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0dnyog Ai16pBwong eEeTaoTikoU dokipyiou Puoikig NMaykutrpiwyv e§eTdoewv

evikég odnyieg.

e O1d10pBwWTEG aKOAOUBOUYV TOV 00NY6 d16PBWONG KAl OXI TIG TIPOCWTTIKEG TOUG
atrOYEIG 1 AVTIANWEIG.

e [0 K&Be onpueio TTou atTavTd o HadnTAg PaduoAoyeital Pe 1 povada OTTwg
Qaiveral oTov 0dnyo di1opbwaong. Ae divetal 2 i Va TNG povadag.

e T[iveTal d1I6pBwon pe BeTIKG TTVEUA KAl O HaBNTAG KEPDICEI TN HovAdaA yI AuTO TTOU
Exel Ocigel OTI EEpel kKal Oev TIHwpPEITal yia OTI £XEl TTapaAgigel. ATTO TRV GAAN N
010pBwan dev TTPETTEI va XapakTnpideTal atrd adikaloAdynTn €TTIEIKEIQ.

Odnyieg yia Tn d16pOwon.

e To apiBunTikd AABOC TTOU TIHWPEITAI OE £éva PNEPOG EVOC UTTOEPWTAMATOG OEV
eTNPedadel TN BaBuoAoyia 0TO UTTOAOITTO UTTOEPWTNHA I O€ ETTOPEVO UTTOEPWTNHA.
AuvaTtdv OpWG va TIMWPEITAI N ATTAVTNON OE ETTOPEVO UTTOEPWTNHA, AV QUTH
emnpedletal atmd 1o apxIko AdBog. Autd Ba kabBopiletal oTov 0dnyo d16pBwaong
TNG OUYKEKPIPEVNG EPWTNONG.

e ATtrouadia povadag uETpnong onuaivel 0TI XAveTal N povada aTnv TEAIKN atravinon,
EKTOG av dNAWvVETAI DIAPOPETIKA. Aev TIHWPEITAI DUO YOPES YIa TTAPAANYN
povadag péTpnong HEoa oTtnv idla EpwTnNON.

e Ad&Bog cuuBoNioudg oTn povada PETPNONG OTTWG j avTi J dev TIHWPEITAI.

e  AdBOG Xxprion TWV ONUAVTIKWV Yneiwv Ba Tiywpeital pédvo otav kabopileTal atrd
TOV 00NY06 d16pbwong.

e H xprion Tou TIHAS g = 10 m/s? avti TS TIWAS TTou KaBopileTal aTo TUTTOAGYIO, Ba
odnynoel og AaBog atrotéAeopa. Av 1o attoTéAeopa Traipvel 1 povada 16TE 0
MaONTAG TN XAVEL.

o X¢& UEPIKEG TTEPITITWOEIG, EKEI OTTOU KaBopileTal 0TOV 00NY0, Ba UTTAPYXOUV
OUVETTEIEG OTN BaBuoAdyNOoN yia TNV eUKpivela aTn dIATUTTWOTN KOl OTO OXEDIACTHO
YPAPIKWYV TTAPAOTACEWY KAl OXNUATWV.

O1 mo k&tw atravTAoeIg ival eVOEIKTIKEC Kal divouv udvo odnyieg ue PACn TIG OTTOIES
Ba BaBuoAoynBOei To ypaTrTé TOU HABNTA Kal N Kabepia 6ev atroTeAEl JOVTEAO
atmravrnong. Meavév, opBEC ammavTAoEIS Tw PabnTwy va Punv TauTi(ovTal JE QUTEG
TOU 0dnyou.



MEPOZX A": AmroteAcitan atrd 10 EpWTAOCEIG TWV 5 HOVADdWYV N KABEMIA.

1. Mia opoyevAg papdog Al uafog M =3 kg kai pAkoug L =1,5m eivalr apBpwpuévn
OTO GKpo TNG A Kal 1I00ppoTrEl o€ opIOvTia BEon Pe Tn Borbeia KaTakOpu@ou
VAMATOG TTOU €ival dgpévo OTO onueio A TnG pdpdou. H pdafdog utropei va
TTEPIOTPEPETAI XWPIG TPIRBESG YUPW aTTd 0pICOVTIO aKAGVNTO AEova TTou DIEPXETAI ATTO
TO AKPO TNG A Kal gival KABETOG 0TO £TTITTEDO TNG OEAIdAG.

H potr adpdveiag TnG paBdoU WG TTPOG TOV AEova TTEPICTPOPNG, TTOU BIEPXETAI OTTO

1
TO AKPO TNG A, divetal atmmd tn oxéon | = 5 ML,

F———————————————— =

Tn xpoviki oTiyur t =0 KOBOUUE TO vrua.

(a) Na oxedidoete OAeG TIG BUVANEIC TTOU aOKOUVTal 0T PARSO Tn XPOVIKA OTIYUA
TTOU KOBETAI TO VAUQ.



OpB6G oXedIACPOG BUVANEWV.
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(ZTn paPRdo ackouvtal T0 BApog TNG PARdOU HE ONUEIO EQAPUOYNG TO KEVTPO
pacag (KM) tng kai n duvaun a1ré Tnv apbpwan, n otroia gival kataképuen.)

1 pov.

(B) Na utrohoyioeTe TO PETPO TNG YWVIOKAG €TTITAXUVONG TNG PAROOU TN XPOVIKNA

OTIYMN TNG €vapgng TNG Kivnong Tng.

H potm Tng duvaung NG GpBpwaong wg TTPOG Tov agova TTou SIEPXETAI ATTO TNV
apBpwaon civalr undév. Apa, otn paRdo TTPOKAAE POTTH WG TTPOG ToV Agova TTou
dIEpXeTal aTTO TNV ApBpwaon pévo n duvaun Tou Bapoug. ETTopévwg,

- L 1 L 1
M, =1a, = |B|E =3 MLCa,, = Mg >3 MLa,, [1pov]
39 rad
= amv = Z = (Zﬂw =9,81 S_Z [1 pov.]

2 Jov.

(y) Na egnyfoete 160N Ba eival n ywviokr €mTaxuvon Tng paRdou, étav auth

OIEpXETAI ATTO TNV KATAKOPUPN BE0N.

2Tnv kataképuen Béon n potrr Tou Bapoug wg TTPpog Tov dEova TTou SIEPXETAI
amo v dpBpwon sival undév, dpa =M N 0 [1pov.]

apa a,,, =0 [1 pov.]

2 pov.




