Ipocopowwoeig Nevtaverog Mnyoavikng pue Python.
Mo 010 0KTIKN TPOTOGT)

I1. MepopBehotaxng!, E. Popmola?

Ydvoikos, Metamtvyioxoc oto tuuo Povoiiic EKITA
2MSc inpopopixiic, KaOyyitpio ITinpopopikic oto 50 IEA Bopwva
petros.mera09@gmail.com, 2eleni.rompola@gmail.com

Iepidnyn

H ocvuykekpyiévn giomynon mopovcstdlel pio SIEMGTIUOVIKY SIO0KTIKY TpoOTAoT Yio LadnTég
™mg Oetikng KatevBuvong I'evikod Avkeiov. Kabbdg n avolvtikn pobnpotikn eniivon tov
eflomoewv ¢ Nevtdvewng Mnyavikng eivol mpaktikd advvarn yur padntég, €xet moAd
peydlo evolo@épov 1 TPocopoimon Tov eEICOCEMV aVTOV UEC® Tpoypappatiopov. H
GLYYPOET KOSIKO TPOCOUOIDGEMV omtd TOVg id1ovg, divel 6ToVG HabNnTég T duvatdTTo Vo
depevviicovv ehebibepo Sudpopa LGIKG Qovopeva mov cyetiloviol pe Tovg NOpovg Tov
Nevtova kot va enefardcovy Ty BempnTikn YvdoT ToL €00V 0o T OVTIGTOY O Lo poTa
duoiknc. Ot Tpocopoudoelg Tpoteivetat va Ypoaeovv oe Python, kabmdg mapéyetl evkoAeg ot
xpon PProdnkeg yioo mv dnpovpyio dwoypoppdtov and to dedopéve Tov VIoAoyilel o
KOOGS TNG TPOGOUOIOTS.

AéEarc khewdrd: Nevtdvelo Mnyavikn, Ipocopownoelg, Avvapkog Ipoypoppaticpog,
Python.

1. Ewcaywyn

2 Nevtoveror Mnyovikn aravioviol cuyva TpoPANUaTa To omoio dgv emdE OVTIL
OVOALTIKNG pobnuatikig emilvone. Ta mpoPfAquota ovtd umopovdv Oumg va
TPOCOUOIO0DV UEC® TPOYPULUATICUOD MOTE VO, YIVEL EUEOVAG 1) SLVOIKY Kol T
eEEMEN toug oto ypovo. H mapodoo epyacio mapovoidlel o SETGTNUOVIKN
OWaKTIK 7POTOoT, M omoio ovvdéel TOvg KAASOLG TG DLoIKNC Ko NG
ITAnpogopikng. AmevBovetal oe padntéc Avkeiov, Oetikng KatevBuvong, kot otdyog
g ivan 1 LAoToinoT Tpocopoincemv Nevtovelag Mnyovikng, ®ote vo eroindgvtel
0 20¢ Nopog tov Nevtwva. Ot IpoGoUOIOCELS TPOTEIVETAL VO YPUPOVY GTNV YAMGOW
Tpoypoupatiopuov Python.

2. Ocwpnytiné Yrofalpo

2.1 IIpocouorwaceis oty Pooiky

H ypion mpocopoidoewv otn odackaiio evvolimv Kot vopwv tng Duotkng €xet
amodelyfel péow dopopmv peretdv SokTikd enmeeAng (Huffmann, Goldberg, &
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Michlin, 2003) (Jimoyiannis & Komis, 2001). H pelétn pécm mpocopoidcemv
SOPOP®V PLGIKMV PULVOLEV®Y, TO, OO0 YLl TPUKTIKOVS AOYOUG OEV UTOPOUV v
vAomomn 0oV TTEPANOTIKG, £POOLALEL TOVG HOONTEG e AMTA GTOLEIN KOl EUMEPTIKES
TOPOTNPNOES Kol TOLG LROOTNPIlEl otV dNuUovpyio COOTOV AVIIANYE®DV Kot
gvvolmv kafag Kot 61N d1opbmon TBavady TPoHTOPYOVCHV TOPAVOT|CEDV.

Q¢ péoa Kol epyoreiot TPOCOUOIMONG EVVOOULE KLUPIMG YNOLOKES EQOPUOYES KOl
CLOTHHOTE Kol Ol LVAKEG melpopatikeés datdéelc. H ypnon tétoumv epoppoydv
ovédvel, TOCOTIKA Kol TOWOTIKG, TOV Pabud ¢ HaBNTIKNG GLUUETOYNG OTN
dwaockoiia. Apactnpronolel Tovg HoONTEG OAAG Kol TOVG TOPEXEL OLVATOTITEG
TEWPOUATIONOV Ue peydro Pabud ekevbepiag. H ovyvi kot cvotnuatikny ypnon
TPOCOUOIDCE®Y oTN odaokoiio g Duoikng PeAtidvel TNV 1KOVOTNTO TNG
TPOPAEYNC KOBDOG Kot TV KAVOTITO GLVOLAGLOD YVACEWMV Yo TNV EMAVON VE®OV
npoPAnuatov (Spodniakova Pfefferova, 2015).

2.2 Aiemotyuovikotnta kou I ypopopikij

H Siemomuovikémta og tpdmog opydvwong tov Avoivtikold Ilpoypdupartod,
dwtnpel Slokpitd pobfpoTe EMAOYNG Kot Oldtaéng NG OYOMKNG YVAOONG, OAAY
emyepel pe mOKIAOLG TPOTOVG VO CLOYETIoEL UETAED TOLG TO TEPLEXOUEVO TV
dlokpltov  padnudtov (Matoayyobpag H. , 2002). Eivar o S180KTIK)
TPAYLOTIKOTNTO TNV omoia ot pabntéc dev €xovv mMOAAEG evkatpieg va Pudoovy, ki
avtd opeidetar o€ AOYOLC OMMG O €EETOCIOKEVTIPIKOG YOPOKTNPaS Tov [evikov
Avkelov, KAzm. ITiotedovpe, ®GT000, OTL €0TM KOl TEPICTAGLOKA, 1 EMAOYN &€VOg
0ép0Tog KO 1) OLEMIGTNIOVIKY] TOV TTPOGEYYIoT OQEAEL Kol TOVG pobNTéEG aAld Kot
ToVG ekTandevTIKovg. O GVALOYOC S1000KOVTOV Umopel and omAr] S101KNTIKOD TUTOL
ouvOTaPEN CLVOIEAP®Y VO UETATPOTEL GE AELTOVPYIKY] OUAdO GLUVEPYOGING, EVG Ol
pnobntéc kepdilovv katd KOPLO AOYO [0 OMOTIKY EKOVO, TNG TPOYUATIKOTNTOG
(Mmixog, 2015).

