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OewpnTIK6 MépOG

Oéua 10

A. To payvnTiKO TTEdi0 OTO E0WTEPIKO £VOG OWANVOEIBOUG TTNVIOU OTO OTT0I0 KUKAOQOPEI
NAEKTPIKO pEUMQ €ival: B=uoni OTTOU Ho N PAyvNTIKA dIATTEPATOTNTA TOU KEVOU KAl N O
apIBuég otreipwy o€ KABE povada prkoug Tou TTnviou. n=N /|

A.a. Na atrodei¢ete 0TI 0 OUVTEAEOTNG QUTETTAYWYNAG TOU TIMviou gival L=pon®V 6mou V o
OYKOG TOU KUAivOpou TToU KaTaAapBavel To Trnvio.
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A.B. Na atrodeigeTe 0TI n evépyela Tou payvnTikoU TTediou Tou TTnviou eivar: Ug= "4

A.y. H xwpnmkotnTa etmitmedou TTUKVWTH OiveTal atro Tn ox£on: ngog omou A n

ETIPAVEIQ TOU KABE OTTAIOOU, d N atTdoTACN TWV OTTAICUWY Kal & N OINAEKTPIKA OTAOEPG
ToUu Kevou. Na atrodeiceTe 0TI N evEPYEIQ TOU NAEKTPIKOU TTEDIOU TOU TTUKVWTA €ival:

U, :EgOEZV OTToU E n éviaon TOU OPOYEVOUG NAEKTPIKOU TTEDIOU PETALU TwV OTTAICUWY

TOU TTUKVWTA Kal V' 0 OykKog TNG TTAPAAANAETTITTEONG TTEPIOXAG METAEU TWV OTTAICUWY TOU
TTUKVWTA.

A.5. =10 dimAavé KUKAwUA To TTnvio eivar 18avikd. Aivovtal L=1072 H,
C=0,1mF, ka1 n péyiotn evépyeia NAEKTPIKOU TTEQIOU TOU TTUKVWTH
Uc0=0,5J. Av 1Tn Xpoviki oTiyun t=0 civair i=0 ka1 n €giowon Tou —_—
NAEKTPIKOU QOPTIOU TOU TTUKVWTHA €ival g=Qsin(wt+@). Bpeite Ta Q,

w, KAl Q.

A.e. Av n p€yiotn TIYR TOU payvnTIKOU TTEQIOU OTO ECWTEPIKO TOU TINViou TOu
TTponyoupuevou epwThpaTtog gival Bo=0,1 T, va Bpeite Tov Oyko TOu TTnviou. H payvnTikA
SIaTTEPATATNTA TOU KEVOU Lo=41r 107 Tm/A.

Oéua 20

A. O kouATng Encke avakaAugpBbnke 1o 1786 amd tov Pierre Mechain «kai to 1822 o
Johann Encke Bprke 611 n epiodds Tou Atav 3.3 £Tn. PwToypa@ABdnKe e TNAEOKOTTIO OTO
épog Wilson, 1o 1913, oTn peyaAUTePn amdoTtacn améd Tov RAIO (a@riAio), r;=6.1x10"" m.

H kovmivdtepn amdoTtaon amd Tov AAI0 (Trepinhio) eival r=5.1x10"" m. H otabepd Tng
Traykéopiag BapuTikAg éAéng G=6.7x10™"" Nm?kg™?. H paga tou AAiou ival m,=2.0x10°° kg.
H pala tou KounTn €ival TTOAU pIKpOTEPN ATTO TN PAla Tou ‘HAlou. 210 TTOPAKATW OXARua
Qaivetal N EAAEITTTIKI TPOXIG TOU KOUNATN.
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A.a. Bpeite Tnv TaXUTNTA TOU KOWATN OTO TTEPINAIO KAl GTO a@riAio.
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A.B. OTTwg @aiveTal Kal 0To oXAUa N oUPA TOU KOWNTN TTPOCAVATOANICETAI PIE TETOIO TPOTTO
woTe va kateuBuveral TTavrote pakpid ammd Tov ‘HAlo. H €gnynon civar ém1 n HAlakn
aKTIVOBOAIa aoKei dUvaPn OTOUG TTAYWHEVOUG KPUOTAAAOUG TTOU OTTOTEAOUV TV oupd Tou
KOUATN. AuTd pag Ocixvel OTI To wg atrd Tov ‘HAIo ueTagépel opur. ZUPQWVA PE TNV
KUMATIKI Bewpia TOU QWTOG OTAV PIA QWTEIVE) BETUN TTEPTEI TTAVW O€ £va AVTIKEIPEVO TOU
TTPoodidel opuA p=E/c 610U E n gvépyeia TTou atroppo®d 10 cwua atrd 1o we. Bpeite TNV
OpPHN EVOG PWTOVIOU JOVOXPWHATIKNG AKTIVOBOAIOG hE PRKOG KUPATOG A. Aivetal n otaBepd
Tou Planck h.

