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Mepiinyn:

Ym obon mapatnpeitar cvxyvd To @awduevo g exbetikng peloong peyebov
(ton/poptio ex@opTiLopévoy TLKVOTH, apOHog adACTUCTOV TUPHV®V, TAGTOG
eBivovcag toddvtoong). H mpdtacn avtr Asrtobpynoe o¢ Kevipikn wéa yo v
avantuén modaymywkov cevapiov pe titho «EkBetikn peiowon peyebdvy. Lto miaiclo
TOV GEVOPIOL OVTOV oXESAOTNKOV Kot avortiyOnKoy dabepatikég dpacTtnpoTNTESG OL
omoiec dlamiékovtal Kot propotv vo. evtayfovv atn didackaiio Sapdpov SISUKTIKMOV
gvomtov tov Mafnpatikdv, dvowig kot Xnueiog Avkeiov.

H dpactnpiomra mov @épet Tov Titho « MEAETN EKQOPTIONG TUKVAOTNY EVIACCETAL GTO
modaymykd cevaplo «EkBetikn peimon peyebav» kot avantoybnke oto mepdiiov
TOV EKTOOEVTIKOL Aoyiopkod Modellus. Me 1 dpaoctnpiotnta avt, o pabntig
KOAEITOL VO Topatnpfoel TN YPOovikn €EEMEN NG €KPOPTIONG TLKVOTH KOl Vo
mapakorovdncel Tawtdypova T HEIDOT TOL POPTIOL KOt TNG TAGNS TOL TLKVOTH GTO
koxdopa RC.

H mpocopoiwon tov ¢@awopévov mopéxet ™ Ovvatdmnta otovs podntég va
TAPOTNPTIOOVY TO PALVOLEVO, VO EXOVAAGBOVY, Vo dloEPIOTOVV TN POT TOL YPOVOL
Katd tn xpovikn e£EMEN Tov awvopévov. Ot cuyvég HeTaPacelg amd TV TPOGOUOImGo
TOV QUIVOUEVOL GE GAAEC OVOTOPUCTAGEIS, OMMG YPOUPIKT TOPACTOCT KOl TIVOKQ
TV, PonBodv to paBNT VO CLCKETICEVKOTAVONCEVEUTEODGEL TV £VVOl0, TOV
xpovov nuicswg CoMg, G oTobepds YPOVOL KOl TOL  OOLTOVUEVOL YPOVOL
EKPOPTIONG,.

Hopddinia, to @OALO epyociog péoa omd KATOAANAEG TOPOTPOVOELS, TEPLYPAPES KoL
EPMTNOELS KOAALEPYOUV TOV TPOPANUATIONS Kot TAVTOYPOVe Katevfhvouy 1o pabnt
og evépyeleg Kol OdKOolEg OMMG TOPATAPNON, HETPNON, OAAOYH TWOV OF
TAPaPETPOVS, olatdnwon vmobécewv, mpoOPreyr, Eleyyo g opfdmmTog TV
vofécewv/TpoPAéyewy, OVOGTOYOGLO, Katoypoen GLALOYIGUDV Ko
GUUTEPACHLATOV).

Abstract
The phenomenon of exponential decrease of many quantities (voltage/charge/current -
capacitor discharge, number of undecayed nuclei - radioactive decay, amplitude -
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damped oscillation) has been often observed in nature. The above has been the key
idea for the design of an educational scenario titled “Exponential decrease of
quantities”. Interdisciplinary activities within this scenario are interconnected and can
be used in the teaching of Maths, Physics and Chemistry at Upper High School level.
The activity titled “Study of a capacitor discharge” is included in the “Exponential
decrease of quantities” scenario and has been developed within the educational
software of Modellus. In the context of this activity students are asked to watch a
simulation of a capacitor discharge and observe the decrease of the charge and the
voltage across the capacitor plates of the circuit through multiple representations.

The simulation offers students the opportunity to explore the phenomenon, to repeat it
and to control the time flow during the process according to their needs. When students
move from the simulation to other representations, as graphs and tables of values, they
can relate/understand/comprehend terms as half-life, time constant and full discharge
time.