H ypnion epyareiov ITIAnpopopikng o610 mhaiclo dAAwv podnudtov sivolr apketd
ovyvh, OMWG Yo TOPASELYLA 1) TPIOOLACTAT EKTOTIMOT 610 Uddnuo g lotopiag
(Zoppn & Poumora, 2017), whm. Iliotebovpe, Ouwe, 6t 0 kot efoynv
SlEMOTNHOVIKOC cvvdvaouog g [IAnpoopikng pe GAdeg emiotiueg eivor m
EVOOUATOON SPAGTNPLOTHTOV TPOYPUUUATICUOD OTIS PACELS TNG O1000KaATG. XTa
poOfUoTo TOV BETIKOV EMOTNUOV VTAPYOLV TPOPANLOTA TTOL OEV UTOPOLV V.
emMALOOHV Le pabNUoTIKG TPOTO LOTL ATALTOVV TPOYWPNUEVEG HOONUATIKES YVAGCELG
oo TOLG HobNTEG,  UMOPOVV OUME VO TPOGOUOIMOODV UECH TPOYPUAUUATICUOD KOl
va peretnBoldv deodikd. H 0e&lomnta Tov TPOYPOUUOTIOHOD Eival avoyKoio
gpyorelo yuo T0 OOVOAO T®V OETIKOV EMOTNUOV KOL TO ONUOVIIKOTEPO, (0MC,
TAEOVEKTN IO TTOV TOpEYEL Evar 1) ehevbepia. GTOV TEPAUOTIGHO KOl T1 SlEPEVVT|ON.
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2.3 Mé0odoc Euler

Ov dwgopikég eElomoelg  ypnoomoovvtal ovyvotata ot Duvoikn yuoo va
epypayovy dtaeopo pawvopeva. H aplBuntikn tovg emilvon, opwg, givar cuyva
dvokoAn €wg advvarn. Mia dueopikn eicmon dapépel amd pio cvvinon egicmon
GTO OTL 0 AYVMOTOC OV TPEMEL VO, TPOGOloploTel elval cuvaptnon kot n e&icmon
TEPLEYEL TOPAYADYOVS TG GUVAPTNOTG.

H péBodoc Euler (Press, Teukolsky, Vetterling, & Flannery, 2007) gtvou 1 o amdn
explicit pébodog aplBunTiKng emiAvong mPOTOTAEIMY  dloPoplkdV  eEloMOEMY,
dedopévov kamolnv apyik®mv cuvinkmv. H pébodoc avtn givorl tpdtng tééng, dSniadn
TO0 GQGANA ava Pripa eival ovAAOYO TOV TETPAYDOVOL TOL YPOVIKOD PrLOTOC KOl TO
GUVOAKO o@AApa glvol avaioyo Tov ypovikoy Pruatoc. 'Ectom o011 éyovue v
akolovdn eiomon pe kdmoa apykn cuvinkn x(0):

rf;r: f.) .
{ = f(x(t)), =x(0) = xq @
dt
AoV emAeyel | TIUN TOL YPoVIKoL PriHaTog At kot oploTel th = nAdt ko Xn = x(nAt)
toTe KB Prjna g pebodov divetan amd TV oyéon:

Tpil = Tp + f(r“}_i\.?‘ )

TI'a va umopécovv va emilvBodv aplOuntikd O10popikés eElCMOELS LEYOADTEPTG
T4&nc, 6mwg M e€icwon mov TpoxvmTel amd Tov 20 Nopo tov Nevtova 1 omoia eivar

dgvtepng TaéNG:

d?x(t)

TPEMEL VO LETOTPATOVV GE EVOL GUGTNUA JAPOPIKDV e&lomdoewv Tpmtng Taéne. [Na
mv mepintwon tov 200 Nopov tov Nevtwva 1 petotponn yiveton icdyovtog Lo
gmmAéov ocvvdptnon U(t) = dx(t)/dt ko to ovotnuo TpwToTdélny eflodosmv Ba
glva:

m

Tu(t
m- u(t) = F(x)
dt @
dx(t) ()
= u(t
dt '

2.4 Mé6ooog Evorouéowv Xyucsiov

H pébodog evdiapéomv onueiov (Press, Teukolsky, Vetterling, & Flannery, 2007)
givar pa opBuntikny nébodog mov diver ueyolvtepn akpipela amd v uébodo Euler.
Eivon dgvtepng tééng, onradn o kdbe Prina to opdipa ival avaAoyo tov ¥povikohd
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Prpratog oty tpityn dOHVOUN Kol TO GUVOAMKO COUALN ival OVAAOYO TOV TETPAYDVOV
oL Ypovikov Pruatoc. ' v emilvon g e€icmong (1) ke Pripa g pebddov
gvdlapéoov onueiov divetor amd v oyéon:

. At
Tptl = Ty T Jf (In + Tj(fn}}-lf )

=

H pébodog avt) mapovoidlel peyarvtepo evotapépov ottt (o) umopei vo emeénynOet
TOAD KOAG SlouoONTIKA Kol HE ¥pNon OMA®V YEMUETPIK®V oynudtov, kot (B)
EMTVYYAVEL IKOVOTOMTIKNY akpifelo dote va pmopel va ypnoiporombel otn perétn -
o€ Pacikd eninedo - cLoTNUATOV OTOC 1 KivioT &vog c®UOTIOoN (TAaVITN) YOP®
oo Evo EAKTIKO KEVTPO (GA10C).