Aly. To OTI TO QWG HTTOPEI AOITTOV va TTPOCQEPEI OPHUN) CUMQWVEI PE TOV KAQOOIKO
NAEKTPOUAYVNTIOUO, ME TNV KBAVTOUNXAVIKA KAl JE TO TTEipapa. YTIAPEE Kal hia utroBeon o€
Oupd@WvVia Kal e Tov KAAoOIKO nAekTpopayvnTiIoNo aAAd Kal TNV KBavTiKA QUOIKA OTI TO
KUKAIKG TTOAWMEVO QWG MTTOPEl va TTPOO@EPEl KAl OTpo@opur. H umdBeon autn
amrodeixdnke Teipapatikd atmd Tov Beth, o otroiog amédeige 611 6tav TTAPAYETAl KUKAIKA
TTOAWPEVO Qg péoa o€ DITTAOBAACTIKY TTAGKA n TTAAGKA dEXETAI POTTH) a1t avrtidpaon. H
OTPOPOPMN Tou QWTOS TTaidel otToudaio POAO OTNV €pUNVEIa TNG EKTTOPTTAG QWTOG ATTO
ATopa Kal aKTivwy y a1rd TTuprveg. H KAaooikr Kal n KBavTikr) Bewpia TTpoRAETTOUV OTI v
O£0UN KUKAIKA TTOAWMPEVOU QWTOG atroppo@nBei TeAEiwg atmd €va QvTIKEIUEVO TTAVW OTO
OTTOIO TTPOCTTITITEI TOTE OTO AVTIKEIMEVO B TTPOCPEPETAI OTPOYOPUN ioN TTPOG:

) L=Uw §i)L=U/c i) L=U/w iv) L=Uc/A v)L=U/A

otTou U n atroppo@oupevn €VEPYEIQ w N KUKAIK ouxvOoTnTa TOU QWTOG € n TaxutnTa
d1ad00NG TOU PWTOG Kal A TO IAKOG KUPATOG.

B. 2€ évav ETTAXUVTH TTPWTOVIA ATTOKTOUV KIVNTIKN evépyela Ep=2keV 10 Kabéva. H
EVEPYEIQ QUTA €ival TETOIO WOTE VA PTTOPOUPE VA AYVONOOUUE TA OXETIKIOTIKA QAIVOUEVA.
Mia AeTTTA O€0UN QUTWV TWV TTPWTOVIWV KATEUBUVETAI TTPOG MIA PETOAAIKN o@aipa pe
akTiva r. H o@aipa Bpioketal ge pyeyadAn améotacn amd Tov €mMTaXuvTh. H amoéoTtaon
METALU TOU KEVTPOU TNG 0@Aipag Kal TNG apxIKAG TPOXIAS TNG OE0UNG TWV TTPWTOVIWVY gival
d=r/2 (oxAua ). YTTOBEOTE OTI O EMTAXUVTAG AEITOUPYEI YIa APKETO XPOVIKO dIdoTnua Kal OT
ol AAANAETIOPACEIC PETALU TWV TTPWTOVIWY TNG OECUNG MTTOPOUV VO BewpnBouv aueAnTEES
AOYw TNG MIKPNG évrtaong NG Oéoung. Ta TpwTévia TG OEOUNG OUYKPOUOUEVA ME TN
METAAAIKA) 0QQipa PETOPEPOUV TO NAEKTPIKO TOUG QOPTIO O’ QUTAV KAl TTAPAPEVOUV TTAVW
TNG, CUVETTWG N o@aipa @opTidetal. H aAAnAeTTidpaon peTagu Twv TTpwTOVIiWY TNG dETUNG
Kal TNG QOPTIONEVNG o®aipag aAAdlelr tnv Tpoxid Tng Oéopng. TeAKA n déoun Twv
TTPWTOVIWV AKOAOUBEI TNV KAPTTUAN TPOXIA TTOU QPaiveTal OTO OXAMA.

B.a. Bpeite T0 TEAIKO duvauikd V NG o®aipag.

