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Oéfpa 1

A) ‘Evag otepedc kopog axung 2o ko pafog M yhotpdel oe o Aglo (yopig tppég) emodveia
tpomellov pe otabepr| TayvNTo U, . XN GLVEXELD XTURA OE £vo pkpd eumddlo otV dkpn TOL
tpomellod, mov Kavel tov kKOPo va yelpel. Bpeite v eAdyiomn Ty g Uy €161 OoTE 0 KOPOC Vo
avotpomel. Aideton 1) pom adpavelag Tov KOPoL g TPog e okur Tov I=8Moa/3.

(Yrodeién: O kOPoc vpiotator pua pn eAaoTiky Kpovorn 610 dkpo tov Tponellod Kol GTNV GLVEYELL
KAVEL TEPLOTPOPT KABADG avaTpEmeTan). 5

(12 povadeg)

Avon

Apéomg petd v Kpovon o KOPOG eKTELEL TEPIOTPOPIKT KIVIOT LE QPYIKY YOVIOKT TaxOTNTO ©. Oa
avatpanel v POdoel o tétown BEom, TEPIOTPEPOUEVOS OC TPOG L0 OKLT TOV, OCTE O POPENG TOV
Bapovg va tépver v akun.

Torte woydet:

%m = Mga(\2 -1) = 18Ma"

®* =Mga(N2-1)= o = gf(\/_ D

(Oewpovpe eminedo PNOEVIKNG SUVOULIKNG EVEPYELNG TO €Minedo Tov Tpamellov omdTe N HeTABOAN TNG
Suvapukng  evépyslag tov  KOBov amd v opykny Béon omv  Béon  avatpomng eival:
Mga~2 — Mga = Mga(+2 - 1)).

Koatd ™ dudpketo Tng kpohong ot SUVANEIS TOV AVOTTOGGOVTOL VOl ECMTEPIKEG (Pl LoYVEL M 0PN

Sdwtnpnong g otpopopung. Onote:
Edv Mvya givar 1 otpogopur] Tov kOBov mtptv v kpovon kot lo apéowng petd tmv Kkpovon toydet:

/2

2 1/2 5
Mv0a=la):>Mv0a=8A§a (gg(ﬁ—l)j =V, —(8 a 6g(\/— 1)]
a

v =[5 ga2 -1

B) ‘Evag mapatnpntg Ppioketol péoa oe évo KAEIGTO OYMio. OV KIveital 6To opliovTio eminedo.
[poteivete éva neipapa 1o omoio Ba ektedovoe o TapatnpNnTig Kot Ba pmopécet va avtiAnedet edv to
oynuo ektedet opoAn KuKAKY Kivnon 1 av Kiveitor evBoypapipo opLaAd.

(8 povaoeg)

Avon

Oa pTopovcE TOPUSEIYLOTOS APV VO KPEUAGEL 0Td TNV 0poPN] VOl AVTIKEILEVD. AV TO OVTIKEILEVO
KPEUOTOV KATAKOPLOO TOTE SOTIGTOVEL OTL deV XPpelaleTal Vo, EIGAYEL KOULE VToBeTiKn dVvaun yio va

TEPLYPAYEL TNV 100PPOTIC. TOL CAOUATOS. Apo TO GOOTNUA TOL &ivar adpovelokd. Av To viuo
Tapovoldletl KAion pe TV KaTaKOpLEO TOTE TPENEL Vo, LITOBEGEL o emmAéov dOvoun 1 omoia eivat iom

pe — M -d 6mov m 1 PALo TOL AVTIKELLEVOL KoL @ 1 ETLTAXLYVGT TOV Boryovioy.
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Ofpa 2

A) "Evag koAvdpog prkovg I kot axtivag R éyel palo M. IMdpw and
TOV KOAWVdpo TuAlyovton dvo vipata, £va o kébe dicpn Kot To dkpa
TOV  VNUOTOV  otgpedvovtal oty opoer. O xOAwvdpog
optloviudvetal, pe To. dVO vipata akpPds KATAKOPLED, OTMS
delyvel 10 oynua, kot agpnvetor erevBepog. Bpeite v tdon tov
ynuatov Kobmg EeTuAlyovtol Kol TPOGOOPIoTE TN YPOLLIKT
EMLTAYLVGT TOV KVAIVEPOL KOTA TNV TTOGT TOV.

Aidetor 6Tt M pom adpaveiog ToOL KLAIVOPOL ®G TPOg TovV GEova
TEPIETPOPHG Tov eivan I=(1/2)MR?.

