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" Aukeiou
26 AtrpiAiou 2014

OAHrIIEX:

1. H eme€epyacia Twv BepdTwy Ba yivel ypammtwg o€ xapTi A4 1) o€ TeTpddio TTou Ba oag
000¢i (To omoio Ba TTapadwoete 010 TEAOG TNG €€€Taong). Ekei Ba oxedidoete kKal 60a
ypagriuata ¢ntouvTal 010 OewpnTikKé Mépog.

2. Ta ypagriuata Tou Meipapatikou Mépoug Ba Ta oXedIAOETE KATA TTOOTELAIOTHTA OTO
MIANIUETPE XaPTi TTOU OUVOODEUEI TIG EKPWVNOEIG.

3. O1 atravTAoeIg oTa UTTOAOITTA EPWTHUATA TOOO Tou OtwpnTiIKoU Mépoug 6CGO Kal Tou
MeipapatikoU Ba TTPETTEI OTTWAONTTOTE VO CUPTTANPWOOUV 0TO “@UAAO AmmavricewV’ TToU
Ba oag 600¢i padi pe TIG EKPWVNOEIG TWV BEPATWV.

OewpnTikd Mépog

Ofépa 1°

A. 'Eva nAekTpikG OiTTOAO aTtroTeAcital a1md dUO ica Kal avTiBeTa @opTia, Ta OTToia
KpaTiouvTal akivnta o€ améotaon d. davracTeite 611 €xoupe dUO TTAVOUOIOTUTTA BITTOAQ, Ta
oTToia €ival TIPOCAVATOAMIOUEVA QVTIOETA TO €va WG TTPOG TO AAAO KAl ATTEXOUV aTTOOTOON
METAEU TOUG ion uET.

A1l. Otav aAAnAemidpouv duo dittoAa BewpoUpe OTI N dUVAIKN Toug evépyeia U gival undév
oTav BpiokovTal o€ peydAn atrdéotaon. Baoi{ouevol o€ autriv TNV TTapadoxr va EKQPACETE
TNV OUVAMIKN EVEPYEIQ TOU OUCTHAUATOG TwV dUO diTToAwv ouvapTicel Twv q,d,r Kal Twv
BepeAlwdwWV oTaBEPLIV.

A2. OeswpnoTte 611 d << r. Na dWOETE YIa TTPOCEYYIOTIKI £KPPACN YIa TN OUVAUIKY EVEPYEIQ
ouvapTtrioel Tou q,d, r Kal Twv BepeAIdwyY oTABEPWV.

MNa v emmiAucn Tou MO TTAVW EPWTANOTOS XPNOIUOTTIOIEIOTE TN OIWVUMIKA TTPOCEYYIoN

(1+x)" =1+nxyia [x| << 1

B. Karad 1n Oi1dpkeia e€vog TTEIPANOTOG QUOIKAG uwnAwv evepyeiwy, OUO CwpaTidla
TTANOIAJOUV PETWTTIKA PETALU TOug PE TaxutnTa u = 0,9520c é1Twg PETPATAl OTO CUCTNUA
ava@opds Tou gpyaocTnpiou. lMoio cival To PETPO TNG TAXUTNTAG TOU KABE cwuaTidiou wg
TTPOG TO CUCTANA avagopds Tou GAAou cwuaTidiou;

YmoBéToupe  TTwg  €xoupe  dUO v
ouoTAuata ava@opds. ‘Eva cuotnua Y 4 YA
S kal éva ouoTnua S’ TO OTToio
KIVEITOI PE OTaBEPr TAXUTNTA U WG X >
TPOG TO OUOTNUA S. ZUPQWVA HPE  f--g------------=---mm--mmqf-mmo-- '
TNV EI8IKAR Ocwpia TNG ZXETIKOTNTOG
éva yeyovog TTou cupPaivel o €va
OnMEio (X,y,z) TN XPOVIKA OTIYHA t wg >
TIPOG TO oUOoTnua S, OTO OUCTNUA >
avagopd¢ S Ba oupPaivel oTO ut

v
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onueio (X',y’,z’) TN Xpoviki oTiyun t'.