B.B. Av avTi yia TTpWTOVIA O ETTITAXUVTAG ETTITAXUVE NAEKTPOVIA N TEAIKN] TIMF TOU OUVANIKOU
V 1ng o@aipag Ba Arav n idia; E¢nyeioTe.
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Oéua 30

AUO o@aipeg e Paleg mq Kal my Bpiokovral
o€ Agia opIovTIa ETTIPAVEIA OTTWG PAIVETAI OTO
oxnua.
O1 apxIKEG TaXUTNTEG TWV OPAIPWV Eival vq Kal
V2. YTT0BE0TE OTI me>my Kai 0TI v2<0. ETriong
uUTTOB£0TE OTI OAEG O KPOUODEIG Eival EAAOTIKEG m
Kal ol dI00TACEIS TwV dUO CQAIPWY APEANTEEG. O

H apxr tou dgova x OTTWG QaiveTal cTOOXANG /77 7 7 /7 7 7 /7 7 7 >
gival otov aploTepd TOIXO.

Av xq Kal X2 ol B€o€Ig Twv dUO CPaAIPWY, 4
oto OImmAavoe  dIdypaupa  TTAPIOTAVOUE L
YPOQIKA TNV €¢ENIEN TNG Kivnong Tou
OUCTAPATOG. 2TOUG Afoveg avaypaovTal
QVTIOTOIXO Ol BECEIC TWV CTPAIPWY X1 KOl Xp.
MNa mTapddeiyua av n 6éon Tng oYaipag ue
Mala mq gival x4=4 m Kal TNV idla XPoVvIKA
OTIyu TNG OQaipag he pala my ival x,=8
m, N KAra@oTaon ToU CUOTANOTOG Th OTIYUA
auTh TTepIypdeetal atmd 10 onueio (4,8) oTo
emimedo (x1,x2). H Xpovik €GENIEn Tou
OUCTHMATOG QVTIOTOIXEI O€ PIO YPAUM O0TO €miTTed0 autd. H ypauul autr) AEyeTal ypauun
TNG Kivnong Kal 1o €TTITTEDO (X1,X2) ETTITTIEDO TNG KivnONgG.

my

[aiy

a. [ati n ypauun NG Kivnong dgv Byaivel TOTE atTd T YPOAUPOOKIAOMEVN TTEPIOXN N OTTOIx
KaBopileTal atrd TIC YPOAUUESG O1 Kal Op; Aivetal 611 n €€iowon NG 61 €ival x1=0 kal n
e¢iowan TnG &2 €ival: X1=x

B. MeTagUu dUO ouykpoUoEewV N ypauul TG Kivnong cival guBeia. Ti ekppdadel n KAion Tng
euBeiag autng;

y. [Na va amAouoTtevooupe TNV avaAuon Twv aAAETTAAANAWY KpoUuoewv PETAEU Twv OUO

padwv, elodyoupe dUO VEEG METABANTEG Y1 KAl Yo WG EEAG: Y1=/M, X1, Yo=+/m, X2. ETOI

MTTOPOUME va EXOUME MIO VEQ QVTIOTOIXNON TNG KATAOTAONG TOU CUCTHMATOG HE éva
onueio oto véo TiTredo TNG Kivnong (y1,y2) OTO OTTOIO YTTOPOUUE VA KABOPICOUPE TNV
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YPOUMA Kal Ta Opia TG Kivnong OTTwWG KAVAPE KAl OTO TTPONYOUMEVO ETTITTEDO TNG
Kivnong. Ta épia TnG Kivnong oT1o vEo auTo eTTiTTedO ival Aq kai As.
Bpeite TG e€lowoelg Twv Aq Kal Az KABWS Kal TN ywvia YeTagu Toud.

0. EkgppdoTe TIG TAXUTNTEG TWV OUO palwv (u=dy4/dt, upx=dy,/df) oto véo cuoTnua
ava@opdg (eTTiTedo NG Kivnong) e OPOUG TwV TAXUTATWY TOug OTO TTaAIG cUCTAPA Kal
TWV Jadwyv TOuG.

