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OAHrIEZ:

1. H emre€epyaoia Twv Bepdrwy Ba yivel yparmtwg o€ xapTi A4 1 oe Terpadio 10 OT10i0
Ba oag 606¢i kal To o1Toi0 Ba TTapadwaoeTe oTo TEAOG TNG £€€Taong. Ekei Ba oxedidoeTe Kal
0oa ypag@Rnuara {ntouvral oto OewpnTikd Mépog.

2. Ta ypaeiuata tou MeipapaTtikou Mépoug Ba Ta oxedIAOETE KATa TPOTELQIOTNTA OTO
MIAIMETPIKO XOPTi TTOU OUVODEUEI TIG EKPWVHOEIG.

3. Ta TeAIKA aTroTEA(OUATA KAl Ol OTTAVTAOEIG TOOO Tou OgwpnTiKkoU 600 Kal TOU
Meipapatikou Mépoug Ba TTpétel omwaodnNTmore va CUPTTANPpwBoUv kal o1o “@UAAo
AmravTioewv”’ Tou Ba cag ©600¢ei padi pe TIC EKQWVAOCEIC Twv Beudtwv kKal Ba
TTOPAdWOETE, ETTIONG, OTO TEAOG TNG £¢ETAONG.

OewpnTikd Mépog

Oépa 1°

A. ‘Eotw 611 otn 6éon 0 ypaupikoU €AACTIKOU PECOU dNUIOUPYOUVTAl TAAAVTWOEIG TTOU
meplypagovtal amdé TNV e€iowon y=Anu(wt), omote (avdAoya pe T didpkela NG
dlatapaxng)  Onuioupyeital oelpd TTOAPJWY 1 KOJA. Zag Oivovral Ta ETTOPEVA OKTW
yPa@UaTa TTOU TTAPICTAVOUV TNV ATTONAKPUVON Y O€ ouvapTnon €iTE YE TO t €iTE JE TO X.
MNvwpileTe 0TI TO APICTEPOTEPO OnuEio Tou opifdvTiou agova avtioToixei o€ Tiun 0. MNa éca
amoé Ta ypo@nAuaTta auTd E€ival aTTOdeKTA: i) va KOBOopPIioETE TO QUOIKO MEyEBOG Tou
opigévTiou agova (t 3 x), ii) va TTpoodiopiceTe TNV TIUA Tou GAAOU peyéBoug (x Nt
avtioTolxa), iii) va TTEPIYPAYETE TI TTAPIOTAVEI TO YPAPNUA ME OOEG TTEPICOOTEPEG
AETTTOMEPEIEG TTPOKUTITOUV OTTO QUTO.
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B. 21a onueia A kai B emmitredou eAaoTikou péoou Bpiokovtal duo Tnyég My kail My TTOU
onuioupyouv Mpapuikd Appovikd Kupata. MeTd Tn XPOVIKN OTIYWR TTou €XEl EEKIVIAOEL N
TaAGvTwon OAwv Twv onueiwv Tou €AAcTIKOU PECOU, TTAPATNEOUNE OTI TO onuegio M TTou
BpiokeTal ato péoo TNG AB, TTapapével dlapkwg akivnTo. Na XapakTnpioeTe TIG ETTOUEVES
TPOTACEIC WS ZWOTEG A AAvOACUEVEG.

B1. Ta TAGTN TV TTNyWV givail ioa.

B2. O1 dUo mTnyég TTapayouv kupaTa pe A>AB.

B3. H pia Tnyn apdayel eykGpoio KUpa Kal N GAAn dIGuNKeG.

B4. O1 Tnyég Tapouacialouv diagopd ¢paong 1r.

B5. O1 Tny€g €xouv dIAQOPETIKEG OUXVOTNTEG.

Oépa 2°

A. 'Evag 1repIoTpe@OPEVOG DIOOTNUIKOG OTABPOG €ival PIa UTTOBETIKA
TpoTOON YyIia Tn dnuioupyia «TeEXvVNTAG BaputnTtag» O€ XWPO TOu
AIQOTAPOTOG TTOU aTTéXEl TTOAU atmd KATToI0 BapuTikG cwpa. Evag
TETOIOG OTABPOG Ba cival €évag TEPAOTIOE TPOXOG, TTEPIOTPEPOUEVOS
yUpw atrd ToV AOVA TOU, OTO ECWTEPIKO TNG TTEPIPEPEING TOU OTTOIOU
Ba gpyalovTal oI aoTPOVAUTEG.

=
e

A1. lMola TPETTEl va €ival N aKTiVa KAl N YWVIAKK TaxUTnTa TTEPIOTPOPAS TOU OTABUOU WOoTE
QuTdG va PNV dnuioupyei dlaQopEéS PapuTnTag OTA CWHATA TWV ACTPOVAUTWY PEYOAUTEPES
TOU 2% at1ro 10 KEQAAI £wg Ta TTOdIA TOUG Kal va egac@alilel BaputnTa ion pe 10 90 % NG
yAvng;

A2. AQouU KaTaOKEUAOTEI €vag TETOIOG DIAOTNUIKOG OTABNOG Ba €XEl
pada M=10° kg Kai yia va dnuioupyAoel TNV «Texvnth Baputnta» Ba
TTpETTEl va TeBei og TTEpIoTPOP. MNa va emmTeuxOei auto, N KaAUTEPN
MEBODBOG €ival va TOTTOBEeTNBOUV TECOEPEIG TTUPAUAOI EQATITOUEVIKG
TOU oTOBUOU, OTTWG YaiveTal 010 oxNua. O KGBe TTUPAUAOG €xel ala
m=1500 kg kai gival IkKavog va TTapéxel otabepr) duvaun F=180 N. Ze
TOoO XPOVO O dIACTNUIKOG OTaBUOC Ba Trapéxel Tnv €mOupnTA
BaputnTa OTOUG AOTPOVAUTEG ATTO TN OTIYMR TTou Ba TTUpodOTNOOUV Kal Ol TECOEPEIG
TTUpauAol TauTdXPOVQ;