3. H Avoaxtixny Ilpotaon

H avBevtuc pdbnon etvar o dadikacio evepyntikig dtepedhvnong mpofAnUatik@my
kataotdoev (Matcayyoopag H. T'., 2007). Ztig OlepeuvnTikéG OTPOUTNYIKEG
daokaAing 0 0toY0g givar cuvniBmg dSTAOG: ot pabntég va pdbovv kATl Kovobpylo
OAAG Kal vo eEaoknBobv oty id1a T depguvnTikn drodikasio. No pndbovv dnA. mwg
VO GUAAEYOLV OPYOVOUEVO, TO OEGOUEVA, TMG VO T avOADOLY €EOVTIANTIKE Kot
GUOTNUOTIKG, ®OOCTE TEAIKO VO KOTOANYOUV GE TEKUNPIOUEVO GCLUTEPAGLOTAL.
IIpoxertar ywoo o otpatnyiky SdacKoMag oL MoTEVOLUE OTL Toupldlel ©TO
OWaKTIKO avrtikeipevo g Duoikng, m omoio givol o emotiun kot eoynv
nepopoatiky. Ta yevikd otdado g diepeuvnTikng oladikociog eivar 1 Oswpia-
vrdbeom, n TpOPAeY™, TO TEipANA, TO GLUTEPACO. METAPEPOVTAG TNV JAOIKOGT
QT G€ GYOAKO TANIGLO, OOV £VOG TEPLOPIOTIKOS TAPAYOVTAS EIVOL 0 O1O0KTIKOG
xpévog, Ba mpémel va yivel TPOCEKTIKN €MAOYN TOL VAIKOL mov Bo dobel yia
depevvnon atoug uadntéc, mote 1 SdacKaAio vo oAokANpwOEl oe LoyiKo ypovo.

3.1 Ilpoararrovueves I'vooerg

Mo v vhomoinorn tng SSOKTIKNG TPOHTACNG TPOUTALTOVVTAL OO TOVG HOONTEC
oLYKEKPIUEVEG YVDoELS DUGIKNG, Ol omoieg TepAaUPavovTal 6TV SIOOKTEN VAT TOV
avtictorywv potnudtov Tov I'evikod Avkeiov. Avaivtikdtepa, ot podntég Ba mpémet
(o) va yvopilovv tov 20 vopo tov Nevtova, (B) va pumopodv va gpunvedovy Tnv
EMTAYVVOT Ko TNV ToYVTNTO ®G puORodg peTafoing g toybtnTag Kol ¢ 0éong
avtioctorya. Xpnowo, oAAd Oyt avaykaio, sivar vo pumopovv va ekppdcovy Tov 20
vopo Tov Nevtmva yio omAd GLGTALATO.

Mo mv xatovomon g pedodov Euler Ba fitav ypriown n yvodon Tov mopoydymv
KaOMG Kol TG YEMUETPIKNG epunveiag tovg. Qoto6co, €dv ot puadntég dev €yovv
ddaybel to oyetikd kepdioto MobnUOTIK®V, 0 eKTAIOELTIKOC pmopel v, eEnynoet
TNV £VVol0 TNG TOPAYDYOL dtoneOntucd, te un-padnpotiKd entyepnuoTa.
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ATO TPOYPOUUOTIOTIKNG TAEVPAS OEV  amouToOVTIOL  EEEIOIKEVUEVEG  YVDOELS
TPOYPAULATIGHOV. AV BewpnBel 6Tt ot padiuata ITAnpogopiknig ot pabntéc Exovv
dwaybel TG OTOWYEIDMOEIS TPOYPOUUATIOTIKEG OOUEG KOl €YOVV  YPAYEL OomAd
npoypaupate o€ Python 1 oe dAleg YAdooES, T0TE S10OETOLV TO OTTOPAITTO EQODIAL.
H alyopiBukn mpocéyylon Tov Tpocopotdce®my otnpileTon 6TV dlaKpITOnoinen TV
padnuotikeov elodoemyv mov mEPLYpAPovy 10 TPOPANua. Ot e€lomoelg avTég
KOTOATYOUV GE GVAOPOUIKT HOPPT], OTOL £va QLo péyefog kdOe emduEevn ¥poviKn
otTiyun e€opTatal amd TG TEG TOV GE TPOTNYOVUEVEG YPOVIKEG OTIYUEG. ZVVETMG TO
Tpoypauuate mov Oa kKAnOobV vo ypdywouv ot pabntéc EviacoovTal 6Ty Katnyopia
Tov Avvapikov [poypappatiopod (xopig avadpoun) kot givat ToAd aming LopeNS.

3.2 Opyavweon Taéng

IIpoteiveton 10 pdONUO va yivel 6€ OYOAIKO €PYOCSTAPLO TANPOPOPIKNG, MDOTE Ol
pabntég va £xovv otn dudbeon toug H/Y yuo va pumopécovv av ypayovv ot id1ot Tov
KOJKO TV mpocopoldceny. Xe kGOe H/Y Ba mpémel vo vmdpyel eykoteotnuévn m
Python xabm¢ kot n iAotk SciPy amd v omoia Ba ypnoipomomboiv ta makéto
numpy kot matplotlib. EvaAiaxtikd, edv 1o pabnuo yivel og té&n, n ovyypoaen Tov
KOO umopel va yivel cuvepyatikd ko vo Tpofaiietol Le yprion tpoforia.

Ot podntéc Ba opyavwbBovv ce Hikpéc opddec Tov 2-3 atouwv. ['a kdbe opdda Oo
TPENEL VO, VTTAPYOLV Olobéco Eva pkpo avtikeipevo (T, Mo JWiKpY| TETPO) Kot
VIO, OGTE VO LTOPECOVY VA, KOTAGKELAGOLY €val amAd ekkpepéc. H kataokeun yu
Vo €lvol OmOTELECUOTIKY TTPEMEL VO €YEL TA EENC YOPAKTNPLOTIKA: TO AVTIKEILEVO TO
omoio B debel oT0 VO TPEMEL Vo givorl apKeTd mo Popd amd To VAL (TLTKAE dVO
Té&e1g dvvoung givar edkolo va emttevyBovv — av 1 nala Tov vinaTog sivol Ty, S yp
tote M walo ToV avTiKEEVOL Do TPETEL Vo, Eivol avVAAOYEC EKATOVTAOES YPOULLLAPLN
w.y. 500-600 yp), dote T0 KEVIPO HALAG TOV GLGTNAUOTOC VALO-COUA Vo, BpiokeTat
TOAD KOVTA 6TO KEVTIPO HALOG TOL COUOTOC, £TCL MOTE TO PETPOVUEVO UNKOG OO TNV
apyn Tov VALOTOC uéEYPL To KEVTPO UAlog ToL cOUATOS Vo givol To uRKkog 1 to omoio
vreweépyeton otig eélomaoselg. Tov 1610 okomd emiong evanpetel Ko 1 pIoN UEYAAOL
UKOVG VILOTOC.

Ot paBntég Ba ypelactodyv emiong YPOVOUETPO, TO OMOI0 UTOPOVV Vo Ppovv oTa
gpyodeia tov H/Y 1 icmg og kdmota Kivnti GuoKeLN.

