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USING VR FOR THE VIRTUAL PHYSICS LABORATORY
«DETERMINING THE MOMENT OF INERTIA FOR A BALL»

The article discusses the use of virtual reality technology in education. The main goal of the study is
to provide students with a convenient, useful and interesting source of knowledge for studying physics.
The analysis of the use of various innovative developments in the field of education was conducted. It is
shown that virtual reality is a promising tool for educational use, allowing you to create a safe, affordable
and flexible environment for studying various processes. While working in virtual reality, a user receives
all the necessary information in an unusual, but very visual form. In the article the authors present a
software application using virtual reality technology for studying the moment of inertia of a ball. The
application is made in the form of laboratory work with the possibility to conduct a virtual experiment.
For clarity, the article provides screenshots of the application scenes; the application logic is given in the
form of a UML activity diagram. The cross-platform Unity 3D was chosen as the development environ-
ment, which implements the principle of WORA (write once, run anywhere). Thanks to this principle,
once written application can be built for personal computers, mobile devices, helmets of mixed reality
and many other platforms. As a virtual reality device, the Leap Motion controller was used. The appli-
cation functionality was written in the C # programming language. Graphic models were created using
Substance Painter. The developed application can be used by high school students of secondary and
specialized schools, students of technical specialties of higher educational institutions, as well as any
interested users.

Key words: physics, education, virtual reality, virtual laboratory, unity, C#.
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McnoAb3oBaHMe TEXHOAOTMU BUPTYAAbHOM PEAAbHOCTU AAS pa3paboTku
BUpPTYaAbHOM on3uueckoi Aaboparopum «M3yueHne MOMeEHTa MHEPLIMM LLIApa»

B AaHHOM cTatbe 06CY>KAQETCS MCMOAb30BaHME TEXHOAOTMM BUPTYAAbHOM PEaAbHOCTM B
o6paszoBaHMM. OCHOBHasi LeAb MCCAEAOBaHMS — 0OECreYnTb CTYAEHTOB YAOOHbIM, MOAE3HbIM M
MHTEPECHbIM MCTOUYHMKOM 3HAHWIA AASI M3yudeHusi (OM3MKKW. BbIA MpoBeAeH aHaAM3 MCMNOAb30BaHUS
PasAMYHbIX MHHOBALMOHHbLIX pa3paboTok B cdepe obOpasoBaHus. [lokasaHO, 4TO BMPTyaAbHas
PeaAbHOCTb SIBASIETCSI MEPCrNeKTUBHbIM CPEACTBOM AASl MCMOAb30BaHMS B 06Pa30BaTEAbHbIX LEASIX,
MO3BOASIOLLMM CO3AaTb 6E30MacHyio, AOCTYMHYIO M TMOKYID CPeAYy AAS M3YYeHUSI PasAMYUHbIX
npoueccos. Bo Bpemst paboTbl B BUPTYaAbHOM PEAABHOCTM MOAb30BATEAb MOAYHAET BCIO HEOOXOANMYIO
MH(OpMaLMIO B HEOObIYHOM, HO O4YeHb HarAsiAHOM opme. 3AeCb MPEACTABAEHO MPOrpamMmHoOe
MPUAOXKEHME C MCTMOAb30BAHMEM TEXHOAOTMM BUPTYAAbHOM PEAAbHOCTM AASl M3YyUeHMsI MOMEHTa
nHepuun wapa. MNpuao>keHre BbINOAHEHO B BUAE AABOPaTOPHOM PaboTbl C BO3MOXKHOCTbIO NMPOBEAEHUS
BMPTYaAbHOIO 3KCrepmmMeHTa. AAS HAarASAHOCTM NMPEACTaBAEHbI CKPUHLLIOTbI CO CLIEHaMM MPUAOKEHUS],
AOTMIKA MPUAOXKEHUS npunBeaeHa B Buae UML amarpammbl aesiTeabHOCTM. B kauectBe naatopmbl
pa3paboTku 6biAa BbiOpaHa KpoccrnAatgopmerHas cpeaa Unity 3D, KoTopas oCyLecTBASIET NMPUHLIAI
pabotbl WORA (writeonce, runanywhere). baaroaapsi 3ToMy MpUHUMIY €AMHOXAbI HarMcaHHOe
MPUAOXKEHME MOXET ObiTb COOPAHO AASI MEPCOHAAbHbBIX KOMIbIOTEPOB, MOOWMAbHbIX YCTPOWCTB,
LUAEMOB CMeLLaHHOM PeaAbHOCTU M MHOIMX APYruX naaTdopm. B kauectse ycTponcTBa BUPTYaAbHOM
pPeaAbHOCTM MCMOAb30BAACS KOHTPOAAEP ABvdKeHusi Leap Motion. (DyHKUMOHAA MPUAOXKEHNS ObIA
HarnucaH Ha s3bike nporpammupoBanus C#. [padpmueckne MoaeAn BbiAM CO3AaHbI C UCMOAb30BaHMEM
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Substance Painter. PaspaboTaHHOE MPUAOXKEHME MOXKET ObiTb MCMOAb30BAHO YYE€HMKaMM CTapLimx
KAQCCOB CPEAHMX U CMEeLMaAn3UPOBAHHbIX LWUKOA, CTYAEHTaMM TEXHUUYECKMX CMeUMaAbHOCTEN BbICLLMX
yueOHbIX 3aBEAEHMI, @ Tak>Ke ADObIMW 3aMHTEPECOBaHHbIMU MOAb30BATEASIMMU.

