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I Aukeiou 21 AtrpiAiou 2012
OewpnTIKO HEPOG
Oépa 1°

A. Avo kiIBwTia gival kpepgaopéva ota duo dkpa aBapoug
OXOIVIoU TO OTTOiO TTEPVA aTTO afapr] TPOXaAIa OTTWG @aiveTal
oto oxAua. H tpIfr) geETagUu TOoUu OXOIVIOU Kal TNG TPOXOAIag
gival apeAntéa. To kiBwTtio A €xel yaca 10 Kg kal BpiokeTal
Tavw 0O¢ KekAIpévo emimedo pe ywvia khiong 60°. O
OUVTEAEOTNG TPIRNG METAEU TOU KEKAIMEVOU Kal TOU KIBWTioU
A eivar 0,5. To kipwtio B éxer padla 1 Kg kai eival
TIPOOKOAANUEVO O€ KATaKOpupo eAatApio pe otaBepd 200
N/m. Ta kifwTia KpatoUuvtal apxIKd aKivnTa PE TO OXOIVi
TEVIWHPEVO KAl TO €AATAPIO OTO QUOIKO TOU MPAKOG. Av TO
ouoTnua apeBei eAelBepo atrd Tn B€on auth, va Bpeite TO
MEYIOTO UWog OTO OTT0i0 Ba (pTdoel T0 KIBwTIO B. AiveTal

f

g=10m/s? , sin60°= = cos.60—E

B. ‘Eva kuAivdpiko ouppa MAKOUG L, akTivag r<<L kai €I0IKNG avTioTaong p, TTapouciadel
olagopd Ouvauikou V ota akpa Tou. Me dedouéva Ta L, r, p, V Kal T PayvnTikA
OIaTTEPATOTATA TOU KEVOU o :

i) Bpeite TO NAEKTPIKO peUpa / TTOU KUKAOQOPEI 0TO CUPHQ.

ii) Bpeite 10 p€Tpo kAl TNV KATEUBUVON TOU NAEKTPIKOU TTEdioU E OTnv ETIQAVEIQ TOU
oUpuaATOG.

iii) Bpeite 10 YETPO KaI TNV KATEUBUVON TOU MayvNTIKOU TTEdiou B OTnv €TMQAvEIa TOU
oUpuaATOG.

iv) To Sidvuoua Poynting S =c*s,ExB S :HLExB gival éva PETPO TNG
0

NAEKTPOUAYVNTIKNAG EVEPYEIAG TTOU PEEl ava povada em@aveiag Kal pag divel Tn dieubuvon

NG PONC TNG eVEPYEIag. To eEWTEPIKO YIVOUEVO E x B SU0 KABETWY dIAVUCUATWY gival éva

dldvuopa KABeto oTa duo dlavuopara Pe KareuBuvon TTou diveTal atrd Tov Kavova Twv

TPIWV OAKTUAWY TOU OEEIOU XEPIOU OTTOU WE TOV QVTiIXEIPA OEIXVOUNE TO TTPWTO OIAVUCHA HE

TOoV O€iKTn TO OEUTEPO KAl O MECOG OEiXVEl TNV KATEUBUVON TOU £EWTEPIKOU YIVOPEVOU. To

METPO TOU dlavuouaTog autou €ival i00 PE TO YIVOPEVO TWV PETPWY TwV OUO0 SIAVUCUATWY

ETTi TO NUITOVO TNG MIKPOTEPNG YWVIAG TTOU OXNUATICOUV.

BpeiTe TO PETPO Kal TNV KATEUBUVON Tou Blavuopatog Poynting S To oTroio oxeTi{eTal Ue TO

peUPa 0TO KUAIVOPIKS CUpPQ.

v) OAa T1a avTikeiyeva pe Bepuokpacia peyaAutepn atmd 1o ATTOAUTO PNOEV EKTTEUTTOUV

akTivoBoAia. H akTivoBoAoUuevn 10X0¢ atro £va QVTIKEIYEVO sival: P = goAT*

Otrou A 10 €uPadov TnG em@Avelds Tou Kal T n ammoAutn Bepuokpacia os K. H otaBepd o

kaAeital oTaBepd Stefan-Boltzmann e Tipr 5,671 10° W/(m?K*).