O1 ouvTeTayPéVEG TOU YEYOVOTOG OTa OUO OUCTHUATA QVOQOPAG OuvdEéovTal PEOW TwV
OKOAOUBWYV OXECEWYV, YVWOTWV KAl WG ETAOYXNUATIONWYV Lorentz.

X' = - =y(x—ut)
1Y
CZ
y' =
zZ'=
Ux
t=2 UX
t'=—=E :y(t——z]
v’ c
1_7

Oépa 2°
AU idieg TEAEIO EAAOTIKEG O@aipeg A kal B padag m=1kg kar aktivag R=2m, TotroBeTouvTal
TTAVW o€ Agio opIfOvTIO dATTEDO, £TO1 WWOTE TO KEVTPO TNG TTPWTNG va BpiokeTal o1o X=0 Kai
TO KEVTPO TNG 0eUTEPNG OTO X=120mM, evw N BIAKEVTPOG TOUG BpiokeTal €TTi TOU X Agova. Tn
oTiyun t=0 ekToéeUoupe TN dia o@aipa evavtiov TNG GAANG PE TaXUTNTEG HETPWVY Uop=10 m/s
Kal Uog=6 mM/s.
1) OewpwvTag, 0 TTPWTN TTPOCEYYIOT, OTI N Kpouon TOUG €ival OTIYHIAIA, VA UTTOAOYIOETE:
a) TN OTIYPN t; TNG Kpouong,
B) Tn 6€on KABE cPaipag (X1 Kal Xz) OTAV GUYKPOUOVTAl
KAl YO XPOVIKEG OTIYMEG aTTd O PEXPI 2t;, va OXEDIQOETE TIG YPAPIKEG TTAPOACTACEIG TWV
MeEyEBwWV:
Y) Xa=f(t) ka1 xg=f(t) 070 idI0 CUCTHUA AgOVWV
0) ua=f(t) kai ug=f(t) oTo Id10 CUCTANO atdvwv
€) Fa=f(t) kai Fg=f(t) oT0 id10 CUCTNNO AdVWV
oT) Na oxoANIGOETE TN POPYPN TWV YPAPIKWY TTOPACTACEWY OE XPOVIKEG OTIVUEG TTEPIE
NG OTIYHAG t1.
2) 2& MIO PEAAICTIKOTEPN TTPOCEYYION, UTTOBETOUPE OTI KABOAN Tn dIAPKEID TNG Kpouong n
duvaun aAANAETTIOPaAONG TV CPAIPWYV E£XEl OTABEPN TIPN ion TTpog F,=100 N.
a) Na uttohoyioeTe Tn dIdpKEIa TNG KpoUuong
B) Na utrohoyioeTe TNV €AAXIOTN KATA PETPO TaXUTNTA KAOE cwuatog Katd Tn didpKeia
TNG KpoUOoNG, KAaBWG Kal TIG XPOVIKEG OTIYMEG TToUu epgavifeTal auTh. Eival o undeviopog
TWV TAXUTATWY TAUTOXPOVOG; 2XOAIAOTE.
y) Na uttoAoyioete Tnv EAAXIOTN ATTOOTACN TWV KEVTPWY TwV dUO GQAIPWV.
®) YT1oBETovTag OTI N EAAOCTIKOTNTA TWV OPAIPWY EKONAWVETAI KATA TPOTIO TTAPOPOIO HE
EKEIVO €VOG eAaTnpiou, va UTTOAOYIOETE TNV TIPN TNG I000UVANNG OTABEPAG OKANPOTNTAG
K.
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€) Na oxedidoete Ta dlaypAuuaTa TOU EPWTANATOS 1 yia TIG XPOVIKEG OTIYUEG TTOU

avTIoToIXoUV 0Tn SIAPKEIa TNG Kpouong.
3) Etrekteivovrag tnv avaloyia pe 1o €AATAPIO, BEATIWVOUME TTEPAITEPW TO WOVTEAO TNG
Kpouong, Bewpwvtag OTI n duvaun MeTABAAAETal ypapuikd ammd tnv Ty 0, Katd Tnv
évapén NG KpouaonG PEXP! pIa YEYIOTN TIWA (EoTw Kal TTAAI Fo=100 N) Kail KatoTTiv JEIVETAI
YPOUMIKA, EXPI MNOEVIOHOU TNG ME TOV D10 pUBPO KaT™ aTTOAUTN TIWH.

