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Preface

The Proceedings of ICPRSE 2025 contains papers presented at the 3rd International
Conference on Physics and Related Science Education. This conference was held in
Div¢ibare from October 30 to November 1, 2025.

The conference brought together researchers, didacticians and practitioners from
across the region with the aim of networking and exchanging knowledge about education,
pedagogical technologies, and educational innovations. The presented papers cover
several topics from innovative approaches in the implementation of school and laboratory
experiments, application of new technologies and technological innovations in the
teaching of physics and related sciences, to the student-centered learning and teacher
(mentor) training.

The breadth of issues in physics education and related sciences indicates the need
for greater networking and greater interdisciplinarity, therefore, special thanks to the
authors and conference participants for their valuable contributions, as well as to
committees and local hosts for their dedication in making this event possible.

The ICPRSE2025 International Scientific Committee consists of lecturers and
researchers from the region. All papers were reviewed to ensure the quality of the final
publication. During this process, the following criteria were evaluated: relevance of
content, clear structure, clarity, and originality. Authors are responsible for the reliability
of the statements, respect for copyright and ethical norms of scientific and professional
writing.
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Yunorpeoda ''mameTrHor' MoOMJIHOI TeaedoHA Y
HacraBu pusuke — PHYPHOX annmkanuja

Jlajana Bunosuh', Cianma ByquOBI/Ih2

' umnaszuja bara Jlyka, Penyonuxa Cpncka, buX
*[pupoono-mamemamuuxu gaxynmem, Ynusepsumem y Barwoj Jlyyu, Peny6uxa
Cpncka, bux

AmncrpakT. L{uss oBor paza je i1a mokaxke Kako ce MOOWIHH Tene(oH, KOjU ce YECTO cMaTpa
(akTOpOM OMeTama y HacTaBH, MOXKE MPETBOPUTH Y KOPUCTAH JTUIAKTHYKH anaT y HACTaBU
¢muke. CaBpemeHu TeneoHH canpxe OpojHe ceH3ope (akuerepomerap, MXHPOCKOIL,
MarHeTomeTap, JIyKCMeTap U Jp.), IITO UX YHHH IOTOJHUM 3a eKCIIepUMEHTAlIHA Mjepeba.
VY pany je mpexncraBibeHa OecrulatHa arumkanuja ,,Phyphox®, koja mamernm TenedoH
IpeTBapa y NpeHOCUBH MyNTH(YHKIMOHATHN MjepHH ypehaj. Ona omoryhaBa npukymbame
U aHaJIU3y NojlaTaKa AUPEKTHO Ha TesieOHy MM y peaqHOM BpeMeHy Ha apyroM ypebajy, a
moctynmHa je u 3a Android m 3a i0S. [lpukazanm cy W mOpuUMjepd jeTHOCTaBHUX
eKCIeprMeHaTa KOjé HACTaBHUIM MOTY KOPHCTHTH Kako OW (QHU3HKY YYHHIIA
3aHUMJBHBHU]OM U NIPUBJIAYHHjOM YUCHHIMMA.

Kibyune peun: moOwiau tenedoH, HactaBa ¢usuke, ,,Phyphox* ammkanuja.

YBOJ|

Pa3Boj MobOuiHe TenedoHuje JOHUO je 3HaYajHEe MPOMjCHE Y CaBPEMECHOM JPYIINTBY U
OTBOpHO HOBe MoryhHocTH y oOmactu oOpa3zoBama. JlaHac BuIe MHIHjapau JbYAH
KOpUCTH MOOWiIHe ypelhaje M MHTEpHET, a 0Ba MAacOBHOCT ynoTpede oTBapa IUTama Ha
KOjU Ha4YMH Ce MOXKe OMOTr'YNHTH YKJbyuuBame OBUX ypehaja y HACTaBHHU MPOLEC U KAKO
UX YYMHUTH eQHUKACHUM CpEICTBOM yuema. CaBpeMeHH Tele(OHH CBOJUM
(DYHKIMOHATHOCTUMA, KalalUTeTOM MeMOpHje | Op3WHOM Ipolecopa Mapupajy
padyHapHMa, a 110 HEKUM KapaKTepHuCTHKaMa MX M Ipemalyjy, jep omoryhasajy mpucrymn
HHpOpMaNKjaMa y CBAaKOM TPEHYTKY M Ha OMII0 kKojeM Mjecty. Mako mocToju m3BjecHa
J03a OTIOpa y IPYWITBY NpeMa bHXOBOj NMPUMjEHH y HACTaBH, OHH IPEACTABIbAjY
NPUCTYIa4Hy U Beh MIMPOKO JAOCTYIHY TEXHOJIOTHjy KOja MOXKE 3HAYAjHO YHAIIPH]jCIUTH
00pa3oBHU cucTeM Oe3 momaTHHX Tpomkosa (Gabor & Péter, 2015).

UctpaxknBama mokasyjy na mnpumjeHa MoOwnHHX ypehaja y HacraBu moBehasa
MOTHBALMjy YYeHHKa W IIOJCTHYE HOBe OOJIMKEe HHTepakuuje u3Mel)y ydeHuka,
HacTaBHUKa W TexHojoruje. Mnak, kopumheme MOOIITHUX TenedoHa y 00pa3oBamy Mopa
UMaTH jacHO Ae(UHICAaHy CBPXY — OHO Tpeba Ja JOIpHHEce yUemhy Ha HOB, 3aHUMJBHB 1
JjeIOTBOpaH HauWH. HacTaBHUIM NMPUTOM MOpajy Ma)kJbUBO IPOIHjEHUTH MOTYHHOCTH
CBOjUX YYEHHKa, K0 U yCJIOBE 3a NPUM]jEHY, jep caMo y3 JOOPO OCMUIIJLEHO IIAaHUPAE
Mory ce noctuhu xesbenu pesynraru (Kojcié, 2012).
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[MojennHa ncTpakuBama MoKasyjy Aa MOOWJIHHM Tene(OHH Y YIHOHUIM MOTY OUTH U
CPEeICTBO yYeHa 1 U3BOp oMeTama. Mako BehrHa HacTaBHHKA MMa jacHA TpaBUIia Be3aHa
3a kopumheme MOOMITHEX ypehaja kako OM CMamMiIa OMETama, CaMO OKO TOJIOBHHE HX
cMaTpa Ja Te Mjepe 3amcra (YHKIHOHHWIIY. AyTOpH HCTpaXWBama HUCTHIY Oa O
MOOMIHN ypehaju Mormum OWTH YCIjeIIHO MHTETPHCAaHH y HAcTaBy Kako OM moBehamm
MOTHBAaIMjy y4YeHHWKAa W TMOJCTAKIN aKTHBHO y4YeHme, ald 3a TO jé HEOMXOAHO jacHO
onpehuBame HUIBEBA, H00OPO IUIAHUpPAE M MPOI[jeHa CIPeMHOCTH ydeHuka (Morris &
Sarapin, 2020).

Y HekuM HUCTpa)kMBambHMa I0Ka3aHo je Jia CTYACHTH I'eHepallHO UMajy JHOeparHuju
cTaB mpema Kopuiihewy MOOWIHUX TenedoHa y yunonui. OHU cMmatpajy jaa ypehaju
MOT'y OMTH KOPHCHH 32 y4yeme, ajld M 3a NPUCTyN HMHpOpManujamMa ¥ KOMYHUKALHUjy
TOKOM HacTaBe, Te 4eCTO KOopHcTe Teje(OHe BUIlIe Hero IITO je 103BoJbeHo (Stachowski,
Kathryn L. Hamilton, & Bertram, 2020).

PesynTaru cy mokasanu a cy YYeHHUIHN KOjH Cy BHIIE KOPUCTWIN NaMeTHe TenedoHe
ocTBapHuBajiM 00Jb€ aKazeMCKe pe3yiTare y nopehemy ca ydeHMIUMa ca HHKHM HUBOOM
yrmotpebe. OBH pe3yiTaTd ykaszyjy Ha TO Ja YHoTpeOa MaMeTHHX TeledoHa MOXKe
NPENCTaBJbaT! IOTCHIHUjaHY HEjeHAKOCT ¥y O0pPa30BHUM HpHiHKama Mely ydeHunnma
OCHOBHHX IKoJIa. Takole, oHAIIamke y Be3U ca TaMETHUM TellepOHUMa ITOKa3alo ce Kao
mocpenHUYKH (akTop KOjU yTHYe Ha akageMcke mnepdopmance. Mame mpuimka 3a
HPUCTYI MAMETHUM Telie(OHMMa MOYKE HETaTHBHO YTULATH Ha €(HKACHOCT Yy y4emYy H
aKaJeMCKe pesynTaTe. AyTOpH CYrepuIly ha HAacTaBHHLHM OCHOBHHMX LIKoyia Tpeba na
OyIy CBjeCHHM OBOT' NHUTama W Ja KOPHUCTE OBE Haja3e Kao CMjepHHIE 3a OOIHMKOBAbE
00pa30BHUX MONUTHKA WM MPAKCH KOjeé YKIbYUyjy YymoTpeOdy mnameTHuX TenedoHa y
obpazoanM aktuBHocTuMa (Wang, Hsieh, & Kung, 2023).

JenHa ox naHac MHOTOOPOJHMX IOCTYNHHUX alljIMKalMja Koja MOXE TOCIYXHTH Yy
HacraBu (usuke je armmkaunuja ,,Phyphox“, koja mnperBapa nameTHu TeneoH Yy
naboparopujcku ypehaj 3a ¢usnuke excniepumenre, kopucrehn yrpahene cenzope kao
ITO Cy aKuenomerap, MUKpodoH, maraeromerap 1 6apomerap. Ona omoryhasa usBoheme
eKCrieprMeHaTa M3 00JIaCTH MeXaHHMKe, 3ByKa, ONTHKE W MAarHeTusMa, NPHKYIUbarbe
MojiaTaka y pEaJlHoM BpEMEHYy W HHXOBY aHaJU3y, KAa0 W JaJbHHCKO YIIPaBJbarbe
excriepuMeHToM. ,,Phyphox monpxaBa W Kpewpame TNpHIarojeHux ekcrepuMeHara,
YyMe NOACTHYE AKTUBHO M BOHEHO MCTPa)XMBAUKO yueme, I000JblIaBa KpeaTHBHO
pasMHUIIIBaEk-e U akaieMcKe pesynTare yuernka (Imtinan & Kuswanto, 2023).

Ammkanyja ,,Phyphox® mako je moctymHa u moTmyHO OecriaTHa Ha o0a omepaThBHA
cucreMa (Android un i0S). Mme ammkanyje je coKeHuIIa 01 SHIVIeCKUX prjedn “physical
phone experiments” (HU3HYKH eKCIIEPUMEHTH ca TeneoHOM), a HacTalna je y Ebemaukom
yausep3utety y Axeny (RWTH Aachen University).

VYV mHacraBKky heMo mTpeACTaBUTH ABa jeIHOCTAHA EKCIEPUMEHTa KOjU ce IOMONy
armukanuje ,,Phyphox“ u mamerHor tenedona (y3 MHTErpauujy ca padyHapoM) MOTY
U3BPIIUTH Mjepera, Kako y IIKOJCKUM yCIOBMMA, Tako M KyhHHMM ycloBMMa — Kana ce
eKCIICpUMEHTH aajy v popmu gomahux 3amgaraka.

Tpeba Harmacutu na cy moryhaoctu ymorpebe ,,Phyphox* amnmumkaiuje y usBohemy
(pU3NUKKX eKCliepUMEHaTa OrpoOMHE, a JieTajbHa YIYTCTBA 338 HBbHXOBO U3BOhEHE Cy JIaKO
JOCTynHa Ha MHTepHeTy. OCHOBHHM orpaHuyaBajyhm ¢akrop 3ampaBo INpejcTaBiba cam
ypehaj MoOwitHOT TenedoHa, jep HEKH CeH30pH HHUCY (PU3NYKM MPUCYTHU KOJ jeTHHHjUX
ypehaja. Ocum Tora npuctyn ceHsopa cBjeria Ha Apple ypehajuma uuje moryh, jep oBa
KOMIIaHH]ja TO HE N103BOJhaBa. Takohe, HUCY CBH CeH30pH Ha cBHM ypehajuma jemHako
NpPEeUU3HHU, IITO OTBAapa MHUTama TAYHOCTH NOOHMjeHHX pesynraTta. Wmak, y IIKOJICKUM H



Ynotpeba "mamerHor" MmoOuHOT TenedoHa y HactaBu ¢pusnke — PHYPHOX amnnkanuja

KyhHUM yCIIOBHMA, KOjH CE€ CBaKako HE CMaTpajy Hay4YHUM, €AYKATHBHH €(PEKAT MOXKE
OWTH OIUTMYAH.

(Ne)elastiéni sudar

Centripetalno ubrzanje

uda zvuka
ite ampiitudu 2vuka

Doplerov efekat
Generator tona

Istorija frekvenci

Aorsnle fraiverchs Precizna $toperica
i Sonar erite vremena na osnov
i it N Stoperica pokreta
Spektar zvuka \erite vreme izmedu dva pokreta.

fl Zvuéna autokorelaci
§ zmeite frek jedinog ton:

th sensor (LIDAR | ToF)
ure distances using the depth sensor

Cnuxka 1. [Ipukas gucruieja ammkanuje

Excnepument 1: Mjepeme 3aBUCHOCTH HEHTPUIIETAJHOT YOP3amka 0/ YTaoHe
Op3uHe

HajjenHOoCcTaBHUjI OOJMK KPWUBOJIWMHH]CKOT KpeTama MaTepHjalHE TadKe je KPY)KHO
KpeTame. Y CBaKoj TauKHy IyTare IpaBal] TpeHyTHEe Op3uHE ce MOKIIara ca TAHTCHTOM Ha
myTamy. Bekrop Op3uHe u panujyc BekTop cy Mel)ycoOHO HOpMaHH.

Bpcre kpyxHOT KpeTama:

- PaBHOMHjepHO Kpy)KHO KpeTame - HHTCH3UTET Op3WHE ce HE MHjelha W O0CTaje
KOHCTaHTaH;

- [IpoMjeHIBHBO KPYIKHO KpETame - UHTEH3UTET OP3UHE CEe MHjEHba.

YKOJIHMKO ce MarepujaiiHa Tauka Kpehe 1o Kpy>KHHLM CTAIHUM WHTEH3UTETOM Op3HHe,
TOBOPHMO O pPaBHOMJEPHOM KpYKHOM KpeTawy. llomTo je y ToM ciy4ajy OpojHa
BPHjeIHOCT (MHTEH3UTET) Op3MHE KOHCTAHTHA, TAHTCHIIAJATHO YOp3ame je jeJHaKO HYIIH.
Wnak, kako ce mpaBan Op3WHE HENPEKHIHO MHjEHa, jaBjba CE€ HOPMAJHO, OJZHOCHO
LEHTPUIIETAIHO yOp3ame (a,). [IpaBan oBor yOp3ama Iokjana ce ca HONyNpPEeYHHKOM
KPY’KHHIIE, JIOK j€ CMjep YBHjEeK ycMjepeH Ka ’beHOM LIEHTPY.

KpyTo THjeno nedunmie ce Kao THjeIO Koje 3aapiaBa cTajlaH OOJIMK U 3allpeMUHY.
Jjenmuhn kpyTOT THjea MpH POTAIHjH OIHCY]y KPYXKHE ITyTamke, a CBE T¢ KPY>KHUIIE JeKe
y MeljycoOHO napasenHuM paBHEMA. [Ipy pOTAalIMOHOM KpeTamy pasiIiduTe Tauke THjela
3a UCTO BpHWjeMe mpeiase pasiuuurte myTeBe. Hajayxu myT mpenase oHE Tadyke Koje ce
Hallaze HajyJajbeHHje on oce poraruje. VIcTo Baxu u 3a HmHXOBe momjepaje. CXomHO
TOME, KaKo Cy NpHjel)eHn MyTeBH pa3iuyuTH, Pa3InInTe Cy U Op3UHE M0jeIUHHUX Tadaka.
VY cnydajy mpoMjeHJBHBOT KpeTama, IPOMjeHe Op3WHa y HCTOM BPEMEHCKOM HHTEPBATY
Takolje ce pasiuKyjy, IITO YCIOB/baBa pa3jinynTa yop3ama.
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300r HaBeICHHX OCOOCHOCTH POTALMOHOI KpeTama, HEONXOJHO j€ YBECTH HOBE
(U3HYKe BEJMYMHE Paadl HErOBOI AJCKBATHOr OmKca. JeIHAa O OCHOBHHX je yraoHa
Op3uHa (W), KOja TPECTaBJba BEMUYMHY KOjOM c€ OMHCYje Op3WHA poTalyje KpyTor
THjena. Be3a yraone 6p3uHe 1 HOpMaJTHOT yOp3ama:
a, = w’r
[Jakie, neHTpuneTaaHo yOp3ame pacTe ca KBagpaToM yraoHe Op3uWHE M OBY 3aBHCHOCT
hemo ma motBpauMo nomohy Moo6mHOT Tenedona u ,,Phyphox* ammkanmje.