H akTivoBoAoupegvn 10xU¢ e€aptaTtal Kal armd 10 €idog NG emipaveiag. O OuvteAEOTAG

ammoppdéenong Tou avtikelyévou (0 < € < 1) o oTmoiog €ival kKal T0 KAGOPa NG

ATTOPPOPOUNEVNG I0XUOG ATTO TO QVTIKEIYEVO TTPOG TNV TTPOCTTITITOUCA I0XU 0¢ auTo. MNa

MEAQV owpa (TEAEIOG aTTOPPOPNTAG Kal EKTTOPTTOC) €=1. MNa 1davikd avakAaoTApa, (dev

UTTAPXEI aTTOPPOPNON Kal EKTTOUTT) €=0.
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To oUppa yia To oTT0i0 BewpeioTe OTI £€=1, Aciwvel 6Tav QTAvEl o€ Bepuokpaaia Ty. MNMoia Ba
TIPETTEI VA €ival N AKTiVA ¥ TOU OUPPATOG WOTE va Asiwoel TEAIKA; Aivetal n 101K avTioTaon
TOU OUPMOTOG o KAl TO PEUPA / TTOU KUKAOQOPEI.

Ofpa 2°

2UPQWva Pe TNV apxn Tou Huygens «kdBe onueio TOUu KUPATIKOU UETWTTOU YivETAl TTNYN
EKTTOPTTAG DEUTEPOYEVWV CPAIPIKWY KUPATWY, TA OTTOIA ATTOPAKPUVOVTAI OTTO TNV TTNYNA HE
TNV XAPOKTNPIOTIKA Taxutnta O1adoong. Metd tnv mdpodo opiopévou Xpodvou, To VEO
KUMATIKO JETWTTO OPICeTAl OTTO TNV ETTIPAVEIQ TTOU EQATITETAI PE TA HETWTTA OEUTEPOYEVWIV
KuhaTwy. K&dBe onueio Tou vEOU KUMATIKOU WETWTTOU YIiVETAI PME TNV OEIPA TOU TWPA TTNyN
EKTTOPTIAG DEUTEPOYEVWV KUPATWY Kal £T01 OUVeXICETAI N TTPONYyOUUEVN dIadIKOOia K.O0.K.»
OT1av 10 QWG TIPOCTIITITEl O EUTTODIO 1 0€ OTEVH OXIOUA PE dlaoTdoeIg TG idlag TaENg
MEYEBOUG PE TO PNKOG KUPATOG TOU PWTOG, Ol OXIOMEG ETTAVEKTTEPTIOUV KUPATA KAl £T01 TO
QWG atrokAivel ammdé Tnv euBuypauun d1ddoon. AuTh n atmmokAIon Tou QWwTOG atmd Tnv
€uBUypapun diddoon ovopaletal TrepiBAaon.

A) Edw Ba peAetAoeTe TI oupBaivel étav Exoupe TTEpIBAaon atrd pia oTeVA OXIouN Kal TOOO
Ol TTPOCTIITITOUCEG OTN OXIOMN QKTiVEG OO0 Kdl Ol OKTiVEG TTOU @BAvVouv OTO OnuEio
TTapatenong cival TapdAAnAeg. To delTepo cupPaivel éTav TO OnuEIo TTaPATAPENONG Eival
MOKPIG atmd TN OXIOPN 1 OTav XPNOIUOTIOIOUPE OUYKAIVOVTA (PAKO VIO va €0TIGOOUME TIG
TTAPAAANAEG OKTIVEG O 0086vN.

