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This research aims to explore the potential for innovation in physics teaching
methods by utilizing remote laboratory technology for square Helmholtz coil
magnetic field experiments. This research uses experiments with two variations of
the distance between coils, accessed through an online portal-based remote
laboratory, and magnetic field data taken using a Vernier magnetic field sensor.
The results showed that the remote experiment produced data similar to the
analytical predictions, with relative errors of 7.45% and 6.06% for the two different
inter-coil distances. In conclusion, remote laboratories have great potential to
support innovation in physics teaching methods. This research implies that remote
experiments can be an efficient and accurate tool in online physics learning,
wum experience despite being conducted remotely.
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I. Introduction

Physics experiments, particularly those related to
magnetic fields, play a vitell in teaching fundamental
physics concepts, such as magnetic force, Biot-Savart
law, and Ampére's law [1], [2]. Magnetic field
experiments use devices such as Helmholtz coils to
create and manipulate magnetic fields that can be
measured and analyzed [3]. However, such experiments
often face significant technical and logistical challenges,
especially in their setup in traditional physics
laboratories. Some of these challenges include space
limitations, the high cost of equipment, and difficulties
in providing equal access to all students, especially those
in remote locations [4]. In many educational institutions,
limited equipment and budgets hinder the ability to
conduct hands-on experiments, affecting students'
understanding of physics concepts.

Along with the advancement of digital technology
and the internet, a new learning innovation called remote
laboratory has emerged [5]-[7]. Remote laboratories
allow students to access and run physics experiments

through devices that can be controlled remotely [5]. The
basic concept behind remote laboratories is creating a
learning experience equivalent to traditional physics
experiments but without limitations in space or physical
location. Users can access experimental devices and
tools online, control instruments directly, and obtain
experimental data that can be processed and analyzed in
real-time [4]. The existence of this technology
overcomes the barriers that exist in physics education,
especially those related to limited accessibility and cost.

Remote laboratories for magnetic field experiments
represent a significant advance in educational
methodology, particularly in physics and engineering.
By integrating technology . remote laboratories facilitate
the exploration of magnetic phenomena through remote
access to a real experimental setup. This approach not
only increases accessibility but also promotes a deeper
understanding of the complex concepts associated with
magnetic fields. On the other hand, this approach still has
limitations in accuracy and interactivity that must be
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continuously evaluated to be applied more widely and
effectively in various educational institutions.

One of the main advantages of remote laboratories
is their ability to provide real-time data acquisition and
visualization of magnetic fields. For example, Ishafit et
al. [3] developed an Arduino and LabVIEW-based
remote  data acquisition system specifically for
experiments involving magnetic fields generated by
coils. The system supports experimental physics learning
by allowing students to interact remotely with the
material. Similarly, Bjeki¢ et al. [8] demonstrated the
effectiveness of remote experiments in teaching about
rotating magnetic fields in AC machines, highlighting
that such a setup can improve student outcomes and the
quality of education in electrical engineering. However,
the limited application of remote laboratories in
magnetic field experiments, especially using square
Helmholtz coils, is a gap that needs further research.

The urgency of this research is very relevant
considering the great potential that remote laboratories
have in supporting the teaching of magnetic field
expermlts more effectively and widely. This research
aims to fill the gap by exploring and analyzing the
potential use of remote laboratories i uare Helmholtz
Coil magnetic field experiments. This research will
evaluate the quality of the tools and systems used in the
Square Helmholtz Coil experiment. Therefore, this
research aims to explore the potential for innovation in
physics teaching methods by utilizing remote laboratory
technology and comparing the results of experiments
conducted using remote laboratories with analytical
methods.

This research contributes to developing a new
methodology in applying remote laboratories that are
more specific to magnetic field experiments, especially
square shapes. This research is expected to provide new
insights into the application of technology in physics
education and suggest further development in the design
of remote laboratory systems for square magnetic field
experiments. Thus, this research contributes in theory
and provides practical guidance for physics educators
and educational technology developers.