To péoo UYWOoG TwV aoTpovauTwy gival h=1,78 m, n TIuA TNG €mMTAXUVONG TG BapuTnTag
otn 'n eivar g=9,8 m/s? Kol n poTm adpAvelag Tou TPoXoU WG TTPOG ToV Agova Tou gival
I=MR?(yia TOUC UTTOAOYIONOUG HaS BwPOUHE TIC OKTIVEC TOU OTABUOU apeANTENS HAZag Kal
TTwg 6An n pa&la gival OpoIGUOPPA KATAVEUNMWEVN OTNV TTEPIPEPEIA TOU).

B. Opoyeviig PeTaAAIKA TTAGKa apeAnTéou TTAXOUG HACAG 2m €XEl €—2R —>
MAKOG 4R, KAUTITETQI OTn MEOn oxnuaTtiCoviag opbny ywvia kar A
TOTTOBETEITAI O KUAMIVOPO (OTEPEWPEVO KATA TPOTTO WOTE N Kivnon
ToUu va gival aduvarn Kal PE TOV G&ova Tou OpPICOVTIO), OTTWG Hg
@aiveral oto oxAua. O KUAIVOPOG €xel akTiva R Kal TO TTAVW HEPOG
NG METAANIKAG TTAGKQG €ival opICOVTIO.
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Na utroAoyioeTe TOV EAAXIOTO OUVTEAECTH OTOTIKAG TPIBAS Uor METAEU TNG TTAGKOG KAl TOU
KUAivOpou, €101 WoTe N TTAAKA va TTAPAPEVEl OE ICOPPOTTIAL.

Oépa 3°

'n peTaBANTAG TTUKVOTNTAG

ATIO 10 €va Gkpo TNG 'ng A wg 10 GAO [ Bewpoupe OTI ExEl
avoixTei pia diodog TTou dIEpXETal ATTO TO KEVIPO TnG K Kal €xel
aueAnTéa dlaTopr). ATTO To AKPO A A@VOUUE XWPIG apXIKA TaxuTnTa ‘K
owua 2 apeANTEWY dIAOTACEWY Kal JAlag m. @swpoue OTI:

i) Eival yvwoTdg 0 vOpog TNG TTaykOouiag €AENG, dnAadry dUo UAIKA
onueia pe PACeG my KAl my TTOU OTTEXOUV ammooTacn r €AKovTal
auoifaia e duvauelg avTiBeTng @opdg, diclBuvong Tnv gubtia TTou evwvel TIG dUO PACES
m,m,
—2

}

Kal ioou péTpou TTou divetal atrd Tn oxéon: F =G G: 01aBepd TTAYKOOMIOG £AENG).
i) To ecwtepIkd TNG NG €xel weTaBANT TTUKVOTNTA pAlag TTou e€apTaTal, OPwG, YOVO
atré TNV aTTO0TAON 1 aTTd TO KEVTPO TNG, P(1).

i) ‘Eva owpa 1Tou BpioKeTAl OTO E0WTEPIKO EVOG OUOYEVOUG a@aipikoU @Aoiou (dnAadn
aueANTEOU TTAXOUG) O OTToioG £xel Pia TToodTnTa PAlag IcoKaTaveENNUEVN o€ OAn Tou TNV
EMQPAVEIQ, OEXETAI TUVOAIKA PNOEVIKA BapuTikr duvaun atmd Tov GAoIO.

iv) '/Eva cwpa Tou PBpioketal £Ew atmd évav OPoOyeVH OQaIpPIKO @QAoIO (dnAadr pe
auEANTED TTAXOG) O OTT0IOG €XEl Wia TTooOTNTA PNAlag M 1cokaTaveunuévn o€ OAn Tou TNV
em@aveia déxeTal atrd Tov PA0IO CUVOAIKG BapuTikr) duvaun ion Pe TN BapuTikh duvaun
atro UAIKO onueio pacag M 1Tou ival TOTTOBETNUEVO OTO KEVTPO TOU GQAIPIKOU PAOIOU.

A. OcwpwvTag OTI TO CWHa Z dEXETAI € OAN TN d1IAdPOUN TOU OTO E0WTEPIKO TNG 'NG
BapuTikh duvaun oTaBepou PYETPOU Kal OTI Ol HOVEG YVWOTEG TTOOOTNTEG Eival n eTITAXUvVon
NG BaputnTag otnv em@eaveia g NG go Kai n aktiva TG 'ng Rr:

A1. E¢etdoTe av To owua Ba @Tdoel oTo onueio I,
A2. Eivai n kivnon 1TePIodIKN;
A3. Av vai, uttoAoyioTe Tnv TTEPiIOdO T TG Kivnong.