2TNV TTEPITITWON KATA TNV OTT0ia OAEG 01 dUVATEG
QAcEIg avTITTpoowTTevovTal €¢icou dnAadn yia
KAOe cos(wt+), va utTdpxel Eva cos(wi+@+1r)= -
cos(wt+@), Ta otroia aAAnAoavaipouvTal, EXOUUE
KATaoTPo@IKA GUPBOA. MNa va avTIAngBeiTe TTwg
TTPOKUTITEl AuTO BeiTe To dITTAAVO oxua. Av d To
€UPOG TNG OXIOMNG KAl A TO YAKOG KUPATOG TOU
QWTOG, Ppeite TR OUVOAKN  KOTAOTPOYIKNG d
OUMBOANG oTO onueio TTapaTipnong.

lpoc¢ 1o onueio
maparipenong

B) MN6oco pakpid Ba utropoucate va €icacte amod éva QIAO 0ag TTIpIV APXIOETE va TOV
BAETTeTE Oav KUKAWTTA; AnAadn 1600 PaKpId Ba ETTPETTE va €i000TE WOTE VA PN OIOKPIVETE
av €xel éva ) dvo paria; Ta ammoteAéoparta NG TTEPIBAACNS UTTOPOUV va oag Bondrioouv va
amravtioete. 'Eotw L n kpioiun amméoTtacn. O1 akTiveg atmd 1a dUO UATIa TAVOUV GTO PATI
00G. YToBéoTte OTI n ywvia PETAEU QUTWV TWV OKTiVwV €ival 68 TOOO MIKP WOTE
tan@ ~ sinf ~ O kal 6Tl TO £€va PATI TOU PiIAoU Gag atréxel atré 1o GAAO KaTd S.
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AuTEG 01 BUO akTiveg PTTaivovTag oTo PAT oag TTepIBAwWvVTAl apou diEpxovTal atrd oxIoun,
TNV KOPN Tou 0PBOAPOU 0ag n oTroia €XEl EUPOG d. ZUPPWVA PE £va yVwoTO KPITAPIOo, TO
KpITiplo Tou Rayleigh, Ba ptropeite va TG dlOKPiveETE OTAV TO TTPWTO EAAXIOTO TNG EIKOVAG
TEPIBAAONG TNG TTPWTNG TTAPATIBETAI PUE TO PEYIOTO TNG OEUTEPNG.

N Ta epdayuata ePiOAaong cival TTAGKEG UE TTOAAEG _
OTEVEG dlagpaveig

TEPIOXEG. TO QWG PTTOPET ]
va TTeEpPVA pévo Péoa atro
QuTtég TIC TTEPIOXEG. H
aTréoTaoN OUO YEITOVIKWY

«OXIOPMWV» gival d OTTwg —) /
Qaivetal  oTto  OeUTEPO
oImAavo oxnua. Bpeite Tn
ouvenkn EVIOXUTIKNAG
OUMBOANG.

A) H okédaon Bragg €ival pia mTepimtwon @payhaTog TTepiBAaong 'ITOU MOG ETTITPETTEI VA
METPAOOUME TNV OTTOOTACN TWV OTOMIKWV :

EMTEOWV €VOG KPUOTAAAOU. 210 OITTAQvVO
OlIdypaupa  @aiveTal  MIO  TTEPIOXN  TOU
KPUOTAAAOU OTnV  OTTOid  TTPOCTTITITOUV
OKTIVEG X ME MAKOG KUpatog A. YTrdpxouv
OPIOMEVEG YwVieg B PETAEU TwV AKTIVWYV Kal
TOU OTOMIKOU ETTITTEOOU OTTWG PaAivETAl OTO
OXNHA, yia TIG OTTOIEG OAEG OI OKEDALOUEVES
OKTiVEG aTTd TO TIPWTO Kal TO OeUTEPO
QTOMIKO ETTITTEDO GUPPBAAAOUV EVIOXUTIKA. Av :
d n amdéotaon Twv OUO TTPWTWV ATOMIKWY  —@ @ ® ® *—
EMTTEDWY, va BPEITE TN CUVONKN EVIOXUTIKAG

OUMBOANG Kal CUVETTWG IOXUPNG OKEDAONG.

