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INTERACTIVE VIRTUALIZATION IN THE JAVA SCRIPT SOFTWARE
ENVIRONMENT OF ELECTROMAGNETISM ALGORITHMS FOR THE STUDY
OF DYNAMIC AND STATIC PARAMETERS OF FERROMAGNETS IN
ALTERNATING AND PERMANENT MAGNETIC FIELDS

The training program involves not only the study of theoretical material, but also the
performance of laboratory work. They are necessary to develop the skills of measuring physical
guantities, performing physical experiments, and the ability to draw correct conclusions from their
observations. Modern computer technologies allow us to complement this traditional training scheme.
Training programs that simulate physical processes and phenomena that are not always possible to
show "live™ in training conditions can provide students with significant assistance. The processes of
the phenomenon of the physics section "Electromagnetism" are visualized and interactively virtualized
using the Java Script computer software environment. Such forks on a computer are very effective for
mastering a certain course of knowledge and develop independent research skills and awaken to a
creative search for research methods. This virtual-interactive laboratory development has been
introduced into the educational process of the Kazakh National Women's Pedagogical University and
is successfully used in teaching, at the Department of Physics when performing laboratory work on
electromagnetism.
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Kaszaxcman

O3IoPMOJIYY ’KAHA TYPYKTYY MATHUTTHUK TAJTAAJIAPJIAT' bBI
O®EPPOMATHETUKTEPINH INHAMHUKAJIBIK 7)KAHA CTATUKAJIBIK
IMAPAMETPJIEPUH M3WIJIENI-YUPOHYY YUYH SJIEKTPMATHETHU3M
AJTOPUTMJIEPUH JAVA SCRIPT ITIPOI'PAMMAUJIBIK YOMIPOCYH]IO
HMHTEPAKTUBAYY BUPTYAJLJALITBIPYY

Okyy npozspammacvl meopusiivlk Mamepuandvl YUPOHYYHY eaua 3mec, 1ab0pamopusiivik
uwmepou 0a amkapyyHy xammolim. Anap Quzuxaibik YoHOYKmMapovl 01466 KOHOYMOOPYH uuimen
Ybl2yy, UIUKATILIK MANCPLILOAIapObl HCYPRY3YY, OAUKOOAOPYHAH MYYPA JHCHIULIHMbBIK Ybleapyy VYYH
3apuin. 3amandan KoMnblOMepOUK MeXHONO2USAAp OV CATMmYy OKYY CXeMACblH MOIYKMO020
MYMKYHOYK — Oepem. Oxymyy wapmmapvinoa "mupyy” xepcemyne anbazan  Qusukaivix
npoyeccmepou JHcana Kyoyayumapovl Mo0er0eouy 0Kyy npocpamMmanapvl cmyoenmmepee Oxymmyy
arcapoam kepcome aram. Qusuxanvin "Dnexmpmacnemusm” OOIYMyHOO2Y KYOVIYUIMYH Npoyeccmepu
KOMNbIOMEPOUK NPOSPAMMANBIK YOUPOHYH HCAPOAMbL MEHEH JIeCIemUi2er JCAHa UHMEPAKMUBOYY
supmyanoawmoipvliean. Muinoati BHJI  xomnviomepoe Ounumoun  Oeneunyy oup  KypcyH
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6300UMypyy00, 63 al0blHYad U3UN006 KOHOYMOOPYH OHYKMYPYY06 IHCAHA UULOOO bIKMALAPHIH
YbleapMausll  U300OHY OWIOHYyOoa aboan Hamuvlidxcanyy. byn eupmyanovix unmepaxmusoyy
nabopamopusnvik uwmen uvieyy Kazax ynymmyx asnoap nedazocuxanvlk YHUSEPCUTHEMUHUH OK)Y
npoyeccune — Kupeusuieen — ocana  Qusuxa  xageopacvinoa  dnaeKmpmacHemusm  00HYA
JabOPaAmopUsIbIK Umepou amxapyyoa UWeuiuKmyy KOJOOHYIYR HCAmam.

O3oxkmyy  ce300p:  ancopumm,  GUPMYANObIK — UHMEPAKMUBOSUIMUPYY,  GUPMYALObIK-
unmepaxkmugoyy nabopamopus (BUJI), eebmemp, mopouod, amnepmemp, oibmmemp.
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Kazaxcman

UHTEPAKTHUBHAS BUPTYAJIN3ALIASA B TIPOTPAMMHOM C®EPE
JAVA SCRIPT AJITOPUTMOB 3JIEKTPOMAI'HETU3MA JJISA
NCCIEJOBAHUA TUHAMNYECKUX U CTATUCTUYECKHUX
ITAPAMETPOB ®EPPOMATI'HETUKOB B UIBSMEHYUBBIX 1
YCTOMYUBBIX MATHUTHBIX MOJISAX