a) Moéon moTevete 0T Ba €ival Twpa n dIApKeEIAd TNG Kpouong;, Na artrodeigete Tov

IOXUPIONO 000G XWPIG va EKTEAECETE APIBUNTIKOUG UTTOAOYIOHOUG.

B) ZuvapTAoel TWV BedOUEVWY TOU TTPORAANATOC KAl TWV HEXPI TWPA OTTOTEAECOUATWYV

006, VA YPAWETE TIG APIOUNTIKEG EKPPATEIS TWV cuvapTNoewV Fa=f(t) kai Fg=f(t), ua=f(t)

kal ug=f(t), xa=f(t) ka1 xg=f(t).

Y) Na uttoAoyioete TNV EAAXIOTN aTTOOTACN TTPOCEYYIONGS TWV CQAIPWV.

®) Moia gival Twpa n TIPA TS 1I000UvVaPNG oTaBepds okAnPOTNTAC K;

€) Na oxediaoete TToIOTIKG Ta Sl0YPAUMATA TOU EQPWTIMATOC 2€.

Oépa 3°

210 0€€10 GKpo opifdvTiou eAaTnpiou oTaBepdc K €xel oTepewBEi apvnTIKO QOoPTIo TIUAS —q
(g>0). To apioTepd AKPO TOu eAaTtnpiou gival OTEPEWPEVO O0€ AKAGVNTO onueio. To @opTio
pTTOPEl va KiveiTal povo mévw oTov Gova x. Ze améoTtacn L amd 1o 6e€l6 GKpo Tou
eharnpiou, 6Tav auTd £xEl TO PUOIKO TOU PAKOG, £XEI TOTTOBETNOEI KATAKOPUQPA Wid YPAMMIKT)
KATOAVOWN BETIKOU QOpPTiou atreipou prkoug, dnAadn BETIKA @opTia TToUu €X0UV TOTTOBETNOEI
TAvw o€ pia euBeia €. O Ggovag X Kal N YPOAUMIKI KATAVOWN QOpPTiou avAKoOuv OTO idIo
KatakOpu@o eTiTredo. H  ypauuik KATavopry O€TIKOU  @QOPTIOU  ATTEIPOU  UAKOUG
XapakTnpifetal amd TN YPAPUIKA TTUKVOTATA @QopTiou A, dnAadnh 1O @opTio avd povada
MAKOUG Kal TTapdyel EvTaon NAEKTPIKOU TTEdiOU PE Ta €ENG XOPAKTNPIOTIKA:

i) H &ietBuvon Tng éviaong Tou nNAEKTPIKOU )
mediou oe onueio A €kTOG TNG €, PpioKkeTal O€E =8
ETTITTEdO TTOU €ival KABETO OTNV €, DIEPXETAI OTTO '
T0 A KaI TéPvel TNV € o€ onueio éotw K. H _
d1evbuvon TnG €vraong oto A PBpiokeTal TTAvW /.
oTnv euBeia TTou diEpXeTal aTié Ta onueia A Kal 77
K, v n @opd tng eivail amrd 1o K mpog 10 A.