Oépa 3°

A. 'Evag peupato@opog Ppoxoc péoa ot eEWTEPIKO payvnTIKO Tredio Bupilel Tn
OUNTTEPIPOPA MIOG MayVNTIKAG BeAOvag péoa o™ €va TéTolo TTEdio. H pia 6wn Tou Bpoxou
OUMTTEPIPEPETAl WG BOPEIOG TTOAOG TNG PeAGvaAg Kal n GAAn own wg voTiog TToAog. Ol
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MayvnTIKEG BEAOVEG, Ol YPOAUMIKOI MAYVATEG KAl Ol PEUPATOPOPOI BPOXOI PTTopouvV va
BewpnBoUlV WG payvnTIKA dITToAQ.
H payvnTikn diIttoAIkr) poTrh €ival éva didvuopa TTou opideTal atrd Tn oxéon:

m=la
m=la
I

OTrou | gival T0 pedpa Kal a 10 gURAdOV TnG emi@aveiag Tou Bpdxou. H katelBuvon Tng
MayvnTIKAG OITTOAIKNG POTTHG TTPOKUTITEI ATTO TOV Kavova Tou Be€loU XEPIoU Kal QaiveTal OTO
TTAPATTAVW OXAMA.

H ouviotauévn duvaun o€ payvntiko SITTOAO aTTd OPOYEVEG payvnTIKO TTedio gival undév. H
POTI) TTOU OEXETAI TO MAYVNTIKO OITTOAO aTTd OpOYEVEG MpayvnTIKO TTEdi0 KATA TTANPN
avTioTolXia hE TN POTIr) TTou OEXETAI NAEKTPIKG SITTOAO ATTO OUOYEVES NAEKTPIKO TTEDIO €ival:

T=mxB oToTE T=MBsSin@ 610U 6 N ywvia PeTaty M kai B

Mia yn aywyiun ogaipa £xer yaca 80 g kai aktiva 20 cm. H o@aipa @Epel Eva eTmiTredo
OupTTaYEG TTNVIO WE 5 oTTEipeG TUAIYUEVEG YUPW TNG Kal €ival TOTTOBETNPEVN OE KEKAIMEVO
eiTTedO TO OTTOI0 OoXNUATICEl ywvia B pe TO 0pICOVTIO ETTITTEDO £TOI WOTE Ol OTIEIPEG TOU
TTNVviou va gival TTOPAAANAEG OTO KEKAIMEVO ETTITTEDOD. 2TO XWPO UTTAPXEl £vA KATAKOPUPO
opoyevég payvnTiko tedio 0,350 T pe kateuBuvon Tpog Ta TTavw. AiveTal n emTAXUVON
AOYyw NG BapuTtntag g=9,80 m/s?.

i) Bpeite TNV évraon Tou pEUPATOG OTO TINVIO TO OTTOIO ETTITPETTEI OTN OPAIPA VA ICOPPOTTEI
aKivnTn TTAVW OTO KEKAIUEVO;

ii) E¢aptdral To ammoTéAECua atrd TNV TIWA TNG ywviag 6,

B. >10 TTOpaKATW OXAMA, TO aoBevo@opo A Kiveitar pe Taxutnta va=126 km/h, T0
auTtokivnto B pe taxutnta vg=90 km/h kai 10 @optnyd I pe taxutnta vi=108 km/h. O
0dnNyog Tou aoBevo@opou A TIpIV akOua TTpooTrepdoel TO auTokivnto B €xel Béoel o€
AgIToupyia Tn oeipAva Tou aoBevoPOPOU N oTToia EKTTEUTTEI X0 ouxvoTnTag 300Hz. 'Evag
€PYATNG ouvVEPYEIOU OUVTAPNONG TNG €BVIKNAG 0d0U gival akivnTog oTo onueio A. OswpeioTe
OTI 6Aa Ta oXAPaTa KAl O EPYATNG €ival TTEPITTOU OTNV idla euBeia. Aivetal n TaxutnTa TOU
AXOU oToV aépa Vn=1224 km/h

i. MMolog gival o AOyog Twv OUXVOTATWY TTOU aVTIAOUPBAVETAI O €PYATNG TTPIV Kal UETA TN
O1€éAeuon Tou aoBevoPOPOU aTTO UTTPOCTA TOU.