3.3 Xraowa Epapuoyns

Yoyoroywi] kot I'voororoywui) Ilpogtopacia

EeKvavtag TV 018ackaia, 0 EKTAdEVTIKOG cu{NTA e TOVG LOONTEG OYETIKA pE TIg
wpocopolnoelg otig Oetikég emotiuec. Katd xovova, ot pobntéc tng Osetikng
KoatehBovvong éxovv mapakolovBnoel evOloQEPOVCES TPOGOUOINCELS EITE G KATOLO
uédnua gite dradiktvakd g Pivreo. IToAd onuaviikd tepdpata to omoia Yo Adyovg
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KOOGTOVG, OOQUAELNG, YPOVOL, KAT., dev givar dvvatov va de&oybodv TpoyUaTIKa,
£€Yovv MG EVOALOKTIKT VAOTOINGN TNV MPOGOUOiwon UEcw TPoypappaticpov. ITo
GLYKEKPLUEVA Y10, TOV TOpEN TNG Nevt®dvelag Mnyavikic, TPOGOUOUDCELS UTOPOVY V.
YPOPOOV Y10 TO TOAD OAG GUGTNUA EVOG EKKPEUOVS UEYPL KOL Yol TNV KIvnon TV
TAOVITOV.

Amo TAELPAC YVOGIOAOYIKNG TPOETOLOGIOG, Ol HOBNTEG KAAODVTOL VO UTUTMCOVY
Tov 20 vOpo tov NebLTOva, vo EPUNVELGOVY TNV EMTAYLVOT Kol TNV TOYVLTNTO MG
pLOLOVG PETOPOANG Kal, TPOULPETIKE, VO TEPLYPAYOLY YEMUETPIKA TNV £VVOlol TNG
TOPOLYDYOV.

O 20g vouog tov Nevtmva £xet kabiepwbel og pa and 11g facicég yvooelg Puoikng
ot devtepoPabo exmaidevon kot dgv €xel tebel vwd apeioPrimon. Ot pabntég
KOTA KavOVa gV UTOPOVY VO SOCOVY OTdVINGT 6TOV TPOPANUATICUO “TTO10G Kot MG
ocog €mewoe OTL WoyveEL 0 20¢ vopog tov Nevtova;”. O otdyog, Aowmodv, givor M
enoAnbevon Tov VOHOL OVTOV pEC® amAov mepdpotoc. To omoteAéouata TOov
mepapatog Ba dactovpwbolv pe Tig mpoPfréyelg tov 200 vopov tov Nevtwva, ot
omoieg Ba mapayBovv pe v Pondela TpocopoOGEDV.

Awtinoon Yro0éoemv ko Kabopiopdg Xyediov Aepevvnong

H vnd6eon v onoia Ba emPefoardcovy o1 pabntég HECH TOV TPOCOUOIDCENDY Elval
N woyvg tov 200 Nopov tov Nevtwva. Oa depgvvnbel av to melpapa Tapdyel To
amoteAéopato Tov TTPoPAEnel o vouog avtdc. Emiong, sivar mbavd ol pobntéc va
€xovv AavOacUEVEG AVTIMWELG 1] TOPOVONGELS OYETIKA e Tov 20 Nopo tov Nevtwva,
OTOTE KOl EVEATIGTOVE OTL 1] TPOYPOAUUOTIOTIKT LAOTOINGT B TIg S10AEVKAVEL.

2N CLVEKELD, 0 EKTOOELTIKOC TTapoLGLdlel oTovg nabntég kot cuintd poli toug v
puéBodo Euler og mpotevopevn pébodo diepgvvnone. [poxettal yio pia adyoptOpikn
uébodo, n omoion aPnvVeEl ®C avorytd onpeio mopEuPacns Kol TEPUUATIGHOD TIG
apykég ouvONKeg KaBdS Kot TO YpoviKo PrApo. ZuyKeEKpPLUEVAL

O aAyopiBuog tov Euler emyeipel va Ppet Abon oty e&icwon tov Nevtwva:
d*x(t)

dt?

T va yiver mo EekdBapn n dwdikacio mov ekterel o adydpBpoc n eEiocwon (6)
YPAPeTal ®C 500 eEICMOEL :
du(t) ~odx(t)
m = F(x)
dt dt
H pébodog tov Euler kdver v @uoikr vmdbeorn 0Tl péco o €vo UIKPO YPOVIKO
dotnua At 1 kivnon mov Ba exteAéost 0 copoTioo Ba eivar evBOYpapUn OUaAY,

T

= F(r) (6)

= u(t) ©)
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OmOTE v TNV XPoVIKN otiyun t Ppioketon ot Béom x(t) Ko €xet TayvTnTo U(t) TOTE
petd amd ypovo At Béon tov Ba eiva:

ot + At) = x(t) + u(t) At (8)

H adénon g taydtntog petd v petatomion Oa givon n idto pe v toywTnTo Tov fa
glye To oo av 1 dvvaun Nrav otabepn Kot eiye nuﬁ F(x(t)) onAaon:

F(z(

m
T va propécovpie va TpoPAEYOLLE TNV TPOYLA TOL COUOTIOION HEYPL KATOL0 YPOVO
T Oa mpénet va emavarapfdvovue v péBodo mov meprypdpovv ot e&lomaelg (8), (9)
enapkeig popés. Eivar pavepd Opme 4t Yoo vo LTOPECOVIE VO TO EMLTHYOVLE OVTO
TPENEL OMWGONTOTE VO, OPLOTEL 1) apyIKn BEoT Kot 1 apytkn Toy\TNTO TOV GOUATIOIOV.

u(t + At) = u(t) + _\?‘ 9)

A6 pobnuatiknig okomidg Bempodpie pia d10KpITOTOiNGT TOL ¥POVOL, 0GYOAOVLUGTE
oMAadn pe TIg ypovikéG oTiyués th=nAt. I'to gukoiio oto cvpPoiiopd opilovue
Xn=X(nAt) kot up=u(nAt).

O e€lomoelg (8), (9) ypdoovtor TAEov mg eENG :
'I:]'l+l — 'I:]'l + “I]-lnit

Flx (10)
Upe] = Uy + (Zn) —— At
m
Apa Eexvovtog amd TG apyIKES TES Tng Béomg kou Tng TaydTNTOG Xo, Up Kot
ypnopomoiwvtag Tig e€lomoelg (10), propolpe va vToAoyicovpe - gite pe yapti Kot
HOAVPL EITE TPOYPOULLOATIOTIKA - TIC TIUEG BEGTC KOl TOYVTNTOG OTIS EMOUEVES YPOVIKEC
OTIYUEG.