Iocmynax

V¥ amnukanuju ,,Phyphox® morpe6no je nzabparu ommujy ,,Centripetal acceleration®.
Hakon Ttora aktuBupa ce ¢yHkuuja ,.Enable remote access, uume ce omoryhaBa
KOHTpOJIUCAamkhe MpoLeca Mjepema IyTeM padyHapa. Y MHTEpHET NpeTpakuBad Ha
pauyHapy yHocH ce renepucana URL anpeca, ynMme ce ycrocTaBiba Be3a ca MOOHIHUM

ypehajem.

MoOunHHu TenedoH MOCTaBba ce y MOKJIONAI JIOHIA HiIH MIepIie, JOK Ce CaMO Mjepemne
BpILIM NPEKO padyHapa. TOKOM poTaluje MOKIOINIA, CEH30p KUPOCKONa Yy MOOHIHOM
TenedOoHy NPHKYIUJba IOAATKE O YraoHoj Op3WHHU, a aKIeIepoMeTap pPerucTpyje
BpHjeAHOCTH JMHEApHOT yop3ama. Harub mobujeHor rpadukoHa mpeacTaBba MPEIHU3HY
Mjepy yaabeHocTH u3Mel)y LeHTpa poTarmje u nonoxkaja MEMS' uHepIHOHOT ceH3opa
MOKpeTa, KOju MHTErpulle QYyHKIIHUje aKkLelepoOMeTpa 1 )KUPOCKOTIa.

Cunuxa 2. ITocTynak akTUBHpama allIvKalyje U yIpaBJbamke MjepembMa IoMolly padyHapa

3aBpTHUMO IMOKJIONAIl U 3ajeIHO ca HBUM TeiaedoH, a Ha padyyHapy MOKPEHEMO Mjeperba.
Hapagno, npu 0BOM MpOIIECY BOJUTH pauyHa O OpP3MHH POTaluje, OOJUKY MOKJIOIMIA K
py4HIle Ha MOKJIONIY W HeroBoj (He)MoryhHoctu portupama. OBiaje Moxe ma gohje 1o
H3pakaja U KPEaTHBHOCT U JIOMHUIIJBATOCT YUYCHHKA KOjU MOTY Jia CMHCJIC U JPyre BPCTE
,,HOCa4a“ MOOMIHOT Tesie()OHA TIPU POTAITU]H.

" Micro Electro Mechanical Systems
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Crnuka 3. [TocTaBka ekcriepuMeHTa

Pezynmamu u 3axmwyuax

Ubrzanje

Ugaona brzina w (rad/s)
Grafik kvadratne zavisnosti

w? (rad/s?)

Cinka 4. Ipadpuii 3aBHCHOCTH @ 0 ® (TOPE:H TpadyK) i o> (TOBmH rpaduk)

Jlobujenn rpadukoH uMa oONMK KBajpaTHe (YHKIHjE, IITO je OMIIO0 M OYEKHBAaHO Ha
OCHOBY TEOpHjCcKHX mHpernoctaBk. OJCTynama MOjeJUHUX Tayaka MOTY C€ MPUITHCATH
HEpaBHOMjEpPHO] poTanuju MoOWiIHOr TejedoHa TOKOM Mjepewa. [IperusHoct
SKCIIepUMEHTa MoTjia Ou OWuTH 3HavajHO yHampujelheHa kopumhemem ypehaja koju ou ce
POTHUPA0 KOHCTAHTHOM YTaOHOM OP3WHOM TOKOM JIy>KeT BPEMEHCKOT HHTEPBaa.

Excnepument 2: UcTpakuBame yop3ama nomohy akunesneparopa ca 3 oce 3a
JeTeKIujy BUOpauja MoBe3aHUX ca CPYAHUM IUKJIYCOM

OBaj eKCIIepMHUEHT je OJUTHYaH IPUMjep HHTEPAUCIUIUTMHAPHOCTH HAYIHHX 00JacTH,
y oBOM cny4ajy ¢um3uke (M TOjMa OCIIJIAIMje) ca METUIMHOM (OpraHa cpua, Tj.
(hU3MOHOMH]OM U (PU3HONIOIIKOM (GYHKIHjoM Tor opraHa). Cpiie je CIIoKeH MHIIHNHU
OpraH KOju C€ CacToju O] YeTUPU IIyIJbUHE: TOpHE LIYIUbMHE YHHE JIMjeBa U JecHa
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NPETKOMOPA, a JIOKE JIMjeBa U IecHa KoMopa. MuIMhHY 34 — CEeNTYM — pa3[Baja JIijeBy
OIl JIECHE TPETKOMOpE, OTHOCHO JHjeBy OX necHe koMope. Hajuemhe ce mpumjemyje
THoJIjelia Ha JIMjeBO U IECHO CpIie: JIWjeBO CpIie YMHE JIHjeBa MPETKOMOpPA H JIHjeBa KOMOopa,
a JIeCHO CpIie JIeCHa IPETKOMOpa M JecHa koMopa. OBakBa Iofjena OAroBapa HauyMHY
MUpPKyNanyje KpBU. Y (QHU3HOIOMKAM YCIOBHMA, KPB M3 JIMjEBOT W JECHOT CpIa ce He
MHUjea.

JlujeBa koMopa mpeacTaBiba Hajehy U HajCHAXXHHU]Y INYIUbUHY cpua. theHa ocHOBHA
¢dyHKIMja je ucryMIaBame KpBU y HajBelly apTepujy opraHusma — aopry, Koja ce MpeKo
CBOjHX TpaHa pasrpaHaBa u 00e30jehyje cHabaMjeBame YUTABOT THjelIa KPBJbY, OJIHOCHO
KHCEOHHKOM ¥ XPAaHJBUBHM MaTepHjama.

IIpotok KpBH Kpo3 cpiie OMOryheH je W peryjucaH [jeloBameM YETHPH 3ajlucKa
(BanByna):

- TpukycnuaaaHu 3aJHCTAK PEryJHIlIe IPOTOK KPBU H3Mel)y IecHe MpeTKoMope
U JIeCHE KOMOpE.

- IlyJMoHaJHM 3aJUCTaK KOHTPOJHILE NPOJia3 KPBU U3 JECHE KoMope Yy IuiyhHy
aprTepujy, Koja je IpoBOIH Ka IuryhnMa.

- MuTpanHu 3aqMcTak omoryhaBa MpOTOK KpBH M3Mel)y JHjeBe MpeTKoMope H
JjeBe KOMope.

- AopTHHM 3aJMCTaK KOHTPOJIUIIE IIPOJIa3 KPBH 3 JIHjeBE KOMOPE y aopTy.

HcroBpeMeHHM rpuemheM 00je IpeTKOMOpe 0JIa3d O OTBapama 3ajIucaKa M Ipeacka
KPBH Y KOMOpE, KOje ce MInpe Kako OM IpUMIUIE Taj BoiyMeH. HakoH Tora, KOHTPaKLIjoM
KOMOpa 3anucuu u3Mehy mpeTkomopa M KoMopa ce 3aTBapajy, YMME ce cIpeyaBa
HOBPATHH TOK KPBH y IIpeTkoMope. VicToBpeMeHo, 0TBapajy ce 3anuciu u3mely koMmopa u
BEJIMKUX apTepuja, omoryhasajyhu u3baurBame KpBH y apTepujcku cucreM. [lapanenHo ¢
THM TIPOIIECOM, IPETKOMOPE C€ IUPe U MPUMa]jy KPB U3 BEHCKOT crcTeMa. Mako nujeBa u
JIECHAa CTpaHa cplia M30allyjy jeIHaKy KOJHYMHY KPBH, JIHjeBa KOMOpa CTBapa 3HATHO
Behu npurHcax.

TepmuH cucrona oxHOCH ce Ha (a3y KOHTpAKIHWje CPUaHHX KOMOpa M MPETKOMOopa,
KOjOM ce KpB IIOTHCKYje Yy KpBHe cynoBe. CynpoTHO ToMe, AMjacTojia o3HayaBa (hasy
OIyIITama CPYaHUX IIYIIJbHHA HAKOH CHCTOJIE, Kajla CE OHE ITOHOBO ITyHE KPBJBY.

Cemmoxkapauorpam (CKI') mpezncraBiba MeTON KOjH KOPUCTH akIelepoMeTap 3a
Mjepeme BHOpaIija THjela MOBE3aHuX ca cpyaHuM mukiycoMm. OBa meroma omoryhasa
PETHCTPOBaKE MEXaHMYKHX CHTHala KOje CplLe TEHEepHIIe TOKOM KOHTpakuuja |
mymmama kpBu. CKI' je rpaduukm mpukas BuOpammja Koje ce ImHpe Kpo3 THjelo Kao
MOCJbEINIA KOHTPaKIKja MAOKap/a, OTBapama M 3aTBapama 3aJIMCaKa, Te KpeTamba KPBH
KpO3 cp4aHe IIyIJbUHE.

3a moTpede OBHX Mjepema KOPHCTE C€ TPOOCHHU aKIEIePOMETPH, BHCOKOOC]ETJHHBH
CEH30pH CIIOCOOHM J1a JECTEeKTYjy MHUHHMalHE TpoMjeHe y yOp3amy. OHu ce Hajuemnihe
MOCTaBJbajy Ha MOBPIIMHY KOXE y MpeAely IPyIHOr Kolla, TIje ce cpuaHe BUOparuje
HAjJIaKIe PEerUCTPY]y.

CKI' muma 3HauajHy npumjeHy y mnpahemy cpuaHux (yHKIMja KOJ NaldjeHaTa ca
XPOHUYHHUM KapAWOJOIIKUM oOoJperbuMa. Moryhe je OTKpUTH HENpaBHIHOCTH Y
cpuaHuM BHUOpamHjamMa Koje yKa3yjy Ha IIaTOJIONIKA CTama, Kao INTO Cy aTpHjaiHa
dubpunamuja (AFib) unm qpyre BpcTe apuTMuja.
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Hocmynax
[TotpebHo je nehn Ha nelha u mocTaBUTH MOOMITHH TeledOH Kao MITO je MPUKa3aHo Ha
CITHLIH.

NametHu TenepoH

Cnuka 5. HaunH nocrasibama TenedoHa Ha rpyAHH KOLI IPH U3BOEY eKCIIepUMEHTa

Pezynmamu u 3axmyuak

®daze cpuaHOr LUKIyca:
e  MC (Mitral value closure) — 3aTBapame MUTPAITHOT' 3aJIUCKA.
AO (Aortic valve opening) — OTBapame a0pTHOT 3aJIUCKa.
PSO (Peak systolic outflow) — BpxyHaI[ CHCTOIHOT IPOTOKA.
AC (Aortic valve closing) — 3aTBapame aOPTHOT 3aJIHCKA.
MO (Mitral valve opening) — OTBpame MUTpPaITHOT 3aJIUCKa.
EVF (Early ventricular filling) — Pana ¢a3a mymema cpuaHe komope.

afik  Apsolutna vrednost  ViSestruko Jednostavno

Linearno ubrzanje z
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Cnuka 6. M3rinen cem3sMokapauorpaMa 1 KapakTepiUCTHYHUX (a3a CpyaHOT HUKITyca

Ilpujensiosu 3a jomr ekciepuMeHaTta

VYV macraBky hemo, y kpaTkoj ¢GopMmH, AaTH jOII HEKOJIUKO IpHje/uiora 3a H3BOheme
(U3HYKHX eKCIIEPHIMEHATa WM JEMOHCTPALIMOHHX OrJIea.

e Excnepument: KiiatHo
[IIta Tpeba: KoMaz y)xeTa M Maji mpeaMeT (KJbyd, MOJIONIKa, KaMeHqnh).
ITocrymak: IloBe3aTn mpeaMeT Ha yXKe M HallpaBUTH KJiaTHO. TenedoH IpKaTH
Ha pyuu H 3ajbyjpatu kinatHo. Y ,,Phyphox“ mnokpeHyTH ekcriepuMeHT
"Pendulum" (knatHO). AIulMKanMja Mjepd IEpUOI OCHMJIALMje IMOMONy
aKueIepoMeTpa.
Hwb: HayunTr Kako nepro/ KiaTHa 3aBHCH OJ1 y>KHUHE YXKeTa.

e ExcnepuMmeHT: Yop3ame Y BOKIBH
[IITa Tpeba: Tenedon u Bo3mo (ayTo, OUIUKI, ayToOyC).
Iocrynak: Iloxpenytn excrnepument "Acceleration". Ilomoxurtn TenedoH
XOpH3OHTAHO y Bo3wio. IlocMatpt rpad nok Bo3wio yOp3aBa, KOYM WK
ckpehe.
ms: Bugjern kako akmenepoMmerap OMIBEKH NMPOMjEHE KpeTama y TPH cMjepa

*,, 2).

e Excnepumenrt: Jlomiepos edext
IIta Tpeba: npyru Tenedon wiu ypehaj koju myira 3Byk oapelere ppekpenmnuje
(amp. 1000 Hz).
ITocrynak: Jemaun ypehaj Tpeba na myctu ToH oapelene ppexsenimje. Ha qpyrom
tenedony (ca ,,Phyphox“ amnmmkanujom) ce mokpene excrepument "Doppler”.
3ajenHo ca Apyrum TeiaedoHoM ce mpole mopen u3Bopa 3ByKa Op3uM XOJ0M KA
BOXKEbOM OHIIMKIIA.
we: Yountr mpomjeHy (pekBeHIMje 3ByKa Kaja ce MpHONIKaBa M Kaxa ce
ynasbaBa O M30Bpa 3BYyKa (Tj. MOTBPAUTH cylITHHY JlomiepoBor edexra).
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e Ekcnepument: Mjepeme 6poja kopaka
[Ta Tpeba: camo MoOMITHH TenedoH.
IToctynak: Ilokpenytu ekcnepumeHT "Step counter". XoxaTd HOpPMaTHOM
Op3uHOM X0[1a, Y TOKY HEKOJIHMKO MUHYTa. ATTHKaIja Opoju Kopake i OUIbexn
yOp3ame Ipu CBaKOM KOpPaKy.
ms: HayunTn Kako akmeiaepoMeTap MOke MPENo3HaTH 00pasal KpeTama.

e Excnepument: IIpomjena nputucka (0apomerap)
IIIta Tpeba: TenedoH KOju UMa ceH30p OapomeTpa + 3rpaja ca CrpaToBUMA WIN
6pro.
[Mocrynak: ITokpenytu y amnmmkanuju excriepuMeHT "Barometer". Kpenyru y3
CTEITEHUIIC WK ce moneTu Ha Opmo. [locMaTpaT Kako ce Mujema aTMOChEPCKU
NPUTUCAK CA BUCHHOM.
ws: Tlokasatu Be3y u3Mel)y BucHHe U mpUTHCKa (OapoMeTapcka hopmyna).

3AK/bYYAK

PesynTatu mpencTaBJbeHUX EKCIeprMeHaTa IOKadyjy Ja MoOWIHHM TenedoH, Kao
CBaKOJHEBHH ypehaj y pykaMma y4eHHKa, MOKe OMTH e(pHKacHO CPEACTBO 3a M3BOheme
(U3NUKKX Mjepera U MOJCTHIAkEe aKTHBHOT yuema. Mako ce y 00pa30BHOM KOHTEKCTY
YeCTO J0KMBJbaBa Kao (DakTop oMeTama, NMPaBHIHO YyCMjepeHa MpHMjeHa MOOHMIIHOT
Tesie)oHa Y KOHTPOJIMCAHUM YCIIOBUMA MOXKE 3HA4ajHO yHAIPH]EIUTH HACTABHU ITPOILIEC.
Jenna on OpojHux arumkanuja je ,,Phyphox“, xoja mpyska nmpucTynadaH ¥ jeIHOCTaBaH
HAuMH Ja Ce€ Y4YEHUIUMa NpPUOJMKE alCTPaKTHH (U3MYKH MOJMOBU KpO3 IpPaKTHYHA
UCKYCTBa, INTO pe3yiarupa BehoM MoTuBamujom, KpeaTuBHOWhy U pa3BHjameM
HCTPaXUBAYKOT Jyxa. TUMe ce MOoTBphyje Ma MOOWIHH TenedoH, Y3 J0OpO OCMHUIBEHY
NEeJarolKy MHTErPalHjy, MOXKe TIOCTaTH BPHjelaH CaBe3HMK HACTABHUKA Y pealn3aluju
caBpeMeHe HacTaBe (hU3HKeE.
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Understanding and comprehension of concepts related to energy, its forms, work and
heat cause constant problems for students. Surprisingly, even trained physicists have often
problems with explanation of energy transformations and transfer, often mistakenly
recognized as work, and problems related to dissipation of energy and various aspects of
energies related to fields [1-3]. A long list of publications and heated discussions among
scholars, published over decennia in European Journal of Physics, American Journal of
Physics, journals focused on university level of physics education, as well as in Physics
Education and The Physics Teacher, both focused on pre-university level of education,
confirm the mentioned problems.