2. O1 dUo opoyeveig diokol Tou OXAUATOG €ival OPICOVTION KOl TTEPIOTPEPOVTAl XWPIG
TPIBEG yUpw aTTO TOV KATAKOPUQYO Gtova zz™ 1rou diEpxeTal amd 1o KM Toug pe

. . rad rad , . .
YWVIOKEG TOXUTNTEG @4=10 — Kal ®, =40—. O1 pomég adpaveiag Twv duo
S S

SioKWV wg TTPog Tov dgova TepIoTpoQng zz™ ival | = 0,2 kgm2 kai 1, =0,4 kgm2

avrioToixa. Katroia oTiyur) o 8iokog nadag m, a@riveTal va TTEoEl TTavw oTov dioKo

Malag m,. O1 duo SioKol EpXOVTal O€ ETTOQPN HE ATTOTEAECUA VO ATTOKTHOOUV KOIVN)
YWVIOKK TaxuTnTaA.

z

[

(a) Na uttoAoyioeTe TO HETPO TNG APXIKNAG OTPOPOPUNG TOU CUCTHPATOS TWV dUO
OioKWV.

— —

Loz =Lt L =L | = L@+ 1, |6, =
3 rad rad m? 1 pov.
Lap)(,z =0,2kgm? XIO?+O,4 kgm? ><40T =18 kgT

(B) Na utroAoyioeTe TNV TEAIK YWVIAKK TaXUTNTA TTEPIOTPOPNG TWV dUO SioKWV.

ZI\/IE@M'Z =0> Lopyz = Lo = Lo+ Lo, = Lo, + 1,0, =(I1 + Iz)a)K

[1 pov.]
2 pov.
2

m
Lo+ 1,0, 18kg~—~ rad

s
> = = =30— [1pov.
“ 1,+1,  0,6kgm? g [Hhovd




(v) Na egnynoete yiaTi dev dlaTnPEiTal EEXWPIOTA N OTPOPOPI TOU KABE diokou KaTd
MRAKOG Tou déova zz'.

Avaueoa oToug dUo diokoug avamTuooovTal SUVANEIS KIVATIKAS TRIRAG MEXPI Va
QTTOKTAOOUV KOIVA YwVIaKr Taxutnta. [1 pov.]

O1 duvdpeig auTég gival E0WTEPIKES OTO CUCTNUA TWV BUO dIoKWYV, Kal EEWTEPIKES 2 LoV
oTov KaBe dioko EexwpioTd. EtTopévwg, o6tav Bewpoupe EexwploTd Tov KABE HOv-
QiOKO, UTTAPXOUV UN UNOEVIKEG EEWTEPIKEG POTTEG WG TTPOG TO KEVTPO TOU diOKOU
TTou peTaB&AANouV TNV OTPOPOPUN Twy diokwv. [1 pov.]




3. Auo 6poia pIkpa PBapdkia palag mg = 75><10'3 kg 10 kKaBéva, aTepewvovTal O€
amootacn 0,18 m ekaTéEPpwWOEV TOU MPEOCOU HIOG OMOYEVOUG paRdou  paldag
M = 27x107° kg kai pAkoug L=0,38m. H paBdog tmrpocapudleTal o aiodnTthpa
TTEPIOTPOPIKAG Kivnong OTTWGS QaiveTal oTnV TTEIPAPATIKA dIATagN Tou oXAuaTog. To
ouoTnua pPAaRooc-Bapdkia  UTTOPEI va  TTEPIOTPEPETAI  OPICOVTIO  YUpw  aTrd
KatakOpu@o aova TTou TTepVA atro 1o u€oo TnG paRdou. H potr adpdaveiag pdpdou
WG TTPOG dtova TTou dIEPXETAI aTTd TO HECO TNG Kal €ival KABeTOG 0Tn p&PRdo diveTal

1
atd T oxéon | = 12ML2.

£ Bapidio

@&

opoyevig papdog

aloenrr']pag
TIEPIOTPOYNG

(a) Na utroAoyioeTe Tn poTrr adpdveiag Tou CuoTAUATOS PARSOG — BapdKia wg TTPOG
TOV Agova TTEPIOTPOPAG TOU, BEwpPwVTag Ta Bapdkia UAIKA onuEia.

1
I =1 _+myr?+m.r?="—ML%>+2m,r?
P B 4] 12 9

ovoT

[1 pov.]

ouvoT

= :%xZ?xlO_Bkgx(38x10_2m)2+ 2x75x1073 kgx (0,18 m)? 2 Hov.

=1, =52x10%kgm? [1 pov.]

(B) ©étoupe 1O oUCTNUA PAPROOG — BapPAKIO OE APIOTEPOCTPOPN TTEPICTPOPN KAl TO
a@AVoUUE €AEUBEPO va TTEPIOTPEPETAI, OTTWG @aiveTal 0TO OoX\pa A. ZTov dgova
TTEPIOTPOPAG QOKEITAI TPIRH, N OTToia gival ouvexwg oTaBepry. ZTnv 066vn TOU
NAEKTPOVIKOU UTTOAOYIOTH. TTAIPVOUE TN YPOQIKA TTapdoTaon, o = f(t), TNG YWVIOKNAG
TaxUTNTAG TOU OUCTAHATOS PAROOC — Bapdkia o€ oxéon ME TOV XPOVO TTOU PAiveTal
oT0 oxAMa A.



(@] 2
- éapiélo z
Opoyevrig E
péRdog "
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@ z
o =X
Bapidio : : :
(@]
#povag t(s)
Katoyn
Ixfpa A

MeTa@EPOUNE KAl OTEPEWVOUNE Ta BaApPAKIa IO KOVTA oTov dfova TTEPIOTPOPNG,
OTTWG QaiveTal oTo oxNua B, kal eravolauBdvoupue 10 id10 TrEipapa BETovTag TO
ouoTnua papdog — PBapdkia O ApPICTEPOCTPOPN TTEPICTPOPN HE TNV idla apXIKA
ywVvIakr Taxutnta. Na Bewproete OTI n TPIRr) OTOV Agova TTEPICTPOPNG Eival n idia
ME TNV TPIBA oOTnVv Trponyouuevn TrePITITworn. Na €EnyACETE yiati N ypaQIKn
TTapdoTaon TTAIPVEl TN OPEPN TTOU QAiVETAI OTO OXNUa B.
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ATIO TOV 2° vOpo Tou NeUTwva yIa TNV TTEPICTPOPIKA Kivnon TTPOKUTITEI OTI 3 pov.
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M M.

—1. _ sfot _ f
M =la,=a,=—>a, ="
: | |

OTtav 10 Bapdkia PeTagepBOUV TTI0 KOVTA OToV AEova TTEPIOTPOPAG N POTIN
adpdveiag Tou CUCTAPATOG YiveTal PIKpoTEPN [1 pov.]. H potti Tng TpIBRG atmd
TOoV dgova TrePIoTPOPnG otn pdpdo cival idia [1 pov.]. Apa 1o cuoTnua Ba
QTTOKTACEI HEYAAUTEPN YWVIAKK] ETTITAXUVON. 21N YPAPIKA TTAPACTACH YWVIAKAG

A
TaxUTnTag — XpOvou n KAion gival ion Ye Tn ywviakn emraxuvon («,,, = A—i)) Kali

ETTOMEVWG N YPAQIK TTapdoTacn Ba cival idlag Hop@AS alAd pe peyaAUuTepn
KAion. [1 pov.]