H pébodog diepedvnong, m omoio Onwc mpoavaeépbnke, eivar n puébodog Euler,
Pacileton otV TPoypappaTIoTIKN Tpocopoinon tov eéichoewv (10), ol omoieg amd
TAEVPEG LOONUOTIKOV givol avadpOUIKES OYECEIS. ATTO TAELPAS TPOYPOLUUOATIGHOV,
TPOKELTOL YiaL £VO, amAd Tapddetypa Avvapkov [poypappotiopod, xopic avadpoun.

Yvihoyn kot Opydvoon Asdopévov

Zepd £yl 1 GLYYPUPT] TOL KOJIKA TNG TPOSOUOIMONG KO 1) EKTELECT] TOV Y10, TOAAEC
OLOLPOPETIKEG TEPUTTMOELS, (MOTE VO CLAAEYOVV TEIPAUOTIKA OcdOUEVO Kol V.
Katowpnovv 6 kaTdAAnAovg Tivakes. Aglypa kodiko og Python givan to eéng:
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1. numpy np

2. matplotlib pyplot plt
3. f(x):

4. -k *x

5. k=1.0

6. m=1.0

7. dt = 0.001
8. t final = 10

9. time = np.arange(0.0, t final, dt)
10. Nt = len(time)

11. x = np.zeros(Nt)

12. u = np.zeros(Nt)

13. x[0] =0

14. u[@] = 1.0

15. i range(Nt - 1):

16. x[i + 1] = x[i] + u[i] * dt

17. uli + 1] = ul[i] + (f(x[i]) / m) * dt

18. plt.plot(time, x, 'tab:orange', linewidth=2)
19. plt.show()

Ewova 1. Kadikac Ipooouoiwanc oe Python

O kodwog Eexwvaet (yp.1-2) pe v gicaymyn tov arapoaittov Bipiodnkov. T
ocuvéyela opiletar n dvvaun ®g cvvaptnon Tov X (yYp.3-4) Kol ot TAPAPETPOL TOV
ovotnurotog (yp. 5-6). Ztn ocvvéyela (yp. 7-8) opilovue 10 ypovikd Prua dt kai Tov
ypévo t final otov omoio Ba teppoticer m mpocsoupoimon. Axorovdel (yp.9-10) n
KOTOGKELT TOV Ttivaxo, time mov Ba mepiéyetl Tig povikég atiypés apyilovtag omo v
T 0 ko katoAnyovtag oty t final pe Prpa dt kot Tpocdiopiletar To péyebog Tov
Nt. Ou mivakeg X, U punikovg Nt yio tnv 8éomn kot v TayHTnTo apyLKoTo0VVTOL LE
undevikd otoryeio (yp.11-12). Ilpocdiopilovtar ot apykég Tipég e Béong ko v
tayotoag (yp.13-14) ko axoAovBel mn emoavainmrkn dwdikacio (yp.15-17) mov
vAomotel mpoypappatiotikd Tic elomoslg (10) kot 1 onoio amodnkevel 6TOVG TIVOKEg
X Kot U Tig dtadoykég Tinég Béong kon tayvumtoc. Tehued, Pe xpnon Tov TaKETOV
matplotlib {oypagiletat to dibypappa x-t (yp.18-19).

Edv ot pobntég dtabétouy oTote1dOn TPOYPALUATIOTIKN EUNELPi0, UTOPOVV LE UIKPN
Ponbela amd TOV eKMOOELTIKO VO YpAwouv Ol {d101 TOV TOPOTAV®D KMOUK.
AlQOpETIKA, 1 GLYYPOET TOL KOO UTOPEL VO YiVEL GLVEPYATIKA amd OAOLG KOl Vol
nmpofdrietarl pe ypnorn mpoPoréa MGTE 01 LOBNTES VO TOV TANKTPOAOYOVV GTOV O1KO
toug H/Y.

Aol oAoKkANp®OEL 1] GUYYPAEN TOL KDOOIKO, O EKTOIOEVTIKOG TOPAKIVEL TOVE HLOBNTEG
VO EKTEAEGOVV TNV TPOGOUOIMGON Y10 TIG £NG TOVAGYLIGTOV TEPUTTMOELS:
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(o) undevikn dvvoun Kot un UndeviKn apyikn Toyd o,
(B) otabepn dvvaun Kot undeviKn ToyvTNTO,

(v) otabepn| apvntikn SOV Kot BTk apytkn ToyOTTO.
Avarvtikn Eneepyacio Agdopévov

Ta dedopéva mov Ba cuAieyovv givor ot TIES TV Tvakov x kot u. H eneepyacia
TOV 0E0OUEV®VY aVTAOV Ba Yivel LEG® NG KOTAGKELNG TOV YPAPNUAT®OV X-t KoL u-t, Tol
omoia agov dnuovpynbovv, Ba cuykpBohv pe ta avtioToyo BepnTikd yYpoprRpoTo
Tov 20V Nopov tov Nevtwva. Ta Beopntikd ypapriuota ivol yvooTd 6Toug HobnTéc,
KaBMG Kot Ol TPELS TOPATAVE® TEPITTAOGELS £Y0VV avaAvOel d1e£odikd ot LGN TOV
TPOTOV TaEEV T0L Avkeiov, T060 w¢ Bempio 600 Kot HEGH OOKNGEDV.