In years of lecturing Methodology of teaching mechanics and thermodynamics I
interviewed many students, listened to their explanation of processes related to energy in
various circumstances and how they understand them, I found very similar problems as
reported in the huge pile of literature mentioned above. Let me quote a few

e Work is strongly associated of perception of physical effort, for example,
work is present in walking up the stairs.
e The changes of mechanical energy of the body are necessary related to the
work, for example, the skater pushes herself from the wall and starts to move.
e The work-kinetic energy theorem is applied to complex objects and is
associated to changes of mechanical energy, for example, acceleration of the
car is due to the work of static friction.
e The energy of the object increases/decreases if the mechanical energy of the
object increases/decreases.
e Energy can be lost; especially mechanical energy is prone to be lost or
destroyed.
e ... and many others.
After years of trying to train students in identification of the presence of work, of
distinguishing, when the work-kinetic energy theorem is applicable and when the work-
energy in general have to be applied and similar, I would like to share with you a teaching
sequence I believe might work for students.

In this presentation we first discuss how to teach energy to students who meet physics
concepts related to energy for the first time in compulsory school. The teaching is based
on experience of students and the focus on energy as a property of well-defined objects,
even more complex ones like a man or a car. At this level also the transfer of energy in
form of work and heat is introduced and all criteria for their presence can also be
introduced, accompanied with practical experimental work.

10
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In the second part we extend the concept of energy to systems, define systems and
consider the role of interactions among the various components of the system, like
potential and conservative forces. In many publications authors discuss the proper choice
of a system as having a crucial role in exercises [4,5]. In spite of formal position, a teacher
has to be able to analyse any system students want to discuss, not only systems which
allow easy and straightforward calculations of work, heat and energy transformations. A
few examples are given and discussed. This extension is appropriate for the grammar
school in preparation for university level.

Finally, in the third part, we extend the concepts introduced at the pre-university level
to energy associated to fluids, waves and empty space in general, as considered at the
university level. We all know that interactions to distance require fields, gravitational,
electric and magnetic, fields of elastic deformation as it is not possible the energy is
transferred faster than speed of traveling waves. But even in empty space, waves transfer
energy, and energy is associated to the fields. Is there a link between the energy of the
field and the energy of the object? As Art Hobson said, “There are no particles there are
only fields” [6], how is the energy of the field around the charged particle associated to
the changes of potential energy of two charged particles?

Finally, the hierarchy of concepts regarding the level of education and regarding the
concepts themselves is discussed. For example, where in the hierarchy of concepts is the
concepts called “Mechanical work™? Is it more important for the student to answer the
qualitative question, “Was the mechanical work involved in the process”? Or has the
student to be able to calculate the amount of work in Joules? Properly introduced
hierarchy of concepts also helps avoiding many mistakes in energy considerations of
different processes, such as mistaken declaration of integral of the 2" Newton’s law as a
work-energy theorem.
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Abstract. This paper presents an overview of physics education in Slovak primary schools
in the context of the current national curriculum reform. Physics is positioned within the
educational area Man and Nature and aims primarily at developing students’ scientific
literacy, inquiry skills, and critical thinking. The revised curriculum emphasizes empirical
strategies, beginning with observation, measurement, and graphical data processing, and
gradually progressing toward abstraction and theoretical models. Constructivist approaches,
including the use of puzzling situations and cognitive conflict, are central to teaching
methods. The paper also discusses the progression of content, highlighting the
postponement of particle models to higher grades in accordance with cognitive
development. Special attention is given to textbooks and supplementary teaching materials
developed within an educational project, including teacher and student worksheets that
integrate experiments, methodological notes, and indicators of critical thinking. These
resources support teachers in motivating students, addressing misconceptions, and fostering
active and meaningful learning. The Slovak experience illustrates both the opportunities and
challenges of implementing inquiry-based science education at the primary level.

Keywords: physics education, lower secondary education, scientific literacy, inquiry-based
learning, critical thinking.

INTRODUCTION

In 2023, Slovakia entered a new phase of curriculum reform through the adoption of
arevised State Educational Program (SEP) [1]. This reform reflects the need to modernize
the educational system and prepare pupils for the challenges of the 21st century. Within
the field of natural sciences, physics occupies a central role, as it provides pupils with
tools to understand natural phenomena and at the same time cultivates scientific ways of
thinking. The main aim of this paper is to present how physics is taught in Slovak primary
schools, with an emphasis on educational goals, teaching strategies, methods, and the
structure of content progression.

THE POSITION OF PHYSICS IN THE SLOVAK EDUCATION SYSTEM

Slovakia’s education system is structured into primary education (Grades 1-9) and
secondary education. Physics is taught as a separate subject beginning in Grade 6, when
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pupils are approximately 11-12 years old. The subject is also present in the lower grades
of eight-year grammar schools, which parallel the second stage of primary education.
Physics belongs to the educational area Man and Nature, which also includes chemistry
and biology. This integration emphasizes interdisciplinary connections and the broader
development of scientific literacy [2].

The weekly time allocation for physics in primary schools typically ranges from one to
two lessons, depending on the grade level. Despite the relatively modest time frame,
physics is expected to contribute significantly to the development of core competencies,
including problem solving, experimentation, and data interpretation. The curriculum
emphasizes learning about everyday phenomena in a way that is meaningful and
developmentally appropriate.

GOALS OF PHYSICS EDUCATION IN PRIMARY SCHOOLS

The overarching aim of physics education at the primary level is the development of
scientific literacy [2]. This involves not only acquiring factual knowledge but also
fostering the ability to ask questions, design and conduct simple investigations, interpret
results, and apply knowledge to new situations.

At the same time, physics teaching supports the development of critical and abstract
thinking. Pupils are guided to recognize patterns, relationships between quantities, and
general scientific principles. Another important goal is to nurture curiosity and motivation
to learn science, which can influence pupils’ later decisions to continue studying science
and technology.

Cognitive development theories, especially those of Piaget [3], play an important role
in shaping the Slovak curriculum. For younger adolescents, it is considered appropriate to
build knowledge through direct observation and hands-on activities before introducing
abstract theoretical models. This ensures that learning is rooted in pupils’ concrete
experiences and avoids premature formalism.

TEACHING STRATEGIES AND METHODS

A distinctive feature of physics education in Slovakia is the emphasis on empirical
inquiry (Figure 1). Teaching typically follows a sequence that begins with observation and
measurement, continues with data processing (often through graphical methods), and
culminates in the discovery of relationships between physical quantities and the
generalization of conclusions.

Graphical methods are considered particularly valuable. They not only support
empirical reasoning but also provide an intermediate step toward abstraction. Graphs
serve as a bridge between raw measurements and analytical expressions (formulas), which
require higher levels of abstract thinking.

Constructivist principles are central to the teaching approach. Lessons often begin with
puzzling or counterintuitive situations that create cognitive conflict. For example,
demonstrations with a Cartesian diver or with liquids of different densities challenge
pupils’ naive conceptions and stimulate them to seek explanations. Through subsequent
investigations, pupils reconcile their prior experiences with scientific explanations.
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Returning to the initial demonstrations allows teachers to illustrate how pupils’ thinking
has evolved.

OBSERVATION

MEASUREMENT

| DATA PROCESSING |
v

DISCOVERY OF
RELATIONSHIPS

GENERALIZATION

Figure 1. Empirical inquiry scheme

STRUCTURE AND CONTENT PROGRESSION

The revised Slovak curriculum differs significantly from the earlier model
implemented before 2008. In the older approach, physics instruction began with atomic
structure, which proved to be too abstract for 11- or 12-year-old learners. This led to rote
memorization and formalism without true understanding.

The current concept instead begins with macroscopic phenomena that can be observed
and measured directly. Pupils start by studying mechanics, properties of matter, sound,
and heat through experiments and hands-on activities. The particle structure of matter is
postponed until Grade 9, when pupils are cognitively more prepared to grasp abstract
models. This progression respects developmental psychology and provides a logical
pathway from concrete phenomena to abstract theoretical constructs.

ROLE OF TEXTBOOKS AND TEACHING MATERIALS

The physics textbooks for primary schools authored by Lapitkova and colleagues were
developed in connection with the previous curriculum reform (before 2023) [4]. However,
the pedagogical principles applied in their design—emphasizing a practical-scientific
character—remain highly relevant and consistent with the current curricular reform
(Figure 2) [5-8]. Unlike earlier textbooks that relied heavily on descriptive explanations,
the new materials place greater emphasis on tasks, experiments, and problem-solving
activities.

Pupils are encouraged to perform simple measurements, record data, and process
results in graphical form. Explanations are concise and often appear after pupils have
already engaged with phenomena through experimentation. This approach fosters active
learning and aligns with constructivist pedagogy, where knowledge is built rather than
passively received.

In addition to textbooks, teachers are supported by methodological guides, workbooks,
and digital resources. However, the availability and use of experimental kits and
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laboratory equipment vary across schools, which can influence the extent to which
empirical strategies are implemented in practice.

As part of a recent educational project, supplementary teaching materials were created
to support both teachers and pupils. For each topic in the physics textbook, a teacher’s
worksheet and a pupil’s worksheet were prepared. At the beginning of every topic, the list
of teaching aids required for the experiments is provided, with the expectation that these
materials are available in experimental kits distributed to schools within the project.

FYZIKA

pre 6. roénik zakladnych $kél

Figure 2. Physics textbooks for elementary school [5-8]

The teacher’s worksheet (Figure 3) goes beyond expected pupil answers: it also
contains experimental values that pupils should obtain during measurements, as well as
their evaluation. Each experiment is accompanied by a clearly stated aim, helping teachers
to understand its intended purpose. In some cases, alternative experiments are suggested,
providing teachers with ideas for variations in implementation. The methodological guide
also includes supplementary experimental and theoretical tasks, carefully selected to
promote the development of critical and scientific thinking.

The teacher’s worksheet is enriched with methodological notes on motivation,
preparation, and the use of teaching aids, as well as on strategies for fostering critical
thinking. Specific notes on critical thinking highlight how a given task can contribute to
its development, what questions to ask pupils, and how to guide their reasoning. To
support this, icons representing individual indicators of critical thinking were integrated
into the guide, drawing attention to the cognitive skills targeted by each activity.

Motivational notes are designed to direct pupils’ attention to the problem under
investigation. They also anticipate common misconceptions and offer suggestions for
addressing and overcoming them. Finally, the guide provides teachers with advice on
simplified explanations of physical phenomena, which are acceptable at the primary
school level, ensuring accessibility without compromising scientific integrity.

CHALLENGES AND PERSPECTIVES

The implementation of the new curriculum presents both opportunities and challenges.
On the one hand, it provides a modern and pupil-centered framework that emphasizes
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inquiry, problem solving, and critical thinking. On the other hand, its success depends on
adequate teacher preparation, professional development, and the provision of teaching
resources.

Some schools face difficulties with equipment or lack of laboratory facilities, which
may limit opportunities for hands-on experiments. Teacher training is therefore crucial,
not only in terms of mastering new content and methods but also in adopting new
pedagogical attitudes that support active learning.

3.1 Kondenzicia - UL KEGA 013UK-4/2021

I Ucitel’ poskytne Ziakom kocky I'adu(alebo rozdrveny l'ad) v nddobe, aby nedoslo k ich

roztopeniu na lavici, pripadne na podlahe. Hrozi nebezpecenstvo Smyku. Do 150 ml

vody, pri teplote vzduchu 22,1 °C a relativnej vihkosti 48,2 % sme potrebovali 4 kocky

l'adu s objemom 6 ml.

d) Davaj do vody v banke opatrne po jednej kocke 'ad. Hned, ako spozorujes, Ze sa na
skle banky tvori rosa, zisti teplotu na teplomere.

Napis si do zoSita teplotu, kedy sa zacala tvorit rosa tr = 9,1 °C

I Ziaci by mali mat’ priblizne rovnaké hodnoty teploty vody v banke, pri ktorych sa
zacala tvorit' rosa, pretoZe v miestnosti je rovnakd relativna vihkost' a rovnakd teplota

vzduchu. Ziaci by mali priebezne premiesavat vodu v banke spajdlou.

Odpovedz (Lapitkova et al., 2010, s. 33):

-
1. &&AKki bola teplota vody v banke, pri ktorej sa vodna para zo vzduchu zaéala

skvapaliiovat?

Teplota vody v banke, pri ktorej sa vodnd para zacala skvapaliiovat, bola tep
tvorby rosy 9,1 °C.

I Vysledky experimentu zdvisia od podmienok v triede - teploty vzduchu a relativnej
vilhkosti. V nasom pokuse pri teplote vzduchu 21,2 °C a relativnej vihkosti 48,2 % bola
teplota tvorby rosy 9,1 °C.

2. Predstav si, Ze by bolo v triede viac vodnych pér ako pri tomto pokuse. Aka by musela
byt teplota vody v banke oproti nameranej teplote, aby sa vodna para vo vzduchu
zatala skvapaliiovat’?

Ak by bolo vo vzduchu v triede viac vodnych pdr ako pri tomto pokuse, tak teplota

vody by la byt oproti ‘anej teplote vyssia.

Figure 3. A sample worksheet for a teacher

Looking forward, the Slovak experience highlights the importance of aligning
curriculum, textbooks, and teacher education. Continued research and international
collaboration could further support the development of effective physics teaching
strategies and ensure that reforms lead to lasting improvements in pupil outcomes.
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CONCLUSION

Physics education in Slovak primary schools is undergoing a significant
transformation. The new curriculum emphasizes empirical inquiry, constructivist
approaches, and the gradual progression from observation to abstraction. Graphical
methods, experiments, and cognitive conflict are used as central strategies to foster
scientific literacy and critical thinking.

By respecting pupils’ cognitive development and engaging them in active learning,
Slovak physics education aims to provide a foundation for lifelong learning and scientific
understanding. Although challenges remain in terms of resources and teacher support, the
reform represents a meaningful step toward aligning education with the needs of the 21st
century.
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EKCHepI/IMeHTI/I 3a HCIIMTHBAILE KallalUTATUBHOI' 1
HHAYKTUBHOI OTIIOpa

Onusep 3ajkos', Jana bornanocka', Coma I'eroscka-3ajkosa’, bpanka
Panynosuh’

"Yuusepsumem ,, Ce. Kupun u Memoouj *, Ipupoorno-wamemamuuxu paxyimem, Cxonje,
Maxedonuja
*Vuusepsumem ,, Ce. Kupun u Memoouj “, daxyimem 3a eneKmpomexuxy u
ungopmayujcke mexnonozuje, Cxonje, Maxeoonuja
I Vuusepsumem y Hosom Cady, Hpupoono-wamemamuuxu gaxyimem, Hosu Cao, Cpbuja

AncrpakT. Hanzmenuyna cTpyja je ykJbydeHa y CBUM HacTaBHUM nporpamuma y Epormu.
KananuTaTuBHH OTIOP, MHAYKTUBHH OTIIOP U UMIICJAHIIHja CY YKJBYUYCHH Y BPJIO MajoM
Opojy HAaCTaBHUX Mporpama, a y joul Mame NpeaBulhajy ce eKCHepHMEHTH 3a MOCMAaTpame
WIM UCIUTHBAalkE OBHX (u3mykux BenmunHa. OBaj pang mpeseHtupa Behu geo
eKCIIepUMeHaTa KOjU YYCHHUIM MOTY Jia pajie WM MOTY HACTaBHHIIM J1a KOPHCTE y OOJHKY
JIEMOHCTPAI[MOHUX ONuTa. EKCIepHMEeHTH Cy HWHTEpEeCaHTHH M HE Tpake MoceOHe
npe3Hamka WK eKclepuMeHTanHe BemTrHe. [1Ita Buie, pe3yiaraTu cu TakBH Jia MOTY BPJIO
JIaKO MHHUIMPATH KOTHUTUBHH KOH(IIMKT U pa3B0Oj KPUTHUKOT MUIIJBEHA.

Kiby4He peun: eKCiepUMEHTH, HHAYKTUBHH OTIIOp, KalalUTaTUBHH OTIOP, UMIICaHIIHja,
(a3HO moMepame.

YBOJ

HamsmeHnnuHa cTpyja ce n3y4aBa y cpeameM o0pa3oBamy y CBHM ApkaBama EBpore.
CnuuHo je W y ApkaBaMa y HamieM Okpyxkemy. Y PemyOmumu CpOuju u PemyOmumim
XpBatckoj, Hau3MeHHYHe cTpyje ce yue y Tpehem paspeay rumuasmje [1, 2].