A4. TpayTte TIG €CI0OWOEIG WG CUVAPTNON TOU XPOVOU f, TwV AAYERPIKWY TIHWV TWV
MeyEBWV: eITAXUVON d TOU CWHATOG 2, TaXUTNTA U TOU CWHATOG 2, B€0N X TOU CWHPATOG 2
(6€TovTag apxn Twv agdvwy To KEVTPO TNG 'NG). ZTIG EEI0WOEIC BEWPAOTE APXIKH XPOVIK)
OTIYMA TN OTIYUNA TTOU TO Z EEKIVA aTtTO TO A KaI YPAWTE QUTEG €WG XPOVOo Wiag trepiddou T
(av n kivnon €ival TTePIodIKN).

B. ZxedIdoTe TIC YPAPIKES TTAPACTACEIS WG CUVAPTNON TOU XpOvou t Twv PeyeBwy a, u
KAl X TOU TTPONYOUMEVOU EPWTHHATOC YIA XPOVIKO dIdoTnua piag Trepidodou (av n Kivnon

I Aukeiou 2edida 3 amd 17
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gival TTePIOBIKN). ZXONAOTE TUXOV AOUVEXEIEG 1 EAAEIYN TTaPAYWYICINOTNTAG o€ didpopa
onueia Twv dlaypapudaTwy TTou oxXedIACATE.

M. Bpeite Tnv €€dptnon Tng TTUKVOTNTAG p(r) TOU €0WTEPIKOU TNG NG amd Tnv
ATTOOTACN r ATO TO KEVIPO TNG, BEWPWVTOG YVWOTEG TIC TTOOOTNTEG ETTITAXUVON TNG
BapuTtnTag otnv £m@aveia NG NG go, akTiva TNG NG Rr Kail oTaBepd TTaykOoUIag €AENG

n+1

G(Ymodeién: OewpnoTte WG yvwoTo c'm:J.z”dz: ' .
0 n+

I XPNOIUOTTOINCTE IDIOTNTEG TWV

TapAywywv).

2. >xedIdoTE TN YPOQPIKNA TTAPAOTACH TNG TTUKVOTATAG 0 WG OUVAPTNON TNG atréoTaong
r a1rd 10 KEVTPO TNG 'NC.

Meipaparikd Mépog

Mia Bgpehiodng otaBepd Tng KBavtikAg PuoikAg gival n otaBepd Tou Planck. O Robert
Millikan TTpaypaToTToince TNV TTPWTN TTEIPAPATIKY) TNG PETpnon 1o 1916. AkpiBéoTepol
TTEIPAPOTIKOI UTTOAOYIONOI BiVOuV OAPEPT TV TIPA TNS ion He: h=6,62607554 10"*Js. ‘Evag
aT1To TOUG TPOTTOUG JE TOUG OTTOIOUG UTTOPEITE VO UTTOAOYIOETE TTEIPAPATIKA TN OTABEPA €ival
XPNOIMOTTOIWVTAG dIOd0UG eKTTONTIAG GWTOG (LED). Mia diodog kataokeudletal atmmd duUo
OIAPOPETIKOU TUTTOU NUIAYWYOUG TTOU QEPOVTAl O AYyWYIUN €TTA@r, dNUIOUPYWVTAG HIA
diaopd duvauikol (Ppayuds Auvauikol) V.. Mpokeiyévou n diodog va diappéeTal atmo
peUPA, TTPETTEI O POPEIG NAEKTPIKOU PeUMATOS (apvNTIKA NAEKTPOVIA TTOU BpioKovTal OTn
Mia TTAEUpd TNG ETTA@NG Kal BETIKEG OTTEG TTOU BpiokovTal oTnv AAAN) va diaoxiocouv auTtr Tn
dlapopd duvapikou. Autd PTTopEl va eTTITEUXBEI €QapuoOlovTag Pia EWTEPIKA TAON KT
eNaxioTo ion mpog V,. Na Bewpnroete TTwg otav 1a dUo €idn Qopéwv emavacuvosovTal,
atrodidouv evépyela eV, dNPIoUPYWVTAG £va WTOVIO.

MpayuoToTToICAPE TNV TTEIPAUATIKA OIATAEN TTOU QAIVETAI OTO TTOPAKATW OXAUA Kal Ol
TTEIPAPATIKEG METPAOEIG TTOU AGBape TTapouaialovTal OTOV avTioTOoIXO TTivaKa.

AVTIOTOON 5 5e0n LED
Tpogodoaoia Ij / \
: 5V
MepioTpepduevog
BIOKOTITNG
puBuIoNG TaONG oV

2TOV TTiVOKQ WETPNOEWV @aiveTal n eAdxiotn Tdon Vo TTou atmaiTeiTal va €QapUooTEi OTa
dkpa Twv LED yia va apxioouv oplakd va @wtooAouv. O1 LED 1ToUu XpnoiyoTroiouvTal 6To
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TTEipAPO €ival KATOOKEUAOUEVEG ATTO OIAPOPETIKA UAIKA, PE OTTOTEAECUA va EKTTEUTTOUV
NAEKTPOUAYVNTIKI aKTIVOBOAIQ SIOQOPETIKWY XPWHATWY (OCUXVOTATWY).

XPWHAEKTTOPTTAG 14 Alagopa Evépyeia ewToviou

LED f(x10"™ Hz) duvauikou (1078 )
(Vo)
MTTAE 6,38 2,43
Mpdoivo 5,33 2,05
Kitpivo 5,12 1,92
MopTokaAi 4,83 1,81
Kokkivo 4,62 1,75

1. Na OUPTTANPWOETE TNV KEVI OTAAN TOU TTiVOKO METPAOEWV KAVOVTAG KATAAANAOUG
UTTOAOYIOUOUG.

2. Na emAégete T KOTAANAG peyédn atrd Tov Trivaka autd Kal va OXeDIAOETE TNV
avTioToIXn ypa®Ikh TapdacTtacn. Amé auTr va uttoAoyioete Tn oTaBepd Tou Planck.