Edv ta mewpapotikd ypoenpato, dnk. ta ypaenuato tov tponAbay omd ta dedopéva
NG TPOcopoimoNgs, Tpoceyyilovy 6 KOvOTomTIKO Pabud ta BempnTikd yYpoenuoto
ta omoia mpoPAréner o 20¢ Nopog tov Nevtova, 10te 01 podntég eivon og Béon va
enaAnBebGoVY TNV apyIKn ToLG LTOBEST Kal va emPefaidcovy TV 1% TOL VOOV,

Constant Acceleration Constant Deceleration

Euler method 50 L Euler method

—— Analytic Solution —— Analytic Solution

40 -

0 -

0 2 4 G 8 10 ] 2 4 6 8 10 12 14
t t

Ewéva 2. Aioypaupozo. Zoykpione Ipooouoiwong (roptorali) kar Ocwpiog (Lobpo).
YnrépPaon Asdopévov — Evpeon Avaroyiov

Xmv @don ovty yivetor o mpoomdfein vo vrepPfodv ot pafntég v amin
KATOvON o™ TV 000V EUabay PEYPL TOPO, HEGH £VOC VEOU TOPASEYUATOC, EAAPPADS
SoPOoPETIKOD Omd T TPOTYOVUEVA, GTO 07010 OUME PTOPOHV VO EPAPLIGOLV TNV 1010
puébodo mpocopoimong. lpoxettor yio To amhd ekkpepés. H popen tov 2o0v Nopov
Tov NebTOVa TPOKITTEL Yiol TO GOGTNLO 0L TO givor 1) akdAovon:

d*f q

= — =1 11
s IE:,r;nﬂ? (11)
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omov g M emtdyvvon g Papvtntag kot I To pikog tov oyowod. H amddeln tng
e&lomong avtg mepi€yetol oto mapaptua A. [apatnpovpe 6Tt 6T0 GUOTNHA OVTO 1|
“Béom” tov cwpaTdiov gival 1 yovia wov oynpatilel To oxowi oe oyéon pe v Béon
teoppomiag tov. Ot e&lomoelg (10) Ba yivouy yia To GOGTNHA OVTO:

6n+1 = Hn + ”‘n‘ﬁt

(
%?};:.H“&t

Ot pobntég KaAOVVTOL VO KOTOOKEVAGOLV UE IO TETPO. KL €va oYowi &va amio
exkpepés. To puokd péyebog tov omoiov n pétpnon mpoteivetal givol 1 mepiodog Tov
ekkpepove. H pétpnomn auti pmopet va yivel agpnvovtog 10 eKKpeUES amd i apyikn
yoviol [Le UNoEVIKN TOOTNTO. TN CLUVEYELN, LETPOVTOL OEKa TEPIODOL TOV EKKPEUOVG
HE €va YPOVOUETPO Kol VITOAOYILETON 1) LEOT TTEPTOAOG TNG TAAAVTWOGONC.

12)
Up+1 = Up —

1. dimport numpy as np

2. from matplotlib import pyplot as plt
3. from matplotlib import rc

4, def F(x):

5. return - k * np.sin(x)

6. k=9.8/1.03

7. m=1.0

8. dt = 0.001 # Time step
9. t final = 10 # Simulate up to t final

10. time = np.arange(0.0, t fipal, dt)
11. Nt = len(time)

12. x
13. u

np.zeros(Nt)
np.zeros(Nt)

14. x[0], u[0] = [0, 1.5*np.sqrt(2*k)]

15. for i in range(len(time) - 1)
16. ufi + 1] = u[i] + (F(x[i]) / m) * dt
17. x[1 + 1] = x[1] + u[i] * dt

18. freq = np.sqrt(k)

19. rc('text', usetex=True) # Enable LaTeX rendering for plots

20. plt.style.use('bmh')

21. plt.plot(time, np.mod(x,2*np.pi), 'tab:orange’, label='Euler method ')

22. #plt.plot(time, x[0]* np.cos(freq*time), 'k' , label='Small initial angle approx')
23. plt.title('Large initial speed $x mod 2 \pi $')

24. #plt.legend()

25. plt.grid(True)

26. plt.show()

AxolovBel mn emoAnBevon TOL OMOTEAEGUOTOC HECH TNG TPOYPOUUOTIOTIKNG
npocopoinong. O kadikag (skdva 1) tpomonoleital doTe va voloyilet Tig eElomMoElg
(12), omwg o@aivetar omv ewova 3. Ovclaotikd oArdler pé6vo o opiopdsg g
ouvvéptnong F(x) (yp. 4-5) ko ot apywéc ovvOnkeg (yp. 14). Ot pontéc agpov
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€104Y0VV TIC TOPAPETPOVS TOV GLGTHHOTOG (UNKOC VAROTOS, GpPYIKN| YoOVvid) oTnv
TPOGOUOIMOT, YPNOUOTOIOVV To OPOUNTIKA SESOUEVO Y1O0L VO, DITOAOYIGOLV TNV
nepiodo. Ewova 3. Kaooikas npooouoiwons exkkpepode ue v uebooo Euler.

21N cLvvEELd, ol LonTég kadlovvtal vo euPabivouy oTov KMOOKO TG TPOGOUOIMOTC.
O ekmodevTIKOG TPOTEIVEL TNV EKTEAECT TNG TPOCOLOIMONG Yo TIC AKOAOVOEC TPELG
TEPMTOOEL, kol PéPora apnvel ehevbepovg Tovg HOONTEC VO TEPOUATICTOOV
TEPAUTEP®:

(o) ppn apykn yovia 6o < 0.3 rad kot undevikn| opyikn ToydTNTA Uo
(B) neyddn apywn yovia 6o ~ 1 rad ko pndevikn apyikn ToydTnTa o
(7) apyxn yovia B = 0 kot peydAn apyukn toydTNTo Uo.

Ta dedopéva mov cuAAEYOVTaL 0o KAOE Tpocopoiman gival ot TIES Tov Tivaka X (ot
omoieg exepalovv v yovio 0 oe kaBe 0éom), amd TIC omoleg UTOPOVV V.
KOTOOKELOGTOOY Ypopruote 0-t wor pe pkpég mpoobnkeg otov KMOIKO Vo
VTOAOYIGTEL 1) TEPL0SOC TNG Kivnong.

To amAd ekKpeUES KAl CLYKEKPIUEVA 1) TEPITTOON OTOL 1| PEYIOTN Y®ViK TOAGVTOONG
glvar pukpn ekQLMEETOL 6TO GUGTNHO TOL OTAOD OPHOVIKOD TOAUVTOT otafepdg
k=mg/l mov avryeroniletor avorvtikd otnv @vown g [ Avkeiov. Ot pobntéc
Yvopilovy TIG avaALTIKES EKPPAGELS Yo TV BEom Kol TV TEPiodo TOv EKKPENOVS GE
OUTH TNV TEPITTOOT, PO PUTOPOVV UEG® NG emeepyaciog Tov dedopévav mov Ba
TpokOyouy and TG mpocopowwoelg (o) ko (B) vo diepevviicovy TV 10x0 NG
mapomave Oempntikng yvoone. H cdykpion tov dedouévav Bo yivel ontikd o€ Eva
vpéonua to omoio Oa mEPLEYEL TA dEGOUEVE TG TPOCOUOIMGCNC KOL TNV OVOAVTIKT
Beopntiky mpoPreyn oty mopondve mepintwon. O eKTOOELTIKOG AVOUEVEL Ol
nantég va dometdoovy 0Tl oty Tepintoon (o) 1 0empnTIK) LOPOT TNES APUOVIKNG
TOAGVTOONG GUUTITTEL [E TV LOPPT| TOL YPOPTLOTOG TNG TPOCOUOIOTG.