II. Theory
Square Helmholtz coil

The square Helmholtz coil is a modification of the
classic design by replacing the circular coil with a square

coil [9]-[11]. This configuration produces a uniform
magnetic field over a given volume between the coils.
The square Helmholtz coil configuration consists of two
identical symmetrical coils with a distance between coils
and a coil side length, [ [12].

The two coils are electrified with the
maguilud that a magnetic field will arise around the
coil [13]. The magnitude of the magnetic field produced
by this coil is believed to depend on the permeability of
the magnet, the number of turns, the strength of the
current flowing in the two coils, the length of the coil,
and the distance between the two coils [14].

same

Figure 1. Schematic diagram of the Helmholtz configuration

In Figure 1,1t is shown that the coils are parallel to
the distance between the coils A, and if the same current
powers both coils, it will produce a magnetic field at
point P according to equation (1) [12].

Remote Experiment

Remote experimentation is an ex perimental method
that allows users to conduct experiments remotely via
internet access [15], [16]. This system integrates
experimental hardware with digital communication
technology so that users can control experiments in real
time without being at the laboratory site [17].

The main advantages of remote experimentation are
its accessibility and flexibility. With this technology,
users from different locations can perform the same
experiment without the need to be physically present. In
addition, remote experiments support collaborative
learning [18]. This technology also reduces laboratory
operational costs, allowing multiple users to share
hardware.
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III. Method
Square Helmholtz coils

A square Helmholtz coil is made by winding a 0.05
cm diameter wire on a 0.03 c¢m thick cover printed using
a 3D printer. In this study, the coil was made with 100
turns, dimensions 9x9 c¢m. Figure 2 shows a square view
of the Helmholtz coil. Two identical coils are then
arranged at a certain distance, as in Figure 1, and then
electrified to produce a magnetic field.

(i ront view

(b). Side view

ure 2. Square Helmholtz coils

Experimental setup
This research is included in the experimental
research. The Helmholtz coil is electrified with an
ctric current of I'= 039 amperes. The data obtained is
the magnetic field at each point around the coil, ranging
from z=-10 cm to z = 10 cm, with the starting point (z =
0) in the middle of the two coils. A negative sign
indicates that the point is to the left of the centre point.
Magnetic field data was sampled using a Vemnier
netic Field Sensor ranging from 032 to 6.4 mT.
1gure 3 shows the experimental apparatus used.
The apparatus used in this study was accessed
line based on a remote laboratory through the portal
ttp://rphylab.pf.uad ac.id/sistem by requesting a
username and password to the administrator via email
rphylab@gmail.com. Using the live streamin@]eo
feature, users observe the experimental device, control
equipment, and data acquisition process [19].

Data Analysis

In this experiment, there are two variations of the
distance between coils. First, the coacing is half of
the coil side length (h=0.5]= a), so equation (1) can be
written as equation (2). While the second distance

between coils is changed to 2 times, 5o equation 2 can be
written into equation (3).

IV. Results and Biscussion

The results of the magnetic field experiment on a
square Helmholtz coil from a distance can be seen in
Figure 4 viathe website. The riment involves setting
the sensor distance, measured from the centre point of the
Helmholtz coil, ranging from -10 ¢m to 10 cm at 1 ¢cm
intervals. The user can control the experiment through
the Graphical User Interface (GUI) on the computer
screen. This GUI facilitates interaction between the user,
the software, and the hardware, enabling remote
experiment control with immediate feedback and
programmable logic controller settings [20]-[23]. In
addition, users can monitor the movement of the
magnetic field sensor while data is being collected and
communicate with the administrator via video
teleconferencing.
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Figure 3. Apparatus magnetic field experiments using a
square Helmholtz coil

video apparatus

tefeconference

with sdmin

Figure 4. Experiment results and GUI display that can be
accessed remotely
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The experimental results of magnetic field values used in the analytical approach using equations

distribution around the Helmholtz coil with the distance
between the half of the side length coils, a = (45 + 0.5)
cm, are shown in Figure 5.