______________ - — -

NANN

K ! L
) , [ ) 24 x=0 =L
i) To pérpo tng évraong ceivar: E=K,, —, A
r

OTToU Kpa €ival N nNAEKTPIKA OTABEPA Kal I N ‘
ammootaon AK. :

TotroBeTwvTag 10 0 Tou d&ova X oTo0 OECI0 AKPO TOU €AaTnpPiou OTavV AUTO £XEI TO PUOIKO
TOU MNAKOG Kal L TO onueio TTou 0 Ggovag X TEPVEI TNV € KAl BEWPWVTAG YVWOTEG TIG
ToooTNTES K, Khp, A, g KaI L, ATTAVTAOTE OTA TTAPAKATW EPWTANATA:
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1) Bpeite Ta onueia xo TTAvw OTOV AEOVA X OTA OTTOIA TO YOPTIO  ICOPPOTIEI, AVOAPEPOVTAG
TN oUVORKN TTOU TTPETTEI va TTANPOUV 01 YWWOTEG 0AG TTOOOTNTEG, WOTE VA UTTAPXOUV TETOIA
onueia.

2) 'Eva onueio 10oppotriag Aéyetan euorabég, av, Otav éva ocwpa Ppedei o autd Kal
EKTPATTEI KATA MIKPEG ATTOPOKPUVOEIS ATTO QUTO, TOTE TO CWMPA ETTAVEPXETAI OTN B€on
IcoppoTTiag atmmd TIG SUVANEIS TTOU aokouvTal TTavw Tou. 'Eva onueio 1coppoTriag Aéyetal
aorabéc, av, oTav €va owpa Bpebei o€ autd Kal EKTPATTEI KATA MIKPEC ATTOUAKPUVOEIS TTO
QuTd, TOTE TO WA OV ETTAVEPXETAI OTN B£0N 100PPOTTIAC GAAG ATTOPAKPUVETAI ATTO TN
Béon autr], CaITiog TWV OUVANEWY TTOU AoKOoUVTal TTAVW TOU. XAPAKTNPIOTE TA ONUEia TOU
TIPONYOUNEVOU EPWTAMATOS WG EVoTAON | aoTABN.

(Ymodeién: Mtropeite va BewpnoeTeE UIKPES ATTOPOKPUVOEIS AX aTTO Ta onueEia Xo Kal va
XPNOIUOTIOINOETE TNV TTPoaéyyion (1+a)' = 1+va, OTToU Ol TTOoOTNTEG O KAl V gival BETIKEC )
APVNTIKEG, EVW N TTOOOTNTA A €ival KAT ammOAUTN TIMA TTOAU HIKpOTEPN aTTé TN Povada,
|aj<<1).

3) Kadtw atmd T1roleg TTPOoUTTOBECEIC TO QOPTIO q MTTOPEI va eKTEAEDEI OTTA} QPMOVIKN
TaAdvTwon; YTroloyiote Tn oTaBepd emmava@opds D Tng TaAdviwong o€ autAv Tnv
TTEPITITWON.

4) Mpog Ta TTOU Ba KIvNBEi apxIKA TO QOPTIO g av apebei EAeUBEPO o€ KATTOIO ONUEIO X
XWPIG apxIKn TaxutnTa oTnV TTEPITITWON TTou dgv TTANPEITAI N ouvlnkn TTou BpPrnKate o010
epwTnua 1;

Meipaparikd Mépog

A. ZTnVv TTEIpapaTikl oag opada divovtal Tpia eAaTApIa (TO UTTAE, TO Trmpryue 1
KOKKIVO Kal TO YKpPI), M€ OTABEPEC yia To PTTAE K;=1,00 N/cm kai yia
TO KOKKIVO ko= 0,60 N/cm.

20G EVNPEPWVOUV ETTIONG OTI OTO YKPI EAATAPIO N ouvhOng péBodog %
uTToAOYIOHOU TNG oTaBePds Tou eAartnpiou (MEBOBOG TNG avapTnong
dlapopwV  yvwoTwv  palwyv) dnuioupyoloe éva  TTPOBANUa
QKpiBelag oTn PETPNON TNG ETTINAKUVONAG TOU. )
o

‘ET01 TTPOTAONKE pia d1a@opeTIKr) HEBOSOC PETPNONG TNG OTABEPAG
K, oTnVv otroia dev yiveTal Guean PETPNON TNG ETTIMAKUVONG TOU YKPI
eAatnpiovu.