4. (a) Na ypaweTte ToV OpIOHO TNG ATTANG APPOVIKAG TAAGVTWONG.

Opb6g opiocpdg: ATTAR apuoviKA TaAAvTwon €ival n TTaOAIVOPOUIKA TTEPIOBIKA
Kivnaon TTou eKTeAEl éva awua 6Tav n ouvicTauévn duvaun o€ auto gival avaioyn | 1 pov.
KAl aQvTippOTIN KE TN METATOTTION aTTo TN B€0N 1I00pPOTTIaC.

(B) Z10 GkpO KaTaKOPUYOU aBapous eAartnpiou oTaBepdc k eival TTPoodedEPévVn
o@aipa pafag m.. H ogaipa atmmouakpUVETal KATOKOPU@A attd Tn B€0n 100ppoTTiag
(©.1.) g, y=0, 6TTwg @aiveTal 0To OXAMA, Kal a@riveTal EAeUBepn.

EE)
-

Na atrodeigeTe OTI N o@aipa Ba eKTEAECEI ATTAN APUOVIKN TAAAvVTWON.

+0y +

o

©fon @uoIKoU JAKoug

.1

y=0

2xedIaoudg duvapewy otn O.1 kal oTnv evdidueon Béon. [1 pov.]

Edav n ogaipa BpiokeTal o€ KATTola B€0n y, N METATOTTION TNG ATIO TN BN Y4\,
I00UTQI PE Y — Y4~ ATIO TOV NOpo Tou Hooke TrpokUTITEl OTI 0T o@aipa dpa
Wia dovapun ehatnpiou F, =—Kk(Y = Yeu)

H ocuviotapévn duvapn otn o@aipa IcouTal [E:

Y F=Fu+B=Y F=F,+B=-k(y-Yo)-mg [1pov.]

H cuvioTapévn d0vaun pndevietal otn Ol y = 0. O&TovTtag ZF =0vyia y
4 Jov.
uttoAoyioupe TN 80N Yeni: —K(O—=Yonm) —MI=0=KY o =MG = You =

=0,
mg
k
[1 pov.]
) . . mg , .
Edv avTikaraoTAGouPE TNV TIUR Ve = W oTnNV €KQPACT YIO TN CUVIOTAPEVN

ouvapn, Bpiokoupue: ZF =—Kk(y - %) -mg = -ky

Emouévwg, n ouviotapévn Ouvaun eival avdAoyn Kal QvTippoTtn ME TN
METATOTION TNG OPaipag atrd Tn Ol. Apa n o@aipa ekteAei AAT. [1 pov.]




N
5. (a) ATTo KaTtakopu@o eAatripio otaBepds k = 20 — kpéuetal cwpa palag 2 kg. 210
m

TTAVW GKPO TOU EAATNPIOU AOKEITAI ECWTEPIKH TTEPIODIKI) KATAKOPUPN dUvaun TTou

2
divetal atrd Tnv egiowon F = 5nu(;t) (S.1.).

Na uttoAoyioeTe TNV TTEPIODO TAAAVTWONG TOU TOAQVTWTH.

2r 2w
@5, =—=—=>T, =3s [1pov.]
56}/ Té‘lg}/ 3 O 4
Tra/i :T&g}/ = 38 [1 IJOV.]

2 pov.

(B) Z1ig 19 ZemrrepPpiou Tou 1985 €yive oeiIopog otn TTOAN Tou Me€ikou. MoAAG
KTApPIa, Upous 80 M TrepiTToU, KATEPPEUTQY, VW KTAPIA WNAOTEPA 1 XAUNASTEPQ

TTapépeivav alikTa. Na XpnoIUOTTOINCETE TA TTOPAKATW OTOIXEIQ yIa va €EnYrOETE

TOV AGYO yIa TOV OTTOIO TTaPATNPERONKE TO YAIVOUEVO AUTO.
H trepiodog TaAdvTwaong evog ktnpiou Uwoug 80 m eivair 2,0s.

m
H taxutnTa d1adoong Twv CEICPIKWY KUPATWYV gival 6,0 ><103 —.
S

To Y€oo PAKOG KUPOTOG TWV CEICHIKWY KUPATWV gival 1,22 ><104 m.

6,0x10° M

f . ===— S —0,49Hz [ pov]
KOLATAV 2 1 22x10%m

H xapakTnpIoTIKA ouxvoeTNTa TAAAVTWONG TWV KTNPiwVv 1IcoUTal:

1 1
f,=—=—+-=0,50Hz [1 pov.]
T, 2,0s
Emeidn f,,i.0, = fo Tapampeitan o aivopevo Tou ouvtoviopot kai Ta

KTApIa he UPog80 M TaAavTwvovTal he JEYIoTo TTAATOG e ATTOTEAEOUO Va

kaTappevoouy. Ma GAAa Oyn ktnpiwy | # f,apa 1o mAGTog

KOUGTOV

TAAGVTWONG TWV KTNEiwV gival o YIKkpS. [1 pov.]

3 pov.
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6. (a) Auo opBoywviol TTaApoi diadidovTal o€ avTiBETEG KATEUBUVOEIG KATA UAKOG EVOG
TEVTWHPEVOU OXOIVIOU. 2TO ETTOUEVO OXAMA ATTEIKOVICETAI TO OTIYMIOTUTIO TN XPOVIKI)

oTiypn t, =0.

1;0—|m s

1—5|0—m 3,| Oflln 540-m 7{0-m 9,I 0-m

L]
1;0:1I1)|S

Na oxedIGoeTE OTO TETPAYWVIOPEVO XOAPTI TOU TETPAdIOU QTTAVTIACEWV OAG TOV
OUVOAIKO TTOANO, TTOU TTPOKUTTITEI ATTO TNV UTTEPOECN TWV TTAAPWY, TN XPOVIKI OTIYUNA

t1=2,Os.

OpB6 atrotéAeopa uTtépBeong TTAAPWY [1 pov.]

Op6n B¢on ToU cuvoAiKoU TTaApoU oTov agova Ox [1 pov.] 2 pov.
1,0m/s
—_—
i ]
! 1
| 1
1,0 m 340 m 580 m 7,0 m 9,0 m +0x

- I ! TUVOAIKOG TIAAPOG

1,0m/s

-11 -




(B) Eva eykd&poio Kuua TagIdevel KATA UAKOG PIAG TEVTWHEVNG XOPONAGS. To TTapaKATW
dldypappa dEixVEl TN YETATOTTION £VOG TUAUATOG TNG XOPONG TN XPOVIKA OTIyun t.

y (cm)

15

10

-10

-15

JANTAT] Alddooch
AlEU Aladooon

P
b )

VO N
Ot

[
»

i. Na uttoAoyioeTe TNV TOXUTNTA TOU KUPOTOG, av N TTEPIodOS Tou eival 0,2 s.