€. Metagu dUo dladoxIKwWV CUYKPOUCEWV (Twv palwv f TnG NAJag m4 Kal TOU TOiXou) n
YPOUMN TNG Kivnong oTo eTTiTredo (y1,y2) Oa gival TTaAI eubeia. EkppdaoTe Tnv KAion NG
€uBEiag aUTAG PE OPOUG TWV U4 KAl Us.

ot1. Katd tnv kpouon TnNG 0@aipag Pe JACa my PJE TOV TOIXO CUVAVTIETAI N KAPTIUAN TNG
Kivnong pe TNV Aq. AV @gox KOI @rep Ol YWVIEG PETOGU TNG KABETOU OTNV A KOl TNG
KAUTTUANG TNG Kivnong TTpIV Kal JETA TNV KPOUGH aQvTioToIXA, BPEITE TN ywvia @y WG
ouvapTNON TNG Popy-

¢. Otav ouykpouovTal o1 U0 OQPaiPES N ypauun TNG Kivnong ouvavta tnv Ay. IMNa kale
Kpouon ypawTte TIG apxéG dIatpenong ME OpPOuUg TOu VEOU CUCTHPATOS ava@opdg
(emmTEdOU Kivnong (y1,y2)).

n. O©¢&ANoupe va XpNOIUOTTOINCOUME QUTO
TO TIPOPRANUA w¢g MOVTEAO yia éva
TPORBANUa  Beppoduvauikng. OTTwg
@aivetal oto OITTAAvO OXAUa €XOUUE
QVTIKATAOTHAOEI TN OPaipa TToU €iXE TN
MEYOAUTEPN pAla uE Eva EUPoAO pacag
M ka1 n oaipa pe TN MIKPOTEPN pala
ME éva PopIo HACag M OTO ECWTEPIKO
ToUu KUuAivdpou. YTmoBéote ot M>>m
Kal OTI To €UPOAO KIveEiTal XwpIG TPIPr) OTO €0WTEPIKO TOU KUAivOpou. AyvoeioTe Tn
BapuTtnta Kal BewpeioTe OTI OAEG O KIVAOEIG ival oTn d1elBuvon x. 2upBoAifoupe TNV
TaxutnTa Tou €PPOAoU pe V kal ekeivn Tou popiou pe v. YToBéoTe oOm v>>V o Kai
MV>>myv. H B€o¢ig Tou eufdAou Kal Tou popiou cupBoAidovTal pe X Kal X avTioTolxa.
OcwpeioTe €va xpovikd didoTnua At Tétolo wote At >>X / v. ¥’ autd TO XPOVIKO
didotnua At To poplo Ba TagIdéWel TTOANEG QOPEG PMETALU TOU TOIXOU Kal TOU gUPBOAOU.
A@oU n TaxutnTa TOU €PPOAOU eival TTOAU WIKPH, KAVEC PTTOpEi va ayvonoelr Tnv
METATOTTION TOU €UROAOU KaTA TO XPOVIKO didoTnua At e@doov auto dev €ival Kal TTOAU
MEYAAO. YTT' QUTEG TIC OUVONRKEG KAVEIG UTTOPEI va ayvonoel Tn METABOAN Tou PETPOU TNG
TaXUTNTAG TOU POPIOU.

Bpeite Tov apiBud Twv cuykpoUuoewyv PETAEU TOU Popiou Kal Tou eUROAOU OTO XPOVIKO
dldoTnua At.

0. YmoBéate o1t M/m — oo kai Bpeite Tn PeTABOAR Tou WETPOU TNG TaXUTNTOS TOU HOpiou
O€ MIO OUYKpouon Tou pe To €uPBoAo. Metd amd xpoviké didotnua At tmoia €ival n
METARBOAR TOU PETPOU TNG TAXUTNTAG;

1. Bpeite TN peTaBoAn g ToooTTag G= |v|X LETd TO XpoVIKG SidoTnua At.

Ymodeitn: A(|v | X)=|v|AX + XA |v |

K. XPNOIYOTTOIWVTAG TNV aTTAvVINCH 0a¢ OTO pwTnUa 8, Bpeite TN PETABOAN OTNV Opun
TOU €uPOAoU oTO Xpovikd didoTnua At. Edw Bswpeiote 611 m<<M kai v>>V. Bpeite Tn
duvapun TTou aokeital oTo €UBoAo ae dpoug Twv X kai G.

A. H ouvoAiKA evépyeia TOU OUOTAUATOG €ival ion Pe TO ABPOICHA TNG KIVNTIKAG EVEPYEING
TOU pOpiou Kal ekeivng Tou eUROAoU. XpnOIUOTTOIWVTAG TO Bewpnua METABOAAS TNG
KIVNTIKAG evEpyElag BpeiTe TN METABOAN OTnv KIVNTIKA evépyeia Tou gPROAou dTtav autd
METaKIVEITalI atTd TN Béon Xo oTn B€on Xq. Aci¢ate avaAuTIKa 0TI  GUVOAIKN EVEPYEIQ TOU
OUCTAPATOG dlaTnPEiTal.