O6yqaiomaﬂ npocpamma npednozzaeaem He MOJbKO U3y4eHue meopemudecKkoeco mamepuaid, Ho
u evinonneHue aabopamopuvix padom. OHU HeoOXOOUMbL Ol GbLIPADOMKU HABBIKOS UMEDEHUS.
(jm3uqea<ux BCJIUYUH, 6bINOJIHEHUA d)muqecmtx onvlmoe, YyMeHus oenamo npaesulbHole 8b1600blL U3
ceoux HabaOeHUll. COGp@MeHHble KOMNnblOmepHvle mMexHolo0cul no360Jisom OONONHUMb amy
mpaouyuoHnyio cxemy ooyuenusi. Ooyuaiowue npozpammol, Mmooerupyowue QuauyecKue npoyeccyl u
SABAEHUSL, KOMOPble He 6ce20a yoaemcs nokazams "6 Jicusyro” 6 00yuaiowux ycioeusx, Mo2ym oKa3ams
yuawumcs cyuwjecmeennylo nomowv. Ilpoyeccol aenenuti pazoena Qusuxu «1eKmpomacHemusmy»
BU3YAIUUPOBAHBL U UHMEPAKMUBHO 6UpNYAIU3uUpo6aHsbl ¢ NOMOWbIO KOMnblomepHOﬁ I’lpOZpaMMHOZZ
cpeowt Java Script. Taxue BHII na komnviomepe ouenv d¢ghphexmuenvl 015l 0CEOEHUS. ONPEOeeHHO20
Kypca 3HAHUL U paseuesarom camocmosmeibrbvle uccneoosamenbCkue HAGbIKU U npo6y9+c0arom K
MBOPUECKOMY NOUCKY MEMOO08 UCCIe008aHUs. J]aHHAsT BUPMYANbHO-URMEPAKMUBHAS 1AO0PAMOPHAsL
paspabomka erneopena 6 yueOHblll npoyecc Kazaxckoeo HAYUOHANLHO2O JHCEHCKO20 Neda202UyecKoeo
VHUSEpCcUmema u YCHeultHo NpuMeHsiemcs 6 oOyyeHuu Ha Kageope usuxu npu  GbINOJTHEeHUU
1abopamopHsix pabom no 1eKmMpOMacHemu3my.

Knroueevie cjioea:; aneopumm, sUpMYAlbHAA uHmepaxkmueusayus, SUPMYAlbHO~
unmepaxmuenas rabopamopus (BUJI), eebepmemp, mopouo, amnepmemp, oibmmemp.

Introduction. Physics is an experimental science. Therefore, the training program
involves not only the study of theoretical material, but also the performance of laboratory
work. They are necessary to develop the skills of measuring physical quantities, performing
physical experiments, and the ability to draw correct conclusions from their observations.

Modern computer technologies allow us to complement this traditional training scheme.
Training programs that simulate physical processes and phenomena that are not always
possible to show "live" in classroom conditions can provide students with significant
assistance. The importance of such programs, however, should not be exaggerated. It must be
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remembered - nothing can replace a real physical experiment in which a part of a natural
phenomenon is talking to the researcher, and not a copy of "virtual reality” modeled by a
person!

The program "Virtual interactive laboratory for the study of the processes of dynamic
and static parameters of ferromagnets in alternating and permanent magnetic fields, the
phenomenon of the physics section "Electromagnetism™ is very effective in mastering this
course and can be used in the learning process in different ways.

Firstly, it can be used to show demonstrations during the explanation of new material.
Such demonstrations are very visual, improve perception and arouse interest in the subject.
The advantage of such demonstrations, in comparison with conventional videos, is also that
the teacher can quickly, by changing the parameters in the program, answer students'
questions: "What happens if...?" The answer is simple - let's do it and see!

Secondly, the program can be used as a "laboratory” workshop. These classes are best
conducted in a computer classroom. In this case, each student will be able to do their
laboratory work independently. For such a lesson, preliminary preparation is usually
necessary - when the theory of the phenomenon is already known, then meaningful work with
experimental installations can benefit in a deeper understanding of the subject. The set of
laboratory works and demonstrations offered by us does not exhaust all the possibilities of the
program, and the teacher can always supplement this list with his own developments.

Thirdly, research and projects can be carried out on the basis of the program. Within its
capabilities, the program allows you to conduct research on fairly complex magnetic
processes and phenomena, the theory of which goes beyond the scope of the training program.
Below are examples of laboratory work and demonstrations that can be used in the program.
It should be borne in mind that the calculations performed by our program for the model of
real electrical circuits are of a qualitative nature.

Materials and methods. The present requirement of time, visualization and interactivity,
including animated images in the movements of physical phenomena and working with them
requires a convenient software tool for implementation. The modern visual programming
system Java Script provides a convenient tool for creating a simulation environment for any
physical task.