MpoodIopIoPOG PAKOUG KUUATOG
A=0,60m[1 pov.]
YT1roAoyIopog TaxutnTog

A 0,60m m
V=—= =3— [1 pov.]
T 0,2s S

2 Jov.

ii. Na oxedidoete TO OTIYMIOTUTTIO TOU CUYKEKPIYEVOU TUNPATOC TNG XOPONE HETA

atmd mmapéAeuon xpovou 0,1 s atrd TN XPOVIKA OTIYUA TOU OTIYMIOTUTTOU TTOU
@aiveTal OTO TTIO TTAVW dIAYpaUua.

OpbBn} popPn ypagikng TTapdoTaong

1 pov.

o S

-15
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7. (a) 'Eva ocuykpdTnua nxoypo@ei tov véo Tou OiOKO O€ nYopovwuévn aiBouoa

eyypa®ng. O nXoAATITNG QeUyEl ATTO TO OWHATIO, APIVOVTAG TNV TTOPTA AVOIKTK, KOl
OTEKETAI OTO onpeEio X, OTTWG QAiVETAI OTO TTIO KATW OXAUA.

et

X

O nxoAATITNG TTapaTnpei 6T o1 AxOo! aTTd TNV KIBAPA, TTOU gival XaunArng ouxvoTnTag,
akouyovTal TTdpa TTOAU KOAd, evw oI fXol amd 1o @AAQOUTO, TTOU Egival UWNANG
ouxvoTnTag, akouyovtal eAdxiota. Na €¢nyrnoeTe TIG TTIO TTAVW TTAPATNPACEIG TOU

NXOAATITN.

O1 Axo1 xapunAng ouxvoTnTag ammo Tnv KIBdpa £xouv HEYAAO PKOG KUPATOG EVW
Ol fX01 UYNANG ouUXVOTNTAG ATTO TO PAAOUTO €XOUV UIKPO PIKOG KUPATOG [1 pov.]
O nxoAATITNG Ba akouel KAAUTEPA TOUG NXOUG XAUNANG CuxXvOTNTAG ETTEION Ol
Nxol peydAou pAKoug Kupatog TrepiBAwvTal [1 pov.] Tmo eUKoAa g Avolyua
OUYKEKPIPEVWYV DIOOTACEWVY ATTO TOUG AXOUG MIKPOU PAKOUG KUPATOG [1 pov.].

3 MHov.

(B) Ta deAgivia €xouv TNV IKAVOTNTA VA EKTTEUTTOUV UTTEPNXOUG, TOUG OTTOIOUG
XPNOIKOTTOIOUV YIA VA ETTIKOIVWVOUV PETAEU TOUG Kal VIO va €VTOTTICOUV TNV TPO®H
TOUC. H évTaon Tou AXOU TToU eKTTEUTTEI éva SeA@ivI Exel TIUA T = 9,95 X 10‘10% o¢
armrooTacn 2 km atmd autd. Na uttoAoyioETE TNV £viaon TOU fXOU TTOU EKTTEUTTEI TO
OeAivi og amméoTacn 8 km atmmd autd. Na BewproeTe 611 dev UTTAPXEI ATTOPPOPNON
TOU f)Xou Katda Tn d1addoar) Tou 0T vePO Kal OTI Ol TIMEC TNG €vTaong akoAouBouv Tn
BewpnTik OX£0N TNG éviaong KUPATOG WG ouvdptnon Tng atmdéoTaong amo Tnv

mnyn.

2 2 pov.

2 2
I,= {i} =(9,95x1010%)(%] :0,622x10‘10% (1 pov.].
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8. 210 Treipaua Tou Young ol dUO OXIONEG aTTéEXOUV PETAgU Toug 0,100 mm, Kal TO
TTETAOUA ATTEXEI ATTO TIG OXIONEG 1,20 m. [1pdoivn HOVOXPWHOTIKA akTIVOBOAiIa atrd
laser prkoug KUPaTog A = 552 nm, TTpooTriTITEl KABETA TTAVW OTIG BUO OXIOMEG.

O1 atmavThoelc gac va 00080oUv Uge ToV owaoToO apiBud onUAVTIKWY WNQiwy.

(a) Na utroAoyicete Tn ywvia oTnv OTToid EUQPAVICETAI O KPOOOOG EVIOXUTIKAG
OUPPBOANG TpITNG TAgNG (V=3).

AVTIKOBIOTWVTAG OTN OX£0N YWVIAG EPPAVIONG KPOOOWV EVIOXUTIKAG OCUUBOANG —
MAKOUG KUPATOG yia v=3, BPIiCKOUE:

2 3><(552><10_9m)
nue =—=nu 3 =0,0166 [1 pov.]
o 0,100x10 °m

2 pov.

= 6 =10Enp(0,0166) =0,0166 rad =0,949° [1 pov.]

(B) Av TTpaypATOTTOINCOUPE TO TNO TIAvVW TrEipapa pe éva laser 1wdoug
AaKTIVOBOAIAG, TOTE 0 KPOOOOG EVIOXUTIKAG OCUMPBOAAG TTPWTNG TAENG OXNMATICETAI O€
armmoéoTacn 5,10 mm atrd 10 HECO TOU KPOOOOU £VioXuong PNOEVIKAG TAENG.

i. Na uttoAoyioETE TO PNKOG KUPATOG TNG 1LWOOUG aKTIVOBOAIQG.

-3
_ (Ax/ ) _ -3 51010 “m | -7
h=af é)-(O,lOOxlO m)x(—l’mm =4,25x10" 'm=425nm | 4 o0

ii. 'Evag padntAc 1oxupiletal 0TI pe Tnv idia Treipauatikry d1dTaén o Kpoooog
EVIOXUTIKAG OUPPBOANG TTpwTNG TAENGS (v=1) yia Tnv akTIvOBOAIa TTOU EKTTEUTTEI
éva KOKKIVO laser oxnuartiotnke o€ amooTtaon 4,35 mm amd T0 YECO TOu
KpooooU evioxuong MNOEVIKAG TAENG. ZUPQWVEITE 11 JIAQWVEITE PE TOV
I0XUPIOHO Tou paBnth; Na dIKaloAoyNoETE TNV ATTAVTNOT COG.

A > A, = AX > A% [1 pov.]
2 pov.

O 1oxupIopo6g gival Aavbaopévog [1 pov.]
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9. 210 MO KATW OXAua @aivovral duo Trnvia M1 kai M2, Ta OTToId ATTEXOUV OPKETA TO
éva atro 1o Ao, Kal duo paBdduopgol payviteg M1 kal Mz. To payvnTikd 1Tedio Tou
KABe paBdouopou payvAaTtn eTnPeAdel OVo To TTNVio TTou BpiokeTal dITTAA Tou.

O paBddéuopeog payvitng M1 atropakpuveTal atrd 1o Trnvio M1, 6TTwg @aiveral oTo
M0 KATW oXAMa. To oxAua dev gival oxedIaouéVo UTTO KAIPOKA.