(12 povadeg)
Avon

§

Lt

N L

N

‘Eoto o kot a, 1| YpOUIK] KOl YOVIOKT ETTEYVUVOT TOL KUAIvopov, avtictoya. Katd v kivnon
Tov, Ba toyvovv ot e&ng e&lodoels:

Mg —-2T=Ma = o= (Mg -2T)/M 1)
TR + TR =Ia = a=2TR/I = 2TR/(1/2)MR* = a = 4T/MR 2)
Ot dvo emTayOVOELS, a Kal a, GLVIEOVTAL e TN OYEoT: o = aR, 3)
1 omoio Ady® tov (1) ko (2) yiveron:

a=4TRIMR = (Mg - 2T)/M = 4T/M = 6T = Mg = T = Mg/6 4
H (2) Adyo g (4) yivetar: a =4Mg/6MR = 2g/3R (5)

H (3) Moyo g (5) yivetar: a = aR = 2gR/3R = 2g/3

B) Zparpikog aoctépag paloc M kat aktivag R mepiotpépeton pe yoviokn toydtta o yope amd aEova
OV cuuTminTel pe o dapetpd tov. Kdamowo ypoviky otiypr] apod €xel eavtANceL To TUPTVIKE TOV
Kavolpa, veiotatal Paputiky KoTappevon kot OAN 1 Halo TOL GLYKEVIPAOVETAL GE OQaAipO, OKTivVag T
(r<<R). Bpeite v teMK1 YOVIOKT TOV TayOTNTO TEPLOTPOPNS (S1evbuvon, popd kot pétpo). Katd tnv
BopuTikh KATAPPELGOT CTOV AGTEPO AOKOVVTOL HOVO E0MTEPIKEG SVVAELS KOL 1 LAL0 TOV TOPAUEVEL
o

Aidetan 6t pomh adpaveiog pag opaipag w¢ mpog ma Sdpuetpd e eivar I=(2/5)MR?.

(8 povaoeg)
Avon

[poeavdc 1 oAk 6TpoPopuUn TOL cuoTipatog dutnpeitat. ‘Eyovpe:

v 5 pera uera
r

2
MR -6 =M -6, =& =(£J @,

Emopévmg n yoviakn taydtnta £xet idto opd kot dtevBuveon Omwe Kot TPy TV Katdppevot) aAid
HETPO ONUAVTIKO LLEYAAVTEPO.
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Ofpa 3

A) Avo kekAMpéva enineda mov oynuoatilovv yovieg 6, kot 6, pe o opldvtio eminedo Eyovv un Aeieg
emeavetlec. Avo copoto pe palec M; kor M, cuvdéovtar pécm afopodc VIROTOS Kot TpOYOAaS mov
neplotpépetal Yopic TpIég Onmg paivetal oto oyfua. Ot cuvteheotés otatikng PPN Letald Tmv
emuédmv pe TG Pacelg Twv dvo copdtov eivar [y Kot
1, avtiototya Bpeite T oyéon petald tov peyebov My,
M,, 01, 0,, 1 Kot W, étol dote N palo M; porg va
apyiCet va oAcBaivel Tpog To KAT® 670 eninedo 1.

(10 povadec)

Avon

Avdlvon duvapewnv oe aEoveg (TOPAAANAO 6TO KEKALIEVO eminedo kat kGOeTo 6 avTOV) Kot yio. To, OO
GMOUOTO.

Av 10 M, apyiler va odcBaivel mpog ta kbt 1 dvvaun Mg sinf; Ba eivor ion pe v tdon tov
viuatog T kot v dOvaun TpiPng, oniaon

M, g sinf;=T + p;M;g cosb; (1)

¥ ovt TV TepinTmon o M, Ba apyilet va olcBaivel mpog ta mhve Kot tote 1 Téon Tov vijpatog T Ba
glvat {on pe v Mg sinf, cuvictdca Tov Bapovg kat v duvaunm Tpng, dniudn

T=M,g sinb, + p1,M, g cosb, (2)

Apa telkd amo (1) ko (2) woydet

M;sinb;-p M cos8;= M, sinb, + p,M,; cos6,

B) Xopebtpla 610V TAY0 TEPLOTPEPETAL LE YOVIOKT ToXOTNTA . Tt B cvpPel eqv Eapvikd 1
xopevtple, Kabdg meptoTpépetan, ekteivel ta xépla G Xvykekpuéva Oellte OTL M yoviakn TG
tayutnte Ba petafAnbel. Exeppdote 10 AOY0 NG apylKNG TPOS TNV TEAIKN YOVIOKY] TOYLTNTO
GUVOPTHCEL TOV POTTOV 0dPUVEING MG TTPog Tov A&ova eplotpoPng. Agifte OTL M KIVNTIKY EVEPYELL
AOYo TeptoTpoPnc eElatt@vetatl. [Tov katavolmOnke 1 evépyela;

(10 povaosc)