Y

e
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Meipapatikd Mépog

A. Otav kdavouue uttoAoyIOpOUG oTnpIfOuEvol O¢ TTEIpapaTikKG Oedopéva €xoupe va
TTpooBéooupe, agaipéooupe, TToOAaTTAacidooupde Kal dlaipécouue apiBuoug. Me pia
apiBuopunxavr autd gival TTOAU eUkoAo. Opwg 10 TTPéPANUa ival 6Ti o1 TINEG TTOU POG Divel
N apiBuounxavr ocuvnBwg £xouv TTApa TTOAAG wn@ia. 2TIC TTAPAKATW TTPAEEIS VO YPAWETE
TA OTTOTEAECUATA PJE TO CWOTO APIBPO onuavTIKwyY Yneiwv. AdBeTe utr Owiv 611 oI apiBuoi
TOUG OTToioUG  TTOANQTTAQOCIAZETE, OIAIPEITE, TIPOOOETETE KAl  AQPAIPEITE  ATTOTEAOUV
TEIPAPATIKG OeOONEVA EKTTEQPPACHEVA HE TOV APIBUO TWV ONUAVTIKWY Wn@iwv TToU
ETETPEYAV TA OPYAVA TWV PETPACEWV.

A.0.16,42 x 0,211 = A.B 6,5/14,50 = Ay.2432+17= A.5.120-18,3 =

B. ZUpowva pe 10 vopo Tou NeUTwva yia TNV Wugn, o pubuog Yuéng evog owuaTog gival
avaAoyog TNG BepuoKpaaIaknG dIaPopdc PETAU TOU CWHATOS Kal Tou TTepIBGAAovTOG, OTav
n Beppokpaciakr dlagopd dev gival TTOAU peydAn. ‘Eva @AiTCavi (eotd TOAI WUXETAI
ypnyopotepa o€ €va KpUo dwuATio atr’ OTI o€ éva (eoTd dwuaTio. H €giowon n oTtroia
TTEPIYPAPEI TN XPOVIKA £CENIEN TNG BEpPOKPATiag Tou Toayiou gival:

-kt
T(t) = Tﬁw,u + (T(o) - Té'a)y )e

otou Ty n Beppokpaadia Tou Toaylou o€ KABE XPoVvIKr oTIiyun t, T, N BEppOKpacTia Tou

dwypariou, T(o) N apxikn Bepuokpacia Tou Toayiou Tn Xpoviki oTiyur) (=0 kai k pia o1alepa.

B.a. T[loigg gival o1 povadeg TG oTaBEPAS K;

B.B. Eva Totipl pe {eotd Todl TOoTTOOeTEiTal Of OwudTio Bgpuokpaciag 15 °C. H
Bepuokpaacia Tou ToayioU PETPIETAI O DIAPOPES XPOVIKEG OTIYUEG Kal KATTOIO aTTO TA
ATTOTEAEOUATA QAiVOVTAI OTOV TTAPAKATW TTiVaKa.

t (min) 10 20 30 40 50 60 70 80
T (°C) 65 49 38 30 25 22 20 18

Kdavte 10 KaTGAANAO didypappa 1O oTroio Ba oag emTPEWEl va Ppeite TN oTaBepd k
XPNOIMOTTOIWVTAG Ta O£DOUEVA TOU TTAPATTAVW TTiVAKA.

B.y. Bpeite Tn o1aBepd k. E¢nyeioTe TTARPWGS TOV TPATTO.
B.5. Noia ATav n apxikf BEpuokpaacia Tou Toayiou;

B.£. Md00¢ Xpovog Ba xpelaaTei yia va WuxBei To Todl aToug 16 °C;
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Av B€AeTe, PTTOPEITE VA KAVETE TO IAYPANPa €0W KAl VA ETTICUVAYETE TO XAPTI AUTO PECQ
OTO TETPAdIO OO,

EmA£ETE TOUG GEOVEG TITAODOTAOTE CUMNTTEPIAAPBETE Kal TIG KATAAANAEG HOVADEG O€ KABE
agova.