3. Mg 1n BonBeia Tng dlacTaTIKAG avaAuong TTPocdlopioTe TIG dIOOTACEIG TG OTABEPAS TOU
Planck.

4. O Louis de Broglie (NéuteA ®uoikig 1929), TpdTteive 0TI n dITTAR UON (CWPATIBIAKA
KAl KUPOTIKA) 10XUEl X1 JOVO YIa TO QWS aAAG Kail yia TNV UAN Kal TTpoodIOpIcE TO PIKOG

KUJATOG £VOG OWHATOG PE OpUN p ion ps:X:E, otrou h n otaBepd Tou Planck. EEnyrioTe
p

ME €éva amrAO TTapAdelyua VYIOTi PAKN KUPOTOG TTOU  QVTIOTOIXOUV O€ OoWwuata OTo
MOKPOKOO MO OEV PTTOPOUV VA PETPNOOUV TTEIPAUATIKA.
AivovTal TO OTOIXEIWOEG POPTIO TOU NAEKTPOVIOU g.=1,610"°C ka1 n Tax0TNTA TOU PWTOG
0TO KeVO ¢=310°m/s (BewpnoTe OTI Xl TNV iDIO TIA KAl OTOV a€PQ).

KaAR EmiTuyia
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Evwon EAfvwy @uoikwv MANEAAHNIOZ AIATONIZMOZ PYZIKHZ 2014

lMavemmornuio Aénvwyv
Epyaornpio @uoikwv Emarnuwv, TexvoAoyiag, MNepiBaAlovrog

Av BéAeTe, utTOpEiTE VA KAVETE KATTOIO YPAPNUa ¢’ auTh Tn ogAida Kal va TNV €TTICUVAYETE
Méoa oTo TETPAdIO 0aG.

EmA&CTe TOUG GEoveg, TITAODOTAOTE KAl CUUTTEPIAGBETE TIG KATAAANAEG PovAdeg Oe KABE
agova.
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Mpoteivopeveg Atravrioelg / Avoeig
OewpnTikd Mépog

Oépa 1°

A.

a) O opifbvTiog GEovag avTIoTOIXEI OTO X, APoU TO onuEio Tou EAAOTIKOU péoou OTn B€on
x=A EEKIVA TNV TAAGVTWOT) TOU PE INOEVIKN apXIKh) ¢aon (OTTwG IoXUEl Kal yia TV TTNyn).Ag
Ba ptTopouce va avTioToixEi 0710 t, agou (yia TTapadeiyua) mn oTiyu T/4 n atropdkpuvon
gival —A TTOU €pxeETal O0€ avTiBeon Pe TN PNOEVIKA apxIK @don. To ypd@nua TTapIoTAVEI
OTIYMIOTUTTO YIa t=T €ite i) TTaApou didpkelag TouAdxiotov T (URKOUG TOUAAXIOTOV A) 1 i)
KUuQTOG.

B) Me trapdpoio cuANoyIoud KOTAARYOUPE OTO CUMPTTEPACHA OTI 0 opIfOVTIOG Afovag
avTioToixei oto t. MNMapiotavel TaAdviwon onuegiou oto x=0 kard TN OI€Asuon TTOAPOU
o1dpkelag T (MRKoOug A).

y) O opidvTiog aéovag avTioToixei oto t. Mapiotavel TAAGVTWON ONPEIoU 0TO X=A KATA TN
d1EAeuon TTaApou didpkelag T (UAKOUG A).

0) O opifdvTiog Ggovag avtioToixei oto X. MMapioTavel oTiydidtutto TTaApou didpkeiag T
(MAKoug A) Tn oTiyunA t=2T.

€) O opigdvTiog Ggovag avtioToixei oto t. MapioTdvel TaAdviwon onueiou yia x=0 katd
O1€Aeuon TTaApou didpkelag 2T (UAKOUG 2A).

oT) O opiovTiog GEovag avTioToixei oTo X. MNapioTavel oTiypIdTuTIO Via t=2T €iTe i) TTaAPOU
d1dpkelag TouldyioTtov 2T (urkoug TouAdxioTov 2A) N i) KUPATOG.

¢) O opibvTiog GEovag de PTTOPEI va AVTIOTOIXEI OTO X, apoU To onueio otn Béon 2A Eekiva
TAAGVTWON TTPOG APVNTIKEG ATTOPAKPUVOEIG, YEYOVOS TTou O OUUBIBACETal e TN PMNOEVIKA
apxikn @aon G Tnyng. Opoiwg, de PTTOpPEl va avTioToIXEi O0TO t, apou TN oTiyun T/2
@aiveTal 611 TO onueio otn Béon A2 ¢ekivd va TAAQVTWVETAI JE APXIKI @ACN TT TTOU, ONOIWG,
avTikeral ota dedopéva. Apa To ypagnua autd dev gival atTodeKTO.

n) O opifdvTiog dafovag utmropei va avtioTolxei oTo X. MapioTavel OTIYUIOTUTIO TTAAPOU
didpkelag 3T/2 (uAkoug 3N/2) yia t=2T.

Mrropei WG Kal va avTioToixei oTo t, omréTe TTapIoTavel TAAGVTWON onueiou e Xx=A/2 KaTd
TN d1€Aeuon TTaApoU didpkeiag 3T/2 (urkoug 3N/2).

B.