Avon

Kotd v mepiotpoen dev vapyovy eEMTEPIKEG POTEC UE  OTOTEAECUO 1| GTPOPOPUN TNG
xopevTplag va drutnpeitat. Emopévag:

o
L=L,= o =10, =0, =""
2
AMG 1 <], emopévag o>w,
Eniong:
|
E1:511w1
1 1 Lo 1 Itel 11lef 1 I
E2=—120)22:E2=—12( : 1)2:—12 121 === 120)12_1
2 2 1, 2 15 2 1, 2 1,

Eneidn I < I éovpe 011 E1>Ey. Apa 1 kivtikn evépyelo HELDOVETAL KOTA TV £KTOGCT TOV
YEPUDV NG YopevTplag. H evépyeia koTovolmOnke yio TNV OmOUAKPUVON TOV YEPLOV TNG
YOPEVTPLUG OO TO GO TNG.
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Oépa 4

A) H dvvapkn evépyeta mov avtiototyel og £va dtaTopkd Hoplo SIvetal TPOsEYYIoTIKA Ao Tn

12 6
ovvapmon U(r) = U, (r—oj — 2(r—°j
r

r

omov U, kot 1, Oeticég otafepég kat r 1 0mdoTacn TV 600 ATOUMYV.

o) Bpeite 10 pétpo g dvvapng mov ackel 1o éva ATopo 6T0 AAAO GLVAPTNGEL TNG OMOCTACTS TOVG
r.

B) Xe mola aTOGTACT WITOPEL VO, IGOPPOTNGEL TO GUGTNE TOV dVO ATOU®V KoL Tt €I50VE 1ooppoTTio
glvon avtn;

v) [Ioon evépyeta yperdletat yio vo Stacmactel To Loplo; (AnAadn TOoT KIVITIKN EVEPYELD TTPETEL
vo ddoovpe oto Atopa evd Ppiokovior ot Béom  1GoppoTiag Yl VO UTOPEGOLY VO
amopakpuvlovy og Kavi] amdOGTACT) MGTE VO UNV OAANAETOPOVV OOKOVTOS OUVAUELS HETAED
TOVG).

u(r)

(12 povadeg)
Avon

Zynuo;
12 6 6 6
— A U A
oF=-3Yi_y 12[r—°J l—12[r—°j on [r—j (r—j 1t
dr r r r)r r \r r

bd 6 6_ 6 A
SF=12 (r—j (%jr
r \r r
B) F=0 v r =1,

Y) U(ro) :Uo (1'2) = 'Uo
Anhaon mpénet va dwcovpe evépyeta U, yia va dlacmtactel To popto.

B) E&nyeiote yloti katd v dudpkelo. vOg aVTOKIVITIKOD SUGTUYLOTOG TO AVOLYUO TOV 0.ePOGAKOV
omlet v Con pag.
(8 povaoeg)

Adon

I'vopifoope 6111 péomn dvvaun mov Ba acknbel otov emPatn Yo TV AKIVNTOTOINGT] TOL Eivat:
L
< F >=m— 6nov v 1 taydmTa mov £iye 10 avtokivnto Alyo mpiv v chykpovon kot At 0 xpodvog

1oV ypetaleTot yio va akwnrorotndei o emParng.

AOY® TOV 0gPOGOKOL 0 Ypdvog oL yperdleTar yio va. akwntorotndel o emPatmg sivar onpavTikd
peyolvtepog and ot ywpic aepdcaxo. Etor ) péon dvvapn mov ackeitar otov emPdrn sivan pkpotepn
KoL EMOUEVAMG AMyOTEPQ T TPAOLLATO TTOV Bt VTOGTEL.
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Oépa S

A) ‘Eva copo palag m=10 kgr aprveror ehevbepo amd to onpeio A méiveo ot dadpoun ABCD omwg
paivetal 6to oy,
H dwdpopn etvan Aeila (xopic tpiPéc) extog amd to tpunpa BC pnkovg 6m. To codpa Kveltal, KTomd £va
ghatiplo otobepdg k=2250 N/m kou otiypiaio akwnronoleitor 6tav to glathiplo €xel cuomelpmbel
katd 0.3m. YrmoAoyiote:

1)) To cvvteheot Tp1Png ohicOnong peta&y tov tuqpatog BC kot tov copatoc.

D) Tnv taydTTa ToV GONTOG OTAV TO EAUTNPLO EMAVELDEL GTO PVOIKO TOV PNKOG.
Aidetan g=10m/sec’.

