimental apparatus based on
Archimedes' principles. But you never mentioned a flaw in the previous research. Discuss what flaws you observe in
the previously reported studies.

page 2
21 "resultant of the compressive force" did you mean a resistive force?

26. "the force due to pressure experienced by a partially submerged object." Did you mean pressure-induced force?

46 "Vx is the volume of the object submerged" - Not correct! It would be best if you said displaced fluid or the volume
of the fraction of the submerged object. -- The way you wrote it, the reader might misunderstand it as the total volume
of the object. As | understood, you are slowly immersing the object while taking data - right? Not submerging different
objects, right? you mentioned the following on the paper, "Users can observe the movement of objects when
immersed through video streaming from the camera installed in the apparatus”
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Abstract

The latest developments in information technology have made it possible to have experimental activities
that can be accessed remotely. This article pffers an explanation abou the development of experimental

tools fhat can be accessed remotely based on Archimedes’ principle that can be accessed remotely. The
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equipment has been developed by adding a stepper motor to control the object to submerge jn Jiquid. The

stepper motor js controlled by Arduino Uno using the graphic pser jnterface (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
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By using equation (1) and comparing it with the equation

of a straight line, Y =mx , the gradient of a line is m = pg .

Using this, one can find the density of the unknown liquid(g = .
9.8 m/s>[4]), The results of the calculation of, the density of |

water and ethanol are shown in Table 2.

Figure 8. Archimedes' principle experiment with an online yemote
laboratory

Table 1. Experimental result

3 Buoyant Force (N)
Volume (m) Water Ethanol
0.000004 0.033 0.038
0.000008 0.079 0.076
0.000012 0.122 0.114
0.000016 0.165 0.153
0.000020 0.209 0.192
0.000024 0.250 0.230
0.000028 0.292 0.267
0.000032 0.336 0.306
0.000036 0.378 0.344
0.000040 0.420 0.384

Figure 9 shows the results of fitting the data into a linear

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

liquids
Liquid Slope R? P (Kg/m®) % Error
Water 10709 0.9999 1092.76 0.09
Ethanol 9590.9 1 980.66 0.18

The relative error is obtained by comparing the
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results in this study confirm, the results of similar previous |
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developed can verify the fluid density value with good results.
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Abstract

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 graphic 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 various 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 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 pertaining 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] developed
an experimental method to determine fluid density using a
microcomputer-based laboratory (MBL), which consists of a

XXXX-XXXX/ XX/ XXXXXX

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 relationship 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 experimental apparatus based on
Archimedes’ principle for remote experiments. They reported
that the object was hung on a dynamometer connected 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 support remote experimentation. In research [7],
software control was carried out in a container with liquid.
Shocks may occur in the liquid, interfering in the data

© xxxx |IOP Publishing Ltd
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obtained. Therefore, the development of an experimental
apparatus based on Archimedes' principle is needed. This
article discusses the development of experimental apparatus
for remote laboratory based on Archimedes’ principle. The
novelty of the device being developed lies in the device
control and the data acquisition system. Users can perform
device control and data acquisition through a graphical user
interface (GUI) created using LabVIEW. This experimental
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, designing hardware, and creating software for
control systems and data acquisition.

a. Archimedes' Principle

When an object is immersed in a liquid, it experiences 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.

Figure 1. Forces due to pressure acting on the surface of a
partially immersed body

Archimedes' principle is mathematically written as,
Fup = pgvx (1)

where £ isthe density of the liquid, 9 is the acceleration due
to gravity, and Vv, 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 sensor directly reads the
tension on the string as shown in equation (2).

W, = Twire (2

app = Mapp9
where m___ is the object's mass, while W___ is the weight of

app app
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).

Z I:y = Toire + I:up _Wobject ©)

where W, .., is the weight of the object that is read on the

bject
sensor when the volume of the object is submerged. Using
equations (2) and (3), the value of the buoyant force acting on
the object is,

Fup :Wapp _Wobject 4

Figure 2. A Forces acting on a submerged object

b. Hardware design

The main component in developing this apparatus 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.