B1. Zwoto, B2. AdBog, B3. Adbog, B4. Zwoto, BS.
Nd&Bog

Oépa 2°

A1. Ag ovopdooupe R TNV €EWTEPIKA OKTiva TOU OTABPOU
TToU  €ival ion ME TNV ATTOOTACN TWV TTOdIWV TOU
acTtpovauTtn amd TOo KEVIPO Tou OTaBuoU Kal r Tnv
amméoTaon Tou KEPAAIOU Tou aoTpovauTn amd 1o KEVIPO
TOU oTaBOuOU.
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O aoTtpovauTtng TTou Ba OTEKETAI OTO XEIAOG TOU OTOBUOU Ba TTEPIOTPEPETAI KAl AUTOS. To

KEQPAAI TOU aoTpovauTn Ba €xel SIOPOPETIKN KEVIPOUOAO emITAXUvon |, = r|(l) amd Ta

KK

odIa ToU |, = w’R|(2) a@oU n amdaTacn Toug atrd To KEVTPO Tou TPpoxouU dev eival 1 idia.

O1 dlagopég BapuTnTag OTO CWHA TOU acTpovauTn dev Ba TTPETTEl va PHEYOAUTEPES ToU 2%
aTTo TO KEQAAI £WG Ta TTODIA OTTOTE:

B B 2
Xir ~ Xy =2%:>M:0,02:>1_%< =0,02=> Do =0,98= a)zr
o a a a o'R

KT K K Kr

~0,98= %=0,98 3)

To Uwog h Tou UYWog Tou acTpovauTn givai (4)

®R-—
(3):>RTh=0,98:>1—%=0,98:>%=1—0,98:> R=$: R= (l)’z)i:»

O¢éAoupe 0 oTaBudg va rapéxel Baputnta ion pe 10 90 % TNG yRIvNG OTTOTE Ba TTPETTEN N
KEVTPOUOAOG €mITAXUVON OTNV TIEPIPEPEIG Tou va eivar ion pe 10 90 % TNG yAIvng
BapuTtntag apa:

@, =099 = R=09g = 0= |28 = o= [P0 )~ 0,099 = [~ 0,315rad /5

A2. O1 TTUpauAol TOTTOBETOUVTAI EQATITOUEVIKA TOU OTABUOU OTTOTE TO aAYERPIKO dBpoIcua
TWV POTTWV TTou dpouv TTdvw Tou Ba eival: X7 =4FR kal n ouvoAikf) poTr adpdveiag atd
T0 Bewpnua Steiner Ba eival: | = MR* +4mR*. 'ETol ammd 10 BgueAindn vOUo TNG OTPOPIKNAG
Kivnong yia 1o d1acTNUIKO OTABPO Ba €X0OUE:

2 2
_(MR*+4mRM)A _ (M +4mRA® _

Sr=la, = 4FR = (MR? +4mR*) 22 = At
At 4FR AF

6
ap = QO +4x1300)x89x0,315 ¢ _ 39146 6665 = [At ~10.87h

4x180

B.
MNa va 1IcoppoTrei N TTAGKA Ba TTPETTEN va I0XUOUV TA £ENG:

<—2R |—>
2F =0=FE =N,(1) A ——
YF, =0= N, +F, =2mg(2) 2R
1, =0= NR=N,R+mgR= N, =N, +mg = N, =N, =mg(3) I

\%

MpooBétovrag kata péAn TG (1) kai (2) Exoupe:
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(3)

F+F +N, =N, +2mg=F +F, =N, - N, +2mg = |F + F, =mg

EmmAéov, 1o0xUouv Ta akdAouba:

M

F, <p . N,=F, <p E(5)

3)

E<p . N=FE<p (N,+mg)=F<p_ (F+mg)=F <p_ F+p mg=

O

Kal

= F —,.F <u,mg= F(-R,,) <, mg=F <=2 (6)

(4)

A@ou nteiTal 0 EAAXIOTOG CUVTEAEOTAG OTATIKAG TPIRNG O1 OXETEIS (5) Kal (6) peTaTpéTTovVTal
o€ 100TNTEG. ETTOPEVWG KATAANYOUUE OTIG £€NG OXETEIG:

min

E+E =mg

F = Mo mg - Mg MZ
I-pg 1-

E, =l~l:1ri.nF1

min min
= Mo mg + (um'

min
OT.

) me

min

I_HG‘EA l_uGT.

=mg —

min
+lg F =mg=

min

IJ'GT.

IJ'GTA mg + min ‘(HG‘L r:gj — mg =
l_u 1n

min \2
. Ty

min oT.

OT. OT.

min

I-pg:

l—pg

min

A6 TNV TTiAUON TNG deuTEPORABUIOG £€icwoNng TTPOKUTITEN OTI:

n oTroia €ival N Jovn atrodeKTr) AUon.

Oépa 3°

o =2 -1

= 1= (uon) 2 -

OT.