MpayuaToTroinOnKe N oUVOEDH TOU OXNATOG PE TO PUTTAE KAl TO YKPI
eharnplo. Tipryna 2

'KPI ANQ-MIAE KATQ

AtméoTacon oTnpiyuaTwy € =72 cm

I Aukeiou 2edida 4 amrd 32
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Puoikd PNKOG YKpI eAaTnpiou €,- 23,4 cm
Puoikd PAKog UTTAE eAaTtnpiou €;- 22,8 cm
Yyn Twv palwyv & (6TTwg @aivovTal OToV TTivaKa)

2T0 QUAAO aTTAVTHOEWYV VO CUPTTANPWOETE TIC TINES TTOU AEiTTOUV aTTO TOV aKOAOUBO
Tivaka.

Mada m (g) 200 | 300 | 500
“Yyog & Tng padgag (cm) 92 | 92 | 96

Emipikuvon ptrAe eAarnpiou x; (cm) 32 |24 | 08

Avovapn F; ptrAe eAartnpiou (N)

Avovapun F, ykpi eAartnpiou (N)

Emmipiikuvon ykpi eAatnpiou X, (cm)

Al. ZxedIA0TE TNV KATAAANAN YPOQIKN TTOPACTACH TTPOKEIMEVOU VA TIPOCDIOPICETE TNV TIUN
Tou K ToUu YyKpI eAaTtnpiou.

A2. ATt auTtr] TTpoodIopIioTE TNV TIUA TNG AyvwoTng oTadepds K.

B. Mg Baon v Ty 1ng o1aBepds k Tou yKpI EAATNpiou TTOU TTPOOBIOPIOTNKE TTEIPAPATIKA
Kal XPnoIJoTrolwvTag (yia PeyaAUTEPN akpiBeia) kal Ta Tpia €AATAPIA, PTTOPOUMPE va
UTTOAOYioOUUE TN PACa VOGS AyVWOTOU CWHOTOG HOVO JE HETPAOEIG MKOUG.

AvapTtoupe TNV AyvwaoTn pada diadoxIka atrd Ta Tpia EAATAPIA KAl TTAIPVOUNE TIG
OKOAOUBEG NETPAOEIG ETTINAKUVONG:

EAatipio | Emipnkuvon x (cm)
MTTAe 40,5
Kokkivo 66,2
Mkp! 108,4

B1l. 2xedidoTe TNV KATAAANAN ypa@IKA TTAPACTAOT.

B2. AT6 aut TpocdIopioTe TNV TIPN TNG AyvwoTng Nadag.

. Zag divetal éva adla@avéG OUVOUOUETPO €IBIKNG KOTAOKEUNG, MECO OTO OTTOI0 €XOUV
TOTT00€TNOEI TO UTTAE Kl TO KOKKIVO €AATIPIO OUVOEDEUEVA EiTE KATA OEIpA €iTe TTAPAAANAQ.

Me 10 SUVAPOUETPO auTO AauBAVOUNE TIG AKOAOUBEG HETPNOEIG:
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Evwon EAAnvwy ®uoikwv
MNavemmarnuio Abnvwy
Epyaornpio @uoikwv Emarnuwy, TexvoAoyiag, MNepiBaAlovrog

MANEAAHNIOZ AIAFQNIZMOZ ®YZIKHZ 2014 — B” PAZH

EmipAkuvon x (cm) | Zuviotapévn Aovaun EAatnpiwv F (N)
52 2
10,8 4
15,8 6
21,1 8

M. 2xed1A0TE TNV AVTIOTOIXN YPOPIKA TTAPACTOON.

2. A6 autr va TpoodIopiceTe TOV TPOTTO OUVOEONG TwV BUO AATNPIWV.

KaAR EmiTuyia

I Aukeiou
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Evwon EAnvwy ®duaoikwv MANEAAHNIOZ AIAFQNIZMOZ ®YZIKHZ 2014 — B” PAZH

lMavemornuio ABnvwyv
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Av BEAETE, UTTOPEITE VA KAVETE KATTOIO YPAPNUG G’ AuTr) Tn 0€Aida Kal va TNV ETTICUVAWYPETE
Méoa oTo TETPAdIG 0aG.