KatoueBble cAoBa: husmka, obpasoBaHme, BUPTYaAbHas PEAaAbHOCTb, BUPTYaAbHas Aabopatopus,
Unity, C#.
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«AONTbIH, UHEPLMS MOMEHTIH aHbIKTay» BUPTYaAAbl (PM3UKAABIK, 3epTXaHaCbIH
KYPY YLUiH BUPTYaAAbI LUbIHABIK, TEXHOAOTUSICbIH MaiAaAaHy

Makanaaa 6inim bepyaeri BUPTYaAAbl LbIHABIK, TEXHOAOTMSCbIH KOAAQHY KapacTblpblAaAbl. 3epT-
TEYAIH Heri3ri MakcaTbl CTYAEHTTEPAI (DM31MKa NOHIH OKbIM YAPEHYyre biIHFaliAbl, MaiAAbl )K&HE KbI3bIKTbl
pecypcTapMeH Kamrtamacbid eTy. BbiAiM 6Gepy caracbiHA@ SPTYPAI MHHOBALMSIABIK, 93ipAEMEAEPA|
naaanaHyfFa TaaAay >KYPri3iaai. BUpTyaaabl WBIHABIK 8p TYPAI YAEPICTEpAI 3epTTey YLIiH Kayincis,
KOAXKETIMAI >K8HE MKEMAI OpTaHbl KypyFa MyMKiHAIK 6epeTiH 6iaiM 6epy MakcaTTapbliHAQ KOAAQHY YLLH
nepcrneKkTUBaAbl KypaAa 60AbIN TabbiAasbl. BUPTyaAAbl WbIHABIK, Ke3iHAE MaiAaAaHYLIbl 6APAbIK, KAXKETTi
akmapatTbl epekiue, Hipak, eTe KepHeki TYpAe araabl. MakaAaaa WwapAbliH, MHEPLIMS MOMEHTIH 3epTTey
YLiH BUPTYaAAb! LUBIHABIK, TEXHOAOTMSICbIH KOAAQHY apKblAbl GaFAAPAAMaAbIK, KOCbIMLLA YCbIHbIAFAH.
baraapAamanblk, KOCbIMLLA 3KCMEPUMEHT >KYPridy MYMKIHAIMNIMEH 3epTXaHaAblK, >XYMbIC TypiHAE
OpblHAQAFaH. MakaAaaa KepHeKiAiK YLiH KOCbIMILA CLeHapuiAepi 6ap CKPUMHLIOTTap YCbIHbIAFAH,
KOCbIMLUaHBIH, Aornkackl UML anarpammacsl TypiHAE KEeATIpiAreH. O3ipAeyAiH, naatdopmackl peTiHae
WORA (write once, run anywhere) >xymbIC NpyHUMNIH >Yy3ere acbipatbiH Unity 3D kpoccrnaaTdopAbl
opTachkl TaHAAAABI. ByA KaFMAaTTbiH apkacbliHAA Oip peT >KasblAFaH KOCbhIMLIA Aepbec KoMIbloTepAep,
MOOMABAI KYPbIAFbIAAP, apaAac LbIHABIKTaFbl LUAEMAEP X8He 6acka Aa KenTereH naatcopmasap
YLWIiH >XMHaAY MYMKIHAIM 6ap. BupTyanabl LWbIHABIK KYPbIAFbICHI peTiHAe Leap Motion ko3fFaAbiC
KOHTPOAAEPI  KOAA@HbIAAbL.  KoAapaH6a  yHkuMoOHaabl C# nporpammanay TiAiHAE >KasblAFaH.
[padmkanbik, MoaeAbaep Substance Painter apkbiAbl XKacaAAbl. ©3ipAEHIeH KOCbIMLLIAHbI 0PTa >KoHe
MaMaHAQHADIPbIAFAH MeKTENTEPAIH >KOFapbl CbIHbIM OKYLUbIAQPbl, >KOFapbl OKY OpPbIHAAPbIHbIH
TEXHWKAABIK, MaMaHABIKTApbIHbIH CTYAEHTTEpi, COHAaM-aK, Ke3 KeAreH MYAAEAI ManAaAaHyLlblAap
KOAAQHA aAdAbl.