A. AQouU To cwua dEXETAI KATA TNV Kivnor Tou BapuTikry dUvaun oTaBepou NETPOU auTh
TIPETTEl VA €ival ion PE TO PETPO TNG dUVAUNG AUTHG OTO onueio A, dnAadr oTnv ETTIPAVEIX
™G 'nG. H duvaun autry katd tnv Kivnor Tou 2 a1rd 10 A TTpog 10 K Ba €xel, ETTOUEVWCG,
METPO F=mgp Kal @opd TTpog 1o K. ‘ETOI TO cwpa Ba Kiveital ye otabepr emTaxuvon YETPOU

a=E:go (ioou péTpou e TNV €mTAXUVON TNG BapuTnTag TNV EMMQAvEIQ TNG 'NG) Kal JE
m

@opa 1pog 10 K Kal Ba ekTeAE EUBUYPAUPN OPOAG ETTITAXUVOMEVN Kivnon XwPIig apxIKN
TAXUTNTA, £WG TN XPOVIKN OTIYUNA ¢ TTou @Tavel oT1o K. O1 €§l0WOEIG TWV AAYERPIKWV TIHWV
TWV a, U Kal x (opiCovtag yia OAa Ta diavuopata BeTIKR @opd autr) atrd 10 K 1Tpog 10 A)

gival:

a=-go (1),

u=- got (2)’

1
X= Rr- 5 g()l‘2 (3),

yia 0 <t<ty.

I Aukeiou

2edida 9 amd 17



Evwon EAMfvwv ®duoikwv TMTANEAAHNIOZ AIAFONIZEMOX PYZIKHE 2014
MNavemornuio Abnvwy

Epyaornpio @uoikwv Emarnuwv, TexvoAoyiag, MNepiBaAlovrog

lNna va Bpoupe oe méoo xpovo @tavel oto K Bétoupe otn (3) x=0, omore: 0 = Rr -
%got12:>t1= /ZRF (4). H Taxotntd Tou 1éTE €ival atmd TNV (2): U1 = - go /ZRF =-29,R; (5).
9 9

MOAIg Trepdoel To K 10 X egakoAouBei va dExeTal duvapn F idlou pérpou, aAAG cup@wva e
TN Bewpnon iv n duvaun F avrioTrpéesl 1n @opd 1tng, éxovrac maAl @opda mpoc 10 K.
Emopévwg 10 Z Katd Tnv Kivnorf Tou a1td 10 K 1Tpog 10 I, TTou Ba &eKIVAOEI TN XPOVIKN
oTiyui £ amé 10 K (x=0), 6a ekteAéoel Kivnon €uBuypauun odaAd emiBpaduvouevn HE
apxIKA TaxutnTa u. O1 €EI0WOEIC TWV OAYEBPIKWYV TIUWYV TWV @, U Kal x Ba givail:

U= 2GR+ go(t-t) | x= 2GR (1) +3 g (t- i)
() ®),

a = go (6), yia t<t<t,.

H kivnon autA TepuartifeTal TN XPOVIKN OTIyuN f TTou undevideTal n TaxutnTa Tou 2. ATrd tnv

V29,R /
(7) kar Tnv (4) éxoupe: 0 = 29,R; - go (2 -t1) :t2=%+t1:>t2=2 2;r =24 (9). Tnv &2
0 0

1 2R,

oUp@wva We TN (8) To = BpiokeTal oTn Oéon x = -%go (ty -t;)* = -%goh2 =-2 90" = -Rr.

0
AnAadn 1o 2 @raver oro I ys undevikn Taxurnra.

2Tn ouvéxela emravalapBaveral n kivnon oo 1o [T oto A pe avdAoyo TpOTTO TTOU TO CWHA
KiviiOnke a1td 10 A oto I'. ATro 10 I 010 K N Kivnon gival euBuypaupn ouaAd emTaXuvOouEvn
Xwpic apxikh Taxutnta. O1 e€lowoeig Ba givai:

1
a=go(10), | u=go(t-2t;) (11), x=-Rr+2 go (t-2t1) (12), yia 2t<t< 3t

A1é 10 K 010 A n Kivnon €ival eubBuypauun opaAd empBpaduvopevn Pe apxikr Taxutnta
METPOU U1 Kal @opdg atrd 1o K o1o A. O1 g¢lowaoelg Ba eivat:

1

a=-go U=429,R; - go (t-3t1) X=429,Ry (t-3t) "5 9 (t-3t)° yia 3ti<t< 4t;.

13),

(13) (14), (15)
2Tn ouvéxela n kivnon emavoAauBaveral n idla. ZUVETTWG TO OWMO eKTEAEI mmEPIOdIKN
Kivnon pe trepiodo T=4t1=4 2;r (16). «

0 £o

B. O ypa@iké¢ TapaoTAoEIC TwV ‘ﬂ/?
MEYEBWV a, U Kal X oa ouvdpTnon Tou
xpévou t @aivovralr oTa  €TTOMEVA 0 |
oxnuara kar oxedidlovral pe Baon TIG 4 2t, 3t 4t=T 1

eClowoelg (1)-(3), (6)-(8), (10)-(12) kai

A->K
K->T

(13)-(15). Kabe Tunpa kivnong amo tnv
em@aveia NG 'ng 1pog 10 KéEVIpo K

-2

I Aukeiou
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v arreikovidovTal ME OIaQOPETIKO
g Ry Xpwua.  X10  didypagpa NG
= ETMTAXUVONG EUQAVICETAI QAOUVEXEIQ

=5 KGO popd TTou To cwua Z diEpxeTal

amd 10 K, OnAadfi TNG XPOVIKEG

0 2 A 5 e OTIVMEG t1 Kal 3t1. ZTIG XPOVIKEG QUTEG

OTIYMEG OAAGCel @opda n PapuTiki
A->K duvaun. ETmropévwg OAeg TIG AAAEG
7L XPOVIKEG OTIVHEG Ta SIAYPAUMATA a-t,

s Boih u-t kal x-t Ba eival ouvexn Kai
TTapaywyioiya.