Y Peny6nunu MakenoHuju, HAN3MEHUYIHE CTPYj€ Ce yU€ y IpyroM pa3peny TMMHa3Hje
(3]

Haxanoct, y HacTaBHHM NporpaMmMma WIH y OWIO KOM JpyroM MaTepHjaly 3a
HACTaBHUKE M yYCHUKE EKCIIEPUMEHTH U3 OBOT JieJia (PU3UKE WK CE€ YOIIIITE HE MPeJIaxy
WA ce TpEUIaxy eIeMEHTapHe IEMOHCTpAIlHje, KOje IMOKa3yjy BpPJO Majo W Koje He
IOTHYe MHCIOBHHU IIpoliec Kox ydeHuka. IIpema HactaBHOM mporpamy 3a (QH3HKY Y
Peny6auuu CpOuju, npernopyyeHu J1eMOHCTPAIIMOHU OIJIeM ca HAaU3MEHHYHOM CTpPYjoM
Cy: TeHepaTOp-IPEeHOC SHepruje 0]l U3Bopa JI0 NoTpoliaya, hazHu MomMepaj Hau3MEHUYHE
CTpyje M JAEMOHCTPAllOHM TpaHchopMaTop. Y HacTaBHOM mporpamy y PemyOmuim
XpBaTcKoj HEMa MPETOPYYEHUX eKCIIEpUMEHAaTa KOjH Ce OIHOCE Ha HAM3MEHHYHY CTpY]y.
Ann, Ha cajTy i-HacraBe MHHHCTapCTBa 3HAHOCTH M 00pa3oBama, y BHJEO JICKIHjaMa
mocroje excriepuMenTH [5]. YV Pemybnuim MakenoHuju npeniaxy ce IeMOHCTpaIrje Koje
YKJbYdyjy IIOCMaTpame OCLIJIOrpaMa HaW3MEHHWYHE CTpYje, NPOMEHY HHIyKTHBHOT
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OTIIOpa, TPOMEHY KallallUTaTUBHOI OTIIOpPa, MOAEN Tpoda3HOr TeHeparopa W paj
TpaHcdopmaropa.

EKCIIEPUMEHTH 3A UCIIUTUBAIBE KAITAIIUTATUBHOI' 1
HHAYKTHUBHOI' OTIIOPA

OBaj pan mpeanaxe HEKOIUKO EKCHepUMEHaTa ca Hau3MEHHYHOM CTPYjOM.
ExcriepuMeHTH KOju MOTY J1a ce paJie Ha 4acy Cy jeJIHOCTaBHHU M HE TPaKke O YUCHHKa Ja
nocejyje noceOHe eKCIIEpHUMEHTAlIHEe BEeIITUHE. 3a u3Boheme €0 OBUX €KCIIepHMEHaTa
Yyak HHje NoTpeOHa crienujaiHa ¥ cKyna onpema, Beh oOnuHN aMIepMeTpu, BOITMETPH H
M3BOp HAaU3MEHHUYHE CTPYje, KOju ce Mory Hahu y cBakoM (M3HYKOM KaOHHETY.

3aBHCHOCT KAAMTATUBHOT OTIOPA 0] KAAMTETA KOHIeH3aTopa
3a 0Baj eKCIEPUMEHT MOTPEOHN Cy KOHICH3AaTOp, aMIIepMeTap, BOITMETAp, PEKUIad

W W3BOp Ham3MeHN4YHe cTpyje. Ox oBUX eleMeHaTa ce popMHpa CTPYjHO KOJIO YHja ImeMa
je mpukazana Ha Cimmnl .a.

a)
Crnuka 1. lllema n ¢pusuuka n3Benda CTpyjHOT KOJia 32 HCIIUTHBAKE KAlallUTaTHBHOT OTIIOpA OJ1
KaralnuTeTa KOHAeH3aTopa

IIpemopyuyje ce ymorpeba OJIOK KOHAeH3aTOopa. Moke Ce€ KOPUCTUTH U
EJIEKTPOJIMTCKH KOHJIEH3aTOp aKO je HEroB pajJHU HAaloH NyHo Behu ox HamoHa Ha
M3BOPY. Y MPOTHBHOM, ITOCTOjU OMACHOCT Ja Ce KOHJEH3aTop omrteTH. 3Benba oBe mieme
je nmara Ha Cioumu 1.6. Y oBOM citydajy ynoTpeOJbeH je caMo aMIepMeTap, a HaloH ce
YHTa HA CKAJIM U3BOpa. Mema ce BpeTHOCT KananuTeTa 1 MEpH Ce HaIlOH U jauuHe CTpYje.
[Tomohy OMoBOr 3aKOHa jeJHOCTaBHO C€ MOXKE H3padyHaTH KalalUTaTHBHU OTIIOP:

U .
R = — . Ha cn.2 je gar rpaduuky npuKa3 eKCliepuMEHTAIHUX pe3ynTara obpaheHux y
1

Excel-y. ®uTtoBame pe3ynTara mokasyje 1a je cTereH KamanuTtera u3Hocu 1,014, mTo je
BPJIO OJIM3Y TEOPHjCKOj BPEIHOCTH 1.
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R =3346,6-C 101

0 10 20 30 40 50 60
C (uF)
Cruka 2. I'padudky npuKa3 eKCIIepUMEHTATHUX PE3yITaTa 3a 3aBHCHOCT KallaIIUTATUBHOT OTIIOpa
O] KalraluTeTa KOHACH3aTopa

3a WCIUTHBaKE 3aBUCHOCTH 01 (pEeKBeHIMje TOTpedaH je CUTHAI TeHeparop.
[Ikoyicku reHepaTopyu OOMYHO MMajy Majly CHAry, fa je jaurHa CTpyje Koja Teue J0cTa
Majla U TpelIKe Mepema Cy JocTa BelHMKe. 3aTo ce Ipernopydyje Ja ce OBaj Jeo
UCTpaXXHMBamba YpaaM KBAaJUTAaTHBHO W Jia C€ YBHUIM pacT jaunHe CTPyje ca pPacToMm
(dpekpennuje. [Iputom Tpeba omabpaté (pEeKBEeHTHH Omcer y KoMe he HHCTPYMEHT,
OJTHOCHO amIiepMeTap, JaBaTé 1o0pe BperHoCTH. OBU MHCTPYMEHTH CY IPOjEeKTOBAHHU 32
pan Ha (QpekBeHIMjaMa peja BEJIMYMHE JIECeTHHA Xepua. AKO je (peKBeHIHja HCIOI
JIeCeT Xepla, OHJa WIjla Ha aMIepMeTpy MOYMIbEe Ja OCHMITyje MO YTHIajeM IIPOMEHE
cTpyje. AKo je (peKBeHIHja CTpyje OKO CTOTHHY Xeplia M BHIIE, OHIAa WTJa HE MOXKE
JOBOJBHO Op30 I1a pearyje Ha IIpoMeHe, aMIIepMeTap MOYHEbe Ja IPABH BEIUKE TPEIIKe H
OTKJIOH TMOYMIbe Ja majga ca mnoBehamem QpekBeHuuje, mro je HemornyHo. Crora,
(hpexBeHTHH oricer y KoMme he ce 3aBucHOCT ncnutatd Tpeba na oyne mmehy 20 Hz u 80
Hz. Ha Youtube-y Mo>ke ce BumeT BuIeo U3Ben0a OBUX eKcrepuMenara [6].

3aBHCHOCT HHAYKTHUBHOT OTIOpPa
3a 0Baj eKCHEepPUMEHT TOTPEeOHHM Cy KajleM, TBO3JCHO je3rpo 3a Kajiem, CHjajHIa,

amIiepMeTap, U3BOp MpaBe CTpyje, M3BOp HAU3MEHHYHE CTpYje, mpekuaad u xuie. [llema
OBOT CTpYjHOT KoJja je nara Ha Ciunu 3.

Cruxka 3. lllema cTpyjHOT KOJIa 32 HCIIUTHBAE HHIYKTUBHOT OTHOPA

Ha mecto ammepmerpa, Moxe ce yKJbyuuTH cujanuia. Hajoospa BapujaHTa je axko ce y
CepUju YKJbYUe M aMmIlepMeTap W cHjaiuna. Y TpBoj (a3u eKcliepuMeHTa IWJb je Ja ce
yImopea paj Koja ca MpaBOM M HAaW3MEHHYHOM CTPYjOM M HE MeEpU ce HHKaKBa
3aBHCHOCT.

YxIpydyje ce u3BOp IpaBe CTPYje, CHjajIiia ce MMajh U y KaJleMy ce CTaBJba IT'BO3JICHO
jesrpo. Ilputom ce He mpumehyje HUKakBa MPOMEHAa y KOIy. AKO Ce€ EeKCIePHMEHT
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TIOHOBH, aJIM Ca U3BOPOM HaM3MEHHUYHE CTpyje, mpumehyje ce Hariu maj jaduHe crpyje,
chjammma cuja cnabuje. AKO ce je3rpo W3Baay U3 Kajema, CHjajHIla TIOHOBO CHja IyHUM
cjajem. [Ipomena je Bpio eeKTHa U IpacTHYHA U BPIIO JIAKO MOXKE J]a TIOOYAH TUCKYCH)Y
1 KOTHUTHBHU KOH(MIHUKT. OBaj eKCIIEpUMEHT ce MOXe BUIETH Ha Y outube-y [7].
HcnutuBame 3aBUCHOCTH HMHAYKTUBHOI OTIOpPA j€ CJIOXKEHHje Ol OHOTI KOJX
KaIalUTaTHBHOTI OTIOpPA, 3aTO IITO HCTOBPEMEHO je aKTHBAaH U OMCKH OTIIOp, Ia CBa
Mepema he uMaTu cCUCTEeMAaTCKy Ipeliky Koja he outu jemHaka omckom otmopy. a 6u ce
CMamHUO YTHIIAj] OMCKOT OTIopa Tpeda YNmoTpeOWUTH KajeM 4uji HWHAYKTHBaH OTIOpP je
nyHO Behn o7 oMcKOr OoTropa. Y MPOTUBHOM MOpa Ce MPBO M3MEPHUTH OMCKH OTIIOp, a
OHJIa UHAYKTHBHU. AKO ce KaleM NPUKJbYy4YH Ha M3BOp TpaBe CTpyje, Mepe ce HanoH U, u

jaunHa cTpyje I, 1 momohy OMOBOTI 3aKOHA MOKE C€ JOOUTH OMCKH OTIIO Y, . Axo
p R =
0
I

,
ce KaJieM NPUKJbYYH Ha U3BOP HaU3MEHUYHE CTPYje H3Mepe ce HamoH U, U jaunHa cTpyje

I, momohy OmoBor 3aKOHA MOKE ce JOOWTH MMITCAaHIja KaieMa U, . Onmatie Moxe
1

n

> 7 =

ce J0OHMTH UHIYKTHBHH OTIIOP R, = gz R, - AKO je moTpeOHO, MOXE CE OAPCAUTH H

MHIYKTHBHOCT Kanema. [lomro je MHIyKTUBHU OTIOP R, - w.L =27 f-L, MOKE ce€

U3padyHaTH HHIYKTUBHOCT Kao ; _ _®. (/=50 Hz, dpexBeHIuja rpagcke Mpexe).
2z f

BPEMEHCKA ITIPOMEHA HAITIOHA U JAYUHE CTPYJE KO/JI
KOHAEH3ATOPA U KAJIEMA

3a cnenehe ekcneprMeHTe oTpeOHA ja orpeMa KOjoM MOJKE Jia Ce CJIEAN BPEMEHCKa
MpOMEHa HalloHa M jauuHe CTpyje. 3a TaKBO HEIITO MOXE Ce YIOTPEOMTH OCILHIIOCKOI
WJIN CEH30pH ca oarosapajyhumM codpTBepoMm, ApajBepoM U KOMITjyTEPOM.

VYV mHamewm ciydajy mpumemeH je cucteM Coach 7, koju je HaMEHCH 3a ITKOJICKA
UCTPaXHMBaba U 3a CTYACHTCKE EKCIIEpUMEHTE Ha YHUBEP3UTETCKOM HHUBOY.

BpemeHcka mpoMeHa HAIIOHA M jauMHe CTPYje KOJ KOHIeH3aTopa
Kounoenszamop y xony npage cmpyje
Kan muTare ydeHWKe mand MpaBa CTPyja Tede y KONy ca KOHICH3aTOpoM, OHH he
OJITOBOPUTH HETATHBHO. AJIM jeIHOCMEpHA CTpYyja MoXe TehH y KOJTy ca KOHICH3aTOPOM.
Jla 6u 0BO TpOBEepWIIM MTOTPEOHO je UCTO CTPYJHO KOJIO Kao oHo Ha Cnuiwm 1.a, Ipu dyemy

je moTpebaH M3BOP MpaBe CTPyje, a Ha MECTO BOJATMETpA U aMIIEPMETPa, MPUKIbYIY]y ce
onrosapajyhu cenzopu. ®usnuka nzsenda oBor koja je nara Ha Ciunu 4.
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Cruka 4. CtpyjHo Koo 3a npaheme BpeMeHCKe IIPOMEHE HalloHa M jaudHe CTpYje y KOy ca
KOoHJIeH3aTopoM. HamnoH u jaunna ctpyje ce cnene momohy cucrema Coach 7.

Pesyntar oBor exciepuMenTa je aat Ha Ciunm 5.

time (ms}
i J

)

0) Bpemencka nmpoMena HarnoHa

a) BpemeHcka mpoMeHa jaunHe cTpyje

Cnuka 5. BpeMeHcKa IpoMeHa jaunHe CTPYje M HalloHa Y KOJIy ca KOHJEH3aTOPOM U H3BOPOM
IpaBe CTPYyje Y MOMEHTY KaJl jé KOJIO YKJbY4EHO.

JacHO ce BMIM Ja IPBO IOUMIE Ja Teue CTpyja y KOy, 4uja jaudHa Iaja ca
BPEMEHOM, JIOK HAIOH KaCHH Y OJHOCY Ha CTpPYjy M pacTe TOKOM BpeMeHa, IIpU 4eMy 3a
OKO 25 ms, KOHIEH3aTOp je MOTIYHO HaeJeKTPHCaH, CTPyja MpecTaje Ja Tede, a HaIloH je
makcumanas. lllyMm kox curnana crpyje je mocra BeNMK, 3aTO IITO je cTpyja ciada. hena
MaKCHMalTHa BPEeIHOCT y o4eTKy je oko 0,07 A mwmm 70 mA. Moxe ce 1oOUTH CUTHAI ca
MambHIM ITyMOM aKo ce YIoTpeOr KOHACH3aTop ca BehnM KamamuTeToM, 3aTo IITO je Y TOM
ClIy4ajy KaraluTaTHBHY OTIIOp MamkH U cTpyja je Beha.

Konoenzamop y xony nausmenuune cmpyje

OnpeMa M CTPYjHO KOJIO 32 OB3j SKCIIEPUMEHT Ce€ pas3liuKyjy caMo Yy H3BOpPY, KOjH
Tpeba a Oyae ca HAaM3MEHUYHOM CTpyjoM. Pesynrar oBor ekcriepumenra je aat Ha Cinun
6.

S “fuv)

0) BpemeHcka npoMeHa HarmoHa

a) BpemeHcka mpoMeHa jaunHe CTpyje

Ciuka 6. BpeMeHCKa IPOMEHa jaduHe CTpyje M HAloHa Y KOJIy €a KOHIEH3aTOPOM U H3BOPOM
HAU3MCHUYHE CTpYje.
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Kao 1 y npeTxoqHOM eKCIIepUMEHTY, jaCHO ce BUAM Ja MPBO MPOTHYE CTPYja, a HAIOH
KacHHM y OJHOCY Ha CTPYjy, IpH YeMy OBJIE C€ BHUIM J1a je (a3HO Kallkbemhe TauHO TU/2.
CIMYHO Kao W y TNPETXOJHOM CKCIEepPUMEHTy, KamaluTeT KOHICH3aTopa yTH4e Ha
KananuTaTHBHU OTIIOpP KOJIA, IITO Ca CBOje CTpaHe yTHUYe Ha jaunmHy crtpyje. Ca mobpo
onabpaHoM BpeHOIINY KanamuTeTa MOXe ce JOOUTH Jo0ap CHTHaJ ca MaJIUM IITyMOM.

BpemeHcka mpoMeHa HaIlOHA M jauMHe CTPYje KO KajdemMa
Kanem y xony npase cmpyje

[Ilema cTpyjHOr KOJIa 32 OBaj €KCIIEpPUMEHT je nara Ha Ciuuu 3, npu yemy Ha MECTO
amIiepMeTpa 1 BOJITMETpa Cy IPUKJbYUYEeHH oaroBapajyhu censopu ca cuctemom Coach 7.