At the same time, the worksheet, through appropriate feedback, incitements,
descriptions and questions, cultivates skepticism and lead students to activities and
procedures as observation, measurement, change of the value of parameters, making
hypothesis and anticipations, investigation of the correctness of these
hypothesis/anticipations, reflections and conclusions.
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Xroryeio TOVTOTNTUG SPACTNPLOTNTOS

"Evvoteg Ex@option mukvot)

‘Evvoleg Meyébn Xpdvog nuicelog {ong, Xtabepd ypdvou

Avamopactdoelg [Ipocopoimon, Tpagiky avamapdotacn, [Hivakag
TILDV

Teyvun 2VYKpLoN avVATOPACTAGEMV

Hawayoywn avalitnon

Ymv mapadoctaky OwackaAio o poadntig ovvavtd SvokoAdieg otV
Katavonon Kot ocuvdeon TG eEEMENG EVOC POIVOUEVOD UE TI OVOTOPOCTAGELS TNG
eEEMENG avte.

Me 1 dpactnpotnTo avTi, 0 HodNTNG KOAEITOL VO TOPATNPNCEL TN YPOVIKY
eEEMEN NG EKEOPTIONG TLKVOTY Kot Vo TopoakolovBicetl Tavtdypova T peimwon tov
@optiov, TG ThoNg oTa AKPa TOL TVKVAOTH KOBMS Kt TNG EVTAoNS TOL PEVLILATOS GTO
KOKA®LOL.

H mpocopoimon tov @awvopévon mapéyel tn duvoTotNTe 6TOVG HodnTég va
TOPOTNPTIOOVY TO PALVOLEVO, VO EXOVAAGBOVY, Vo dloEPIOTOVV TN POT TOL YPOVOL
Katd TN ypovikn e&EMEN tov awvopévov. TTapdiinia, To VALA epyaciag péca amd
KATOAANAEG TOPOTPOVOELS, TEPLYPAPES KOL EPOTHCELS KAAAIEPYOVV TOV TPOPANLOTIGHO
Kot Toutoypove katevBbvouov To pofnT oe evépyeleg Kot Ol0dIKaGIiEG OMMG
mapaTHPNON, HETPNOT, OAAOYY TWHAV O TAPAUETPOVS, OTOHTMOON VTOBEGEWY,
mpoPreym, EAheyxo g opboTog TV vroBécewv/mpoPfrévewy, OVAGTOYAGUO,
KOTOYPOP] CUAAOYICUAOV KOl GUUTEPACUATOV).

Ot petafdoelc omd TNV TPOGOUOIMON TOL  POIVOLEVOL OE  OAAECS
avVOTaPACTAGELS, OTMG YPUPIKT TAPEoTACT) Kot TivoKa TiHdv, Bonfodv to pabnt va
GUGYETICEVKOTAVONGEVEUTEIDGEL TNV £vvola ToL Xpdvov nuicelag {ong, g otabepdg
XPOVOL KOl TOV ATOTOVUEVOL YPOVOL EKPOPTIONG.

I'evikd m mopeio mov okolovOeitor eivar: IIpodPreym, mepopaticnd —
EVOEYOUEVT GYESIAON YPOPIKNG TOPACTOOTG 1] CUUTATPMCT TIVAK®OV TIUOV 6TO GOUAAO
gpyaciog Kot ot cuvéyela Eleyyog/emiPePaimon tng opBOTTOC TV TPOPAEYEMV.

[Swaitepn onpocia divetor otn dudbeon ypdvov yio culRtnomn oty téén dote
va S1levKkpvicHovv aoAPELES KOl TOPOVONGELS.

AlOOKTIKOL 6TOYOL

Méoa amd T dpacTnPOTNTA AVTH EMSIOKOVUE O HodNTAS:

1.  No dwmotdost 0Tt KOTd TV EKPOPTIoT) TUKVAOTN TO POPTIO KoL 1] TACT| 6TA AKPa.
TOV TVKVOTH KOBMOG Kot 1 évtacn tov pevpotog oto kukiope RC akolovBoldv
vopo ekbeTikng peioong.

2. Noa kotavonoel tnv £vvola Tov ypovov nuiceag (ong, g otabepdg xpovov.

3. No ovoyetioet to ypovo nuicelog {ong pe ) otabepd ¥povou.

4. No koatovoroel v emidpacn TovV THOvV TG avtictaong R xot g
yopntikottog C Tov KukAopotog RC oty e£€MEn tou pavopévou.
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Emonpavosig

e Ou gpotmoelg ota @OAMO  gpyoociag €xovv ®G oTOY0, TEPIOGOTEPO V.
TPOETOYAGOVV Kol Vo kaBodNyncovy T okéyn tov podntdv, kot Aydtepo va
amovtnBovv pe oxond v a&loAdynon Tovg.

o Ot Tyég Tov peyebov otov Iivakal divovtar pe mpocéyylon mEVIE dEKUIIKMV
ynoiov. IIpocéyyion Atydtepov dekadikdv ynoiov Bo £xel cav anotélecpa vao
eppavifovtor ot Tég TV peyebdv g otabepic N UNdevikég evd cvveyiletor M
eEEMEN TOL PavoLLEVOL.