M

I P)

Na eEnynoete 1Tpog T1a TToU Ba dexBei payvnTikh duvaun o payvATng M2 TToU
BpiokeTal akivnTog diTTAa atrd 1o Tnvio N2, KaBwg o payvTng M1 atropakpuveTal
atrd 1o Trnvio M1 katd purkog Tou dgova Tou Trnviou.

e H petakivnon Ttou papdéuoppou payvATn Pakpid otrd 1o Tnvio M
TIPOKAAEI HETABOARA TNG JayvNTIKAG PO oTo TTnvio Mi. [1 pov.]

o Epodvion HAektpeyepTikng Alvaung (HEA) atmd emaywyni o1a akpa Tou
mnviou IMi. To KUKAwpa €ival KAEIOTO dpa dloppéeTal atmd TTAYWYIKO
pevpa. [1 pov.]

e Mg Bdaon Tov kKavova Tou Lenz 1o payvnTikd TTedio oTo TTnvio M1 €xel voTio
TTOAO OTO aploTEPE Tou TTNVviou M1, [1 pov.] 5 pov.

e  XpnOIYOTTOIWVTAG TOV Kavova Tou OeEIoUu XepIoU BpioKoupEe TN @opd Tou
peupaTog oTo Trnvio My (Trpog Ta KATW, OTTWG EAivETAl OTO OXAHQ)

[1 pov.]

o Emouévwg oTo tInvio My dnuioupyeital payvnTiké 1medio pe Tov voTIO TTOAO
ota 0e€la. Apa o payvATng Ba déxetal duvaun Tpog Ta Oe€id dIOTI Ol
opwvupol TTéAoI atrwBouvral. [1 pov.].
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10. 210 oxAua 1 @aivetal évag Cuydg TTOU PTTOPEI va XPNOIYOTToINGE yia TN uETpNon
NG £viaong payvnTikwy TTediwyv. To KATw PEPOG Tou cuppdaTivou Bpoxou KAMN
BpiokeTal p€oa o€ OPOYEVEG HayvNnTIKO TTEdio. OTav o d1akoTITNG d €ival AVOIKTOG, O
Cuyog I00ppoTTEi OTaV TOTTOBETACOUNE O auTdV €va Bapidl padag my; = 100 g, 6TTwg
@aiveral oto oxAua 1.

Ixipee 1

Otav o dIakOTITNG O KAEioEl, TO PayvnTIKO TTEdI0 AaoKei dUvaPN OTA TUAMOTA TOU
Bpoxou TToU BpiokovTal EVTOG TOU TTEdIOU, KAl VIO VA TTETUXOUME TTAAI ICOPPOTTIa TOU
Cuyou TTpETTEl va TOTTOBETAOOUNE O auTOv €va Bapidl padlag m, = 118 g, 61TTwg
QaiveTal oTo oxAHa 2.

Ixfuo 2

(a) Na e€nyrioete To AGYO yia TOV OTTOIO YIa va TTETUXOUME I00PpPOTTia Tou {uyou, oTav
0 BI10KOTITNG O €ival KAEIOTOG, TTPETTEI VA TOTTOOETAOOUNE Bapidl peyaAuTepng HALaG.

O Bpodxog diappEeTal a0 NAEKTPIKO PEUUA PE ATTOTEAECUA TO TUMAKO TOU TTOU
BpiokeTal péoa ato payvnTikod Tedio va déxeTal duvaun Laplace. [1 pov.]

H ouviotapévn duvaun Laplace mmou déxetal o BpoxXog aokeital oTo TUAPa KA
TOU BPOXO0U gival KATAKOPUYN UE POPd TTPOG KATW.  [1 pov.] 2 pov.
Etoupévwg, 10 BAapog Tou Bapidiou TTou TOTTOBETOUUE OTO CUYO Ba TTPETTEl Va
e€looppoTTAcEl, €kTOG aTrd 1o Bdpog Tou Bpdxou, kai Tn duvaun Laplace trou
QoKEiTaI 0 AUTOV.

(B) To TuRpa KA tou Bpoxou éxel uAkog 10,0 cm, kai n €vraon Tou NAEKTPIKOU
peUPaTog TTOU TOV Olappéel, OTav O dIOKOTITNG €ival KAEIoTOG cival 2,5 A. Na
UTTOAOYIOETE TO JETPO TNG EVTOAONG B tou MayvnTIKoU Trediou.
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‘lfl-‘ =Am-g=(m,-m)g [1pov]

Bl1¢ = (m, - m)g [g] - TS

[1pov.]
- m
(18102 kg)(9,81 )

(2,5A)(10,0%x10™“ m)

3 jov.

TEAOZ MEPOYZ A’
AKOAOYOEI TO MEPOZ B’
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MEPOZX B": AtmroTteAcital atrd 5 epwTtRoEIg TwV 10 povadwyv n KaBepId.

11. 210 €TOPEVO OXAMA aTTEIKOVICETaI UIa OpOYeVG pdRdog AN, padag m=2Kkg kai
Mikoug L. To akpo A Tng pdPdou cival oTepewuévo oTo TTATWHA PE ApBpwaon Kal

TO GKPO [T aKOUPTTA O€ Agio KaTakOpu@o Toixo. H p&Rdog IcoppoTrei oxnuatiovrag
ywvia 30° ue Tov aTaK(')pucpo TOixo0.

(a) Na petagpépete 10 MO TTAVW OXNAPO OTO TETPABIO ATTAVIACEWY OAG KAl VA
OoXeOIAOETE TIG BUVAEIG TTOU aoKouvTal oTn PAaRdo.

OpB6g oxedlaouds Kal Twv TPIWV OUVANEWY  [1pov.]

O1 @opeig Toug va Téuvovtal. [1pov.] (ZTn p&Bdo aokouvTal TPEIG
opoeTTiTredeG duvapels. MNa va iIcoppoTrei N paRdog Ba TTPETTEI 01 POPEIG
TwV duvdpewy va diépxovTal atod To idIo onuEio.)

2 pov
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(B) Na utroloyioete 10 PETPO TG dUvaAPNG TTOU aOKeiTal otn paBdo atmd Tov
KATAKOPUQPO TOIXO.

3 pov.

H pd&Bdog dev TrepioTpéPeTal. Apa N CUVOAIKA POTIH) TWV BUVANEWY TTOU
aoKoUvTal o€ AUTA ival ion pe Pndév. YTroAoyiCoupe TIG pOTTEG TWV
duvAuEWY TTOU aoKoUvTal 0T PARS0 WG TTPOG TO OoNnuEio A, BewpwvTag
WG BETIKEG TIG POTTEG OI OTTOIEG TEIVOUV va TTEPIOTPEWOUV TN pARSO

aploTepdoTpoPa. M =0= —‘ Nl‘( Lovv30° ) +mg %m@o‘) =0 [1

gbwt,7
HMov.]
IN;|(Lovv30°) =mg %mﬁoo =|N,|= %SQCSOO [1 pov.]

=|N,[=5,66 N [1 pov.]

(y) Na utroloyioete 10 p€TPO Kal TNV KaTeUBUvoN TnG duvaung oTn paRdo ammod Tnv
dpBpwaon oTo onueio A.