Pesynrar oBor mepema Moxke ce Bupetn Ha Cmmmm 7. Ha Ciouum 7.a je mpuxas
BpEMEHCKE IIPOMEHE HalloHa Ha Kajemy, a Ha Cimmnu 7.0 jaunHe cTpyje Koja Tede Kpo3
KaJIeM Yy MOMEHTY YKJbydeHa. Moxe ce BUJICTH Jia Cy HallOH M CTPYja CHHXPOHU30BaHU H
Jia CTpyja JOCTHXKE MaKCHMAallHy BpeAHOCT 3a oko 70 ms. Mopa ce y3etd y o03up na
MHIYKTHBHOCT U3HOCH caMo 9 mH, mrTo 3Hauu J1a MHAYKTUBHU OTIOP HE YTHYE IMYHO Ha
pexxuM pama cTpyjHOr Koja. Ako ce mHAykTuBuTeT moBeha Ha 80 mH, oHma mpomena
HaIlOHa OCTaje HMCTa, ajli CTPyja KaCHO BHIIE M JOCTH)KE MaKCHMAaJHY BPEIHOCT 32 OKO
150 ms (Cnuka 7.B). AKO ce MHAYKTHBHUTET KajleMma apacTudHo moBeha, Ha 1160 mH,
MpPOMEHa HaloHa W Jajbeé OCTaje WCTa, alli IPOMEHAa jadydHe CTpyje je APacTUIHO
pa3nuunTa y OOHOCY Ha mpeTrxonHe nBe mpomene (Cnmka 7.r). Y oBOM ciydajy, jaunHa
CTpyje He TOCTHXKE MaKCHMaJHy BPETHOCT y IIOCMaTpaHOM BpeMEHCKOM nepuony ox 500
ms. Jlajbe Mepeme Mmokasyje na je morpedHO Bpeme o1 Oko 1 s aa Ou cTpyja mocTHria
MakcuMaliHy BpenHocT. OBO je OUTMuaH pe3yTaT U BUIU Ce Jia CTPYja KaCHHU y OJTHOCY Ha
HAIlOH.

o1 time ()
"‘E 0 160 150 00 25 00 Y £ 450 500

6) Bpemencka nmpomMena jaunHe cTpyje 3a KajeM

a) BpemeHcka nmpomeHa HamoHa
) Bp P ca UHAYKTUBUTETOM o L= 9 mH

A

o1 time (ms}
L | L i I L L | L 1
0‘|E_ 50 100 150 200 250 300 350 40 450 500

B) BpemeHcka nmpoMeHa jaunHe cTpyje 3a KateM — T) BpemeHcka mpoMeHa jauuHe CTpyje 3a KajieM
ca uHaykTUBUTETOM 021 L= 80 mH ca uHAyKTUBUTETOM 071 L= 1160 mH
Cnuxka 7. BpemeHcka mpoMeHa HalloHa | jadylHe CTPYyje y KOy ca KaleMOM M U3BOPOM IIpaBe CTpyje
y MOMEHTY KaJl je KOJIO YKJbYYCHO.

23



Omnugep 3ajkoB, Jana bormanocka, Coma ['eroscka-3ajkoBa, bpanka Pagynosuh

Dasna pazruxa usmelly HanoHa u cmpyje Koo Kaiema y Koxy HausmMeHuuHe cmpyje

Ha Conmum 8.a je mpukasaHa mema CTPYjHOT Koja 3a OBaj ekcrepuMeHT. Kao u y
IPETXOHOM EKCIIEpHMEHTY, Ha MECTO BOJTMETpa W aMIepMeTpa Cy HpPHKJbYYeHH
onrosapajyhn censzopu ca cuctemoMm Coach koju omoryhyjy ma ce mpaTe BpeMeHCKa
MIPOMEHA HAloHA U jauuHe CTpYje.

Q000000

0) ExBHBaJyIeHTHA IIeMa PeaHoOT KajleMa ca
WHAYKTUBUTETOM L ¥ OMCKUM OTHOPOT Ry Yy
CTPYJHOM KOJIy Ca HAaN3MEHUYHOM CTPYjOM.

a) MneaaHu HHIYKTUBUTET y CTPYjHOM KOy
ca HAaU3MEHUYHOM CTPYjOM.

Cnuka 8. IHOYKTHBHTET y CTPYjHOM KOJy Ca HAM3MEHHYHOM CTPYjOM.

VY oBoM cilydyajy Mopa ce y3eTH y OO3Hp Ja NOpex HHIYKTHBHOT OTIIOPA, KalleM
moceyje U OMCKH OTIOp, Ia €KBHBaJCHTHA IleMa je mpukazaHa Ha Cowmmu 8.0, mTo
3Ha4W, KaJ ce MepH HAIIOH Ha KaJleMy, J]a c€ y CYLITHHU MepH yKyIaH HallOH Ha jeIHOM
UJICaJTHOM MHIYKTHBUTETY U HCAJTHOM OMCKOM OTIOPY KOjU Cy IOBE3aHHU CEpHjCKH. To
3HauyM jAa he yKynma" oToop Ha OBOM KaneMmy (Z) OMTH BEKTOPCKU 30up MHIYKTUBHOT (R;)
M OMCKOT oTropa (R,) Kajema, 0JHOCHO Jia ie ’beroB MHTEH3UTET OUTH:

Z =R+ R =R+ 0L )
To je pas3mor mTo y ekcrepuMeHTy (a3Ha pa3nuka n3Mely HaloHa W jaddHE CTPYje
Hyje jenHaka /2 (Cnuka 9.a).

1w 05,

W

6) L = 80 mH, Ry = 2.5 Q.

a) L=9mH, Ry =2,5Q.
Crnmka 9. UHOYKTHBHTET y CTPYjHOM KOy Ca HAM3MEHHYHOM CTPYjOM.

U3 rpaduxa ma Cnumm 9.a ce BUAmM fa y TPEHYTKY BpeMeHa 5,5 ms Kaja je jaunHa
CTpyje HyJla, HallOH HeMa MaKCHUMaiHy BperxHocT ox 6 V, Beh je oxo 4,5 V. YV oBom
KajeMmy, KoepuIrjeHT caMormHAyKrje je 9 mH, ma ako m3padyHaMoO WHAYKTUBHH OTIIOP,
Jobujamo:

R =0-L=2nf-L=27r-50-0,009=2,830Q

L
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EKCHepI/IMeHTI/I 3a HCIUTUBAKC KATAIUTATUBHOT 1 UHAYKTUBHOT OTIIOpa

IIITo ce BpiO Majlo pa3iIMKyje O OMCKOT OTIOpa Kanema of 2,5 Q. Jla 6u ce cMamuo
YTHIa] OMCKOT OTIIOpa Y OJHOCY Ha WHAYKTHBHH OTIOp, Y KaJeMy CE CTaBJba IBOSJCHO
jesrpo u Beh ca koepunmjenToM camonHAyKnHje ox 80 mH, HHAYKTUBHE OTIOp je meceT
myTa Behwm ox oMcKor, pu deMmy ce ao0uja 3amoBosbaBajyhm pesynrar (Cnmka 9.0). Ca
noeehameM KoeuIjeHTa CaMOMHAYKIHje, (pa3Ha pa3inka je cBe OJrbKa BPeIHOCTH T/2,
ay TIpH TOME yKYIIaH OTIOp, OJXHOCHO MMIIEAAHITNja CBE BUIIE pacTe, jadnHa CTpyje je
Mama, a IIyM cUTHaja je cBe Behn. To 3Hauw, 1a je moTpedaH KOMIIPOMHUC 1a Ou ce 100no
nmobap CHTHA: MHAYKTUBHU OTIOpP Tpeba OMTH JOBOJHHO BENHKH Ja OU ce pa3IMKOBa0 O
OMCKOT H Jila ce jpo0uje mo0pa (a3na pasivka, ajau Aa Ouae JOBOJHHO Mallkd Ja OW jaunHa
CTpyje Omila BeJIMKa y OZHOCY Ha LIyM.

Dasna pazruxa usmely HAaNOHA HA OMCKOM U UHOYKMUBHOM OMNOPY

[a 6u ce cnenuna dazHa pasnuka u3Mel)y HarloHa Ha OMCKOM OTHOPHHUKY M HalloHa Ha
MHIyKTUBHUTETY, OTPEOHO je CTPyjHO KoJIo unja mema je Ha Crumn 10.

a) M neanHu HHIYKTHBUTET U OMCKH 0) ExBuBaneHTHa ImemMa peayHoOr Kajema u
OTHOPHHK Y CTPYjHOM KOJIy ca OMCKOT OTIIOPHHKA Y CTPYjHOM KOIIy ca
HaM3MEHUYHOM CTPYjOM. HaM3MEHUYHOM CTPYjOM.

Crnuka 10. lllema ctpyjHOTr Koa 3a npaheme ¢a3He pasnuke n3mehy HaroHa Ha OMCKOM
OTIOPHUKY U UHIYKTHUBUTETY.

Ja Ou ce nobuo nobap curHai, ca MajuM LIYMOM H ca J00poM (a3HOM pa3iIuKOM,
noTpebHO je Mo0po onadpaTu KapaKTEpUCTUKE OTIOpHUKA W Kajdema. Ha Commum 11.a
BUJM C€ Jla je MaKCHMAaJHH HAloOH Ha Kajgemy camo oko 0,25 V, mok je Ha OMCKOM
OTHOPHUKY OKO 8 V. CurHan HaroHa Ha KaJeMy je ca PEeJaTUBHO BEIHUKUM IIyMOM, a
BpenHOCT (ha3He pa3imke HUje HU Onm3y 7/2. [la Ou ce moBehao MakcMMaHWM HAINlOH Ha
KajeMy, a THME U CMambHUO IyM, HOTPeOHO je moBehaTu HEroB WHIYKTHBHUTET, YUME j€
nmosehan u otmop. Ha Ciumm 11.6 Bumm ce maneko 00JbH CHTHAN Ha Kajlemy W (a3zHa
pa3imKa Koja u3HOCH T/2.

a) Kanem ca L =9 mH, Ry = 2,5 QO u omcku 0) Kamem ca L = 1160 mH, Ry = 2,5 QO u omcku
otnopHUK R =150 Q. otnopHuK R =50 Q.

Cnuxka 11. IHAyKTHBUTET Y CTPYjHOM KOJIy Ca HAU3MEHHYHOM CTPYjOM.
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3AK/bYYAK

Ham3meHnnuna crpyja je ykJbydeHa Yy CBUM CBPOIICKMM ILIKOJICKMM CHCTEMHMA. Y
HajBeheMm Opojy ApikaBa M3ydaBajy ce OCHOBHH IIOjMOBH: KOje Cy pasjiMKe y OIHOCY Ha
jeTHOCMEpHY CTpYyjy, Kako paad TpaHCHOpMATOp M KAKO C€ IMPEHOCH EJeKTpUYHA
eHepruja Ha HaJbuHy. Y HEKHUM Jp)KaBaMa YYEHHIM y4e€ M O HHIYKTUBHOM H
KanaluTaTHBHOM OTIOPY, Kao U 0 ummenaHuuju [1-4]. ¥V jomr mawme npxaBa ydu ce o
dazHom momepajy. JleMOHCTpalije KojuMa C€ IOKa3yje 3aBHCHOCTH OBHX (DH3HUYKHX
BEJINYMHA WM SKCIIEPUMEHTH KOjUMa Ce MCITUTY]y OBE 3aBHCHOCTH CE€ NPEUIAXy y CaMo
HEeKOoJIMKO ApkaBa. OBaj pal NoKasyje Jia Cy OBH €KCIIEPUMEHTH jeZIHOCTAaBHU U HE Tpaxe
HEKO TI0CeOHO TIpel3Hake M CIelMjaiHe eKcliepuMeHTanHe BemTuHe. OHU  Cy
MHTEPECAHTHH, a Pe3yNTaTH U ePEKTH HEeKUX OJ HBHUX CYy YaK U HEeOYCKUBAHH H 300T Tora
WHUIMPAjy KOTHUTUBHU KOH(MJIMKT KOJA YYCHHKA, JUCKYCHjy U TPaXKeHhe OATOBOpA, LITO
BOJIM JI0 Pa3BUTKa KPUTHYKOT MUILUUBbEHHA.

JUTEPATYPA

1. TlpaBuiHHK O IJIaHY ¥ IPOrpaMy HACTaBe U yuera 3a rumnasujy (2020). IIpocBeTHH ri1acHUK,
Cuyx6enu rnacuuk Pemy6nuke Cp6uje, bp.4/2020.

2. Odluka o donosenu kurikuluma za nastavni predmet Fizike za osnovne $kole i gimnazije u
Republici Hrvatskoj (2002). Narodne novine, 10/2019.

3.  Pedopmupano rumuasucko obpaszosanne, HactaBHa nporpama nmo ¢usuka II roxuna (2002).
MuHuncTepcTBO 32 00pa3oBaHue U Hayka, bupo 3a pa3Boj Ha 06pa3oBaHUETO.

4. Planinsic¢, G. et al., 2015, U¢ni nacrt. Program srednja Sola. Fizika [Elektronski vir]:
gimnazija: klasi¢na, strokovna gimnazija: obvezni predmet (140, 175, 280 ur),
izbirni predmet in matura (35, 70, 140, 175, 210 ur), El. Knjiga, Ljubljana:
Ministrstvo za Solstvo in $port : Zavod RS za Solstvo.

5. Ministarstvo znanosti i obrazovanja. (2021). I-nastava. CkuayTo Ampmi, 2025 ca cajta
https://i-nastava.gov.hr/videolekcije-2021-2022/556

6. Zajkov, O. (2020). KananuratuseH otmop. https://www.youtube.com/watch?v=03JJFellUK4

7. Zajkov, O. (2020). UnaykTuButet (KajeM) BO CTPYjHO KOJIO CO IpaBa M HaM3MEHHUYHA CTpYja.
https://www.youtube.com/watch?v=lhmEBcRbHp4

26



Proceedings of ICPRSE 2025, 27 - 28

Vectors as a Unifying Language for Mathematics
and Physics Teaching

Aneta Gacovska - Barandovska

University “Ss. Cyril and Methodius” in Skopje, Faculty of Natural Sciences and
Mathematics, Institute of Mathematics
Arhimedova 3, Skopje

Vectors represent a powerful conceptual bridge between mathematics and physics,
providing a unified language through which quantitative relationships and real-world
phenomena can be expressed and understood. Their study enables learners to transition
from abstract mathematical concepts to tangible physical applications, fostering deeper
interdisciplinary understanding and analytical thinking. The presentation suggests the
systematic integration of vector instruction across all educational levels, demonstrating
why vector concepts should be introduced, developed, and applied from primary through
university education.

At the primary level, the concept of vectors can be introduced through activities
emphasizing direction and magnitude rather than formal symbolism. For instance, when
describing movement on a map, students begin to visualize motion using arrows,
intuitively grasping the idea of a resultant path. Similarly, simple force-based tasks, such
as combining pushes or pulls on an object, develop an early sense of opposing or balanced
forces, laying the foundation for future vector reasoning. Even though formal symbolism
can be postponed for later grades, mathematical basics should be introduced in order for
the application to be accordingly used and geometrical understanding to be achieved.

At the high school level, formalization becomes essential. Students learn to perform
operations with vectors and analyze more complex physical phenomena. For example,
calculating the resultant of two forces acting at an angle introduces geometric vector
addition, while resolving a projectile’s velocity into horizontal and vertical components
deepens understanding of motion under gravity. Problems involving equilibrium of forces,
such as determining the tension in two supporting ropes holding a sign, exemplify how
vector decomposition provides a systematic method for solving real-world problems in
mechanics. Understanding the notion of electromagnetic fields can not be completely
accomplished without the use of vectors.

At the university level, vector concepts become indispensable tools in advanced
physics and engineering. Applications include analyzing electric and magnetic fields
using vector field notation, evaluating work and flux through dot and cross products, and
modeling particle motion under multiple force interactions. These topics demonstrate the
generality and elegance of vectors as the mathematical framework underlying physical
laws and scientific modeling.

Integrating vectors consistently across mathematics and physics education promotes
conceptual continuity and cognitive coherence. When learners encounter vectors as a
shared language rather than a topic isolated within one discipline, they develop
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transferable reasoning skills, spatial intuition, and problem-solving strategies applicable
across scientific contexts. Consequently, this pedagogical alignment not only enhances
comprehension but also strengthens interdisciplinary thinking—preparing students for
higher-level scientific inquiry and professional practice in STEM fields.