EmA&ETe TOUg GEoveg, TITAODOTAOTE KAl CUUTTEPIAABETE TIG KATAAANAEG ovadeg o€ KABE
agova.
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Evwon EAAfvwy Puaikwyv TNMANEAAHNIOZ AIAFQNIZEMOZX ®YZIKHE 2014 — B PAZH
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I Aukeiou - B ®don

OYAAO ANMANTHZEQN
OewpnTikd Mépog
Oépa 1°

Y) 270 TETPAdIO ATTAVTHOEWYV
®) 2710 TETPADIO ATTAVTHOEWV

€) 270 TETPADIO ATTAVIACEWYV
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MNavemmarnuio Abnvwy
Epyaornpio @uoikwv Emarnuwy, TexvoAoyiag, MNepiBaAlovrog

€) 270 TETPADIO ATTAVIACEWV

Ug=

XA=

€) 270 TETPADIO ATTAVIACEWYV
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Evwon EAAfvwy Puaikwyv TNMANEAAHNIOZ AIAFQNIZEMOZX ®YZIKHE 2014 — B PAZH
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Oépa 3°

Meipaparikd Mépog
A.

Auvapun F; pirAe eAarnpiou (N)

AvOvapun F, ykpi eAartnpiou (N)

Emipikuvon ykpi X, (cm)

Al. 210 HINIPETPE XapTi
B1l. 210 MININETPE XOpPTi

. 210 pINIpETPE XapTi
2. TPOTTOG GUVOEONG: ovvvveeeeie e eeeae e eaaas
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Evwon EAnvwy ®duaoikwv MANEAAHNIOZ AIAFQNIZMOZ ®YZIKHZ 2014 — B” PAZH

MNavemmarnuio Abnvwy
Epyaornpio @uoikwv Emarnuwy, TexvoAoyiag, MNepiBaAlovrog

Mpoteivopeveg Atravrioelg / Avoeig
OewpnTikd Mépog

Ofépa 1°
Al.

s> =

H duvapikn evépyela dUO QopTiwv +q Kal —¢ TTOU ATTEXOUV PETALU TOoug atrdéoTacn d, €ival
ion ue:

2

q

U1 = F

H duvauiki evépyeia dUo0 QopTiwv +g Kal —( TTOU aTTEXOUV PETAEU Toug amrdéoTaon r, gival
ion ue:

2

u, =Kk
.

H duvauiki evépyeia Tou Celyoug QopTiwy +q Kal +g Kal Tou eUyoug QopTiwv —q Kal —q
TTOU QTTEXOUV PETAEU TOUG aTrdaTacn r’ +d° , £XOuv BUVOMIKI] EVEPYEIQ ian YE:

2
U, =K—2

’ Jrt+d?

ETTopévg n duvaIKr EVEPYEIQ TOU CUCTHPATOS TWV dUOo dITTéAwy Ba eival ion e

2

2
U=Kqg*| —= 1
q[ -t Trdzj 1)

O 1mpwTog 6p0og U; dev Aaupaveral uttown otnv TeEAIKN éKpaon d10TI dev pundevideTal dTav
TO r TEiVEl OTO ATTEIPO.