Motor Stepper

Driver Motor

Arduino Uno

Limit Switch

Figure 3. Schematic diagram of stepper motor control circuit
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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 connected to the
computer via SensorDAQ, a data acquisition interface from
National Instrument and Vernier. SensorDAQ has three
analogs and one digital channel with a maximum capacity of
up to 48,000 samples per second [11]. The hardware
schematic diagram of the experiment is displayed in Figure 4.

Movement system
[ aparatus H Metor Stepper H Arduino Uno

Physical Dual range

—_—
Phenomena force sensor

Computer with

data acquisition
software

—_— SensorDAQ
Figure 4. Hardware schematic design

c. Control system development

The control system is made with a graphical user interface
(GUI), which is simple and easy to use. The GUI is developed
using LabVIEW software. LabVIEW, originally from
National Instrument (NI), is a block diagram-based
programming language for creating virtual instrumentation.
LabVIEW software has three main parts: a front panel for
creating GUIs, a block diagram 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 graphical user interface
(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 1, while the
block diagrams for data acquisition systems and camera
displays can be seen in Appendices 2 and 3.

There are seven main elements in the experimental
software’s GUI based on Archimedes’ principle with different
functions: (1) an apparatus 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 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 computer via a USB connection. Meanwhile,
this system must first be published into HTML code via the
web publishing tools available in LabVIEW for remote
experimental online use. After publishing, users can access the
system and its apparatus via the website. The architecture of
remote laboratory system (see Figure 6) used in this
experiment is as described in [13]. The experimental apparatus
is connected to a computer on a lab server. Through the lab
server computer, the data acquisition system is published as
HTML to be accessed by users via the internet.

B Archimedes' Principle - NUC.vi
File Edit View Project Operate Tools Window Help
5@

Archimedes' Principle Experiment

v-1,0 ©2021, Physics Education Department, Universitas Ahmad Dahlan
Data Collection | User Manual | About |
Volume (cm?)
0.00

[ 000 J @ " ) Viem) FN) |
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Figure 5. The experimental software’s GUI based on Archimedes’ principle
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Figure 6. The architecture of remote laboratory system

3. Results and Discussion

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 process. 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

Dual-Range
Force Sensor

Lead screw
as rail
sample
object

camera installed in the system, students can observe the
experimental apparatus, control the apparatus, and control the
data collection process. This apparatus can be accessed
remotely using a GUI embedded in the remote laboratory web
portal, http://rphylab.pf.uad.ac.id/sistem/. Users can create an
account independently and confirm experimental activities to
the administrator via e-mail to rphylab@pfis.uad.ac.id. Figure
8 shows the 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 40
cm?®. Users can observe the movement of the objects when
immersed through video streaming from the camera installed
in the apparatus.

Computer with the data
acquisition system

SensorDAQ

liquid
container

Figure 7. Image of the experimental apparatus based on Archimedes’ principle for remote laboratory
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Table 1. Experimental result

Volume Buoyant Force (N)
(x10° 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

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

volume immersed, V (x10-5 m?)

Figure 9. The graph of the relationship between the volume of
objects infected with buoyant force on objects

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

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

liquids
Liquid Slope R2 P (Kg/m®) % Error
Water 10709 0.9999  1092.76 0.09
Ethanol 9590.9 1.0000 980.66 0.18
The relative error is obtained by comparing the

experimental results with reference [3]. The experimental
results in this study confirm the results of similar previous
studies [3], [5] and [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 addition, users cannot replace
automatic  liquids during experiments online. Fluid
replacement is carried out by an operator based on user’s
requests. However, the accuracy and precision resulting from
the apparatus are close to the value theoretically 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 several 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,
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while satisfaction 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 typically depends on the role of an operator. In
addition, 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 feasible to be used for
experiments to verify the density value of a liquid through the
application of Archimedes’ principle.
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APPENDIX

Appendix 1. Block diagram for device setup and stepper motor control
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