However, a persistent issue in many educational systems is the uncorrelated
sequencing of vector instruction, where vectors are introduced in mathematics only after
their application in physics has begun. This misalignment often forces physics teachers to
address mathematical content beyond their intended scope. The central question thus
arises: Does abandoning mathematical formalism risk lowering the educational standard
necessary to keep pace with modern technological development? Ultimately, the
challenge remains for educators to find the balance between accessibility and rigor,
ensuring that each teacher contributes to building a coherent and progressive
understanding of vectors across disciplines.
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Abstract: Education for Sustainable Development (ESD) represents an educational strategy that
integrates different school subjects with the aim of enabling primary school students to acquire the
knowledge, skills, and values necessary for a responsible relationship with the environment. One of
the key goals of ESD is the development of students’ ecological literacy, which in this paper is
examined through the analysis of learning outcomes and curriculum content in biology and physics,
as well as their integration with chemistry, geography, and technology within an interdisciplinary
learning framework. The findings indicate that topics such as energy and photosynthesis, climate
change, the greenhouse effect, and human health can establish strong links between the natural
sciences, thereby fostering systems thinking and critical reflection among upper primary school
students. The paper presents examples of interdisciplinary project-based activities, including
experimental work, which contribute to the development of sustainability competences. It is
concluded that interdisciplinary approaches in science education are of fundamental importance for
the development of ecological literacy and that their implementation can significantly enhance
teaching practice and support the formation of sustainable values among students.

Keywords: education for sustainable development; ecological literacy; interdisciplinary
learning; biology and physics; primary school

INTRODUCTION

Education for sustainable development (ESD) is a key component of modern education
and involves the development of knowledge, skills, attitudes and values that enable
students to behave responsibly towards the environment and resources [1]. One of its
central goals is the development of ecological literacy, a concept often referred to in the
literature as environmental literacy or ecoliteracy. Although these terms are often used in
different ways and sometimes have insufficiently precise meanings [2-5], contemporary
research emphasizes that their common essence is aimed at empowering individuals to
understand and act responsibly in relation to environmental challenges.

The most widely accepted meaning of ecological literacy implies awareness and care
for the environment and its problems, as well as knowledge, skills and motivation for
solving them and preventing new challenges. In a narrower sense, ecological literacy
includes an understanding of key ecological principles and the ability to think systems,
which enables informed decision-making based on scientific research [6-8]. In addition to
the cognitive dimension, authors from the field of humanities emphasize the value and
identity aspect of ecological literacy, aimed at creating sustainable human communities
and societies [9, 10].
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The development of ecological literacy in the school context requires overcoming
traditional boundaries between subjects and applying interdisciplinary learning.
Particularly important in this process are biology and physics, whose contents provide a
basis for understanding key environmental problems — energy flows, climate change,
pollution and biodiversity conservation [11]. Therefore, the aim of this paper is to
highlight the importance of integrating the content of biology and physics in fostering
ecological literacy among primary school students, while simultaneously incorporating
relevant content from chemistry, geography, and technology education, by analyzing
learning outcomes, curricular opportunities, and the application of interdisciplinary
teaching strategies.

THEORETICAL BACKGROUND
Interdisciplinarity in education for sustainable development

Education for sustainable development (ESD) requires overcoming the boundaries of
individual teaching disciplines and establishing an integrated approach to learning.
Interdisciplinarity is a key because it enables students to understand complex
environmental challenges through connecting different perspectives and learning methods
[12, 13]. Natural sciences — biology, physics, chemistry, geography - along with technique
and technology, provide a unique basis for developing systemic thinking in students, as
each of them deals with different aspects of sustainability.

Biology enables the understanding of processes in living systems, such as
photosynthesis, biodiversity and human health. Physics sheds light on energy flows, the
laws of thermodynamics, and the physical basis of climate change. Chemistry deals with
the breakdown of pollutants, understanding acid rain and air quality. Geography provides
insight into the spatial dimensions of environmental problems, while engineering and
technology offer practical solutions for the sustainable use of resources [11, 14]. The
integration of these disciplines fosters in students the ability to see environmental
challenges as multi-layered phenomena, connecting natural laws with social and
technological solutions [15].

Contemporary literature emphasizes that interdisciplinary approaches enable not only
the acquisition of knowledge, but also the development of key competencies for
sustainable development, including critical thinking, collaboration, and decision-making
based on systemic understanding [16, 17]. In this way, interdisciplinary learning
contributes to the formation of environmental literacy and ecological identity of students,
which is one of the key goals of ESD [18, 19].

Pedagogical approaches for implementing interdisciplinarity

In order to effectively implement interdisciplinarity in education for sustainable
development, it is necessary to implement active pedagogical approaches. Project-based
learning has proven to be one of the most effective models, as it allows students to explore
real problems, develop their own ideas and propose solutions, while integrating
knowledge from multiple disciplines [20, 21]. Projects related to local environmental
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challenges further encourage students to learn through experience and develop community
responsibility [11, 22].

Experimental work, as a form of research learning, enables students to examine natural
phenomena through practical activities and think critically about cause-and-effect
relationships. This not only strengthens the understanding of natural laws, but also
encourages the development of competencies for solving problems in real situations [23].

Field teaching occupies a special place in education for sustainable development
because it provides an authentic experience of connecting knowledge from different
fields. Through direct contact with the natural environment, students learn to recognize
environmental problems and develop empathy for the environment, which is recognized
as a key prerequisite for the formation of sustainable values [24].

The combination of these approaches enables the implementation of interdisciplinary
learning in practice and contributes to the realization of the basic goals of ESD —
developing environmental literacy, empowering students to make informed decisions and
forming sustainable values.

Analysis of the curriculum of biology, physics, chemistry, technique and
technology and geography in the function of the development of
environmental literacy

Interdisciplinarity in education for sustainable development is most clearly seen
through the learning outcomes of various subjects and their integration possibilities in the
function of developing environmental literacy. The analysis shows that in the upper
grades of primary school, there is a significant potential for connecting content, especially
within topics related to climate change, energy and protection of natural resources [25,
26].

Within biology, the emphasis is on understanding the relationship between ecological
factors and biodiversity, identifying trophic levels in food webs, studying the
consequences of human activities on resources and proposing nature protection actions.
These outcomes develop awareness of cause-effect relationships in ecosystems and
encourage a responsible attitude towards the environment.

Learning outcomes in physics are focused on the forms and transformations of energy,
heat transfer and conservation laws, which enables understanding of the physical
foundations of global warming and rational use of energy.

Chemistry provides knowledge about combustion reactions, gases involved in the
greenhouse effect, and air and water pollutants. In this way, students connect chemical
processes with real environmental problems such as smog and acid rain.

Through technique and technology, an understanding of energy efficiency, rational use
of resources and the application of renewable energy sources is developed, thus students
learn to critically evaluate technical solutions and design sustainable projects.

Geography contributes to environmental literacy by analyzing climate factors and
global changes, studying the consequences of economic activities and researching the
possibility of applying clean energy sources, which allows students to connect local
environmental challenges with global processes.

In this way, the integration of content from all five subjects provides the basis for the
development of systemic thinking, critical reflection and active engagement of students in
solving environmental problems.
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Integration of content through the theme "Energy and Climate Change"

Based on the above learning outcomes, an interdisciplinary project activity called
"Energy and Climate Change" can be designed, in which students would explore this topic
from multiple perspectives through different subjects.

Within biology, the task would be to examine how climate change affects local
biodiversity - they would conduct a mini-survey in the school's surroundings, record the
plant and animal species present and compare the results with literature or digital atlases.
Based on this, they could create a biodiversity map of the school yard and indicate
possible changes that would occur due to an increase in temperature or a decrease in
precipitation.

Through physics, teams of students would carry out an experiment with two containers
- a closed one and an open one - exposed to sunlight or a light bulb. During the
measurement of the temperature in a certain time interval, the students would record the
data, present it tabularly and graphically, analyze the temperature rise curves and relate
the results to the greenhouse effect.

Within chemistry, the focus would be on gases that contribute to the greenhouse effect
(CO,, CHy4, NO,). Students could perform a simple experiment — e.g. burning a candle
under a glass jar and measuring the extinguishing time - and then to analyze the resulting
gases and their effect on the air. As an extra task, they would research examples of acid
rain and explain the chemical reactions that lead to it.

Technique and technology would allow students to investigate energy consumption in
households. Based on the collected data (electricity bills or household examples), they
would calculate the average energy consumption, and then propose technical solutions to
reduce it - such as the use of LED bulbs, energy-saving devices or better insulation of the
space. As the final part of the activity, they would come up with a concept project of
"Green Houses of the Future".

Through geography, students would study climate maps of Serbia and the world,
identify changes in the distribution of precipitation and temperatures and relate them to
economic activities and people's quality of life. As an assignment, they could create a
poster or digital presentation on "How climate change affects my city/my country” and
suggest possible adaptation measures.

In the end, all the results would be combined and presented through a school
exhibition or panel discussion, whereby the students would integrate the findings from all
disciplines and make their own proposals for improving the quality of life in their
community.

In this way, the teaching of biology, physics, chemistry, technique and technology, and
geography ceases to function in isolation, but by interconnecting content and methods, an
environment is created in which students develop environmental literacy — knowledge and
understanding of natural processes, awareness of the consequences of human activities,
and competence to propose sustainable solutions.

CONCLUSION

Education for sustainable development represents one of the key directions of modern
education because it equips students for responsible understanding and action in relation
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to environmental challenges. The results of the analysis show that the integration of the
content of biology, physics and chemistry, with the support of geography and technology,
opens up opportunities for the development of environmental literacy among elementary
school students. Topics that connect energy flows, photosynthesis, climate change, air
quality and human health are particularly important, as they enable students to develop
systemic thinking and observe cause-and-effect relationships between natural phenomena.

Pedagogical approaches such as project learning, experimental work and field teaching
are recognized in the literature as particularly effective in implementing
interdisciplinarity, because they provide students with the opportunity to learn through
experience, think critically and actively participate in solving problems in their
community. In this way, environmental literacy ceases to be only a theoretical concept,
but becomes a practical competence that shapes the values and attitudes of students.

It is concluded that the application of interdisciplinary approaches in the teaching of
natural sciences has the potential to improve teaching practice and contribute to the
formation of sustainable values among young generations. This fulfills one of the central
goals of education for sustainable development — training primary school students to be
active and responsible citizens, ready to contribute to the preservation of the environment
and the sustainable development of society.
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We present a pair of classroom-ready experiments on granular materials that connect
planetary cratering and mobility on sand with core high-school physics. In the first part
(crater formation), students drop steel spheres into dry sand, measure crater diameter, and
use log—log plots to determine the scaling D~E*, typically finding « ~ 1/4 , for gravity-

dominated impacts. The activity highlights how impact energy £, =~ mgh is spent lifting

excavated grains, while also discussing when strength-dominated behavior « ~1/3 may
appear in cohesive or moist media. In the second part (rolling and arrest), a sphere rolls
down a shallow ramp onto sand and stops after distance L; students discriminate between
solid-like (constant) drag, predicting L~FE;, and fluid-like (viscous) drag, predicting
L~E,1/ 2, Together, the experiments foreground mechanism finding via scaling laws,
encouraging evidence-based model selection rather than rote formula use. They align with
the first year standard curricula (energy, forces, friction, kinematics, graphing) and require
only low-cost materials: sand, a tray, steel balls, a simple ramp, and rulers. The protocols
emphasize repeatability, uncertainty estimation, and the wuse of logarithmic
transformations to linearize power laws and extract slopes. Optional extensions include
image-based crater metrology, estimating an effective friction coefficient from fits, and
exploring moisture/packing effects. Typical classroom results reproduce the expected
exponents and invite discussion of deviations due to preparation, depth effects, or
measurement bias. The pair can be completed in one double period or split across two
lessons, with clear roles for inquiry, collaboration, and formative assessment. By
translating contemporary granular physics into accessible labs, the module deepens
conceptual understanding and showcases how careful measurements reveal the
mechanisms hidden in complex, real-world materials.
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On ancTpakTHOT 3HAaKA 10 IPUMeHe Yy pusunu:
3amTo yyeHHMIIM MMajy noTemkohe ca MareMaTuKoOM

y buzunm?
Coma I'eroscka-3ajkosa’, Onusep 3ajkos’

"' Vuusepsumem Ce. Kupun u Memoduj, @axynmem 3a enekmpomexnura u
ungopmayucku mexuonoeuu, Cxonje, Makeoonuja
? Vuusepsumem Ce. Kupun u Memoouj, Ipupoono-wamemamuuxu paxynmem, Cxkonje,
Maxedonuja

AmncTpakT. JemaH on OCHOBHHX IpoOiieMa Cy KOjUM C€ CyO4aBajy YYEHHIH TOKOM
cpeamorkoickor CTEM obpa3oBamya je pelaBame peaaHux npodiiemMa, OMHOCHO MpoIiec
(bHU3MYKO-MaTEMaTHIKOT MOJICIIHPAaha, NIPH YeMy je HEOIXOAHO YCIIOCTaBUTH Bedy niamely
AICTPAaKTHOI MATEMATHYKOTI CBETA U KOHKPETHUX GU3MYKuX peHomeHa. AyTopH paja TBpIe
I1a OBa MOTenIKoha HUje pe3yiTaT HeOCTaTKa padyHCKe CIIOCOOHOCTH, Beh (yHIaMeHTanHe
CIHCTEMOJIONIKE AUCKOHEKIMje M3Mely oBa aBa HacTaBHA IpenMera. MaTeMaTHka ce 4ecTo
npefaje Kao CaMOJOBOJbAH CHCTEM AalCTPaKTHHX INpaBuia, [OK (U3MKa KOPHCTH
MaTeMaTHKy Kao ajaT 3a MoAenupame (QU3HYKOT cBeTa. Y paay Cy aHaIU3MpaHe YeTUPU
obmactu: anrebpa, BEKTOpH, TPUTOHOMETpPHja M KOMIUIEKCHH OpojeBu. Llwm je ma ce
NPHKAXE KAKO HUXOB TPETMaH HAa YacOBHMa MATEMaTHKE YECTO YKJIama KOHTEKCTYalTHO
3HAaUYCHEe W HpoueaypaiHy (IeKCHOWIHOCT Koja je HeonmxogHa 3a ¢m3uKy. Kpos
KOMIIapaTHBHE NPUMEpe ce IOKa3yje Ja YYEHHIM MOTY YCIEIIHO PELIMTH jeJHAYMHY IO
HETO3HATO] X, ald UMajy MpoOiieM Kal Tpeba Hermo3HaTo] MOAeNUTH (GU3NYKH WACHTHTET,
Kao IITO je moMepaj Wik uMiyJic. Fbuma je mpUInYHO Jako J1a MAHHUITYJIHITY BEKTOpPHMa Kao
ypehernM napoBrMa peaHnX OpojeBa, ik He YCIIeBajy Jja MX KOPHCTe Kao perpe3eHTalujy
cue win Op3uHe. Ha kpajy pana ce npeiaxky nenaromike cTpaTervje koje Ou eBeHTyalHo
MOTIJIe TIPEMOCTHUTH OBaj ja3, mojactuuyhy MHTEerprcaHuje U (yHKIHOHAIHHU]E Pa3yMeBabe
MaTeMaTHKe Kao je3uKa Gpu3uKe.

Kbyune peun: watemaTHmuko oOpa3oBame, (QHU3MYKO 00pa3oBame, HHTErpalmja
MaTeMaTHKe U QU3MKe, KOHTEKCTYalTHO Pa3yMeBarbe.
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Professional development of mentor teachers
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Institute of Physics, Skopje, North Macedonia

Abstract. Education is a process that requires constant learning and monitoring of the
development of new technologies. Therefore, the teaching profession is understood as a
continuous process of development and advancement. The model for the development of the
teaching profession involves mentoring work with trainee and novice teachers (mentees)
and continuous professional development of mentor teachers. The task of mentors is to
provide professional support to mentees to develop their competencies. Therefore, it is
important to empower the mentor and provide him with holistic professional support in
order for the mentoring process to be successful.

Keywords: mentoring process, mentor training, monitoring and evaluation of mentees.