Based on Figure 5, the experimental data is coded
with a “Cross,” while the analytical results obtained from
equation (2) are coded with a “Redline.” In comparing
the two approaches, it can be seen that although there are
significant similarities in the data patterns, there are
measurable differences. By comparing the experimental
data with the analytical calculation results, a relative
error of 745% was obtained, indicating a slight
discrepancy between the experimental results and the
analytical model. However, this relatively small relative
error indicates that the analytical model is quite reliable
in describing the phenomena that occurred in the
experiment, and the error is still within acceptable

tolerance limits for experiment-based learning purp()

Meanwhile, the experimental results when the
distance between the coé?:s equal to the side length, 2a
= (9.00 = 0.50) c¢m, are shown in Figure 6. The
experimental data are coded with the symbol “Cross,”
while the analytical results calculated based on equation
(3) are coded with the symbol “Redline.” In comparing
these two approaches, there is a significant similarity in
the data patterns, although there are measurable
differences. By comparing the experimental data with the
analytical calculation results, a ive error of 6.06%
was obtained, indicating a slight difference between the
experimental results and the analytical model.

Both of these show that the experimental results of
the magnetic field around a square Helmholtz coil
accessed online remotely agree with the predicted results
of the analytical approach using the Biot-Sava aw.
Although very small, the error obtained in this
experiment is because the magnetic field permeability
values used in the analytical approach based on equations
(2) and equation (3) are the permeability of the magnet
in a vacuum, yto. Meanwhile, the equipment used was not
placed in a vacuum. This result can be corrected by
placing the equipment in a space with the magnetic
permeability of a vacuum. In addition, it can also be done
by making corrections to the magnetic permeability

(2) and (3).

Despite the shortcomings, the experimental results
show a high level of accuracy. Thus, the magnetic field
experiment on a square Helmholtz coil using a remote
laboratory can be used to support the physics learning
process through online experiments.
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Figure 5. Distribution of the magnetic field around the coils
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Figure 6. Distribution of the magnetic field around the coils
for the distance between the coils 2a

V. Conclusion

This study shows that using remote laboratories for
magnetic field experiments on square Helmholtz coils
has significant potential to support innov ation in physics
teaching methods. The remotely conducted experimental
results show a reasonably high similarity with analytical
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predictions based on Biot-Savart Law, with a measured
relative error of 745% at coil spacing a=(45+05) cm
and 6.06% at coil spacing 2a = (9.00 + 0.50) cm.
Although there is a slight discrepancy between the
experimental data and the analytical model, the error is
still within acceptable tolerance limits, indicating that the
experimental data is reliable. This slight discrepancy can
be explained by the difference in magnetic permeability
between the experimental chamber and the vacuum,
which can be improved by correcting the magnetic
permeability values in the analytical calculation. Thus,
this experiment can be used as an online physics learning
tool, providing an efficient and accurate practicum
experience even when conducted remotely.

References

[1]

(6]

[10]

I. A. Phillips and J. Sanny, “Experimental evidence for
the Biot-Savart law,” Phys. Teach., vol. 61, no. 7, pp.
548-548, Oct. 2023, hups:/idoitorg/ 10.1119/5.0167265.
E. Su, “Biot-Savart Law and Stokes™ Theorem,” viXra,
2020, [Online]. Available:
https://vixra.org/pdf/2001 0351v1 pdf

L Ishafit, T. K. Indratno, and Y. D. Prabowo, “Arduino
and LabVIEW -based remote data acquisition system for
magnetic field of coils experiments,” Phys. Educ., vol.
55, no. 2, 025003,  Mar. 2020,
https://doiorg/10.1088/1361-6552/abSed6.

L. Ishafit, S. Sriyanto, T. K. Indratno, M. . Sukarelawan,
and Y. D. Prabowo, “Remote laboratory development for
online learning of modern physics experiments: initial
development,” J. Ris. dan Kaji. Pendidik. Fis., vol. 11,
no. 2, PP 97-103, QOct. 2024,
hutps://doi.org/10 12928/ rkpfv1 1i2.1098.