ii. Molog gival o Adyog Twv cuxVvOTATWY TToU avTIAauBAveTal 0 0dnNyodg Tou auTokivrTou B
TIPIV KAl HETA TO TTPOCTTEPACHA TOU acBevo@OpouU OTO auTokivnTo B.
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iii. Moo eivar n ouxvotnTa TOU OIOKPOTAMATOG TIOU avTIAaUBAveTal 0 0dnyog Tou
aoBevo@opou Adyw TNG UTTEPOBEONG TOU XOU TTOU EKTTEUTTEI N OEIPAVA PE TOV X0 TTOU
ETTIOTPEPEI OTO ACBEVOPOPO aPOoU aVOKAACTEI OTO POPTNYO;

Meipapartikd pépog

‘Exel diamoTwOei Teipapatika o1 6tav akTivoBoAia opiouévng ouxvoTnTag TTPOCTTECEl OE
METAAAIKA €TTIQAvEIa gival SuvVATO va TTPOKAAETEI ECAYWY NAEKTPOVIWY (PUTONAEKTPOVIWV)
atmmd 10 pETAAAO. TNa TTapddelypa, TO QWTOKUTTOPO PE TO OTTOI0 PTTOPEI va dnuioupyndeEi
NAEKTPIKO PEUUA O€ £va KUKAWPA APECTWS MOAIG TTECEI QWG O€ PIa HETAAAIKE TTAAKA.

Ta nAekTpopayvnTIKA KUPOTO HETAPEPOUV evépyela. ETol KATTOIa NAEKTPOVIO TWV ATOMWV
TOou PETAAAOU KePDICouv evépyela atto Ta H/M kupata Kai {EQeUyouv atro Ta ATOMA.

H evépyela TTou petagépeTal atrd Ta Kupata €apTdral JOvo atrd To TTAATOG TOUG, OUVETTWG
atro Tnv évraon Tng akTivoBoAiag. H ouxvotnta dev Ba £TTpeTTe va £xel Kapia onpaoia. MNa
TTAPAdEIYUO av KOKKIVO QWG Kal UTTEPILdNG akTIVOBOAia Tng idlag évraong Eme@Tav oTnv
EMQPAVEIQ VOGS NETAANOU Ba £TTPETTE va €AyouV ToV idI0 apIiBud nAekTpoviwy, Ta oTroia Ba
ETTPETTE VA €XOUV Kal TNV idla PEYIOTN KIVNTIKA EVEPYEIQ Kal OTIS dUO TTePITTTWOEIS. ETTiong
av n évraon ATav TTOAU PIKPR TOTE Oev Ba ETTPETTE VA EKTTEPTTOVTAI KABOAOU NAEKTPOVIA 1)
VO EKTTEUTTOVTAI PETA aTTO PeEYAAO XpoVvIKO didoTnua. Ouwg KATI TETOI0 dEV TTAPATNPEITAI
oTa TTEIPAPATA.

A. Twg egnyouvTal Ta TTAPATTAVW TTEIPAUATIKA ATTOTEAEOUATA;

B. lNa va €gaxBei éva nAektpovio ammd KATTOI0 YETAANO aTTQITEITAI EVEPYEIA (0N ME TO
Aeyouevo €pyo €Caywyns @ Twv NAeKTpoviwv (QwTonAekTpoviwyv) atmd 1o PéTaAlo. Moia n
eNax10Tn (oplakn) ouxvoetnta fy TNG AKTIVOBOAIAG TTOU TTPOKAAET £€000 PUTONAEKTPOVIWY;

. Av n ouxvotnta f TnG akTIVOBOAIOG TTOU TTPOCTIITITEl OTO METOAAO / QWTOKAB0dO Eival
MEYAAUTEPN TNG OPIOKNAG aTTO TTola oxéon Ba diveTal n KIVNTIKA evépyeia TTou Ba £xouv Ta
NAEKTPOVIO KATA TNV ££000 TOUG 0AV OUVAPTNON TNG OUXVOTNTAG f KAl TOU £pYyoU £CayWYNS
@, (pwTonAexTpIkn £€iowon Tou Einstein)