“2gRp

TIG XPOVIKEG OTIYMEG & kal 3t n
TaxurnTa mpEEl va gival ouveXNg.
‘EoTw Om dev eival ouvexng. ToéTte n
tFE ETMTAXUVON TIG XPOVIKEG AUTEG OTIVHEG

, Av ,
Ba eival a=A—t ME TOV TTAPAVOPOOTH

D

At va 1eivel oto 0. AANG o apiBuntig
Ak gival  d1agpopog TOU O (agou n
G ouvaptnon NG TaxuTnTag KAvel GAPa
— K>A AOYW TNG AOUVEXEIAG) KAl ETTOUEVWG N
r EMTAXUVON TIPETTEL va  QTTEIpICETAl.

Ouwg n a TTapauével TTETTEPACHEVN
KABe XPOVIKN OTIYMN, OTTOTE N TAXUTNTA OEV MTTOPEI VA EXEl OOUVEXEIEG KAMIQ XPOVIKI)
oTiyur}. To yeyovog OTI N a €ival aOUVEXNG OTIG OTIVUEG t1 Kal 3tq, ETIPBAAAEI OTI n TaxUTATA
dev Ba cival TTapaywyioiun auTég TIG OTIYUEG (N a gival N TTApPAYwyog TG U).

To yeyovog o1 n TaxutnTa U €ival ouvexng, €mpBAaAlel 6T n Béon oa ouvaprnon rou
Xpovou, w¢g Tapdywyog Tng Taxutntag, Oa sivar mapaywyioiun oe Kabs xpovikn
oTiyun.

. e kGBe onueio TNG diladpoung Tou TTou ATTEXEl aTTéoTaon r atrd 10 KEVTPO K 10 2 Ba
OéxeTal BapuTiki duvaun Povo atrd Toug GAoIOUG TTOU BPicKoVTal EVTOG ATTOOTACNG I ATTO
10 K (OUpgpwva ue TN Bewpnon iii). KaBe @Aoidg TTapdyel duvaun ion he Tn duvaun 1rou Ba
TTapAyaye moodTnTa NAdag ion he TN JACa Tou @AoIoU TTou BpiokeTal 010 K (OUP@Wva pE
N iv). ZUPJQwva HE TIG BewpnoeIS i Kal iv OAeG oI PAZEC TwV OQAIPIKWY QAoiwv Ba

mM (1)

TTapdyouv BapuTtiki duvapn: F(r)=G (17), 610U M(r) N PACa TV CPEAIPIKWY PAOIWV

ME akTiva €wg r. [pokeIuEvou 1o PETPO TNG PAPUTIKAG duvaung otnv (17) va pnv e¢aptaral
atré TNV atrdéoTaon r, Ba TTPETTEl N TToooTnTa M(r) va gival avaAoyn Tou .

H péda evog @Aolol PE akTiva z Ba eival: Meg.grons=VYop.groos (2)=4T1Z°dzp(z). Tia va
Bpw TN pAla OAwV TwWV PAOIWV £WG OKTIVA r Ba TTPETTEI VO OAOKANPWOOUNE 0€ OAOUG TOUG
oQaIPIKOUG PAoIoUG pe akTiva attd 0 €wg r. H ouvoAikn pala autwy Twv @Aoiwy Ba eivat:
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M(r)= j4nz2p(z)dz (18).

n+l1

]
o r
Aedopévou OTi: jz“dz=
0 n+1

, TIPOKUTITEI OTI N TTOCOTNTA 41'rzzp(z) otnv (18) mrpétrel va

b
z

gival avahoyn Tou z', dnhad 4Z%p(z)=Cz=p(z)=— (19), 6Tou D pia oTaBepd TTou Ba

TTPoodIopIoTEl OTN ouvéxela. ‘ETol n (18) yiverar:

B r

M(r)=J.47rz2 2dz = 4nDj zdz = 4nD£Z?
0 z 0

r2
- 4nD? — 21D,

0

2
21N ouvéxela n (17) yiverar: F(nN=G m2n2Dr =211GmD=F (19), dnAadn avegdptnTo NG
r
ammoéoTaong r atd 170 K. Tnv idia duvaun Ba déxetal To Z Kal 0TNV €MQAveIa NG 'ng, étTou
r=Rrkair F=G mMzr (20), 6mTou Mr n ouvoAikr) yala Tng I'ng. Etriong otnv €m@aveia mg
r
_F M . _
p Mg go=—=0G ~ (21). Ao Tig (20), (21) F=mgo (22)
m r
(kaT TTOU Ba PTTOPOUCE VA YPOQTE KOl KATEUBEiav
Xwpig TIG (20) kai (21)). Ao TIg (19) Kau (22) €XOUE:
2m1GmD=mgo= 211GD=go=D =2g—°G (23). A6 116 (19)
T
Kal (23) €xoupe OTI n TTUKVOTATA TNG NG TTPETTEl va
) gival ouvaptioel TG amootaong amo 10 K
s p(r)=i(24). H vypagikp TG  TapdoToon
| 2nGr
0 Rr 't guvapTAoel Tou r @aivetal oTo SITTAAVS SIdypappa Kal

givar urrepBoAn. H ypa@ikry TTapdcTtacn TrepiopideTal avApeoa oTIC TIMEG r=Rr, OTTou

P(Rr)= 5 %OR kal r=0 TTou n TTUKVOTNTA TEIVEI OTO +oo (XWPIG, OUWC, N BapuTikh dUvaun va
TORE

aTreIpiCeTal o€ Kavéva onpeio!).