To simulate the virtual interactive laboratory work-No. 1-The study of the dynamic
hysteresis of ferromagnets, first all the necessary devices were modeled ammeter, voltmeter,
oscilloscope, webermeter, rheostat, capacitor, resistor, toroidal coil and power supply-
alternator as in Figure-1.
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Figure 1 - Necessary devices and parts modeled for laboratory work

Next comes the installation of the electrical circuit with connecting wires, as in Figure
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Figure 2 - Wiring diagram mounted with connecting wires

Based on the mounted electrical circuit, measurements are carried out to obtain a picture
of the magnetic hysteresis family as a dependence of magnetic induction-B, on the magnetic
field strength-H, as in Figures 3 and 4
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Figure 3 - A picture of small magnetic hysteresis as one of the family of hysteresis
curves on the oscilloscope screen
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Figure 4 - A picture of the magnetic hysteresis loop on the oscilloscope screen, each
point corresponds to the value of V, N

Results and discussion. Theoretical aspects for the implementation of the work.
Measurement of the magnetization curve and hysteresis loop in a constant magnetic field. To
measure the magnetization curve, it is necessary to demagnetize the sample, and then,
gradually increasing the magnetic field, bring the ferromagnet into a saturation state, while
measuring the magnitude of the magnetic field and induction at each point.
[10,11,12,13,14,15]

To create an external magnetic field on a sample made in the form of a toroid (Fig. 1), a
winding of nl turns is wound, which is called the primary winding. when a current is passed
through this winding, a magnetic field is created in it, directed tangentially to the
circumference of the toroid. This field magnetizes the sample. the field value is calculated by
the formula (1).

To measure the induction, a measuring winding with the number of turns np, which is

also called a secondary winding, is wound onto the sample.

If a direct current i is passed through the primary winding, then the sample i is
magnetized under the influence of an external field and induction is created in it #. To
measure induction, a microwebermeter F5050 is used, to the input of which a signal is
supplied directly from the secondary winding of the sample.

Let 's write down Faraday 's law in the form

: @
J. £, ==, J. d® = Adn,, (1)
Kl= .

While the sample is in a constant field, the voltage at the ends of the secondary winding
is zero. if the magnetic field and the associated magnetic flux in the sample are abruptly
changed from ®q to dj, then an B5/IC of induction occurs in the secondary winding,

depending on time, as shown in Fig.5. The pulse area, according to (121), is equal to the
change in the flow of A®. it is measured by the microwebmeter ®5050. thus, it is not the flux
itself that is measured, but the change in the magnetic flux A® = ®q — ®». To determine the

magnitude of the flow, either the initial or the final value must be known. for example, if ®1
=0, then ®p =—Ad. if you cause a flow change from —® to +®, then the flow change is AD
=—20.
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Figure 5 - 3/7/C pulse supplied to the input of the microwebermeter

Neglecting the inhomogeneity of the magnetization of the sample, we can assume that
® = BS, where S is the cross—sectional area of the sample. Figure 6 shows the electrical
diagram of the installation for measuring the magnetization curve and the hysteresis loop in a
constant magnetic field. It is necessary to add the work of the webmeter and its software
implementation

Hl r A
J:m_m_R .
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A

measurement

Figure 6 - Electrical diagram of the installation: 5771 power supply with output
voltage regulator; O — test sample (give sample data); R — resistance store; A1, 42, A3
— ammeters; 71, I12, I13— switches; @ 5050 — microwebermeter; Al — power supply

for demagnetization of the sample alternating magnetic field

Measurement of the hysteresis loop. Bring the sample into a state of magnetic
saturation. In this case, the toggle switch I11 must be closed and the resistance store R is set to

0. In this case, the sample is in the 0 state (Fig. 7).

Figure 7 - Measurement of the hysteresis loop
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Measure 20-28 points on the hysteresis loop, making 5-7 measurement cycles,
respectively. It should be borne in mind that the measurement of the hysteresis loop is carried
out in order to determine the coercive force, therefore, the reduction of the current (field) must
be brought to values less than the coercive force. It is quite easy to determine this from the
readings of a microwebermeter, since in the region of the coercive force at switches 1-0” and

3-0, A® should be approximately %CD and this number is known from measurements of

max !

the magnetization curve.

Conclusion. A new branch is developing as part of information technology — virtual
interactivity and visualization of hard-to-understand topics of physics, chemistry, biology and
other subjects [2,3,7,8,9]. And the creation of virtual interactive laboratories with controlled
measuring instruments on these subjects is very rare. Therefore, the technology given in this
paper for creating a virtual interactive laboratory (BU1JI) in the physics section "Electricity”
will be very relevant to the creators of similar BUJI — at a higher level in other subjects of
knowledge. Such BIJI on a computer are very effective for mastering a certain course of
knowledge and develop independent research skills and awaken to a creative search for
research methods. This fork in the physics-Electricity section, due to the visual and interactive
intervention in the process of changing the conditions of the experiment, is very useful for the
rapid development of the topic of physics by students and the development of research skills.
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