A. 210 dITTAAVO OXAuUO QaiveTal n OXNMUOTIKN ‘f
avaTTaPAcTaon YIOG CUOKEUNG YIO TN JEAETN TOU

PWTONAEKTPIKOU @aIvopévou. HAekTpouayvnTiKn
aKTIVOBOAIa TTPOCTTITITEI oTO0 METAAAO
(NAekTPOBIO M), Ta PWTONAEKTPOVIO £EEPXOMEVT
emTaxuvovtal ammd 1N dla@opd duvapIKoU V.
Mwg petaBaAAetal n diagopd duvapikoU PeTagU
M kai N, kabwg o dpopéag A KIVEITAI KATA UKOG 6)
TOou oUppaTog IMZ;

OKTIVOBOAIAG TTOU TTPOCTTITITEl OTO METAAAO M E T
gival  peyaAlTEPN TG  OPIOKAG, VIO VA ] _|‘.
eMTTOdIoOUPE Ta NAEKTPOVIA TTOU E€&EPXOVTAl VO B "l
@T1doouv oTo AAAO NAekTPOOI0 N —Kal ETTOPEVWG —

yla va PNOEVIOTEI TO QWTOPEUPO— Ba TTPETTEI VA

epapudooupe Taon Vun N otroia AéyeTal «TGon atrokoTG» V. Bpeite Tnv e€iocwon n otroia
OUOXETICEl TNV TAON OTTOKOTIAG V4, TO MAKOG KUPATOG A TNG OKTIVOBOAIGG Kal TO €pyo
£5aywyng @.

A
E. Zmnv Trepimmrwon Tou n ouxvotnta TG l_/\/\/\ ANZ
I
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2T. Z1ov TTapakdTw TTivaka @aivovTal Ta dedouéva aTrod Eva TrEipapa

Vo (V) 1don ammokoTTig A (nm) uRKog KUPATog
1,0 200
2,0 196
3,0 158
4,0 144

Me Sedopévn ThV TaXUTNTA TOU QWTOC ¢=2,998 10° m/s kal To QopTio TOU NAEKTPOViOU
e=1,602 107"°C, kdvte 10 KATGMNAO YpPGPNUA Kal UTTOAOyioeETE pE T BoRBeid Tou TN
otaBepd Tou Planck h kai To épyo egaywyng .

KaAn emiTuyia
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Av BEAETE, UTTOPEITE VO KAVETE TO YPAPNUA G’ QUTH TN OEAIdA Kal va TNV ETTICUVAYPETE YECQ
OTO TETPAdIO 0AGC.

EmAEETE TOUG GEoveg TITAODOTHOTE CUMPTTEPIAGRBETE Kal TIG KATAAANAEG povadeg oe KABe
agova.
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ZuvoTrTiKéG AUoEIg
OewpnTIKO HEPOG

Oépa 1°

A. Tn oTiyuy TTou 10 KIBWTIO B @TAVEl OTO PEYIOTO UWOGS X Ba €xel Taxutnta pndév, TO
ehatrpio Ba gival TEVIWHEVO KATA X KAl TO KIBWTIO Ba £xel KIvnOei Kal autd KAtd X TTAvw OTo
KeKAIuEVO eTTiTTedo Kal Ba €xel kal autd Taxutnta pndév. H KivnTIKA &vépyela Tou
ouoTAPaToG Oev Ba éxel PETABANBEl agou apyikd kal Ta dUO CwuaTa ATAV OKivATa.
2UVETTWG N METABOAN TNG UNXAVIKAG EVEPYEIAG TOU OUCTAUATOG Ba gival ion Pe TN JETABOAN
TNG Ouvapikng Tou evépyelag AU. Auti n peTaBoAr Ba i1oouTtal Pe TO €pyo TwV N
ouvTNPENTIKWY QUVAUEWY TTOU OTNV TTEPITITWON QUTH €ival JOvo N TPIRR atrd TO KEKAINEVO
o1o cwpa A. ‘ETo1 AoITtov €X0UE:

AUo)\=WTp|[3 dnAadn AUE)\GTan'OU+AUBGpUTIKﬁA+AUBGpUTIKﬁB= WTplBﬁg OTTOTE

%kx2 — magxsin60 +mggx=-umagcos60x aTrd TNV OTToia TTPOKUTITEL:

— mAg\/g_/umAg —2mgg
k
AVTIKATACTAON TTPOKUTITEN OTI X=0,516m

n x=0. H AUon x=0 atroppitTrteTal KAl JE

2
B.i./i=_ /™
L Ip

A

ii. E=Z Me kareuBuvon: Ekeivn Tou cUpPATOG KAl KOTA T QOpA TOU PEUUATOG.

i, B= 2ol _ HVT
2w 2Lp

Me karteuBuvon: E@artrtéuevn oTto oUpua TETOIR WOTE va BIdWVEI OECIOOTPOPOS KOXAIOG
KATA TN QOPA TOU PEUPATOG.