INTRODUCTION

The role of educational institutions is to empower young people to be the drivers and
bearers of social development. This requires continuous training for teachers, so that they
are able to adapt the process of acquiring knowledge in a way that is acceptable and
interesting to students. Therefore, teachers must constantly monitor the development and
progress of technology, engage in lifelong learning, and be sensitive to the continuous
evolution of needs for new ways of transferring knowledge and student engagement. In
order to better prepare and enable students, trainee teachers, and novice teachers
(mentees) to properly respond to student demands in all three domains of development
(cognitive, affective, and psychomotor), a mentoring process has been introduced. This
process consists of two parts, one that takes place at higher education institutions and the
other that takes place in schools, under the supervision of a more experienced teacher
(mentor). This kind of support system, which is based on a greater number of practical
lessons and gradual guidance of the young teacher through all stages of this profession, is
very beneficial for the mentee. However, mentors were often appointed without prior
introduction to the mentoring process and empowerment to adapt this important process to
their own needs, as well as the needs of their mentees [1,2]. Therefore, the goal of this
paper is to introduce mentors to methods of monitoring and evaluating mentees with the
aim of improving their work.
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MENTOR TRAINING

Effective professional development of mentors is achieved through a holistic approach
to the mentoring process (Figure 1), where the following come to the fore:

- planning (planning activities that will lead to the professional development of
mentors and mentees),

- monitoring (monitoring the work of both mentors and mentees),

- checking (checking all phases of the development of planned activities of both
mentors and mentees),

- providing feedback (the mentee should express the comprehensibility of the
instructions received, as well as an assessment of the interaction with students and the
mentor in order to seek ways of possible improvement; the mentor should, through
providing feedback, encourage the mentee to examine his or her own activity and suggest
its improvement), and

- (self)evaluation (summarizing all previous steps, both the mentor and mentee should
mutually evaluate the activities carried out, but also see their progress through self-
evaluation [3].

Received knowledge ﬂ=0)

- | Practice | |(Self)reflection | = Profesional competence

Previous experimental
Knowledge H

Figure 1. Reflective Model of Professional Development, adapted from [4]

Going through these basic steps, the discussion between mentor and mentee focuses on
quality control and quality assurance, which involves identifying and setting up
mechanisms, procedures, and processes for achieving it.

Examples of tasks
Example tasks are taken from the Handbook [3].
Creation of a form for monitoring and evaluating mentees
Objective: to develop mentors' competencies in monitoring and evaluating mentees
Procedure:
List questions that may be considered important for monitoring the work of mentees,

and then suggest a method of assessment. The following questions can serve as starting
ideas:
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* To monitor the work of mentees in the administrative part:

1. How do they plan their activities in the school year calendar?
2. Do they write lesson plans with clear sequential content?

3. How do they keep records of student performance?

* To monitor the work of mentees in relation to the teaching subject:
1. Do they use probing techniques in their learning activities?

2. Do they apply appropriate teaching methods?

3. Do they use appropriate examples and illustrations?

* To monitor the work of mentees in relation to students:

1. Do they use relevant questions to assess student knowledge?

2. Do they allow enough time for students to answer questions?

3. Do they provide students with written feedback on the assessment?
4. Are they aware of students' individual learning needs?

Mentor self-assessment

Objective: to acquire the skill of assessing the learning and mentoring process, to
identify strengths in different domains, to articulate possible directions for future personal
and professional development

Procedure:

Table 1 presents a list of self-assessment criteria. Within this list, it is necessary to
consider the role of the mentor in different domains, as well as the steps of future
development.

Table 1. List of self-assessment criteria

Strengths The role of a mentor Areas for
and development
experience

Establish and maintain a positive relationship
Understand typical mentee needs
Discussion of expectations
Maintaining contact with mentee
Open and honest communication
Empathy
Flexibility, reliability, responsibility
Understanding
Paraphrasing what is said and to check if instructions are
well understood

Confidentiality
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Development support
Observation and discussion
Analysis of the joint work of mentees and mentors
A collaboration plan
Modeling teaching strategies
Support for setting goals and monitoring progress
Support for defining steps for development
Self-reflection
Clarification of ideas and explanations
Encouraging testing of beliefs and assumptions

Encouraging problem solving

Providing support in the logic domain
Introducing key stakeholders
Explaining key materials
Communicating important dates in advance
Explaining important procedures and instructions
Supporting resource gathering

Sharing strategies and techniques

Emotional support
Praise and reward system
Support in interactions with colleagues, parents,
administration
Share enthusiasm and opinions when it comes to teaching

and the learning process

Strive for mentoring development
Evaluate the teaching and learning process
Invest time and effort as a mentor
Show initiative and leadership

Join a mentoring community for continuous learning

Goals

Next steps
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Progress plan

Objective: (self)assessment and identification of possible areas for improvement
within professional competencies

Procedure:

Table 2 outlines a template for a progression plan for a given timeframe. The template
can be completed by both mentors and mentees to track the achievement of the intended
competencies.

Table 2. Progression plan (1 year)

Development | Competencies Indicators Promotion Comments,
goals criteria/Expected thoughts
results

Short-term
goals (e.g. end
of semester)

Long-term
goals (e.g. end
of school year)

CONCLUSION

The goal of mentoring is to develop the pedagogical competencies of mentees while
simultaneously achieving professional development for the mentor. The following are key
to ensuring the quality of mentoring work: immediate feedback, constant control, analysis
of elements of the pedagogical work of mentees and mentors, evaluation and analysis of
achieved results, identification of shortcomings and support for their elimination. In fact,
successful mentoring work involves a well-planned monitoring and evaluation system,
clear requirements and the setting of objective criteria, as well as measurable and
achievable goals for professional development planning that can be tracked through
diagrams.
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U savremenom obrazovanju znanje je kljuéno, ali istovremeno ucenici moraju da
steknu kljucne vestine 21. veka [1]. Ova potreba namece obavezu nastavnicima i
istraziva¢ima da primenjuju inovativne metode koje povecavaju angazovanost i
motivaciju ucenika. Jedan od efikasnih pristupa u ovom smislu jesu obrazovne igre [2], a
posebno escape room (ER), interaktivna igra zasnovana na reSavanju problemskih
zadataka i saradnji, koja se pokazala kao odli¢ana didakticka igra za unapredenje nastave
prirodnih nauka.

ER je problemski orijentisana aktivnost u kojoj ucesnici, rade¢i u timu, reSavaju niz
logickih, prakti¢nih ili konceptualnih zadataka u ograni¢enom vremenu, kako bi postigli
odredeni cilj — ,,pobegli iz zamiSljene situacije [3]. U obrazovanju, termin edukativni
escape room (EER) predstavlja aktivno okruzenje za ucenje u kojem se od ucenika trazi
da primene svoje znanje i veStine [4]. Kori§¢enjem EER, ucenici prelaze od pasivnih
primalaca znanja do aktivnih u€esnika, angazujuéi se u istrazivanju, reSavanju problema i
izazova, dok se istovremeno razvijaju motivacija, timski rad, liderstvo i komunikacione
vestine [5]. EER se sve viSe integriSu u nastavu prirodnih nauka, gde ih nastavnici i
ucenici ocenjuju kao pogodne za obradu, uvezbavanje i formativnu procenu znanja [6].
Ipak, EER se cesce koriste za ponavljanje i utvrdivanje znanja, nego za ucenje novih
vestina [7].

Nastavnici se Cesto suoCavaju sa izazovima pri osmi$ljavanju EER, ukljucujuéi
potrebu za adekvatnim prostorom, specifi¢nom opremom i zna¢ajnim utroSkom vremena,
kao i integrisanjem nastavnih ciljeva u zadatke. Zbog toga su neki poceli da koriste
digitalne formate, omoguéavajuci uc¢enicima uc¢es¢e putem onlajn platformi i otklanjanje
prostorno-tehnickih ogranicenja. Ipak, digitalni formati ne pruzaju u potpunosti prakticno
iskustvo, autenti¢énu atmosferu i oseéaj ,bekstva“ kao fizicki EER. Efikasno reSenje
predstavlja sekvencijalna primena oba formata, kako bi se iskoristile njihove prednosti i
nadomestila ogranicenja [2].

Dosadasnja istrazivanja pokazuju da su EER primenjivani u razli¢itim oblastima,
ukljucuju¢i medicinu, farmaciju, biologiju, hemiju, fiziku, astronomiju itd [8]. Poseban
izazov javlja se u nastavi fizike, koju ucenici €esto dozivljavaju kao apstraktnu i tesku.
Upravo EER omogucavaju priblizavanje fizike u€enicima kroz interaktivne zadatke i
prakticne simulacije na razumljiv i podsticajan nacin. EER cesto integriSu nastavne
sadrzaje viSe predmeta. Na primer, EER pod nazivom ,,Maskirani nau¢nik“ objedinjuje
nastavne sadrzaje koji se odnose na model atoma, radioaktivnost i Periodni sistem
elemenata [4].

Istrazivanja pokazuju da ucenici imaju pozitivan stav prema kori§¢enju EER, isti¢uci
njihovo aktivno ukljucivanje i razvoj drustvenih i timskih vestina [9].
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Imajuéi u vidu sve prethodno navedeno, moze se zakljuciti da su EER efikasan i
praktican alat u nastavi fizike i prirodnih nauka. Oni ne samo da podstic¢u aktivno ucenje,
motivaciju i timski rad, ve¢ ucenicima omogucéavaju primenu steCenog znanja u resavanju
realnih problema. Zbog svoje fleksibilnosti, moguénosti prilagodavanja razli¢itim
sadrzajima i integracije sa digitalnim platformama, EER imaju znacajan potencijal za
Siroku primenu u obrazovanju i unapredenje nastavne prakse.
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Abstract. The purpose of this work was to create an experimental setup that provides a
simple yet effective way to demonstrate the Fresnel-Arago laws and to realize a laboratory
exercise with red and green laser light. In our approach, a birefringent calcite crystal is used
as a beam splitter. The setups are improved by adding a diverging lens (commonly used for
image magnification) resulting in a large interference pattern, visible to a wide audience.
Quick and easy construction, relatively simple processing of the interference image, without
the use of expensive devices, obtaining a clear, sharp and large interference image and the
good agreement between the nominal and measured laser light wavelengths, make this setup
very suitable for realization as a student exercise.

Keywords: Fresnel-Arago laws, wave optics, Iceland calcite, diverging lens, laboratory
exercise

INTRODUCTION

Wave optics is an indispensable part of educational programs and is very suitable for
demonstrations at the high school and university levels [1,2]. In 1819, based on
experimental results, Fresnel and Arago formulated laws that connect polarization and
interference - phenomena characteristic of the wave nature of light. The four Fresnel-
Arago laws are [3]:

1. Two linearly polarized light waves of orthogonal polarizations do not interfere.

2. Two linearly polarized light waves of identical polarization interfere.

3. Two linearly polarized light waves of orthogonal polarizations obtained from a
natural (unpolarized) light source do not interfere if brought to common linear
polarization.

4. Two linearly polarized light waves of orthogonal polarizations obtained from a
linearly polarized light source interfere if brought to common linear polarization.

These laws have been the subject of scientific research in the last few decades.
References [4, 5] provide their theoretical interpretation, while in [3, 4-6], experimental
setups are proposed for their demonstration. Modern theoretical works provide very
comprehensive explanations of the interference of polarized light. However, a complex
mathematical approach was used for their derivation, with which many students are not
acquainted. On the other hand, the formulations of Fresnel-Arago laws, which have
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played a basic role in elucidating the concept of polarization of light, are much more
accessible for students. Therefore, these laws can represent a good basis for understanding
the interference of polarized light.

In our laboratory, we realized an experimental setups where two lasers (red He—Ne and
a laser with green diode) were used as light sources and birefringent calcite as a beam
splitter, although in previously published research, only a He—Ne laser was used (A =
633 nm). The reason for this is that the most pronounced interference pattern is obtained
in that wavelength range [7]. Our setups were improved by adding a diverging lens
(standardly used for image magnification), which produces a large and sharp interference
image with clearly defined and parallel fringes at a short distance from the calcite.

A significant advantage of this setup is the possibility of implementing an
experimental exercise aimed at determining the wavelength of the used laser. By
including the magnification of the diverging lens, the expression that relates the distance
between adjacent interference fringes on the screen (Ax) to the wavelength of light (X) is
modified.

EXPERIMENTAL SETUP

¢—15em—3¢<10em>y ¢ 55 cm % ¢ 50 cm > € 91 cm » 162cm >
He-Ne Laser Le c A Lo NA:YVO4 laser L c A Lo s
f=+10cm Sf=-10cm [=+50 cm f=-10em
a) b)

Figure 1. Schematic diagrams of experimental setup (a) with He—Ne laser, (b) with Nd: YV04 laser.
Lc-converging lens, Lp-diverging lens, C-Icelandic calcite, P-polarizer, A-analyzer, S-screen [3]

Figure 1 shows schematics of the experimental setups for the demonstration of the
Fresnel-Arago laws and the realization of the experimental exercise. In these experiments,
two lasers were used as light sources: He-Ne laser (Lasos, model LG 08180-93,
A =633 nm, output power 1 mW, beam diameter 0.5 mm, beam divergence < 2 mrad), and
diode pumped Yttrium-Vanadate (Nd:YV04) solid state laser (Phywe, model LG 08762—
99, A = 532 nm, output power 1 mW, beam diameter 2 mm, beam divergence < 1.2 mrad).

Birefringent Icelandic calcite rhomboid is used as a beam splitter. Two rays, linearly
polarized in mutually normal planes (so-called ordinary and extraordinary), emerge from
the calcite. The calcite was rotated around the horizontal axis until the output beams reach
the same intensity.

A converging lens (+100 mm or +500 mm) is used to focus the laser beam onto the
calcite entrance plane [4, 7] to achieve slightly diverging output beams, as they must (at
least partially) overlap to obtain an interference image. The role of the divergent lens (—
100 mm) is to magnify the interference image and thus make it visible to a wide audience.
It is placed in a position where the rays more or less overlap, forming an enlarged image
on the screen.

Phywe linear polarizer with an adjustment step of 1° and efficiency >99,9% from 450
to 750 nm were used as an analyzer. The analyzer was placed optionally, depending on
the desired effect.
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RESULTS AND DISCUSSION
Demonstration of Fresnel-Arago laws

In previous chapter it is said that diverging lens was placed at the position of greater or
lesser overlap of the beams. Namely, the lasers we used work in the first transverse mode
(TEMy) and have a Gaussian intensity distribution in the beams’ cross section. Therefore,
depending on the level of beams overlapping at the position where the divergent lens is
placed, a different intensity distribution of the interference fringes will be obtained. With
an increase of the spots overlapping, the intensity in the central part of the image
increases, and vice versa.

Figure 2. Greater overlap of spots Figure 3. Less overlap of spots on
on the screen. (a) and (b)-without the screen. (a) and (b)-without
analyzer;(c) and (d)-with analyzer.  analyzer;(c) and (d)-with analyzer.

Figures 2 and 3 show photos of the obtained effects for greater and smaller overlap of
spots on the screen, respectively. When the analyzer is omitted from the setup images
presented in figures 2(a), (b) and 3(a), (b) are obtained. It is clearly observed that there are
no interference fringes, i.e. that there is no interference of ordinary and extraordinary rays,
which was expected because they are polarized in mutually normal planes (first Fresnel—
Arago law).

Then, the analyzer is placed between the calcite and the diverging lens, whose plane of
polarization is parallel to the plane of polarization of the incident beam. The role of the
analyzer is to bring the ordinary and extraordinary rays into the same plane of
polarization. Clearly visible interference fringes are shown in figures 2(c), (d) and 3(c),
(d). This effect is a confirmation of the validity of the second and fourth Fresnel-Arago
law.

Figures 4 and 5 show the part of the photo of the interference fringes used to obtain the
intensity distribution (dashed rectangles in figures 2(c), (d) and 3(c), (d)) and
corresponding intensity distributions for greater and lesser overlap of beams, respectively.
It can be seen that the interference fringes are sharp, parallel and equidistant. For the
purposes of this research, a program was created to determine the intensity distribution of
interference fringes based on a photograph. The program is easy to use and allows for
very precise determination of the position of the maximum intensity of interference
fringes. Detailed instructions for it use can be seen in [8].
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Figure 4. Greater overlap of spots Figure 5. Less overlap of spots on
on the screen. (a), (b)- part of the the screen. (a), (b)- part of the
photo used to obtain the intensity photo used to obtain the intensity
distribution; (c), (d)- intensity distribution; (c), (d)- intensity
distribution. [3] distribution. [3]

Determination of the laser light wavelength

A significant advantage of the presented setups is the possibility of implementing an
experimental exercise aimed at determining the wavelength of the used laser. The
expression relating the distance between adjacent interference fringes on the screen (Ax)
to the wavelength of light (1), given in [5] and [7], is modified by including the
magnification of the diverging lens [3]:

LA
Ax = —u @)
d
where 1 - the wavelength of the laser light, L - the distance from the calcite to the
diverging lens, d - the distance between the centers of the spots on the output plane of the
calcite, u = dg/d; - the magnification of the image with a diverging lens, which is
calculated as the ratio of the distance between the centers of the spots on the screen (ds)
and the distance between the centers of the spots on the diverging lens (dr). The idea is to
obtain an interference image at a small distance from the calcite, (where the image is
small and unsuitable for processing) and to enlarge it with a diverging lens.

a) b) a) b)
Figure 6. Photos of beams’ spots Figure 7. Interference images on the
on the exit surface of calcite. a) screen without the diverging lens. a)
for red and b) for green light for red and b) for green light
The value of Ax is determined based on the graphs shown in figures 4 ¢) and d). To
determine the value of d, a piece of graph paper is placed on the exit surface of the calcite
(figure 6). The photo is inserted into the application for quantitative image processing
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(e.g. Digimizer image analysis software), the coordinates of the spots’ centers are
determined and the distance between them is calculated.