D®YAAO EPI'AXIAX
APAXTHPIOTHTA: Mglétn ekQOpTIONG TUKVOTY

Exnardevtikd Aoyiopko: MODELLUS, apygio: decay.mdl

Ovopoten®vopo:

Taén:

Hpepopnvia:

Hpora pripora

Doptdvovpe 10 opyeio decay.mdl. And 10 pevov Ilapdbvpo emidéyovpe v

Hopovsiaon 1. Znv 086vn oL LVOAOYLGTY, 6To Tapdbvpo IMapovsioon 1 Bewpodpe

600 pépn: a)aplotepd kot P)Oed pépoc. a)XTo aploTEPO HEPOS TOL Tapablpov

mapovotdloviat 600 GLGTALOTO AEOVOV Yo TIC YPOPIKEG TOPUCTACELS TV HeyebmV:

Téon V ota dkpa tov ekpoptilduevovr mokvoty kout Doptio Q Ttov TLKVEOTY

GLVOPTHOEL TOL YPdvov t. 1o 8e&10 Lépog mapovotaletat 1 SATOEN TOV KUKADUATOG

RC og o000 ¢@doeig: (1)mpwv 10 Kheioo tov dakdmTn Ko (2)petd to KAgioo Tov

SloKomT.

Heprypaen TS KATAGTAGNS

Ag pavtactovpe OtL €yovpe Evav Tukvath yopntikomtag C péow avtictaong R. O

TUKVOTNG aPYIKA givan opTicpévos pe eoptio Qo ko 1 téom ota dkpa Tov givan Vo.

H mpocopoimon apopd ™ ypovikn €EEMEN TG €KEOPTIONG TOV TLKVMTH LETA TO

KAeloyo tov dtokomtn 610 KuKAwpa. H tdon ota dipa Tov TukveT| Kot To ¢opTio Tov

axoAovfovv vopo ekBeTikng peimonc.

Odnyies xepropod tov mopadvpov Eleyyog

¥ Me ot 0 Kovumi, Evepyomoleiton N TPOGOUOIWGT TOV TEPEUATOG.

Me oautd 10 KOLum, OLKOMIETOL TPOCWPIVA T TPOGOUOI®GCT) TOV
TEWPALOTOG KOt [ To 1510 kovumi cuveyilet.

Me ovvegopeva KAk ota  PéEAN
extedeitanl Eava, Ppo Prpa, 1 TPOGOUOIMOT TOL TEWPAUNTOS, £QPOGOV TN
OTOLOTACOTE TPOCOPLVA 1] OV TEAEIMGE 0 XPOVOG EKTELECNC TNG.

Me owtd 10 kovpumi, GTOUATAEL ] TPOGOUOIMOT| TOL TEPALATOS.

I'vopwpia pe to mepifdiiov
Yto mapdBvpo Ilapovcioon 1 vadpyovv omoONKELUEVES TPEIS TEPMTMOGCELS: o)
[epintwon 1 oty onoio avtioTolyel To povpo kovumdkt, B) Iepintmon 2 oy omoia
avtiotoyel To Tpdowo kovumaxt Kot v) Iepintoon 3 oy onoia aviiotoyel 10 pof
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Kovpmdkt. Atveton €1t 1 duvototnTo va emAéovpe dapopeTikég Tyég yio R kot C
K0 Vo, LEAETNOOVLE To, avTioTotya ypoenpata Q, V kat I cuvapticet Tov ypdvov.
[Motaovrog to povpo kovumdkl, Exovpe v nepintwon 1 6mov

C=1000 pF xon R=15 KQ.

A7b 10 YEPLOTNPLO EAEYYXOL EEKIVALE TO TPOYPOLLLLOL.

Epyocia tporty:

1) Mapatnpiote ™ pelmon g TIoNs Kot ToL OPTIOL TOV EKPOPTILOUEVOL TUKVOTY
kaBhg mepvael o xpovoc. Mmopeite va emovaidfete TV TPOCOUOIMON OGES POPES
Oélete ko va mopatnpnoste ™V TOLTOYXPOVN €EEMEN TOL QOVOUEVOL GTIS 60O
YPOOKEG TaPAOTACELS. XT0 KOT® 0850 péPog tov mapabipov kataypdeovior ot
oTrypaies TIHEG TOL XpOVOD, TG TAONS Kot TOL (POPTIOV.