Small initial angle #y = 0.2rad Large initial angle 0y = lrad

02 - Euler method Euler method

- —— Small initial angle approx —— Small initial angle approx
01-
= 00- = 00-
01 -
—02-
| |
8 10

Ewéva 4. Alaypo'c,uuam 0-t yia 11 TpooouoIdcEIS (a) xai (B).
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Xy mepintoon (B) oumg Ba TPETEL VO TOPATNPHGOVY GTUAVTIKT S10pOPOTOiNGT).
Yrdpyet amokAiion amd v Bempntikn) TpoPAleym Apa 1 apyIKn TPOGEYYION HKPOV
YOVIOV TOOEL VO 10YVEL.

v (y) mepintmon Yo apketd PeYdAes apyikég ToyvutnTteg Ba mapatnpndel peydin
oAhayn otV cvumepLpopd g BEonc.

Large initial speed Large initial speed xmodis

Ewkoéva. 5. Aiaypoupua 6-t yio. tyy mpocouoiwan (y)

H epunveia Tov ypo@rotog yio vt tnv nepintwon otnpiletotl oty mopadoyn 6t n
0éom 1oV ekKpeNOVC TEPLYpdpeTOL 0d TNV YoVia o€ oyéon e TV 0éon 1oppomiog.
To exkpepés Ppicketor oo 1010 PLGIKO onpeio Yia Yovieg ol omoieg dStauPépovy KaTd
21, dpo vroAroyilovtog To VTOAOUTO TNG Slaipesng TNG YOVIOG e 2T Kot
YPTOULOTOIDOVTOG TO OvTi TNG 1O10C TNG YOVING, TPOKVITEL TO OEVTEPO YPAPT LA TNG
gwovag 5.

Edd o ekmatdevtikog emibupel va mapatnpnioovy ot Hodntéc 0Tl To EKKPEUEC KAVEL
KoKlovg. 1660 peydAn tyun Ba d00el otV apyky ToYLTNTO CENVETOL ®G GOKTNON
0TOVG HobNTéS, Kabmg dtabéTovv Tig avaykaieg yvaoels. ['evikd Oa mpémel va 1oydet

Uy = Vf T (13)

Avaeépinie vopitepa OTL e HIKPEG TPOGONKEG GTOV KMOKO TNG TPOGOUOIMONC,

umopel va VTOAOYIGTEL 1 TEPTIOSOG TOL EKKPEUOVG. AKOAOLOEL Eval dety o KDOIKA, TO
omoio umopei va tpoctedel 6TOV KMOKO TNG EIKOVAG 3.
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1. period = []

2. i range(len(time) - 1)

3. X[1+1] <= 0 x[1i] > 0O:

4. period.append(time[i + 1])

5. T=20

6. i range(len(period) - 1):

7. T =T+ period[i + 1] - period[i]

8. print(T / (len(period) - 1))
Eixova 6. Kodikag yio tov vwoloyioud e nepiéoo

Eqappoyég

Mio evdlapépovoa epapuoyn elvar n weptypoen tng Kivnong evog Thavintn yop® omd
&va eAKTIKO KEVTPO (MA10G). B TEPIOPIGTOVUE OTNV UEAETN TNG KIVNONG OTO EMImEDO.
O eKTodeLTIKOC CLYKEVIPADVEL TIC YEVIKOTEPES OMOYELS KOl TIG OMOIEC YVADGELS TMV
HadnToV yio v Kivnon tov mAavntdv Kot Kataypaest Tig oyetikéc e€ionoelg. Ot
pabntég dev Exovv ddaybel T e&lodoelg avTég oTo TANico KAmooL pobnuaTog,
Y®pic avTd va onpoaivel 0Tt TpoKeLTal Yo EEICACEL TOL AdVVATOVV VO KOTHVOT|GOVV.
Avrtifeto, mpoOKeToL Yoo TNV TEPLYPOPT OE UAONUOTIKY YAGDOGH €vOG TOAD
EVOLIPEPOVTOG PLGIKOD (atvopévov. H duvaun mov ookeitoar otov mAavitn €xet
UéTpo
AR LY
F=G—12 (14)
r2

KoL QOpd o TOV TAUVITN TPOG TO EAKTIKO kEVTpo. To G givar  maykoGo otabepd
EMENG ko my1, M2 glvarl ot paleg Tov TAAVITN KAl TOL EAKTIKOD KEVTIPOL avVTIGTOLYO.
T'a evkoAio oty mepattépw peAéTn emAéyovue TiIc MAlec €tol MOTE Vo 1oYDEL
Gmy=1. AvaAvovtog Tnv duvaun 6Toug AEOVEC X Kol Y TPOKVTTOVV 01 EEIGMGELC:

d*r
di? {ﬁrf—l—y )?
d*y (19)

dt* {wri’-l—r;}‘}

o1 omoieg ka1 ekppalovv tov 20 Nopo tov Nevtwva. Ot padntég apov ypdyouvv tov
KOOIKA TNG TPOCOUOIOoTNG, HUTOPOUY VO TEWPOUATIOTOOV Kot va,  gEdyovv
EVOLOLPEPOVTO GUUTEPACUATO OGS, Y10 TAUPASELYLO, OTL Y0 CUYKEKPUUEVEG OPYLKES
oLuvOnKeg M TpoyLd Umopel va etvar KAEIGT 1 ovolyth (0 TAAVITNG VO OITOLAKPOVETOL
amo Tov o), KA. AkorovBei evdeiktikdg kddkag o Python.
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1. numpy np

2. matplotlib pyplot plt

3. x(u, v):

4, - u / np.power(u*u + v¥v, 3 / 2)
5. fy(u, v):

6. - v / np.power(u*u + v¥v, 3 / 2)
7. dt =0.01

8. t final = 10

9. time = np.arange(0.0, t final, dt)
10. Nt = len(time)

X = np.zeros(Nt)
12. u x = np.zeros(Nt)

13. y = np.zeros(Nt)
14. u_y = np.zeros(Nt)