T. K. Indratno, Y. D. Prasetya, Y. D. Prabowo, and M. L.
Sukarelawan, “Atwood machine automation using
Arduino and LabVIEW,” Phys. Educ., vol. 59, no. 5, p.
055004, Sep. 2024, https:/doi.org/10.1088/1361-
6552/ad5d44.

L. Chuguimarca, W. Torres, J. Sanchez, and L. Amaya,
“Implementation of a remote laboratory focused on the
development ofindustrial automation practices,” J. Appl.
Res. Technol., vol. 22, no. 4, pp. 479-487, Aug. 2024,
https://doiorg/10 22201/icat. 244867 36e.2024.22 4 2 389
S. D. Fatmaryanti ef al., “Active and Authentic Learning
in Remote Laboratory: Means of Improving Prospective
Physics Teachers® Multiple Representation Ability,”
TEM J., vol. 13, no. 2, pp. 1018-1027, May 2024,
https://doi.org/10. 18421/ TEM132-16.

M. Bjeki¢, M. Suéurovié, M. BoZi¢, M. Rosi¢, and S.
Anti¢, “Using computer for measurement and
visualization of rotating magnetic field in AC machines,”
Comput. Appl. Eng. Educ., vol. 25, no. 4, pp. 608-624,
Jul. 2017, hups://doi.org/10.1002/cae 21825

R. Hurtado-Velasco and J. Gonzalez-Llorente,
“Simulation of the magnetic field generated by square
shape Helmholtz coils,”™ Appl. Math. Model., vol. 40, no.
23-24, pp- 9835-9847, Dec. 2016,
https://doiorg/10.1016/1.apm.2016.06.027,

I. Lu, S. Wang, F. Lu, C. Lu, X. Zhang, and D. Ma,
“Hybrid Optimal Design of Square Highly Uniform
Magnetic Field Coils,” IEEE Trans. Ind. Electron., vol.

L11]

(13]

[14]

[15]

[16]

[17]

[18]

[19]

(21]

70, no. 4, . 42364244, Apr. 2023,
https://doi.org/10.1109/TIE2022 3179547

Y. Lietal, “Design of highly uniform three-dimensional
square magnetic field coils for external magnetic
shielding of magnetometers,” Sensors Actuators A Phys .,
val. 331, 113037, Nov. 2021,
htps://doi.org/10.1016/j.sna 2021.113037.

A. F.R. Alvarez, E. Franco-Mejia, and C. R. Pinedo-
Jaramillo, “Study and Analysis of Magnetic Field
Homogeneity of Square and Circular Helmholtz Coil
Pairs: A Taylor Series Approximation,” m 20J2 VI
Andean Region International Conference, Nov. 2012,
pp. 77-80. https://doi .org/10.1109/Andescon.2012 27,

S. M. A. Ghaly and M. O. Khan, *Design, Simulation,
Modeling, and Implementation of a Square Helmholtz
Coil in Contrast with a Circular Coil for MRI
Applications,” Eng. Technol. Appl. Sci. Res., vol. 9, no.
6, pp. 4990-4995, Dec. 2019,
htips://doi.org/10 480 84/etasr.3171 .

A. F. Restrepo, E. Franco, and C. R. Pinedo,
“Metodologia de disefio e implementacion de un sistema
para generacién de campos magnéticos uniformes con
bobinas helmholtz cuadrada tri-axial,” Inf. tecnoldgica.,
vol. 25, no. 2, . 0314, 2014,
https://doi.org 10 4067/507 18-07642014000200002.

A. T.Nugraha and E. Haritman, “Development of remote
laboratory based on HTMLS,” IOP Conf. Ser. Mater. Sci.
Eng., vol. 850, no. 1, p. 012017, May 2020,
https://doi.org/10.1088/1757-899X/850/1/012017.

C. Rohrig and A. Jochheim, “The Virtual Lab for
controlling real experiments via Internet,” in
Proceedings of the 1999 [EEE International Symposiwm
on Computer Aided Control System Design (Cat.
No 99THS8404), 1999, Pp- 279-284.
https://doi.org/10.1109/CACSD.1999.808661.