. I’p
iv. S=——
2r’r?

Me karteuBuvon: Kabetn oTo oUpUa TTPOG TO ECWTEPIKO TOU.

v. H Beppokpacia Ba auaveral gEXPIS OTOU UTTAPEEI YIO ICOPPOTTIO LDOTE N EKTTEUTTOMEVN
10XUG va 1000Tal hE TNV TTPOaPEPOUEVN dNAadN: cAT* = I*R omdte emreidr: A=21irL

2
oT* = szLL A6 TV oTroia:
r L7
=3 ]2p
270 T?

Ofpa 2°

A. H dia@opécg dpouou Twv KUPATWY atrd 1O TTAvw PEPOG TNG OXIOUNG £WG TO KATW UEPOG
NG éXouv TIMEG ammd pndév €wg dsinG, 6tou d TO €UPOG TNG OXIOUAS. Oa éxoupue
KATaOTPOPIKA OCUUPBOAR €TTEIBN OAEG OI PACEIG AVTITTIPOOWTTEUOVTAI £GiCOU OTAV: dSiNB=nA
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B. 'Eotw L n kpioyn améoTtacon. O1 aktiveg amd 1a dUo pdTmia @Tdvouv OTO PATI OOG.
YT1ro0£0Te OTI N MIKPN YWwVia HETAEU QUTWV TwV aKTiVwy gival 6 Kal 6Tl TO éva PATI TOU PiAou
oag atméxel armo 10 Ao katd s. ‘ETo1:

tand = sind ~ (9)
L

AuTEG 01 BUO OKTIVEG PTTAiVOVTAG OTO PATI 0ag TTEPIBAWVTAI apou diEpyovTal atrd oXIoun,

TNV KOPN Tou oQBaAUOU 0ag. O@a UTTOPEITE va TIG DIAKPIVETE OTAV TO TTPWTO EAAXIOTO TNG

eIkOvag TTEPIBAAONG TNG TTPWTNG TTAPATIOETAI HE TO PEYIOTO TNG OEUTEPNG. ZUVETTWG OTAV :
dsin6=A (10)

OTTOU d TO EUPOG TNG KOPNG TOU 0POBAAPOU OOG.
I s O\
O

L

u Kopn opBaipov

|| d

A
v

A6 TnVv (9) kai TNV (10) TTPOKUTITEL:

sinG:i:i

L d Kal
L=

A (11)

. Ta epdaypara mepiBAaong ival TTAAKES e TTOAAEG OTEVEG dlagaveic TTEPIOXES. To pwg
MTTOPEI va TTEPVA POVO PEOA aTTO QUTEG TIG TTEPIOXES. Av n a1rOoTOOn OUO YEITOVIKWY
«OXIOpNWVY gival d 6TTwG @aiveTal OTO TTAPAKATW OXAMNA, N diagopd dpduou avdaueoa oTa
KUPQTA TTOU EKTTEUTTOVTAI ATTO OIAdOXIKEG OXIONEG gival dsin®. Eav autr) n diagopd @dong
IooUTAIl PE €V PAKOG KUPATOG ) KATTOIO aképalo TTOAAQTTAGOIO Tou, TOTE T KUPATA TTOU
EKTTEMTTOUV O OIAPOPEG OXIOPEG KATA TNV KateuBuvon 6 Ba cival o @aon. Emmopévwg
EXOUME EVIOXUTIKA OUPPBOAR 6Tav: dsinB=nA