A2. H oxéon (1) ypdoetal wg €¢AG:
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)= U=Kqg’| —=+ =K-

2 2
:>Uz—Kq 3d
r
B.
x'= X_Utz =y(x—ut):>dx'=y(dx—udt) (2)
]
1-—
CZ
gl
2
t’:—czy(t—gj:dt’zy(dt—UCZX) (2)
1 2 c c

Alaipwvtag TNV (1) pe TN (2) e€dyoupe TNV akdAouBbn oxéon:

U, —U
v, =—"— (3)
1YY
2
c
dx , dx . , . . . .
ME U, = Ul = Kal OTTouU U n aTaBepr] TaxUTnTa Tou KIVOUPEVOU GUOTAUATOG avapopdg.
t t

2TO OUYKEKPIPNEVO TTPOPRANUa TOo éva ammd Ta OUO cwuatidla atoTeAoUV TO KIVOUUEVO
ouoTnua ava@opdg ue Taxutnta u = - 0,9520c¢, evw 10 AAAO Ba £xel TaxUuTNTa WG TTPOG TO
EPYQOTAPIO ion pE ux = 0,9520c.

AvTikaBioTwvTag Ta TeAeuTaia dedopéva atnv e€iowaon (3) TTPOKUTITOUV Ta £ENG:

, U, —u 0,9520c —(-0,9520c¢)
- %Y ~0,9988
YT (0,9520¢) - (=0,9520¢) ¢
1-2Y% g s
C Cc

OTéTE TO PETPO TNG TAXUTNTAG TOU KABE CwHATIOioOU WG TTPOG To CUCTNHA ava@opdg Tou
aAAou cwpaTidiou gival ioo pe v . =0,9988c

OXET.
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Evwaon EAAfvwy duaoikwv TNMANEAAHNIOZ AIATONIZMOZX @YZIKHE 2014 — B” 9AZH
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Epyaornpio ®uaikwv Emiarnuwy, TexvoAovyiag, MNepiBaiAovrog

Oéua 2°

1)

a) O1 e€lowoelg Kivnong Twv dU0 cwudTwV gival:

Xa= Xoa + Uoal KAI Xg= XoB + Uost ME Xoa = 0, Uga = 10M/s , Xog = 120 Kal Ugg = -6M/S.
2 UVETTWG N OIAKEVTPOS TWV 0QAIPWYV EKPPACETAl aTTO TN OXEoN:

XB - XA = XoB * Uost — (Xoa + Uoat) = AX = (XoB - Xoa) + (Uos - Uoa)t.

H kpouon oupBaivel 6tav Ax=2R, dpa
_ 2R — [xoB - xﬂﬂ]

Uop — Vo4
AVTIKOBIOTWVTAG £XOUE:
_2-2-(120-0) 4—120
B 6-10 ~  —16
B) Tn oTIyun ekeivn Ta KEVTPA TV CQAIPWY BpiokovTal OTIG BECEIC:

xy = 72,5mKal x5 = 76,5m

£y

ty

=725z

AQoU o1 padeg Toug gival i0Eg, 01 0PAiIPES KATA TNV Kpouon avTaAAAOCOUV TaXUTNTEG:

u, = —6m/s Kal UJ;;. =10 m/s

Y) Apa ol cuvapTnoEIg BE0EIC yia TO {NTOUPEVO XPOVIKO dIdoTnua gival:
={ 10t , t <7255 . ={ 120—6t , t < 7,255
4 725 -6t ,t=>725s & 765+ 10t ,t= 7255

H avTioToixn ypagikr TTapdoTacn givail:

16
140

120

820 — A

q
60 *

40

20

0) MNa TIg TaXUTNTEG £XOUME QVTIOTOIXA:
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MNavemmarnuio Abnvwy
Epyaornpio @uoikwv Emarnuwy, TexvoAoyiag, MNepiBaAlovrog

_ %vm =10, tS4255 . _ {vw = -6, t 5 #2568
T ly,=—6,tn726 B ly, =10, t n 725s

H avTioToixn ypa@ikn rapdoTaon €ival:

12

10

8

—UA

= UB

€) Aedopévou 611 n didpkela TG kKpouong Bewpeital Pndevikr N duvapn TTou dEXETAI KAOE

oQaipa arreipi¢eTal Tn oTIyun 7,25s Kai gival pndév o€ KABE GAAN oTIyun:
F=Eﬂ,t¢?£53 U, t# %258

4 |-w  t=7250s w  t=7725s

H avTioToixn ypa@ikr TTapdoTacn givai:

100

80

60

40

20
—FA

0

—FB

-20

-40

-60

-80

-100

oT) [Napatnpoupe OTI N yPAPIKA TTApACTACN TNG TaXUTNTAG KABE CWPATOG TTAPOUCIALEl YIa
QOUVEXEIQ TN OTIyUAR t;, CUMTIEPIQPOPA TTOU TTPOPAVWG Oev  gival PEQNIOTIKF, OAAG
€€I0AVIKEUNEVD.