B
(10 povadeg)
Avon
D)
1, 1 2

1 mgh—Ekx 10-10~3—52250-0.3
mgh = —kx* + nmgS,. < n= = ~0.33

2 mgsS 10-10-6
1)

B) Bayovt kwveitar pe otabepn taydmto kot yopig tpipéc nave oe opilovtio eminedo, Ildve oto
Boyove vadpyer Beppaviipag mov Ceotaivel éva doxeio pe vepd dmwg eaivetoar oto oynua. Kdamown
YPOVIKN oTtypn] o vepd apyilet va Bpalet Kot ot atpol Tov veEPoD eyKaTaAEimoOvY TO doyElo [e UNdEVIKY
oedOV TaXOTNTO G TPOG aKivNTo TopotnPNT.. Bpeite av Bo aAAGEeL 1 TayvTNTA TOL OYNUATOG GTIG

aKoAovBeg dV0 mEPMTAOCELS:
)] N Py ToXOTNTO TOL OYNLUOTOG Elval UNOEV, %

1)) N apykn ToxvTNTO glvort peyaAdTepn Tov UNdevog.

(10 povadeg)

Adon

Av vmoBécovpe 0TL dev epappdlovtat eEmTeptkés duvapelg (eKtdg Tov Papovg Kot TG avTidpaocng Tov
damédov mov Eyovv cuvieTopévn Undév) tote 1 oAk opun| dtatnpeital. Av m pdlo Tov GUGTHLTOSG
TP 10 vepd va apyioet va Ppalet kKot m” 1 palo Tov GLGTHLATOS APV £XEL ATOLOKPLVOET Lo
TOGOTNTO. ATUOV TOTE: M-V =m'V'

Eme1dn 6pog m’<m copumepaivovpe 0Tt v'>v.

[T avaivtikd O propodce vo el Kaveic:

Av vmoBécovpe 6Tt M eivan 1) pada Tov Poyoviod kot m 1 pélo Tov vepov Kot 6Tt 0 puOudc e Tov
omoio amopakpvvovral ot atpoi eivar otabepdc p (p>0) £yovpe:

dm
;z—p@m:mo—p-t
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Anhadn amd xpovo 0 Emg te 1 palo Tov GLOTHUOTOG LETARAAAETAL. AV dgV EPUPLOCTOVV EEMTEPLKES
SuVAELG 0TO GVGTNO EXOVLLE:

0<z<t,
d—]):OQM:0<:>d—mz§+@(M+m):O<:>@:—Ld—maédﬁz—p-dte
dt dt dt  dt dt (M+mydt ©  (M+m)
lnu=—f¢dt<:>lnu=—ln(M+mo —-p-)+C' <
(M +my—p-t)
elnu :e—ln(MerO—pt) . C@U: 1 C@U= (M+m0)
M+my—p-t M+m,—p-t
t, <t
M +m,
H toydmra tapapével otabepn kot ion pe u = Tv

[poeoavac 6tav 1 apyiky TayxdTnTo gival undév N TodTa dev oAAAleL.
Ofpa 6

A) ‘Eva copa £xer palo m kot Kiveitor Kotd tov GEova TV X EVE 0OKEITAL TAVM TOL GUVEXDS Lo
SwnpnTikn dvvaun mov katevBouvetar katd tov Betikd dfova tov X . Av 1 kivntikn gvépysia K tov

1
oOpaTog divetarl amd T oyéon : Kzaktz, Omov t etval 0 ypdvog Kot A pia otabepd aveEaptntn Tov

xPOVov, va Bpedel To HETPO TNG SVVONG KOL 1] TOYDTITO TOV COMOTOG Yo KAOE YPOVIKT GTLYUA.
(10 povadeg)
Avon

l/”tt2 =lm1)2 :>1)=\/Z-t:>a=\/Z
2 2 m m

Aniodn n emtdyvvon givar otobepn Kot Oetik, emopévag 1 dvvoun givat otabepn Kot OTikn pe HETPO

F=m-a=~A-m

B) To yvdAvo mltope evog avedkvotipa umopel va ocvykpatel évo copo pdlog M, otav o
avehkvompag mpepel. Iopommpndnke 61t 6TV 0 OVEAKVGTHPOG OVEPYETOL EMITOYVVOUEVOS LE
KOTOKOPLEN EMTAYVVOT, a, TO YuaAvo Ttdtope ondel. E&nynoete 1o gawopevo. (H avtictoon tov
aépa eivor apentéa).

(10 povadeg)

Avon

H dvvépelg mov ackovvtal otov avBpmno givar to Bapog kot n avtidpacn and to Tatmpe. loyvet:
A-B=m-a=> A=B+m-a

Aniodn 1 dvvapn omd To danedo (Kot EmopEVMS 1 dhvaun Tov aokel 0 AvOp®TOC 610 YudAlvo TdTmUA)
glvar peyaddtepn and 611 6tav 0 avelkvotpog Npepel katd, M- a . Ilpoeavdg N emtdyvvon sivol
TETOL0, DOTE 1 SUVOUT VO YIVEL TOGO LEYAAT] KOl VO OTTAGEL TEAIKA TO YOAAVO TOTOLO.
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