A. Tlpdkerral yia g TEPITITWON QPAYUATOS
mePIBAOONG TTOU  pAG  ETITPETTEL VA
METPiIOOUME TNV aTTOCTACN TWV OTOPIKWYV
EMTEOWV EVOG KPUOTAAAOU. ZTO OITTAQVO
Oldypaupa  @aivetal  pia TTEPIOXH  TOu
KPUOTAAAOU OTnV  OTToia  TTPOCTTITITOUV
OKTIVEG X. YTTAPXOUV OPICHEVES YWVIES YIa TIG
OTTOIEG OAEG OI OKEDACOMUEVEG OKTIVEG Eival O€

pdon Kal OUMBAAAoOUV EVIOXUTIKA. ,
MopaTnPAoTeE  TO  MIKPO  TPiywvo  OTO : dsin
olaypaupa, Ba o¢ite 01 n diagopd dpduou  —@ ® 4 ® *—

METALU TNG OKEDALOUEVNG ATTO TO TTPWTO KAl
I Aukeiou 2¢ehida 9 amro 11
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TO OeUTEPO ATOMIKOG eTTiITTEDO €ival:

D=2dsin6 (6)

Otav Aoittév D=nA, dnAadn oTav :

2dsin6=nA  (7)

EXOUME EVIOXUTIKA CUNPBOANR, Kal I0Xupr okEdaon.
MPOZOXH: n ywvia 6 d¢ev cival n ywvia TpdoTTwong ouTe N ywvia avdkAaong. H ywvia 6
g€ival N ywvia JETAU TWV OKTIVWY KAl TOU ATOUIKOU ETTITTEQOU.

Oépa 3°

A.

i. ATTO TNV 100PPOTTIA TNG OPAIPAG EXOUME:
T-Mgsin6=0 (1)

kal TR-uBsin6=0 (2)

ATIO TIG (1) Kau (2) éxoupe: uB=MgR (3)
AT TOV 0pIoPO TNG PayVNTIKAG POTINAG:

u=NIR?>  (4)
‘ETo1 ammo TG (3) Kai (4) EXOUE:
= M8 _ 7134

nNBR

Me @opd: avTiBeTn Twv SEIKTWY TOU POAOYIOU
ii. OXI

B

. fﬂpzv _ (Vr];( +VA)
l.

~ 1,23

HUETO (Vn;( - VA
v _ (vnz TV )(Vw ~Vg)
UETA (viy;( - VA )(vn;( + VB)

B (Vq;( +v,) (VW( —Vr)

/.
i, o=/ = 0, ) (0, —v,)

~ 1,06

f.—f, =8,48Hz

MeipapaTikd péPog

A. O Einstein diaknpuée 611 N KBAVTWON TNG NAEKTPOPAYVNTIKAG AKTIVOBOAIAG ival eyyevig
1I016TNTA TNG. TO QWG PETAPEPEI TNV EVEPYEIR TOU OE€ TTAKETA TTOU ONUAiVEl OTI ATTOTEAEITAI
amd owuatidia TToU  KaAouvTal QwTovia. Me TO QWTONAEKTPIKO QPAIVOUEVO QUTA
QAVOOEIKVUETAI O CWHPATIOIAKOG XAPAKTIPAG TOU PWTOG.
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Y%
B. fo=—
“h

r. hf—cp=%mu2

A. KaBwcg o dpopéag A kiveital atmd 1o I mpog 10 E n Vi €ivail BETIKN Kal YEIWVETAI
AauBavovtag undevikA Tiuf étav o A gtdoel oto E. Katd tnv kivnon Tou dpopéa atrd 1o E
oto N n dia@opd duvapikou yiveral apvnTIKA Kal JEIVETAl (auEdveTal KaTd attdAUTN TIuR).

E. eVoF%mu2 Kal hf—cp=%mu2 omote:  eVy=hf-¢@ amd TNV oTroia:
he 1. ¢

V= —()-L

e (/1) e

2T. To katdAAnAo ypdonua gival ekeivo TG Vi, o€ ox€on PE TO %

4,5
4 V="1,304{1/N)- S,W
3,5
3 *
2,5
2 ¢
1,5
1 ¢

0,5

0 T T T T T T T 1

H Kkhion eivan - 7€=1,3010° Jm/C
e

h=6,94103* Js
@=5,12eV
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