15. x[e], y[o]l, u x[0], u y[0] = [1, @, 0, 1]

16. i range(Nt - 1):
17. kx = 0.5 * dt * fx(x[i], y[i])

18. ky = 0.5 * dt * fy(x[i], y[i])

19. ux[i+ 1] = u x[i] + dt * fx(x[i]+0.5%dt*u x[i], y[i]+0.5%dt*u y[i])
20. x[1i + 1] = x[i] + (u x[i]+kx) * dt

21. uyli+ 1] = u y[i] + dt * fy(x[i]+0.5%dt*u x[i], y[i]+0.5*dt*u y[i])
22. yli+ 1] = y[i] + (u y[i]+ky) * dt

23. plt.style.use('bmh")

24. plt.plot(x, y, 'tab:orange')
25. plt.xlabel('$x$")

26. plt.ylabel(r"sys ")

27. plt.grid( )

28. plt.show()

Ewova 7. Kodikag mpooopoiwaons kivyong mlavytamv
Avakeparainoen — Madnowokn & Metayvootiky Aloddynon

H S1daokaiion oAoKANp®VETAL LE OVOKEPOAOIMOT KOl LOONGLOKT KOl LETAYVOCTIKN
a&lordynon. Eivar embBountd ot pobntég vo umopodv v mEPLYpAYOLY TNV
dlepeuvnTiKy d1adIKOGia Kot TV oAyoptOIK AOYIKN TOL KOJIIKA, VO OITIOAOYIGOVV
TIC €MAOYEC TOLG OTIC TOPAUETPOVS TMV TPOCOUOIDGEMY Kol Vo €£Nynoovy Tto
OVTIGTOU O OTOTELEGLLOTOL.

4. Xourepaouara

2 Nevtoveror Mnyovikn aravioviol cuyva TpoPANUaTa To omoio dgv emdE OVTIL
OVOALTIKNG pobnuatikig emilvone. Ta mpoPfAquota ovtd umopovdv Oumg va
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TPOCOUOIO0DV UEC® TPOYPULUATIOUOD MOTE VO, YIVEL EUEOVAG 1) SLVOIKY Kol T
€EEMEN TOoVC 0TO YPOVO. XNV TOPOVCO, SIOUKTIKN TPOTUCT) OPYLKAE YPNCLOTOLOVVTOL
YVOOTH GUGTAUATA, OGS Y10 TAPASELYUO TO OTAO EKKPEUEG, OOV KATOAANAQ oMuEin
gkkivnong ta omoia dev empoptilovv pe afePfardtnto otovg pabntég, pumopovv va
KOTOOKEVOGTOVY UE OmAG DAKA, OAAG Kot To, ommola EXouV evolapEPOVsEeS Kot GEleg
peAétng 110t tec. Tedkd, 6tav oAoKANP®mOOVY 01 S101KAGIES TOV TPOYPAUUATICUOD
KoL TG UEAETNG TOV TPOCOUOIOcE®Y, Ba €xel amodeytel mwg moAD mo ohvheTa Kot
EVOLIPEPOVTOAL PUIVOUEVD, OTIMG 1| Kivion Tev mhavnT®v, tpoceyyilovtol pe Tov idlo
aKpog Tpdmo.

I'papovtog o1 pafntéc tov kddka g mpocopoimong (o) emPefoidvovv Tig
VILAPYOVCES YVMDGELS PUGIKNG GYETIKA e TO TPOPANUa, (B) umopovv va egpevviicovy
™V €NiOpacT JPOPOV TAPAUETP®V (Y. TOV APYIKOV cLVONK®OV, KAT), KATL TO
omoio eivor moAy onuavtikd ot Puoikn ko cvvnBog dVoKoAO va peietnbdel pe
TPOAYUATIKO TElpapa, (Y) PWTopovv v €QOpPUOGOVY TNV EPEVLVNTIKY OAOIKOGIO TNG
Dvuokng (Bewpio-vmdBeon, TpOPAEYT, TEIPALLN, CUUTEPACLE) KO VO, GOUTANPOGOVY
péco omd SlEPELVNTIKEG KOl OUOOOCVVEPYUTIKES OLUOIKAGIES TIC YVAOOELS TOVS, ()
UTOpoHV Vo EEEPELVICOVY PALVOUEVA T®V OTOIV 1| UEAETN o€ Teipapo Kabiotataon
SVOKOAN e£0NTIOG TTPUKTIKMY TEPLOPICUAOV (YPNLOTA, XPOVOC, TOAVTAOKOTNTA), KOl
TéA0G (€) meiBovtan g M 0e&lOTNTA TOV TPOYPOUUUATICUOD £Vl Yiot TOAAEG OeTiKéC
EMIOTNLEG £VO. OTOPAITNTO EQOII0.

H mopovca dwdoktikny mpdtaon mopovcsidotnke ot poabntég I' 1aéng - Oetikng
KatehBovvong tov Sov 'EA Bopwva kot £Tuye BeTikng amodoyms.

5. Hopaptyua A: Anéoerén tns eC16Wons ToL ATAOD EKKPEUODVS

Ewodva 8. Avvdueic mov aorodvion oto omAd KKpEUES
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‘Eotm 011 £yovpe Vv d1dtaén mov eaiveton oty g1kovo 6oV €vo o Halog m
glvon kpepaopévo and éva vipa unkovg 1. H pom mov ackel 1o Bépog Tov cdUaTog
¢ Tpog 10 onpeio meprotpoens O eivou:

T'= —mglnub (16)

H pomn adpaveiag Tov ocdpatog og tpog 1o O givar:

2
I =ml (17)
Xpnoonowwvtog v EKepact Tov Nopov tov Nebtova Yo TV 6Tpoeiki) Kivnon
maipvovpe:
Ia 1g — T
2 — .
mi“ayg = —mglnut (18)
g
ag = —=nub
[
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Abstract

This paper presents an interdisciplinary educational proposal for high school students. As the
analytical, mathematical solution of Newtonian Mechanics equations by high school students
is practically impossible, we consider simulating these equations via programming to be of
great interest. By developing the simulations' code themselves, the students have the
opportunity to explore the various natural phenomena that are governed by Newton's Laws
freely as well as confirm any related theoritecal knowledge they have obtained from their
Physics courses. We suggest the code be written in Python, as it offers easy-to-use libraries for
generating diagrams using data calculated by the simulation's code.

Keywords: Newtonian Mechanics, Simulations, Dynamic Programming, Python.
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