F s =0=>[Ny| =[N, ,|=0=|Ny|=|N,,|=5,66 N [1 pov.]
F ey =0=>|N, [-mg =0=>|N, [=mg =19,62 N [1 pov.]

IN,| = y|No. | [N, [ = /(5,66 NY’ + (19,62 NY

=[N,[=20,4N [1pov] 5 pov.
N
EQQ = “Nf'y‘ = 159’6662l\’:l =3,47 [1 pov.]
2,X !

@ =1080(3,47)=73,9° [1 pov.]
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12. Zwpa pafag m=0,10kg e€ival OTEPEWHEVO OTO AKPO OpICOVTIOU €AaTnpiou
oT00epdg Kk Kal PTTOPEl va PETAKIVEITAI Ot Agio opifovTio eTTiTedo. To cwpa
EKTPETTETAI ATTO T BE0N 1I00PPOTTIAG TOU KAl APAVETAI EAEUBEPO, OTTOTE EKTEAET ATTAR
apMOVIKA TAAGVTWOT). ZTO TTI0 KATW JIAYyPAPUA QAiVETAI N YPAQIKY TTapAcTacn NG
TaxUTNTOG TOU OWHATOG O€ oUvVAPTNON ME TOV XPOvo, v = f(t).

v(m/s)

0,2r

-0,27w

(a) Na 1TpoadiopiceTte TNV apXIKr @ACTN TG TAAGVTWONG.

Tn xpovikn oTiyu t =0 n TaxUTNTA TOU TAAQVTWTA €ival undév Kal oTn

OUVEXEIQ TTAIPVEI BETIKEG TIUEG Apa ¢, = 377[ rad [1 pov.] 1 pov.
(B) Na utroAoyioere:
i. Tnv KUKAIKf) ouxvoéTtnTa TnNG TaAdvTwong.
a)—z—ﬂ—z—”—fr@ [1 pov.]
T 2s S ) 1 pov.
ii. To TTAGTOG TNG TAAGVTWONG.
o 02z
Uy = Xp@ = Xy = — = S —0,2m [1pov] 1 pov.
) rad
T
S
(Y) Na ypdwete Tnv e€iowon B€ong — xpdvou TnG TaAAAVTWOoNG.
X = Xonu(a) t +g00) = x=0, th(ﬂt +3?7[j (xoemxattoes)  [1pov.] | 1 pov.
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(8) Na utroAoyioete T oTaBepd k TOU eAaTnpiou.

D=k=mao’ [1pov.]

2
—k=0,10 kgx(3,14@j —0,99N-10N (1 povy
S m m

2 pov.

(€) Na ypdweTte av tn xpovikr oTiyu t=0,3s 1a diaviopaTa NG TaxUuTNTag Kal TG
EMTAYXUVONG £XOUV TNV idlIa 1 avTiBeTn @opd. Na diIKaloAoyAoETE TNV aTTAvVTNON OOC.

Tn xpovikn omiyun} t=0,3s 10 owpa Kiveital atrd TNV apvnTIKA okpaia B£on
TTpog Tn B€0n 100ppoTTiag [1 pov.] dpa Ta diaviopaTa TG TaxUuTNTag Kal TNG
EmMTAYXUVONG Ba £xouv Tnyv idia @opd. [1 pov.]

2 pov.

(o) Na utroloyioete o€ TTOIEG BE0EIC N KIVNTIKI EVEPYEIQ TOU CWMATOG Egival
TPITTAGCIa aTTd T QUVAMIKK EVEPYEIA TOU CUCTHUATOG CWHATOG - EAATNPIOU.

— . B 1 2 1 9
By =B TUa = By =3Uy + Uy = E,, =4U, = EkXO a 4Ekx
[1 pov.]
2
X X
S :70:”(:170=>Xzio'27m=>x:10,1m [1 pov.]

2 pov.
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13. Mia opdda pobntwyv TTPayPATOTIOINCE £va TTEipaua PE aTTAO EKKPEPES. ZKOTTOG
TOUG NTAV va PETPHOOUV TNV £MITAXUVON TNG BaputnTag (g ) XPNOIMOTTOIWVTAG TN

(
oxéon T =27 ’— . O1 yaBntég TTpaypartoTToinoav eTTTA dIOPOPETIKEG YETPIOEIG TOU
g

xpovou déka (10) TAAQVTWOEWY TOU EKKPEPOUG KAl CUUTTAAPWOAV TOV TTIO KATW
TTivaka:

Xpovog 10 TAfRpwv Mnkog Tou | Mada Tou | AGTOC TNC
Métpnon TOAQVTWOEWV EKKPENOUC | ekkpepoug | TAAAVTWONG
(s) (m) (kg) (m)
1 20,0 1,00 0,063 0,05
2 20,0 1,00 0,063 0,10
3 20,0 1,00 0,041 0,10
4 22,1 1,20 0,063 0,05
5 23,8 1,40 0,063 0,05
6 25,4 1,60 0,063 0,05
7 27,0 1,80 0,063 0,05

(a) Na ypawete TTOIEG QTTO TIGC WETPAOEIS TOU TTIO TTAVW TTivaka Ba TTPETTEl va
XPNOIMOTIOINOETE YIa VA XapAEeTe KATAAANAN ypa@IKA TTapAdoTacn Kal a1rd auTh va
uttoAoyioeTe TNV emTAYXUvon TNG BaputnTag. Na dikaloAoyACETE TNV ATTAVTNGT 0aG.

Oa TpéTTel va xpnoiuoTroinBouv ol yetpioeis: 1,4, 5, 6, 7 (4 Yia €k Twv 2,3 Kai
4,5,6,7 pe TNV KAtGAANAn dikaioAdynon) [1 pov.],

01611 o1 utTTéAOITTOI TTAPAYOVTEG, ONAAdN N HALa TOU EKKPEPOUG KAl TO TTAATOG
NG TaAAvVTWONG, Ba TTPETTEl va TTapapévouy oTabepoi. [1 pov.]

2 Jov.

(B) AQou eTTeCEPYQOTEITE TIC NETPAOEIG, VA XAPAEETE GTO TETPAYWVICUEVO XAPTI OTO
TEAOG TOU TETPADIOU ATTAVTHOEWY 0AG, KATAAANAN YPa®IK TTapdoTaon Kal atrd auTr)
Va UTTOAOYIOETE TNV €MITAXUVON TNS BapuTtnTac.

H atrdvinon oag va do6¢i ue Tov owoTo apiOud onUAvTIKWY Wneiwy.

e Kat@dAAnAn emre€epyaoia yetprioewv og T2[1 pov.]

e 2waTh BaBpovounon — xdpaén agdvwyv — Puaoikd peyEdn kal Movadeg
METPNONG. [1 pov.]

e TomoBétnon onueiwv otn ypa@ik TrapdoTacn [1 pov.]

o >xedlaoudg TNG KAAUTEPNG €UBEiag TTOU AVTIOTOIXEI OTA TTEIPAPATIKG
onueia. [1 pov.]

o YToAoyioudg TG kKAiong [1 pov.]

o OpBb¢ utToAOYIOPOG TRG ETITAXUVONG TNG BapuTnTag (CWOTOG APIBUOS
2. W). [1 pov.]