Karrolol amré Toug TUTTOUG TTOU TTI0aVWG B0 0ag XPEIONCTOUV:
Auvauikn evépyela o€ BapuTikd medio: U=Vm

Auvauikn evépyela og NAEKTPIKO TTEdio:  U=Vq

Auvapiké o€ onuEio TTOU ATTEXE!  ATTO TO KEVTPO O0@aipag palag M yia r >Ry : V= -GM
r

Auvapuiké o€ onueEio TTOU ATTEXEI r ATTO TO KEVTPO POPTIOUEVOU CQAIPIKOU aywyou JE PpopTio

Q vyia r2Rqy : V=KQ

r
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ZYNOIMTIKEZ AYZEIZ

OewpnTIK6 MépOg
Oéua 10

A.a. B=pumni , ®=BA omote @ =y nAi

E, . = —Ni—(f = —NyOnA% apa: L=uoNnA  kai emreidr) N=nl €xOuUE:

L=pon’lA  Emeidn IA=V mpokuTer: L= uon’V

A.B. UB=%Li 2 avTIKaBIoTWVTAG 8TToU L= ton®V Kol AapBAvovTag utroiv o1 B = Uyni

2

TTPOKUTITEL: Up= V

2,

1 I 4 1
AY. Ue=—CV’=U, =—¢,~E*d* = U, =—¢,E'V
2 2 °d 2

2
AS. U, =%%: 0=,2CU, =0=+2-102.05=0=10"C

N =10%rad /s Kai @=T1/2 fj 311/2 apou Tn XpoVIKA oTiyur =0 10 i=0 Kal
NLC

OUVETTWG TO  QOPTIO TOU TTUKVWT Ba gival YéyioTo.

. 3 . B 2u,V,
Ae. U, =U,=05] Opwgamo 1o A.B. éxoune Ugo= 5 Ly =V :% KQIl JE
Ho
avTIKaTdoTaon Bpiokoups 4Tl 0 dykog eivar: V=41 10° m?

Oéua 20
A.a
; D
rT[ /I//\l\\ r(X
Un

A6 TNV apxn d1atHPNoNG TNG PNXAVIKAG EVEPYEIOG EXOUUE:

m_m m_m
-G +1muj:—G Z +1mu§ (1)
r 2 r

s a

Kai a1t TNV apxn diatrpenong TNG OTPOQPOPMNG EXOUE:
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MUxlm=MUqlfq  (2)

AUvovTag To cUOTANA BPIOKOUUE: U,=59329 m/s kal uy=205186 m/s TrepitTou.

Ho_h
2

E Nhf

AB p :?:> p = dpa n oppn evog gwroviou gival: p,,. = .

A.y. H otpogopun €xel yovadeg j's apa owaTr gival n iii.

B.a.

ATIO TNV apxn d1aTAPNONG TNG EVEPYEIAG EXOUE:

Ko=K+ U
I .
Ko=5mu +V -l omore == (1)

AMG Ko= L mo? = v, = [2R0 ()
2 m

Eteidr) o1 BapuTikEG DUVAEIG gival KEVTPIKEG Ba 1I0XUEI N apxr) diaTrpnong TNG
OTPOPOPNG:

muog =mur (3)

H (3) ye Tn PonBeia Tng (2) divel: v = Ko 4)

K,
e

AvtikaBioTwvtag Tnv (4) otnv (1) maipvoupe: V = j
Me avrikat@otaon TtpokuTITel: V=1500V

B.B. XTnVv TTEPITITWON TWV NAEKTPOVIWY TO dUVOUIKO Ba ATaV PIKPOTEPO BIOTI KATTOIO ATTO
Ta TTPOCTTITITOVTA NAEKTPOVIa Ba €€fjyayav nAeKTpovia atmd Tn o@aipa Ta otroia Adyw
ATTWOoNG Toug atrd TNV QopTiIouévn TTAEoV o@aipa Ba atropakpuvovTav atmmd authyv. ‘ETol n
O£0UN TWV NAEKTPOVIWV aTTd TOV ETTITAXUVTH VW Ba TTPOCETTITITE TTAVW OTN O@aipa auth
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Evwon EAnvwy @uoikwv MANEAAHNIOZ AIAFQNIZMOZ ®YZIKHE 2008 B pdon

Mavemornuio Abnvwy
Epyaornpio duoikwv Emarnuwy, TexvoAoyiag kai lNepiBdAAovrog

Kamola oTiyuy 8a émauve va @oprtietal. HAekTpovia utropei va e€€dyovral kal ammd Ta
TTPWTOVIA AAAG Adyw Tou OTI N oPaipa QOPTICETAI JE BETIKO NAEKTPIKO QOPTIO TA NAEKTPOVIA
ETTAVEPXOVTAI KAl TTAPAUEVOUV OTN OPaipa.

