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I Aukeiou
10 AtrpiAiou 2010

OewpnTIKO HEPOG

Oépa 1°
A. H €181k Bewpia TNG OXETIKOTATAS TTPORAETIEI TNV I00SUVapia palac-evépyeiag E=mc?.
Etriong n yevikr Bswpia TnG oXeTIKOTNTAG TTPORAETTEI OTI TO QWG OE dladideTal uBUYypauua
AOYW TNG TTapouCiag TTOAU 1I0XUpWY BapuTiKwy TTEdiwV. MTTopoUue va uttoBEooupE OTI TA
QWTOVIO éAKOVTal OTTO AVTIKEIMEVA PE TTOAU peEYAAn pada Kal va TOug TTPOCOWOOUNE HIa
IcodUvapn BapuTikr pada.
i. Bpeite TV 10080vaun BapuTikr udala evog wToviou pe ouxvortnTa f.
ii. ' EOTW éva @wTOVIO ouxvOTNTAG fy TO OTTOIO EKTTEUTTETAI ATTO TNV ETTIPAVEIA EVOG AOTEPA
ME paca M kai akTiva R 61Tou 1o BapuTikO TTedio €ival TTOAU 10XUPO Kal TEAIKA @Tavel 0Tn TN
OTTOU TO BapUTIKO TTEdIO dEV €ival TTOAU 10XUPO (N pala TnG 'ng gival TTOAU YIKpA O€ oXEoN
ME TN Mala Tou aoTépa Kal N atrdéoTact| TNG atrd auTov gival TTOAU pueydAn). Na deigeTe pe T
BonBeia Tng apxng diaTApnoNg TNG evépyelag OTI n ouxvotnta f Tou gwToviou OTtav auto
@0Bdavel otn I'n Ba gival piIkpdTeEPN TNG fo. YTTOBEOTE OTI 0 AOTEPAG E€ival AKIVNTOG WG TTPOG TN
'n. OuunBeite 611 N BapuTikr) dUVAUIKA EVEPYEIA EVOG CUOTANATOG OUO OCWHATWY PE PACEG

, , , GMm
M kai m, divetal atmo Tn oxéon U = —.

r

iii. Bpeite TNV kpioiun akTiva Rt TOU a0TEPA wWoTE N ouxvoTtnta f va gival yndév. Autd Ba
onpaive 61l To QWTOVIO dev Ba £pTave TToTE OTn 'n Kal 0 aoTépag Ba ATav uia paopn
TpUTTQ.
iv. O fAiog éxel pada Mpy=2 10%°%kg kai aktiva Ry=7 10° km. Moia Ba mpeTre va gival n
OKTiVOQ TOU WOTE va ATav gaupn TpuTtra; Aiverar: n otaBepd NG TTaykOopiag €AEng G= 6,67
10""Nm?/kg? kai ¢=3 10® m/s.

B. ‘Evag KUKAIKOG Bpoxog pe akTiva R=50mm o oT1T0iog €ival KATOOKEUAOHUEVOS aTTd £va
TTOAU AeTITO OUppa €XEl OuvTeAeoTH auTtemaywyng L=0.26puH kol €iodyetar péoa o€
opoyevEG payvnTikG 1Tedio B=0,50mT. To etmitredo Tou Bpdxou cival KABETO OTIG HAYVNTIKES
YPOUMEG TOU TTEDIOU. TN OUVEXEIa O BPOXOG WUXETAI O€ TTOAU XaunAr Beppokpaaia Kai
EPXETAI O€ UTTEPAYWYIMN KaTAoTOoN 010U pndevileTal n avTtiotaon Tou. MOAIG oupBei autd
pNdeviCoupe To payvnTiko TTedio. Bpeite TO NAEKTPIKO peUPa TTOU Ba KUKAOQOpPEI aTo BPoXO.