Ye 0G0 XPOVO eKTIUATE OTL EKPOPTILETOL O TUKVOTAG;

Me 1t PBonbeia g Kivnong Prpa-frHe oTo XEPLOTAPLO EAEYYOV, TPOCTOONCTE VO
Bpeite katd Tpocéyyion to ypdvo Nuicelag (NG ToL EOPTIOL KoL THG TAONG.

Me 1t Ponbew g kivnong Prpa-prne oto xeplotiplo eAEyyov, TpPoomabnote va
Bpeite Katd TpocLyyion TV T TOL EOPTIOL Kot TNg Tdong og xpovo pog otabdepdc
xpdvov T.

SVUTANPDCTE TOV TOPOKAT® Tivaka e TIG avtioTotyeg aplOuntikég Tuég
Xpovog t otobepd ypdvov 1= xpovog nuicelog Long t=
Doprtio Q
Téon V
AvVoKoA£OTE TIG YVOGELS o TN Bepio TG EKPOPTIONG TUKVOTY.

Mmropeite va KotoAnEete ot PabnUOTIKY 6YXE0T TV GLUVOEEL T otabepd XpOVOL T UE
70 XpOVo Nuicewg Cofg tiy

EmoAnOedote pe ) Pondeia e ap@popnyovig av 1oyveL N 6XECT OUTH Y10 TIG TULES
TOV TTOPATAVED TIVAKO.

SVUTANPDOTE TOV TOPOKAT® TVaKa LE TIG avTioToryeg aplfuntikég TIHéc.
Xpoévog t 0 T 2t 3t 41 5t 67
Doptio Q
Téon V
Empepaioon
EmBepardote 6t 68 ¥pdvo T 1 ThOo™ KO TO QOPTio £xovv pewmbei katd 36,8% g
OPYIKNG TYNGS TOVG.
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Epyoacio devTepn:

DITatdvtog To Tpdoivo KOLUTaKL, EXOVUE TNV TEPITTOGN 2 OOV

C=1000 pF xon R=30 KQ.

A7b 10 YEPLOTNAPLO EAEYYXOL EEKIVALLE TO TPOYPOLLLLOL.

[opatnprote ™ peioon g TAGNG KOl TOL POPTIOL TOV EKPOPTILOUEVOL TTUKVMTY|
KaOdG TEPVAEL O YPOVOC.

Hopatipnon-Xoykpion

YuyKpivere TIC YPOQIKES TAPACTACES NG MEPIMTOONG 2 HE TIC OvTIOTOWXES NG
nepintmong 1 kot S1TVTMOGTE TIS HS10POPES TOVL TOPATNPELTE.

DlMotdvtag To Lo Kovpumdkt, £xovpe Ty nepintoon 3 6mov

C=2000 pF xon R=15 KQ.

A7b 10 xEPLoTNPLO EAEYYXOL EEKIVALLE TO TPOYPOLLLOL.

[opoatnprote ™ peioon g TAoNG Kol TOL POPTIOL TOV EKPOPTILOUEVOL TTUKVMTY|
KaOmG TEPVAEL O YPOVOC,.

Hopatipnon-Xoykpion

YuyKkpivere TIG YpopKég TAPACTACELS TG TEPITTOONG 3 LE TIG AVTIOTOLKES TOV GAA®V
nepumtdoemy  (nepintwon 1 xor mepimtoon 2) dwtundote TIC SPOPES MOV
TOPATNPELTE.

"EAeyyog

3) And 1o pevov IapdBupo emiélte dadoyucd ta Tapabvpa I'paonpa 1, I'paonpa 2
ko I'pdonpa 3.

EeKIVAOTE TNV TPOGOUOIMOT KOl TOPOKOAOLONOTE TNV TALTOXPOVN O)EdiOoT TV
YPOONUAT®OV TG UETABOANG TOV QOPTiOL, TNG TAONG Kol TNG EVTAONG TOL PELUATOG
GLVOPTHGEL TOV ¥PpOvoL 6To kKOKAwpa RC.

Emai0gvon

EmoAnBebote v 0pHOTNTO TOV TPONYOOUEVOV TOPUTIPCEDY GOG.

Yolfnton — Tvpnepdopoto
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