Ty#in ce3aep: umsmika, 6iaim Gepy, BUPTYaAAbI LWBIHABIK, BUPTYaAAbl 3epTxaHa, Unity, C#.

Introduction

Virtual Reality (VR) [1] is a technology that
uses software to reproduce a three-dimensional real-
istic image of the environment, in which the physi-
cal movement of a user is simulated. Using equip-
ment, such as Virtual Reality Glasses, in which
headphones, a screen and motion sensors are built
in to track user actions, it becomes possible to in-
teract with virtual objects in a virtual environment.
Virtual reality technology is widely used in all areas
of human activity and, in particular, in education.
So, the use of virtual educational resources allows
us to solve problems such as the dangers of some
experiments, the high cost of laboratory equipment,
the inability to simulate some processes in real con-
ditions.

Among the analogues in the field of software
development using virtual reality technology for
studying physics, the following can be mentioned.
In the article [2], the authors talk about the combi-

nation of virtual reality and a virtual laboratory for
teaching physics to high school students. As part of
the Newton project, they created a virtual scene that
allows studying the water cycle in nature. It pres-
ents virtual reality with a forest, river and mountain
landscape. This allows understanding how the water
cycle occurs in the wild. To learn the process, the
user must follow the instructions that appear on the
screen, available in audio format, as well as in the
language of the deaf. This approach allows attract-
ing a wider circle of users, as well as students with
disabilities. In order to consolidate the information,
the student can study this process, but already in
a virtual laboratory. The authors [3] conducted a
study on the impact of virtual laboratories on stu-
dent behavior in the study of physics. It involved 42
students, who were divided into groups of 21 peo-
ple. One of the groups performed tasks using the vir-
tual laboratory; the second was engaged using real
physical equipment. Within 5 weeks, the students of
both groups conducted 5 experiments. The results
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of the study showed that the use of virtual labora-
tories has a greater impact on student engagement.
The students in the virtual lab also improved their
knowledge of the material. Moreover, the most of
the students expressed a positive opinion regarding
the use of virtual laboratories.

Maroon VR is a virtual laboratory, which is a
laboratory room. Two electromagnetic experiments
can be carried out in it. Using the HTC Vive hel-
met, the user can study the behavior and characteris-
tics of electric and magnetic fields [4]. The authors
found that users of this approach to the study of the
material seemed more interesting, involving, which
allowed them to be more focused. In [5], the stag-
es of developing a virtual environment for study-
ing physics are described. Using the application in
the lessons allowed improving the methodology of
teaching and increasing student’ autonomy while
working with educational material.

Google Cardboard immerses the user in the
world of a virtual laboratory [6]. To get started, the
user must put the phone in a helmet. Then, using
the interface and the controller connected via Blue-
tooth, you need to choose the physical movement
that the student wants to learn. In [7] the OpenRela-
tivity project was presented. It is implemented us-
ing Unity and consists of a library for modifying the
shaders built into the game engine. This allows users
to demonstrate the world of relativism at an arbi-
trary speed of light. Learning with the help of such
an application, students will be able to familiarize
themselves and better understand abstract concepts
and topics in the special theory of relativity.

The article by authors from University of Mata-
ram [8] describes the virtual laboratory on electric-
ity complex. Their aim was to create an alternative
laboratory set due to limited equipment. The devel-
oped laboratory works increased students’ engage-
ment and verbal and figural creativity.

Authors of [9] described the virtual laboratory
with interactive simulations on biomass for energy
generation. It was created for master students of
Distributed Renewable Energy. As a result, ethe au-
thors get a feedback from the students about virtual
lab as excellent preparatory tool.

Students of 10™ grade in [10] used Circuit Con-
struction Kit by PhET simulations. Authors inves-
tigated the effect of virtual working set on students
and their understanding of circuits.

In [11] the authors wanted to check the efficiency
of the virtual laboratory. They created the laboratory
work that helps to understand the heat concept and
able to increase cognitive aspect and sub-concept

92

of heat among students. As a result, those students
who worked with a virtual laboratory showed better
achievement of conceptual understanding.