Oépa 2°

Ta nAeKTPOPOIKA uypd XPNOIMOTTOIOUVTAI KUPIWG WG OTOIXEIX
METABOAAOUEVNG  aTTOOBEONG  Kal  AEITOUpyouv  UTTO TNV
aAAnAemidpaon nAekTpikou Trediou. ‘Eva autduato pnxaviko
ouoTNPa evepyou atmmoofBeong @aivetal aTto dITTAavo didypauua.
To PeTOANIKO KABIopa pe dedouévn pala M, utropei va Kiveitar  y
KatakOopupa péoa ot éva PETAANIKO KUAIVOpo. To €OwTePIKO

\ , . . . . KaBioua
TOiXWHA TOU KUAiVOpou €ival ETTIKAAUPUEVO MPE €va  AETTTO
oTpwHa nAektpopoikou (ER) uypou. H TpIfffy peTagu Ttou
KaBiopaTtog Kal Tou ToiXwuartog gival f=-bv, 610U Vv n TaxUTNTA K

TOU KoBiopaTog 0€ Ooxéon ME TO TOiXWMA, Kal b pia oTaBepd
amoéoBeong. H b Tou NAeKTPOPOIKOU uypoU PTTOPEl va pubpileTal
ATTé PIa TACN n OTroid EQPAPPOLETAl PETALU TOU KOBIOPATOG KAl TOU TOIXWMATOG. 2TOV
TTUBuEVa TOu KUAivOpou uttépxel Eva Katakopu@o 18aviko eAaThpIo pe dedouévn oTabepd K
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Kal QuUOIKO PAKoG d. To eAatnpio eival depévo oTov TTUBUEVA TOu KUAivOpou Kal OTO
KaBiopa. Aivetal n emrayxuvon Adyw tng BaputnTag g.

i) EmAEETE TNV apxr Tou Agova y 0TO QUOIKO PNKOG Tou eAaTnpiou Kal BETIKN @opd
TTPOG Ta KATW. [pAYTE HIa EKPPaON yia TNV EMTAXUVON Tou KaBiopyartog otav autd
BpiokeTal oTnV TUXAia BE€0N +y KAl KIVEITAI JE TAXUTNTA V TTPOG TA KATW.

ii) KaBopioTe TN BEon 100pPOTTIAG TOU KABIOPATOG WG OUVAPTNOT TWV OEOONEVWV.

iii) YmoBéoTe 611 TO KABIOUA €ival akivnTo OTN B€0N 1I00PPOTTIAG KAI TN XPOVIKY OTIYUA
=0 d€éxeTan éva XTUTINUA TTPOG T KATW TTOU TOU TTPOOdidel DEDOUEVN QPXIK
Taxutnta vo. H otaBepd b autrp Tn xpoviky oTiyun =0, €xel pia €mAeypévn
dedopévn TIPN bo. Bpeite TNV €mMTAXUVON @p TOU KABIOPATOG TN OTIYMI QUTH O€
ouvapTtnon pe dedouéva PeyEDn.

iv) O¢ftoupe oe Asitoupyia 1o oUoTnuUa TNG evepyou atmmooBeong kal puBuiCoupe Tnv
TIA TNG b HEOoW TNG £pappolopevng TAong. Bpeite TTWG TTPETTEI va ETARAAAETAI N
TIMA TNG b 0€ OXEON PE TO XPOVO WOTE N ETMTAXUVON TOU KABIOPATOG va TTAPAUEVEI
oTaBEPN Kal ion e ap MEXPI TTOU TO KABIoUA £TTIBPABUVOUEVO VA AKIVNTOTTOINOEI.

v) Bpeite TNV amoéotacon s mou diévuoe TO KABIOPO €TTIRPAdUVONEVO MPEXPI VO
aKIvnToTroINBei wg ouvapTnon Twv deOPEVWV Kal TNG Q.

vi) Bpeite TNV augnon TnG OEPUIKNG EVEPYEIDG TOU OUCTAMPATOG HEXPI TNV
AKIVNTOTTOINON TOU KaBioPaTOg 0 OoXéon We Ta dedopéva 1 JeyEBN TTOu EXETE €idn
EKQPAOEl CUVAPTACEI TWV OEDOUEVWV.

Oépa 3°

A. 'Eva peoodvio atroteAgital atrd dUo quarks kail n aAAnAeTTidpaon PETALU Twv quarks gival
TTEPITTAOKN. H €pEuva TOU PEOOVIOU PTTOPEI VA Yivel YE TN PEAETN AVEAAOTIKWY KPOUOEWV
TOU Heooviou pE nNAekTpoOvia uywnAng evépyelag. Eeid 1o @aivouevo eival TTEPITTAOKO,
EXOUME €TTIVONOEI €va ATTAOTTOINUEVO TTPOTUTTO (MOVTEAO) TO OTIOIO €iXE TTPOTOBEI OTN
QUOIKA TwV OTOIXEIWOWV cwuaTidiwv atmd Tov Richard Feynman 10 1969. To mpdTuTio
autd ovopaoTnke “parton model”. To NAEKTPOVIO TTPWTA CUYKPOUETAI EAQOTIKA PE TO £va
atrd Ta quarks TOU PHECOVIOU KOl OTN CUVEXEIQ N EVEPYEIA KOl N OpUR METAPEPETAI OTO AAAO
quark, ouveTmwg o€ OAOKANPoO TO

METOVIO HEOW TNG AAANAETTIOpPaAONG M m m, . Meadvio
Twv quarks. AUTO To amAoTroinuévo  TAEKTPOVIO O C @)
MovTéNO  @aiveTal OTO  OITTAQVO ‘
d1aypapua.