6 pov.

-22-



Mapaderyua:

2 _ 2 2
KMcm:AT :(6,80 3,00)s :4’043_
Al (1,68-0,74) m m
2 2 2
dlon =47 g 44 m
g KAMon 4,04 s

=g =9,76m2 (v 77 ico pe 3,14)
S

m
n g=977 7 (ue elcaymyn TOL 77 OO TNV VITOALOYIGTIKTY)

7,00 - ‘ - — - ; - - va

6,00 : A

5,00 +— : HEnaAEaaEan /]

1,00 j / |

3,00 FoE e o

2,00

1,00

0
0 0.20 0,10 0.60 0,80 1.00 1.20 1,40 1,60 1,80 [ (m)

(y) Or mo mévw METPNOEIS XPOVOU TIPAYHATOTTOINONKAY XPNOIUOTTOIWVTOG
YPOQIKES TTapaoTAoEIC BEong — xpovou, o1 oTroieg 566nkav ammd aicbnTrpa Kivnong.
Mia &GAAn opdda pabnTwyv yia va MPETPHOEI TOV XPOVO Twv OEKA TTEPIOdWV
XPNOIYOTIOINOE XPOVOUETPO XEIPOG HE akpiBeia dékatou Tou deutepoAETTTou. Na
eEnynoete Trola aTrd TIG OUO OUAdEG PaBNTWV EXEl HETPAOEI JE PEYAAUTEPN OKpIBEIa
TOV XPOVO TwV OEKA TTEPIODdWV.

H opdda trou pyérpnoe pe peyaAuTtepn akpifeia Tov Xpoévo Twv 10 TaAavTwoewyv
gival n opdda 1Tou xpnaoiyotroinoe aiobntipa kivnong [1 pov.],

OI16TI 0€ OAEG TIG UETPAOEIG UE XPOVOUETPO XEIPOG UTTEICEPXETAI OPAAUA AOYyw Tou
xpovou avTtidpaong Tou Trapatnenty.  [1 pov.]

2 pov.
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14.'Evag pabntng dével To €éva AKpo evOg axolivioUu unkoug 12 m kai padag 0,150 kg o€

akAévnTo onueio B, éTTwg @aivetal oto oxnpa. O pabntg TEVTWVEl TO oXOIvi aTrd
TNV EAEUBEPN GKpN Tou A, ue opIovTia duvaun PETpou 5 N, Kal To KpaTd opifOvTIo.

Tn xpovikn oTiyur) t=0 o padntg B€Tel TNV dkpn A o€ aTTAr] apuoVIKH TAAAVTWON
KATA TNV KATakopuen d1eUBuvaon Kal TTPpog Ta TTAVW, N OTToida TTEPIYPAPETAI ATTO TNV

egiowon: y = 0,800 np(5nat) (S.1.).

(+)

>

(a) Na deicete 611 N ypAUMIKN TTUKVOTNTA TOU OoXOIVIoU gival u = 0,0125 % .

M 0,150 k k
U=— :>,u:—g:0,0125—g [1 pov.] 1 pov.
L 12m m
(B) Na utroAoyioeTte Tnv TaxUuTNTa dIABOCNG TOU KUUATOG.
F 5N m
v=|—= K =20— [1 pov.] 1 pov
Ho4l125x10%19 S '
m
(y) Na uttoAoyioeTe TO PKOG KUMATOG.
o o7 ra%
o=2rf=>f=—=——2=f=25Hz [1pov]
2r 27 rad 2 pov.
20
v=Af :>/1=—m/5=8m [1 pov.]

(8) Na ypawete TNV €€iowaon Tou TPEXOVTOG OPUOVIKOU KUMATOG TTOU TTAPAYETAl ATTO

TNV Kivhon TNG akpng A.

y(x.t)= yonu|:27z(%—§ﬂ [1 pov.]
:>y(x,t):(0,800m)m{2n( t X ﬂ f

0.400s 8,00m

= y(x,t)=(0,800m)nu[(15,7@jt—(0,785@jx] [1 pov.]
S m

2 Jov.
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(¢) Na oxedidoete o€ PaBuoloynuévoug AEOVEG TO OTIYMIOTUTTIO TOU KUWOTOG TN

Xpovikr oTiyun t, =0,300s.

X=ut, :(20%}(0,3005) —6m [1pov.]

[1 pov.]

2WOoTOG OXEDIACUOG OTIYMIOTUTIOU  [1 pov.].

ZwoTA Babuovopnon — xapagn afovwy — Puaoikd peyEdn kal Movadeg pétpnong.

3 pov.

y (m)
0.8 +
0 i i t f .
1 3 4 ;S 6 i
108
_1’6 A amvl

12— ()

(o1) Z10 OTIYMIOTUTTO TTOU OXEDIACATE OTO TTPONYOUNEVO EPWTNHA Va OXEDIACETE TO
dladvuopa TNG TaxuTnTag TaAGvTwong (wKUTNTAC) TOU CnueEiou TTou BpiokeTal 0N

Béon x = 2 m.

Opbbg oxedlaoudg Tou dlaviouaTog

1 pov.
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15. Tetpaywvo cupudtivo TAdiolo AlAZ, mAeupdag (=0,50mkai  GuUVOAIKNAC
avriotaong R, =0,50Q, cival oTEpEWPEVO KATOKOPUPA OE TTAACTIKO apagaki Kai

m
EICEPXETAI JE OTABEPN TAXUTNTA, YETPOU |6| =1,0—, O€ OJOYEVEG payvnTIKO TTEdIO
S

évraong PETPOU |]§ |= 0,50 T, TO oTTOiO €ival KABETO OTO ETTITTEDO TOU TTAQICIOU Kal
oTnVv TaXUTNTa ©. TO TTAQiOI0 apXilel va EI0EPXETAI OTO PAyvNTIKO TTEDIO TN XPOVIKA

L, VRV E

EW/WM/M/ /g/jﬂg//ﬂ’///ﬂ’// A

= - " - - -

(a) MNa 10 Xpovikd didoTnua TTou dIapPKEi N €i00d0¢ Tou TTAAICIOU OTO PAYVNTIKO
TTedio:

i. Na utroloyioete Tnv nAekTpeyepTikry duvaun (H.E.A.) ammd emaywyr TTou
dnMIoupyeiTal 0To TTAQICIO.

_ m
Eer = |B||,3|g =(0,50T) x (1,0—) x (0,50 m) [1 pov.]
S 2 pov.

Ecr =0,25V  [1 pov.]

ii. Na uttoAoyioeTe Tnv €vriaon TOU ETTOYWYIKOU PEUPATOG TTOU OlappEEl TO

TTAQiolo.
E 0,25V
== [1 pov.]
R 0,50Q 2 pov.

oA

=1,=0,5A [1pov.]

iii. Na TpocdlopiceTe TN POPA TOU ETTAYWYIKOU PEUPATOGS TTOU dlappEEl TO TTAQICIO.