I Aukeiou 2edida 12 ammo 17



Evwon EAnvwy ®uaoikwv TMANEAAHNIOZ AIAFONIZMOX PYZIKHX 2014
MNavemornuio Abnvwy
Epyaornpio @uoikwv Emarnuwv, TexvoAoyiag, MNepiBaAlovrog

Meipapatikd Mépog

1.
Xpwua f (x10™ Hz) 5?:::?5:0 Evépyeia
gkTropTi¢ LED Vo) @wrToviou (1078 )
M1rAe 6,38 2,43 0,389
Mpdaoivo 5,33 2,05 0,328
Kitpivo 5,12 1,92 0,307
MopTokaAi 4,83 1,81 0,290
Koékkivo 4,62 1,75 0,280

2. ©éNoupE va PETPAOOUPE TO PEYIOTO PAKOG KUPOTOG GWTOVIOU TTou KaBopiletal atrd Tnv
eENAXIOTN €VEPYEIQ TTOU ATTAITEITAI YIA VO €TTAVAOUVOEDET éva (eUyOG POPEWV KOl AUTH
gival apiBunTIKG ion ME TNV eAAXIOTN EVEPYEIQ TTOU ATTAITEITAI yIa VA QWTOPROANCEI TO
LED. Apa

E=hf=eV0:>h%:eV0

Emopévwg kavovtag 1n ypagiki mapdotacn Vy =£(1/1), YTTOpOUUE va UTTOAOYiIOOUUE
TN 0TaBepd TOU Plank atrd Tnv KAion Tou ypa@AuaTOoG.

MNa va yivel n 1o Tavw ypagikr) TTapaoTacn Ba TTPETTEl VA ETTEKTABEI O TTivaKAG PE TIG
TTEIPAMOTIKEG METPNOEIG.

Xotua Ala@opd
PWH A(nm) | 1A(nm™) | £ (x10™ Hz) | Buvapikou
ektroutrig LED

(Vo)
MTrAe 470 | 0,00213 6.38 2.43
Mpdoivo 563 | 0,00178 5,33 2.05
Kitpivo 585 | 0,00171 5,12 1,92
MoptokaAi | 620 | 0,00161 4.83 181
KOKKIVO 650 | 0,00154 4,62 1,75
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«hion=" =1,175 10°Vm, dpa h=6,267 10°*Js
(]

M
w

>

M
w

M
3]

® y=1175k-0,0689

[a]

e

[y
o

[y
[es]

Alagopd Suvapikou (V)

1,7 /./

0,0015 0,0016 0,0017 0,0018 0,0019 0,002 0,0021 0,0022

1/A (nm1)

3.H o1aBepd Tou Planck £xel d1a0TACEIS OTPOPOPUNG
Js=N'm's=kgm?s™'A [M][L4][T"]
4.To YETPO TNG OPMNG €vOg pabnTtr TTou Cuyilel m=70 kg kai Badilel ye TaxutnTa u=1m/s,

gival p=70 kg'm/s. Apa TO avTioTOIXO PNKOG KUPATOS Katd deBroglie Ba gival A=h/p=8,95
10®m TToU Sev gival TTEIPAPATIKG aviXVEUTIHO.
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OYAANO ANMANTHZEQN
OewpnTikd Mépog
Oépa 1°
A.

(a)

i) X ii)t=T

iii)

BA. TTpOTEIVOUEVEG QTTAVTHOEIG

(B)

i)t ii) x=0

i)

BA. TpoTeivopeveG aTTavTAOEIG

(v)

i)t ii) x=A

i)

BA. TTpOTEIVOUEVEG QTTAVTHOEIG

(5)

i) x ii)t=2T

iii)

BA. TTpOTEIVOUEVEG QTTAVTHOEIG

()

i)t ii) x=0

i)

BA. TTpOTEIVOUEVES QTTAVTHOEIG
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(o7)

i) x ii)t=2T

iii)

BA. TTpOTEIVOUEVEG QTTAVTHOEIG

t9)

i)- i) -

i)

BA. TTpOTEIVOUEVES QTTAVTHOEIG

(n)

i)a) x A B) t ii)a) t=2T f B) x=N2

iii)

BA. TTpOTEIVOUEVEG QTTAVTHOEIG

B.

B1. > B2.A B3.A B4. > BS5.A

Oépa 2°

A1. w=0,315 rad/s
A2. At=10,87h
B. “o.r:ﬁ— 1

Oéua 3°
A1. BA. TTpoTEIVOUEVES AUCEIG

A2. Otavel o1o [ e undevikn TaxuTnTaA.

2R,
of

A3. T=4

A4. BA. TrpoTeIivOpEVEG AUCEIG
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B. (1o TETPAdI6 oag) BA. TTpoTEIVOUEVEG AUOEIG

g
r1. ry=—29_
e(r) 2nGr

2. (XTo 1eTpAdi16 oag) BA. TTpoTeivOuEVES AUCEIG

Meipaparikd Mépog

1.
XpWHaeKkTTouTAS | f(x10™ Hz) Alagopd Evépyeia pwToviou
LED SUVapIKOU (1078 J)
(Vo)

MTTAe 6,38 2,43 0,389

Mpaoivo 5,33 2,05 0,328

Kitpivo 5,12 1,92 0,307

MopTokaAi 4,83 1,81 0,290

KOkKIvo 4,62 1,75 0,280

2. (o pihipeTpé xapti) BA. TTpoTeivOueveg AUOEIG
3. [h]= [MIL]T] (kgm?s™)
4. A=8,95 10°°m

BA. rpoteivopeveg Auoeig
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