‘Eva nAekTpdvIo pe pala M kar evépyeia E ouykpoueTal Pe TO €va quark padag mq Tou
peooviou. To dAAo quark Tou peooviou €xel pala mop. Ta quarks oto PoviéEAO auTo, gival
ouvdedepéva pe €va 10aviKO €AATAPIO Kal BpiokovTal O 100pPOTTIa TTPIV TNV KPouor.
OewpnoTe OAEG TIG KIVIOEIG EUBUYPAUMES KAl AYVONOTE TA OXETIKIOTIKA QAIVOUEVA.

i) Bpeite, apéowg PETA TNV Kpouaon, Tnv evépyela E4 TTou PeTapiBdoTtnke oto quark
ME MACa mq atrd To NAEKTPOVIO O cuvapTnon Pe Ta M, m4, kal E.

i) Bpeite TNV KIVNTIKA gvépyela E, Tou KEVTpou PACag TOU YECOVIOU, N OTToia Eival Kal
N KIVNTIKI EVEPYEIQ TOU PECOVIOU WG OUCTNUA, O ouvapTnon JE Ta M, my, my Kai
E. N&Bete utr Oyiv OTl TO KEVIPO MACOG €vOG OUOCTAMOTOG KIVEITAI Oav €va
UTTOBETIKO UAIKO onpeio pe pada ion pe TN OUVOAIK pala Tou CUCTAPOTOG av
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Bewpriooupe OTI OAEC 01 CWTEPIKEG DUVAUEIG TTOU BEXETAI TO OUCTNUA ACKOUVTAI
o’ auTo.

iii) Bpeite TNV eowTePIKN evépyela E,; TOU PeEOOVIOU n oTroia ekppadletal atrd Tnv
EVEPYEIQ TNG TOAAVTWONG TWV quarks, o€ ouvapTtnon ue ta M, mq, my kai E.

B. HAektpévia a@ou emtaxuvBouv amd T1don 20 kV kivouvtar opilovtia. ‘Evag
TTEIPAPATIOTHG BEAEI VA KAPTTUAWOEI TRV TPOXIA TOUG WOTE AUTA VA KIVOUVTAI KATAKOPUPA
ME TNV idIa KATA PETPO TAXUTATA XPNOIUOTTOIWVTAG VA OPOYEVEG NAEKTPIKO TTEDIO. AUTO TO
NAEKTPIKO TTEDIO Eival TTEPIOPICUEVO OE PIA TETPAYWVIKH TTEPIOXA ME TTAEUpA S5cm. Bpeite Tnv
KaTeUBuvaon Kal To JETPO TOU NAEKTPIKOU TTediou E TTou atrauteitar yiI' auTo.

Meipapartikd pépog

Mia akivntn 1Ty EKTTEUTTEI APUOVIKO X0 WE ouxvoTtnta f. ‘Evag Taparnpntig o oTroiog
KIVEITaI €uBUypapua he oTabepry TaxuTnTa Vv, TN XPOovikA oTiyunl =0 cival o€ peydAn
aTréaTaCN ATrd TNV TNYH KAl KATEUBUVETAI TTPOG AUTHV OPWG N EUBUYPAUUN TPOXIA TOU BEV
TEPVA akpPIBWG atrd TNV TTNYH. Katd mn didpkKeia TG Kivnong Tou O TTapaTtnenTAg akouel
IXO TOU OTToioU N ouxvoTnTa f HETARAAAETAI PE TO XPOVO. ZTOV TTAPAKATW TTiVaKa QaivovTal
Ol OUXVOTNTEG TOU NXOU TIG OTTOIEG KATEYPAWE O TTAPATAPNTAS KAl Ol QVTIOTOIXEG XPOVIKEG
oTiypéc. H TaxutnTa Tou Axou oTov aépa givar 330 m/s?.