D. Hercog, B. Gergic, S. Uran, and K. Jezernik, “A DSP-
Based Remote Control Laboratory,” IEEE Trans. Ind.
Electron., vol. 54, no. 6, pp. 3057-3068, Dec. 2007,
https://doi.org/10.1109/TIE 2007 807009,

K. K. SoundraPandian, M. Rao, and S. Khandekar,
“Remote-Access  Real-Time Laboratory:  Process
Monitoring and Control through the Internet Protocol,”
Int. J.Mech.Eng. Educ.,vol. 36,n0.3, pp. 207-220, Jul.
2008, hitps://dol.org/ 10,7227/ 1IMEE 36.3 4.

Ishafit, Mundilarto, and H. D. Surjono, “Development of
light polarization experimental apparatus for remote
laboratory in physics education,” Phys. Educ., vol. 56,
no. 1, 015008, Jan. 2021,
https://doi.org/ 10.108 8/136 1-6552/abedda.
Z.Liu,C.Chen,J. Wang, Y. Huang, J. Hu, and Q. Wang,
“Nighthawk: Fully Automated Localizing Ul Display
Issues via Visual Understanding,” IEEE Trans. Softw.
Eng., vol. 49, no. 1, pp. 403418, Jan. 2023,
https://doi.org/10.1109/TSE.2022.3150876.
Z.Liu,C.Chen,J. Wang, Y. Huang, J. Hu,and Q. Wang,
“Owl eyes: Spotting Ul Display Issues via Visual
Understanding,” in Proceedings of the 35th IEEE/ACM
International  Conference on  Automated  Software
Engineering, Dec. 2020, Pp. 398-409.
htips://doi.org/10.1145/3324884 3416547

M. 1. Hambali, E. Haritman, and A. B. Pantjawati,
“Design of Graphical User Interface (GUI) for a remote
laboratory  on  programmable logic  controller
experiments,” IOP Conf. Ser. Mater. Sci. Eng ., vol. 850,

Ishafit, et al. Magnetic Field on A Square Helmholtz Coil ...

p-ISSN: 2621-3761
e-ISSN: 2621-2889




Indonesian Review of Physics (IR1P)
Vol.7,No.1, June 2024, pp.43 - 48

48

no. 1, p. 012005, May 2020,
https://doiorg/10.1088/1757-899X/850/1/012005 .

in 2023 14th International Conference on Computing
Communication  and  Networking  Technologies

[23] M.S.Rahman, M. Saha, M. M. Hossain , A. K. M. Nazrul (ICCCNT), Jul. 2023, PpR. 1-6.
Islam, and H. Monir, “Design of A Real Time Remote htps:/doi.org/ 10.1109/ICCCNT56998 2023.10306933.
Monitoring and Controlling System Using LabVIEW,”

Declarations

Author contribution 1 Ishafit was responsible for the entire research project. He collaborated with Moh.
Irma Sukarelawan in writing and revising the manuscript. Diah Ayu Kustianingsih
was responsible for developing the experimental apparatus. Toni Kus Indratno was
responsible for data analysis and interpretation.

Funding statement + This research did not receive any funding.

Contflict of interest +  Both authors declare that they have no competing interests.

Additional information t  No additional information is available for this paper.

Ishafit, et al. Magnetic Field on A Square Helmholtz Coil ...

p-ISSN: 2621-3761
e-ISSN: 2621-2889




2 Magnetic Field on A Square Helmholtz.pdf

ORIGINALITY REPORT

1 3%

SIMILARITY INDEX

PRIMARY SOURCES

B B B A

B B B8

I(rajltieg?fileitb.uin-suka.ac.id 39 words — 1 06
I\rﬂ(;\r/r:/eitkipedia.org 30 words — 1 06
Ikn1tcjlrln.ekt1andle.net -5 words — 1 06
Moh Irma Sukarelawan, Muhammad Firman 22 words — 1 %