OpBbn @opd peupatog (apiotepdaTpo@n / AZATA) [1 pov.] 1 pov.
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(B) Na egnynoete yiati Ba TTPETTEl va QOKEiTal eEwTEPIK dUvaun OTO TTAdiolIo,
TTaPAAANAQ TTPOG TNV TaXUTNTA TOu, £TOI WOTE TO TTAQiol0 va diatnpei oTtalepn

TaXUTNTA KABWG EICEPXETAI OTO PAYVNTIKO TTEDIO.

2UhQwva pe Tov Kavéva Tou Lenz, Adyw Tou eTTaywyikou peUPATOG, QOKETAl
otnv TAeupd Al Tou TTAalciou duvaun Laplace avtiBetng @opdg pe TN @opd
Kivnong, dnAadn mpog Ta apioTepd. [1 pov.]

MNa va Kiveital To TTAaiolo ye oTaBepr) TaxutnTa Ba TTPETTE SF=0 [1 pov.]

dpa Ba TpéTTel va aokeital, otn TTAeupd AlN, eEwTePIKr dUvVANN avTiBeTn TNG
ouvapung Laplace. [1 pov.]

3 pov.

(y) Na e¢nynoete €dv Ba TTpéTel va aokeital eEwTepikr) dUvaun OTO TTAQiCIO,
TTAPAAANAQ TTPOG TNV TAXUTNTA TOU, £TO1 WOTE AUTO VO OUVEXIOEI va KIVEITAI ME

oTabepr) TaxuTNTa, KaBWG BpiokeTal oAOKANPO péoa aTo payvnTiKo TTeEdio.

Otav oAékAnpo 1o TTACicIO BpiokeTal péoa oTo PayvnTIKG TTEdI0 N METABOAR TNG
MayvnTIKNG pong Tou To diatepvd civar pndév (AP = 0), Gpa n OUVOAIKN
ETTAYWYIKA TAon TTOU TTOPAyeTal OTO TTAQICIO €ival PUNdEv Kal To TTAQiCIO dev
OlappEeTal aTTd ETTAYWYIKO peUa [1 pov.].

2UVETTWG, dev Ba aokeiTal o€ auto payvnTikg duvaun Laplace kai yr autd dev Ba
QTTAITEITAI £CWTEPIKN dUVAUN yIa TNV Kivnor] Tou pe otaBepn Taxutnta. [1 pov.]

2 pov.

TEAOZ ESETAZTIKOY AOKIMIOY
AKOAOYOEI TYTNOAOrIIO
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TYNOAOTIO ®OYZIKHZ I' AYKEIOY KATEYOYNZHZ

Y100gpéc

Emtd’xuvcn ™¢ Baputntag otnv g=938 122
emubavela tng ng s

m
Taxutnta tou Gwtdg 0To KEVO c=3,00x10° —

S
@oprtio Tou nAektpoviou ge=-1,60x 10 C
Moprio tou npwrtoviou gp=1,60x10"°C
MadZa tou nAektpoviou me=9,11 x 103! kg
Mala Tou mpwtoviou mp = 1,67 x 10% kg
MaZa tou vetpoviou mn=1,67 x 10%" kg

FevikéG IXEOELG
K ) . - ) 27
UK?\LKI] ouxvotnta — Fwviakn 02T _ o g

Taxutnta T
IXEON LETPWV YPAUULKAC - YWVLAKNG U= wR
Taxvutntag otnv OKK -

2

KevtpopoAog emitdyuvaen TG oMoAnG |& | _o’R = v
7R

KUKALKAG Kivnong

, , , , AV
Evtaon opoyevolc nAektpikov ebiov | E = A
X
, o |Aq|
Evtaon nAektplkol peUUOTOC =11
At
, , AV
Avtiotoon aywyou R = T
HAektpwkn loxug P =I1AV
Mnxavikn ZTepeol ZWUOTOG
Pomr AUvapng wg mpog cnueio ‘|\7|‘ = ‘FHﬁ‘nue
Pomry Adpavelog uAkoU onueiou | =mr?
Port) ASpdvelag oTEPEOL CWHATOG WG | | = Z“mkrk2
npog atova Neplotpodng k
Meplotpodikn KLVNTIKA EVEPYELL _ 110)2
O'(bLl(XTOQ KLV ep

Ytpodopun onpetakol cwpatidiou

WG TPOG TO onpeio O ‘E‘ - ‘FHE)‘”“e = m‘FHG‘nMG

thocbcipun O'I’]'HEL(IKOU owpatidiov oe ‘I:‘ _ m‘FHB‘ ~ mR%, ‘I:‘ o
KUKALKI TpoXLd

TaAavtwoeLg
No6pog tou Hooke IECL =-kX
Ixéon Taxvutntag — O€ong L=+o /(yf) - y2)
Ixéon Emtayuvong — ©éong o=- 032y
JtaBepad tng AAT D = me’
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Auvapikn Evépyela cwpatog —
Opulovtiou glatnpiou
(yia 1 x=0)

U

&

1
= Zkx?
b2

Auvapikn Evépyela cwpatog —
Kotokopudpou elatnpiou

1
st = Ek(y ~Youm )2

(yta ®ly=0)
Mnxavikr Evépyela Zwpatog — 1, 1.,,
. , E _ =—mv +=k(y +

Kataképudou EAatnpiou — I'ng e 9 v 2 (y You )
Yxéon akpaiwv Ooswv Tohdviwong — . ZE/W 5
Mnxavikig Evépyelag Yo== K Yom

Kopata
Toaxvtnta Stddoong KUHATOG v=Af
E€lowon TpEXOVTOG OPUOVIKOU Tt x

= 2r(=+—

cpatoc Y= Yollu (T /1)
Amnootaon ety Suo SLadoxtKwy S_ AD
KPOOOWV CUUBOANC a
Tayutnta dtadoong eyKApoLou =
KUMOTOC KOTA LAKOG TEVTWUEVNG L= / —
Xopbrig #
Mrko¢ KUpatog opatol Gwtog 400nmM< A <750nm

E€lowon otdouou KUPATOC

y=2y000v2—m77u2—7ﬂ,r'1
A T

y=2yof7/12—m(cfuv2—”t

A T

E€iowon cuUBOAAC KUPAETWY o€ y = 2y ouv| 27 Xo = X4 | 2 b Xo+X
tuxaieg Slteubuvoelg. 0 27 T 27
HAeKTpOHAYVNTIONOG
METpo TNG HayvnTkng SUvaung o F =BlLyué
PELUOTODOPO aYWYO
METpo TNC HayvnTIKAG SUvapng os F = Buqnué
KlvoUUEVO NAEKTPLKO doptio
Mayvntikr por ® =BSovvl
do
No6pog tou Faraday - =—N TS
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