f (Hz) t(s)
210,4 0

210,4 30,0
210,0 60,0
208,0 70,0
199,5 75,0
185,8 80,0
182,1 90,0
181,6 120,0
181,6 150,0

(i) E&nyeioTe yiati n ouyxvoTNTa TOU fXOU TTOU AKOUEI O TTAPATNENTHS KOTA TN
OIAPKEIN TNG KiVNOTG TOU, OPXIKA €ival OTOBEPN OTN OUVEXEIQ UEIWVETAI KAl TEAIKA
oTaBepoTToIEiTAl;

(i) Ao Ta apxIKa Kal TEAIKA dedopEva TOU TTivaKa UTTOAOYIOTE Tn ouyxvoTnTa fy TOU
NXOU TTOU EKTTEUTTEI N TTNYA Kal TV TaxUTNTA V TOU TTapatnenTh.

(iii)  Kavte 10 ypapnua TG ouxvoTNTAG O€ OXEON ME TO XPOVO KAl KABopioTe TN
XPOVIKH OTIYMI KATd TNV OTToia 0 TTapaTnenTAS BPIOKETAI 0T MIKPOTEPN
aTTOOTACT) TOU ATTd TNV TINYA.

KaAn Emituyia
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Av B€AeTE, PTTOPEITE VA KAVETE TO YPAPNUA O AUTH TN 0€AIda KAl va TNV ETTICUVAYETE pEoa
oTO TETPAdIO COAC.

EmA£ETE TOUG GEoVEC TITAODOTNOTE CUUTTEPIAAPBETE Kal TIG KATAAANAEG Hovadeg o€ KABE
agova.
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ZUVOTITIKEG AUCEIG
OewpnTIKO HEPOG

Oépa 1°
A.
i. E=mc® (1) kai E=hf (2) ATTO (1) Kai (2) TTpoKUTITEI OTI m W (3)

2
C

ii. ATTé TNV apxn diatPENong TNG EVEPYEIOG EXOUE:
Mhf, _

hf, —G%: hf notroia pe Tn BonBeia g (3) yivetar: Af, —G—=>=hf OTIOTE
C

GM

2
C

f=fo(1-

) (4) artro Tnv otroia  f<fy

iii. MNa =0 TrpokuTrTEl ATTO TNV (4) OTI: Rcr,-tzG—jl/[ (5)
C

iv). AvtikaBioTtwvTag Bpiokoupe: R=4,45 km
B.

A6 10 deUTEPO Kavova Tou Kipxwe kar eTTe1dr) R=0 £xoupue: Eqn=IR=0. Opwg:
mR*AB Al _ mR*(0—-B) , I-0
=5 -L =

Eo=EqtEqui=———-L—=0 0 AT TnV otroia:
oNT e = At At At At n
2

1= mR"B =15A

L
Oépa 2°
i. H ékppaon yia Tnv emtayxuvon ivai:
g=m8 —-bv—ky

m

ii. H ©éon 100ppoTriag wg ouvapTtnon Twv dedopévwv

=mg
Yo A
iii. H ékppaon yia v emtdxuvon auTh Tn OTIYUR WG ouvApTNon TwV OEQOUEVWV

g = b
=
m

iv. H xpovikn €€€NIEN TNG TIMAG TNG b

b= mg —ma, —ky(t)
V()

OTr0U V(t)=Vo-aot
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}’(1‘)=}/0+Vol‘-latot2 TENKG: b=~ _ iy b,
2 2m

v. H améoTaon tmou diévuoe 1o KABIOUA:
_mg 1 2
Yor= X TVl _antok

, Vo
6mou t,, =2
a

. 1 1 1
VI AE:EO!PX'ETS)FE’”VO2 +5ky§ _Ek(yo/« +YO)2 —Mmgy,,

Oépa 3°
A.

i. EOTw Vo n TaxUuTNTa TOU NAKETPOVIOU TTPIV TNV EAAOTIKA KPOoUOoN TOU PE TO éva quark Tou
MeEooviou NAdag mq. AEowG PETA TNV Kpouon To quark auto Ba éxel TaxuTnTa:

_ 2My,
M +m,

(1)

Vi

H evépyeia Eq TTou petaifdotnke oto quark pe pafa my atrd 10 NAEKTPOVIO €ival:

1, 1 2M , . 1.,
E =—mv =—m \ Kal eTTeION E =—Mv 2
1 2 171 2 1(M+ml O) r] 2 0 ( )
TIPOKUTITEL: E| :L‘Lml2 (3)
M +m,))

ii. Au€OowGg PETA TNV Kpouon Tou nAekTpoviou pe To quark padag mq 1o HECOVIO (CUCTNUA
Twv OUO quarks) O dEXETAI ECWTEPIKEG OUVAUEIG CUVETTWG Ba diatnpeital N opun Tou,
onAadn:

myvi=(m+my)Ve Kkail V, = ol v, nortoia pe 1n BonBeia Tng (1) diver:
m, +m2

yo__™m 2M
Com+m, M +m,

vy (4)

H kivnTIkn evépyeia Tou yeooviou Ba givai: Eﬁ%(ml +m,)V? ,0mou Ve n TaxuTnTa TOU
KEVTpoU padag Tou peooviou, n otroia Ye Tn BonBeia Twv (4) kai (2) diver:

= Mm ®)
(M +m)" (m, +m,)

iii. H eowTepikn evépyeia Tou yeooviou Ba eival ion pe TN diIa@opd TNS KIVNTIKAG EVEPYEING
TTOU PETAQEPONKE OTO quark Pe aca my a1rd 10 NAEKTPAVIO PEIOV TNV KIVNTIKA EVEPYEIA TOU
KEVTPOU pagag Tou peooviou Eego=Ej-E, n omoia pe Tn BorBeia Twv (3) Kai (5) divel:
B 4Mm,m,
(M +my) (my +m,)
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MANEAAHNIOZ AIAFQNIZMOZ ®YZIKHE 2010 PAZH B

B.
1 2 2Ve
Ve=—Mmu OnA. U=, |——
2 m
w2, 1Ee,,
y= t———t
2 2 m
w2
X= t
2

®)

AtraAgipovtag 1o xpoévo atd TIG (3) kai (4)
Bpiokoupe TNV e¢iowaon TPOXIAG:

Ee ,
y=— X tX

mov

To onueio €¢6dou Ba €xel ouvTeTayuéves (d J2 ,0).

EXOUE:

2
mv
E=

_ed\/i

.Y

d+2

®)

SnAadA E= 4 +/2-10° V/m

MeipapaTiko péPog

Kal a1rd TNV (1) TTaipvoue:

lNaparnentric

\i(
v

O¢tovtag otnv (5) y=0 kai x=d~2

H ouvioTwoa Tng TaxutnTag Katd Tnv KateuBuvon Tng TThyNG gival veosO. ‘ETol étav o

TTapaTnENTAS TTANCIAZEl N CUXVOTNTA TTOU OKOUEI:
V,, Fveosb

1%

nx

0
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KaBwg n 6 augdvetal o TTapdyovTag vCosO JEIWVETAI KAl €TO1 JEIWVETAI KAl N TIUA TNG 1.
Ortav gival TTOAU gakpud atrd Tnv TNy 170 cosO gival Tepitrou 1 oTaBepd CUVETTWG Kal N
ouxvoTtnTa.

OTav o TapatnenTAG ATTOPNOAKPUVETAI N CUXVOTNTA TTOU AKOUEL:

v, —vcosO
feTm
V’IX

KaBwg n 6 peiwvetal o TTapayovtag veosO augaveTal Kal €T01 CUVEXICEI va JEIWVETAI KAl N
TIuA NG f.

Ortav gival TTOAU pakpud atrd Tnv TTNyr 170 cosO gival TTaAI TTepiTTou 1 oTaBEPO CUVETTWG
Kal N ouxvoTnra.

ii. MNa Toug apyIkoug xpdévoug agou cosb ~ 1.

an +Vv

J=210,4=( )Jo

VﬂX

Na Toug TEAIKOUG Xpdvoug agou TTéAI cosb~ 1.

qu -V

f= 181,6= (

)/

nx

ATIO TIG TTOpATTAVW ME dIaipETN KATA PEAN

2104 vy +V

181,6 Vo, —V
OtréTe TTPOKUTITEL:

v=24,24 m/s

AvTIKaBIOTWVTAG OTNV

VfIX +Vv

f=(

)Jo

VT]X
[MpokuTrTEL
f0=196,0 Hz

iii. ZT0 onueio TNG EAGXIOTNG TIPOCEYYIONS OTNV TTYH Ba 10X Vel cosB=0 agpou 6=90°
Tote =1,=196,0 Hz.

A6 10 TTapakdaTw ypdenua Bpiokoupe o1 N =196,0Hz avTIOTOIXEI TN XPOVIKH OTIYMN
tb=75,5+ 1,0s
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