Oéua 30

3.a. ETTe1dn povipwg Ba gival Xo>X1.
3.B. Kabe paca £xel otaBepry TaxUTNTA, CUVETTWG:
X, =vit+Xx,
X, =Vl + Xy,
ATTaAgipovTag To XpOvo atrd TIG TTapaTTavw €XOUE:
Va V2
Xy =X = Xg T Xy
4 Y
‘ET01 n KAion givai:

Y2

Y

3.y. H egiowon 1ng o, €ival x;, =0. ZT10 VEO ETTITTEDO TNG KivnONg £XOUUE:
= xl\/;l =0
H eCiowon Tng J, €ivalx, =x,. ZT0 VEO ETTITIEDO TNG KivNONG EXOUE:
i _ V2

TN TN
m, m, A

‘ET01 01 EGI0WOEIG TwV A,,A, Ba givat:
A y,=0 (0.2)

m [04
Ayt y, =‘f;2%
1

H ywvia givai:
_1 ml
o = tan —
m,

3.8. O1 TayxutnTeg oTo vEO eTTiTTedO TNG Kivnong givai:

ui:%:'\/;ivi

v

AnAadn:
U= mmv
Kal U, = +/m,v,
3.¢. Ve =Ult+ Yo, k=12.
U, U,
W ="tV
u, u,

Etol n kAion Ba givar: —=
U
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Evwon EAnvwy @uoikwv MANEAAHNIOZ AIAFQNIZMOZ ®YZIKHE 2008 B pdon

Mavemornuio Abnvwy
Epyaornpio duoikwv Emarnuwy, TexvoAoyiag kai lNepiBdAAovrog

3.0T.

Metd Tnv Kpouon n v, oAAGCel TTPOONUO, EVW N v,

Tapayével  auetdBAntn. ETol,  u,” =u,"*, Kal )
ed apy
ul - _ul ) ¢T&%
u Ted ¢
ed _ Uy red
Ay, ==, wr N

= tan (7[ - ¢ap;() = —tan ¢rg/l = epy = Prea

3.2
ATTO Ta aTTOTEAEOPATA OTO EPWTNHA 3.0 ITTOPOUNE VA EKPPACOUNE TIG ApXES dIATHPNONG
TNG OPUNG KOl EVEPYEIAG O OPOUG TWV u, .

2 2 2 2
apy Ted apy _ el
kavk —ka"k ) Z\/mkuk _Z\]mkuk ,
k=1 k=1 k=1

R S e B oL o

3.n.

H amréotaon mmou diavuel TO JOPIO PETALU OUO BIadOXIKWY CUYKPOUCEWV HE TO €MPBOAO
givai2Xx .
‘ETO1 0 XpOVOG PETAGU QUTWYV TWV OUYKPOUOEWV Egival

2X

v
KAl 0TO XPOVIKO didoTnua At yivovTal

v
n= vl At
2X

OUYKPOUOEIG.

3.6.
210 oUCTNPA ava@opdag Tou eUBOAoU, n TaxUTNTa TOU POPIoU ATTAA AVTIOTPEPETAI PETA
TNV Kpouon. AuTo onuaivel 0TI 0To CUCTAPA Ava@OPAg TOU EPYACTNPIOU EXOUUE
Vi=—v+2V.
‘ETO1 N HETABOAR TOU YETPOU TNG v €ival
Alv|==-2V
o€ Jia kpouon. Kartd tn xpovikn didpkela Az, €ivai:

A|v|:—¥At
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Evwon EAAARvwY Pucikwv TMANEAAHNIOZ AIATQNIZEMOZX PYZIKHE 2008 B pdon
Mavemornuio Abnvwy
Epyaornpio duoikwv Emarnuwy, TexvoAoyiag kai lNepiBdAAovrog

3.1
XPNOIPOTIOIWVTAG TNV UTTOBEIEN, EXOUME:

AG=XA|v|+|v|AX:—X¥At+|v|AX
Kail agou

VAt = AX
TTPOKUTITEI

AG =0
3.K.