The use of modern teaching methods and new
ways of interaction between teachers and students
leads to the updating of the educational process. The
International Information Technology University is
one of the participants of the ERASMUS+ project
“Kazakh Universities to Foster Quality Assurance
Processes in Technology Enhanced Learning” (KU-
TEL), the purpose of which is to study the experi-
ence of foreign partner universities in the field of
ensuring the quality of education when using vari-
ous technologically enhanced educational solutions
learning — TEL). Within the framework of the proj-
ect, TEL training quality criteria are developed and
adapted in relation to domestic curricula and disci-
plines that use modern technological innovations,
such as virtual and augmented reality technologies.

Technological basis

Among software developers, it is possible to
find plugins, which are integrated into game en-
gines, such as Unity3D and Unreal Engine. They
make easier to develop software products using
virtual reality technology. The main advantages of
game engines are cross-platform, usability, a wide
range of tools, graphics, sound, technical support.
Among the disadvantages are the following: a limit-
ed set of tools, difficulty in use, proprietary versions,
and inconvenient interface. To develop a software
application, the authors identified for themselves
such requirements as the availability of informa-
tion, ease of use and graphics capabilities. Thus, the
choice was made in favor of the Unity3D game en-
gine [12]. The logic of the program is implemented
using C# programming language, which is officially
supported by Unity [13].

As avirtual reality device, the Leap Motion con-
troller [14] was used, designed to track the move-
ments of hands and fingers in space and can be
used for human-computer interaction. The device
includes three infrared LEDs and two cameras, and
its principle of tracking is stereoscopy (the reflected
light from the LEDs is visible from two different
points of view, and the distance from the sensor is
calculated accordingly). Thanks to the SDK librar-
ies, you can receive information about tracking both
hands in the space above the device at a height of
15-60 cm. The library routines can recognize both
hands and transmit information about the location of
each bone segment.
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“Determination of ball’s inertia moment”
virtual laboratory work implementation

The authors developed a virtual physical labora-
tory using virtual reality technology to study the mo-
ment of inertia of the ball. The work was taken from
the Physics book for 10" grade [15]. The developed
application allows studying the laws of mechanics us-
ing a physical installation consisting of a tripod, an
arc-shaped tray, and balls of various sizes. In order

to start the interaction with the app the user needs to
launch it. Then there will be a choice between tuto-
rial and laboratory work itself. In tutorial the user can
get acquainted with the elements of user interface and
task completion work order. At the start of the scene
with a task, the following screen appears (Figure 1).

Successful execution of the task requires
knowledge of the rules and task’s order. To do so
the user needs to click the button “Description of the
task” in the lower left corner of the screen.

Figure 1 — Installation’s common view

Figure 2 — Description panel with the task
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Figure 3 — Activity diagram

According to the Figure 2 the user needs to
complete all the steps of the task to finish the
laboratory work. The panel with task description also
contains the formula that is necessary for calculation
of inertia moment. The experiment should be
repeated five times and the results must be filled in
the table. It will help the user to install dependency
of inertia moment value on the changing weight
and ball’s diameter. In general, the work with the
program is described with the activity diagram in
the Figure 3.

The formula in the task description panel was
obtained using following formulas:kinetic energy
of the rotating body and angular velocity. They are
given in 1 and 2 equations, where J — moment of
inertia, w — angular velocity.

w,. =2, n
2w,
J=— 2)
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To find following equations let’s have a look at
installation in the Figure 4. It is easy to see that at the
point A the ball has potential energy mgh. During its
falling this energy transforms into kinetic energy of
translational motion of the body and kinetic energy
of rotational motion. Given that the linear velocity
of the center of mass relative to the trench and the
linear velocity of the center of mass from the axis
of rotation of the points on the surface of the ball
relative to the center of mass are equal to each other,
we can find the angular velocity. Then, knowing the
distance and time of the flight of the ball, we obtain
the final formula for finding the moment of inertia of
the ball (formula 3).

mR*(4hH — 1*)

12 )

As a result, the student, working with the
application and virtual installation, receives the
same level of knowledge and experience that can
be gained after interacting with the real equipment.

Thus, we can conclude that such projects are
effective and necessary.

3)
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Figure 4 — Lab’s installation

Conclusion

Thus, virtual reality technology takes learning to
a new level. Virtual reality has the potential to lead
students to new discoveries, motivate, encourage
and inspire. Students can participate in the learning
environment with a sense of presence, be part of the
training environment.

This article presents the experiment that allows
studying the moment of inertia of the ball in virtual
reality. The developed software product allows in-
teracting with virtual objects using the Leap Motion
controller, while remaining simple and convenient
to use.

Currently, the application is being introduced
into the physics course as an additional source of
information in secondary schools. Also, the authors
are constantly working to expand the list of labora-
tory works available for carrying out using the de-
veloped application.
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