In order to determine the value of d, instead of a diverging lens, a screen is placed. A
small interference image is visible on the screen. By turning the analyzer by 45° to one
side or the other, it is possible to see an ordinary or extraordinary beam spot on the screen.
Both spots are photographed from the same distance. The photos are analyzed by
application for quantitative image processing and dp is calculated. The procedure for
determining the value of dy is the same as for df.

The interference images were photographed by a smartphone’s digital camera with a
resolution of 100 megapixels. Absolute measurement errors are estimated based on the
value of one pixel in the image, which depends on the resolution of the camera and the
distance from which the image was photographed. In order to reduce the relative
uncertainty, each image was photographed from the smallest possible distance and with
the maximum possible magnification to obtain a sharp photo.

Measured values and calculated wavelengths with estimated uncertainties for red and
green laser light, with diverging lens in setup, are shown in Table 1 [3].

Table 1. Measured values and calculated laser light
wavelengths with diverging lens
He-Ne laser Nd:YV04 solid
state laser
L+ AL (mm) 550+ 1 910 £ 1
Ax = A(Ax) (mm) 3.507 + 0.009 7.36 + 0.02
d £ Ad (mm) 1.144 £ 0.002 1.209 £ 0.005
ds = Ads (mm) 16.985 + 0.012 28.55 4 0.02
dp = Ady (mm) 1.477 £ 0.006 1.552 £ 0.008
u £+ Au (mm) 11.50 £ 0.06 1844 0.1
A+ A (nm) 634 +7 5317

Additionally, measurements were also made for the setup without the diverging lens.
For the red laser light, only the diverging lens was removed, the screen remained in the
same position. For green laser light, due to the significantly lower contrast and smaller
divergence angle, the screen had to be moved to 5.4 m where the interference fringes were
clearly visible and the image, captured by the camera, was sharp enough. Photos of
interference fringes are shown in figure 7 a) and b). The required quantities were
measured and the values substituted into the expression Ax = DAd (D—distance from
calcite to the screen). The calculated wavelengths, in this case, are shown in Table 2:

Table 2. Measured values and calculated laser light
wavelengths without diverging lens

He-Ne laser Nd:YV04 solid
state laser
D + AD (mm) 1490 + 1 5400 £+ 2
Ax £ A(Ax) (mm) 0.821 + 0.009 2.36+£0.03
d £+ Ad (mm) 1.144 £ 0.002 1.209 £ 0.005
A+ AL (nm) 63019 528 +7
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A slightly larger deviation from the nominal values of the wavelengths for the used lasers
than when a diverging lens was used is probably due to the fact that the interference
images are small and insufficiently sharp.

The results, obtained by using the both methods, show a very good agreement with the
used lasers’ wavelengths - 633 nm for the He-Ne laser and 532 nm for the Nd:YV04 laser.
The used experimental setups enabled us to measure the laser wavelengths with the error
less than 1.5%.

CONCLUSION

In this work the experiment for an easily feasible demonstration of the Fresnel-Arago
laws and the realization of the laboratory exercise is described. The experiment was
realized using red and green laser light. The settings, improved by adding the diverging
lens, are quickly and easily formed and allow obtaining a sharp, clear and large
interference image. By analyzing the interference image and by measuring the distances
between the optical elements, the laser light wavelengths are calculated, the values of
which agree very well with the nominal lasers’ wavelengths and the measurement
uncertainties are less than 1.5%. We believe that the presented experiment which connects
the phenomena characteristic of the wave nature of light (polarization and interference)
will contribute to a deeper and more complete understanding of these occurrences.
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Impact of the Covid-19 pandemic on the
performance of elementary school pupils in physics
problems related to electric current

Jurij Bajc, Neja Serazin
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Abstract. In the paper the changes in the knowledge of physics after the Covid-19
pandemic in Slovenia are presented. The focus is on the electric current as it is a topic,
discussed at the end of the school year in the last (9™) grade of elementary school. We
compare the results of the national assessment of knowledge test in two years before (2016
and 2019) and two years after (2023 and 2024) the pandemic by an in-depth analysis of a
representative sample of 100 tests for each year. Analyzing the answers to open questions
provides a better insight into the common misconceptions or lack of knowledge of physics
related to electricity. The main question remains: Are we indeed able to detect the changes
in knowledge of physics due to the Covid-19 pandemic?

Keywords: knowledge of physics, Covid pandemics, elementary school, national
assessment.
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The Coriolis force is an inertial (or fictitious) force that acts on a body moving within
a rotating reference frame, which is accelerating relative to an inertial frame. It is named
after Gaspard-Gustave de Coriolis [1], who first described the phenomenon in 1835. Like
all fictitious forces, the Coriolis force is proportional to the mass of the body. In vector
form, it can be written as follows:

F,. =-2mQ xv

where m is mass of the moving object, Q is angular velocity of the rotation and v is
velocity of the moving object. The Coriolis force exerts two types of action on a body
moving on the surface of the rotating Earth. The component parallel to the surface always
acts to the right in the northern hemisphere and to the left in the southern hemisphere,
relative to the direction of motion. The combined effect of the component orthogonal to
the surface of Coriolis force and the centrifugal force alters the effective gravitational
acceleration. Working in fields of environmental physics and meteorology we often need
just the parallel to surface component of the Coriolis force. However, here we will
concentrate on the often neglected orthogonal-to-surface component.

Between 1901 and 1905, Oscar Hecker [2] and his team from the Geodetic Institute of
Potsdam studied the geographical variation in gravitational acceleration on moving ships
in the Atlantic, Indian and Pacific oceans. While analyzing Hecker’s data, Lorand Eotvos
[3] noticed a correlation between the direction of the ship's movement and systematic
deviations in the measured gravitational acceleration values [4]. The values were lower
when the ship was moving eastward and higher when moving westward. At E6tvos’s
recommendation, Hecker repeated his measurements in 1908 using two ships on the Black
Sea - one traveling eastward and other westward. The results were perfectly consistent in
showing variations in gravitational acceleration. Since then, the modification of
gravitational acceleration due to the vertical component of the Coriolis force has been
known as the E6tvos effect.

In 1915 Eo6tvos constructed the rotating seesaw [S]. The device consists of a rod
mounted on two needle bearings, with two larger cylindrical weights placed at its ends. In
the non-rotating state, the rod remains in equilibrium. When the seesaw begins to rotate,
one of the weights moves eastward, while the other moves westward. According to the
Eo6tvos effect, the apparent weight of the two bodies changes in opposite directions. If the
force acting on the bodies oscillates at the natural frequency of the seesaw, the amplitude
of the seesaw’s motion gradually increase due to resonance. The motion of the balance is
detected by the observing the displacement of the light beam reflected from a mirror
mounted on the rod. In this way, E6tvos provided new experimental evidence for the
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Earth’s rotation, independently from the famous Faucalt pendulum experiment [6]. A
schematic representation of the rotating seesaw is shown in Figure 1.

light beam

/ semi-transparent mirror

screen

Figure 1. Schematic representation of the E6tvos rotating seesaw (left), and the modern version
of the device (right)

E6tvos solved the problem of rotation of the seesaw by employing a precision
clockwork mechanism. Nowadays, this can be achieved using a microcontroller-driven
stepper motor and rubber belt transmission [7] (see Figure.1). The angular velocity can be
adjusted using a potentiometer, and its value is displayed on an LED screen. The seesaw
is equipped with strong magnets positioned near the copper weights, producing damping
proportional to the velocity of the weights due to eddy currents induced in them. Our aim
is to represent the EotvOs rotating seesaw experiment using a modernized version of the
device.
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through AI and microcontrollers - case study
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Abstract. In an era of technological expansion, where it (technology) acts as a driver of
innovation in various spheres of society, (physics) teaching, as the most important pillar of
society, must change. Thus, technology, especially artificial intelligence (Al), can be used to
support potentially gifted students, in order to fully meet their cognitive demands. The paper
will present a case study of a potentially gifted eighth-grade elementary school student, as
well as his opinions and expectations regarding the application of Al and microcontrollers in
physics teaching. The student who participated in the case study showed above-average
interest in physics during the sixth and seventh grades, which was the reason for the focus of
this study on this student.

Keywords: Al, microcontrollers, gifted students, student activities, creativity.
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Abstract. In this paper, the radial and transverse equations in polar coordinates for a modified
Newtonian gravitational potential will be solved. The gravitational potential will be modified by a
correction which is different from Einstain's gravity. In Einstain's gravity, the Schwarzschild radius
term will be replaced with some arbitrary critical length. The correction of constant of the Kepler’s

third law [£4 = Av?

am? 1 year?
of solar system. The correction are related on the Stars (S2, S38, S55, S62, S4711, S4712, and
S4714) of Milky Way. The next correction of Kepler's constant for stars of Milky Way was
ad4m?
T2GMpy
black hole, and Mgy is the mass of black hole in the center of galaxy.

] is about five percent. Kepler’s third law gives good agreement for planets

obtained: = 0.95 — 1.05, where a is semimajor axis, T is orbital period of star around the

Keywords: Kepler third law, Einstain potential, Milky Way

1. GENERAL EQUATION OF MOTION IN TWO DIMENSIONS [1]

The equation of motion of a particle in a central field is given by following
expression:

ma = f(r)é,, )

in polar coordinates. From above equation we get two equations, first the radial equation:

d?r dp\?
m[ﬁ"’(ﬁ) ]—f(”' @)
Second equation is transverse differential equation:
d’p _drde d( ,do
m(?‘ﬁﬁ'ZEE —ma(r E)—O 3)

. . do .
From transverse equation we get next expression: 72 - = constant = J, where ] is

angular momentum per unit mass. The angular momentum of particle is constant when it
moves under the action of a central force.
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2. ENERGY EQUATION OF THE ORBIT [1]

The square of the velocity in the polar coordinates is given by next equation:
= () [
ve=|— rel— .
de dt “
Central force is conservative, so the total energy of system E = T + V(1) is constant, T
is kinetic energy and V(r) is potential energy. The equation of energy is given by

following expression:

E=T+V(r) =%U2+V(T), )

m[dr\? do
-3l 2
2[(dt) T dt

Now we can substitute the relation for angular momentum per unit mass (transverse
equation) and get the next equation:

dr\> J* 2V(r) 2E
@) = (M)

2
+ V(r).

(6)

From the energy equation we obtain the following expression for radial velocity:

ar _ jg W) S

dt m m ®)

1.e

dr J?
E = |2e — ZV(T) - r—z, (9)

where € is energy per mass and v(r) is gravitational potential per mass.

3. DETERMINATION THE RADISU R IN FUNCTION OF TIME T IN
MODIFY GRAVITATIONAL POTENTIAL [2,3]

Einstain gravitation potential is:

Veinstain (™ GM T,
Veinstain(1) = instain (7) = - [1 +=

m T rt (10)
Veritica (T GM 7,
Veriticat(T) = %al() = —7[1 +7C , (11)
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where M is the mass of gravitation center, G is gravitation constant G= 6.67 *
1071Nm?/kg?, r, = ZCG—ZM is Schwarzschild radius, ¢ is velocity of the light, and 7, is
critical length.

Now we start from the equation of energy:

dr _ 2GM T, ]2
a— 2+ " [l-l-? _7'_2’ (12)
dr 2GM ]2 - 2GMr,
E = (2e+ - - 2 . (13)

We substitute J;* = J% — 2GMr, and we get following equation [2,3]:

dr
Jidt =+
(14)
After that we get next form of equation:
dr
Jidt =+

2 2
2¢€ GM 1 GM
sEEE o
L J1

2 2
. . e 2¢ GM 1 GM .
We take following expressions H =—+ [—2] and - =—;, where is L =
L J1 J1 L 1
a(1 — e?) semilatus rectum, e is eccentricity, a is semimajor axis. For e < 1 and E < 0,

we have closed orbit i.e ellipse or circle. For e = 1 and E = 0 we have parabolic orbit and
for e > 1 and E > 0 we have hyperbolic orbit. In our case the orbit is ellipse and the
equation becomes:

L
[ ecosq’ (16)

Our orbit equation becomes:

dar

- -1

]ldt = i

7 (17)

Then we take next substitution:
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1 L
r_x_1+ecos<p'
Our equation becomes finally:
] T ]” L*dg L*m
127 ), [1+ecosp]? ™ [1—e2]3/?
where T is period of orbit.
For orbital period we get:
- L?2r L?2m
S 1 -e22 (1 e?32[)2 - 26Mr ]V
Then we get
1221 [1 szrC]‘l/Z
Tji-eFrl Tl
L?2m GMr,
T = 3 [1 > ]
3 J
J[1—e?]2
o GM 1 . .
Also we use the approximation that the 7z =7 In next expression:
472 2r,
12 = a1+
) GM L
It can be used that % = « and our equation becomes:
472
T? =—a3(1 + a).
oy & A+a)
Inverse law is:
4n? a® 1

Mgy T2 &

So for a parameter which is correction of Kepler’s third law we get next expression:
3 4n? a3
&= T oMy, T?

The value of a can be positive and negative.
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4. CONCLUSION

In Table we present the properties of stars of Milky Way. In table we have next quantities
The name of stars of Milky Way, the simimajor axis and period of rotation of stars,
relation between the power of three of semimajor axis and the square of orbital period and
finally we get values of constant . Dates for stars are used from [4].

Star a(AU) | T[years] a®(AU®) | T*(year?| a®(AU3)/T?(year?) a
S2 1044.2 16.0 1130547271 256 4,447+ 10° -0.035
S38 1178.1 19.2 1635108092 368.64 4.436% 10° -0.032
S55 896.9 12.8 721492917 163.84 4.404x 10° -0.025
S62 740.1 9.9 405355438 98.01 4.135% 10° 0.038
S4711 619.2 7.6 237406630 57.76 4.110% 10° 0.044
S4712 3720.6 112 51520374361 12544 4.107= 108 0.044
S4714 837.2 12 586880807 144 4,076+ 10° 0.051
. . GMpy _ 6 AU .
The Kepler constant for Milky Way is =4.297 x 10 where Mgy is mass of

412

yaear?’

black hole in the center of galaxy. It is obtained for absolute value of mean critical length:

L
T, = 0.0384-5 = 0.192L ~ 0.02L = 0.02a(1 — ¢?)
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Abstract. The global problem of STEM (Science, Technology, Engineering, and
Mathematics) science is student demotivation to learn. Therefore, in the last few decades,
strides have been made in bringing these sciences closer to students through various student-
centered teaching approaches as well as technical-technological innovations. One such
approach is STEM education. At the same time, this approach creates a coherent picture of
the studied phenomenon through the integration of different sciences. However, the
resources required to deliver STEM education can be quite demanding for school
conditions. Therefore, as the most economical solution, which fully preserves the
characteristics of experiments and empirical verification of theoretical laws, it is the use of
microcontrollers. Microcontrollers require a combination of programming and STEM
sciences. It is this combination that represents the best answer to the demands of modern
society, which is to ensure that students are as well prepared and equipped as possible for
life in the 21st century and in a world that is constantly changing. Additional advantage of
microcontrollers is low cost, reusability, and safe environment. This is a particularly
important issue when looking at nuclear physics, where classical apparatus cannot be
applied in school conditions, both because of the safety of students from radioactive sources
and because of the sensitivity of expensive and sophisticated apparatus. In addition to
nuclear physics and nuclear medicine, microcontrollers can be applied to various
thermodynamic systems such as testing meteorological parameters, as well as to all
branches of natural and technical-technological sciences.

Keywords: microcontrollers, teaching physics, student-centered approach.
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Abstract. The principle of chopper stabilized (auto-zero) precision direct current amplifiers
is the basis to the work of many contemporary operational amplifiers. The main idea is
described in many tutorials for electronic engineers. See for example MT-055 TUTORIAL
Analog Devices. The original American patent by Edwin Goldberg and Jules Lehmann is
from 1949 (U.S. Patent 2,684,999) but only now it is implemented in big number
operational amplifiers. The principle can be illustrated by two batteries, a double switch and
two capacitors. This means that can be understood by every student which knows what is a
battery, capacitor and can measure the voltage by a multimeter. In other words, every
student. We implemented a scheme from tutorials as set-up for student and gave as a
problem for two Experimental Physics Olympiads (EPO) in 1914 and 2023 arXiv:
1511.04328v1 and v2. The results confirmed our expectation most of the students performed
the sequential tasks and a significant number of last year students explained the result. In
other words our best students can reproduce the main idea of an American patent during the
4 hours competition. Practically this is the percentage of the students who continue his
education abroad. Some qualitative observations deserve to be considered by physics
teachers.

Keywords: Physics Olympiads, electronics, students.
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