MNa va Bpoupe T dUvVANN, NTTOPOUNE VA UTTOAOYIOCOUME TO PUBNO PETABOARG TNG OPMNG.
2€ MIa KpoUan n Opun TTOU PETAPEPETAI OTO £UPROAO gival

AB =-m Av
YT TIG OUVONKEG TOU TTPORANUATOG, META TNV KPouon n TaxUTNTa TOU HOpiou atrAd
aAAGCel TTpdono Kal

Av=-2]|v|
Omére
AR =+2m|v|
MeTd XpOvo At n OUVOAIKA OpUN TTOU JETAPEPETAI Eival
2
AP=""" At

. . . ] AP ? ?
H duvaun tmou aokeital oto éupoAo sivar F = m— G

3.A
To €pyo TTOU eKTEAEITAI €ival
X 2 2
W= [ Fdx S LS AL
2 X 2 X,

X 1

Omore:

1 1 1 G* 1 G

MV MV, =——m—5 +—m—
2 2 27X 2 X,
AuTé onuaivel OTI:
2 2
lMVlz +lmG—2 =1MV02 LIS .
2 2 X 2 2

1
Kal agou v’ = <G 2 EXOUWE:
xX)’ '
lMVI2 Jrlmvl2 :lMVO2 Jrlmvo2
2 2 2 2
[Mou onuaivel 0TI n evépyela dlatnpeiTal.

(lMNpooouoiwon 1NS¢ Kivnong Twv OoQ@aIpwVv OTO ETITESO TNC Kivnong EVEPYOTTOIEITAI
emAéyovrag "lpooouoiwon 3" otnv mepiox Twv Bsudrwv / AUoswv tou "laveAAnviou
Aiaywviouou duoikng 2008". lNpoooxn: arraiteital n eykaraoraon Tou Interactive Physics).
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Evwon EAAARvwY Pucikwv TMANEAAHNIOZ AIATQNIZEMOZX PYZIKHE 2008 B pdon
Mavemornuio Abnvwy
Epyaornpio duoikwv Emarnuwy, TexvoAoyiag kai lNepiBdAAovrog

Meipapatikd Mépog
A.a.16,42x0,211= 3,46 A.B 6,5/14,50=0,45
Ay.2432+17=4,1 A.56.120-18,3 =102
B.a. min”
B.B. ZTn oxéon T(t) = T&,,/, + (T(o) - T(;a,y )e_kt B€TovTag yia eukoAia 6tTou Ty TO
oUpBoAo T Kal OTTou Ty TO OUPBOAO Ts  Kal GEPVOVTAG OTO TTPWTO HEAOG TO Ts
TTQiPVOUE:
-k
T-Ts=(T,, —T)e t AoyapiBpifovTag £XOUNE:
In(T =T,)=In(T, - T,)— kt

H mmapatrdvw gival ypaupikr). ATré TIG TTEIPAUATIKEG TINEG TWV KAl T UTTOAOYICOUE TIG
QVTIOTOIXEG TIMEG TOU IN(T-T5) OI OTTOIEG PaivovTal OTOV TTAPAKATW TTiVOKA avaAuong Twv
TTEIPAUATIKWY OEOOUEVWV.

t (min) 10 | 20 30 40 50 60 70 80
T(°C) 65 | 49 38 30 25 22 20 18
T-Ts(°C) | 50 | 34 23 15 10 7 5 3
In(T-Ts) | 3,9 | 35 3,1 2,7 2,3 1,9 16 1,1

Me Baoel Tig TIuEG Tou t Kail Tou In(T-Ts) KAVOUNE TO TTAPAKATW dIAYPAUUA:

4,5
4
3,5 ~.
3 T~
© 25 T
£ R

15 \
1 >

0,5
O T T
0 20 40 60 80 100

t  In(T-T5) = -0,0394¢ + 4,2857

AuTO gival To KATAAANAO dIdypapua TO OTTOI0 PAG ETTITPETTEI VA BPoupE TN oTaBepd k
B.y. H otaBepd k utrohoyileTal atréd Tnv KAion kai BpiokeTal epitrou k=0,04 min™
B.3. lNpoekTeivovtag Tn BEATIOTN euBeia Bpiokoupe O yia (=0  In(T-T5)=4,3 oOTIOTE :

In(T-15)=4,3 kai

T-15=e** &nAadn

T=e*%+15 °C

T=73,7+15 °C ®nAadn n apxIkf Bepuokpaaia Tou Toayiol RTav:

T(o)=88,7 OC
B.e. Z10U¢ 16 °C In (T-Ts) = In( 16-15)=In1=0.

MpoekTeivovtag 1o didypapua Bpiokoupe =109 min TTepiTrou.
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