Ramadhan, Raden Oktova, Jumadi Jumadi et al.
"Psychometric properties of Indonesian physics motivation
guestionnaire using Rasch model", International Journal of
Evaluation and Research in Education (lJERE), 2024

Crossref

. . . 0
||rge|tr)nsef:|ence.|op.org 20 words — 1 /0

, 0
|\2\:(\e/r\g\;\t/.rnd|OI-C0m 17 words — 1 /0

_ o . : 0
Aldino Piva. "A crack along a circular interface 16 words — '] /0

between dissimilar media", Meccanica, 1982

Crossref

al-irsyad.kuis.edu.my 16 words — 1 %%

Internet

Xuehua Zhu, Meng Xing, Chugngchuar?g .Llu,.Juntao 12 words — 1 /0
Ye, Hongde Cheng, Yutong Miao. "Optimization of



composite Helmholtz coils towards high magnetic uniformity",
Engineering Science and Technology, an International Journal,
2023

Crossref

Manciu, Marian, and Eli Ruckenstein. "Role of the < 1 %
: . - ) .. 11 words —

Hydration Force in the Stability of Colloids at High

lonic Strengths", Langmuir, 2001.

Crossref

n H H n H 0
Cpmputer SC|er?ce and Ed'ucatlon , Springer 9 words — < 1 /0
Science and Business Media LLC, 2023

Crossref

Shao Syuan S)./u,_ M?nch'ala Gopala Krishna, Roshni 9 words — < 1 /0
Yadav, Ko-Wei Lin. "Design of the Stable

Homogeneous Magnetic Field Calibration Device Generated by

the Circular Coils", IEEE Access, 2022

Crossref

S 0

mgg.gecekltapllgl.com 9 words — < 1 /0
0

mx\é\t/.researchgate.net 9 words — < ] %
n _Ti 141 0

Thomas G. Habetler. "Real-Time Condition 8 words — < '] /0

Monitoring of the Electrolytic Capacitors for Power
Electronics Applications", APEC 07 - Twenty-Second Annual IEEE
Applied Power Electronics Conference and Exposition, 02/2007

Crossref

Wulan Patria Saroin.song, I\/Iuh;?]mad NuruI.Ashar, 3 words — < 'I %
Irena Y. Maureen, Lina Purwaning Hartanti et al.

"Reimagining Innovation in Education and Social Sciences",

Routledge, 2023

Publications

i 0
Xgehua Zhu, Chuangchuan.g Liu, Hao Su, Yutong 3 words — < 'I /0
Miao, Hongde Cheng. "Design of improved four-



N N N N N =
HAN w S} —_ o O

coil structure with high uniformity and effective coverage rate",
Heliyon, 2023

Crossref

'>'<uehua Zhu, Juntao Ye, Ziruo Ren, Xinyu Liu. g words — < 1 )0
Design of high uniform magnetic field with four

coils based on improved wolf pack algorithm", Engineering

Science and Technology, an International Journal, 2025

Crossref

\

e-journal.undikma.ac.id
Inté]rnet 8 Words —_ <

%

scholar.archive.org 8 words — < 0%

Internet

\

%

WWW.pi5.uni-stuttgart.de
Internet P 5 8 Words - <

\

%

www.scielo.org.co
Internet 8 words — <

0
www.usna.edu 8 words — < 1 /0

Internet

Yf'ang L|,J.un Xu, Xlgngyu Kang, Zhehgkun Fan, 7 words — < '] %
Xiangmei Dong, Xiumin Gao, Songlin Zhuang.

"Design of highly uniform three-dimensional square magnetic

field coils for external magnetic shielding of magnetometers",

Sensors and Actuators A: Physical, 2021

Crossref

. . . n 0
Ifshaﬂt, Mu-ndl'larto, H D.Surjono. Development of 6 words — < 1 /0
light polarization experimental apparatus for
remote laboratory in physics education", Physics Education,

2021

Crossref



EXCLUDE QUOTES OFF EXCLUDE SOURCES OFF
EXCLUDE BIBLIOGRAPHY ON EXCLUDE MATCHES OFF