ATO 10 BepeAidn Nopo Tng Auvapikng yvwpifoupe 611 FAt=AP=m'Au, TTOU, YPOQIKA,
atrodideTal amd 10 gufadd Tmou opifeTal atrd TN ypAPIK TTapdoTtaon. Aedopévou OTI n
MeTaBOAA TaxuTnTag (OPPNG) KABE owpatog gival pun undevikn evw At=0, KaToAAyouue O€
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Evwon EAAfvwy Puaikwyv TNMANEAAHNIOZ AIAFQNIZEMOZX ®YZIKHE 2014 — B PAZH
MNavemmarnuio Abnvwy
Epyaornpio @uoikwv Emarnuwy, TexvoAoyiag, MNepiBaAlovrog

Mia “iId16pop®n” ouvaptnon TTou aTtrelpifeTal yia t=t; kai €ival 0 yia KGBe GAAn oTiyun,
TTEPIKAEiOVTAG un MNOEVIKO eufadd (ovouddletal cuvapTtnon © Tou Dirac).

2)
a) O1mrwg Adn uttoAoyicaue n kpouon gekiva tn oTiyun t1=7,25s.
Me dedopévn Ta (oTaBepr)) TIMA TNG dUvVAUNG AAANAETTIOpaong Twv dU0 CPAIPWY Kal TNV
avaykaia yeTaBoAr opung, uttohoyioupe Tn dIAPKEID TNG KPOUONG:
AP gl — vy, 1(-6-10)  -16

=7 F 100 ° o —qgg°  wAes

(v
AnAadr} n Kpouon oAokANpwveTal TN oTiyun t=t +At=7,41s.

B) Eg@béoov o1 Taxutnteg Twv OU0 owudTtwv aANdlouv @opd katd Tnv Kpouon,
OUMTTEPQIVOUME OTI N EAAXIOTN KATA PHETPO TaXUTNTA Toug Ba eivan 0.
lMNa TNV TTpWwTN OPaipa I0XUEL:
Y =ty Fag-(E-t) , 5ttt (1)
HE aa=-Fo/m=-100 m/s,
Apa n aTiyun pndeviouou TnG TaxuTnTag TnG TTPWTNG o@aipag ouuBaivel 0,1s PeETA Tnv
évapén TngG kpouaong, dnAadn Tn aTiyun 7,35s.
AvTioToixa yia Tn deUTEPN OPAiPA EXOUE:
Vg Sl Tlgc(B-t) , hEt= (2
HE ag=Fo/m=100 m/s>.

Apa n oTiyun pndeviouou TnG TaxUTnTag TNG TTPWTNG o@aipag cuupaivel 0,06 PETG TNV
évapén Tng kpouang, dnAadn Tn oTiyun 7,31s.

Maparnpoupe 611 o1 TaxuTNTEG TV oQaipwv AE pundeviCovral Tnv idia oTiyun. MNponyeital o
MNOEVIONOG TNG TaXUTNTAG TNG OQAipag TTou E€XEl TN MIKPOTEPN KATA JPETPO TAXUTNTA,
YEYOVOG avauevopevo, agou ol duo o@aipeg dExovTal ioeg duvapelg (Tpitog Nouog Tou
Newton) kal €xouv ioeg aceg, ONAadA UPioTAVTAl I0EC KATA PNETPO ETTITAXUVOEIG.

y) Katd tn didpkeia NG Kivnong Toug ol o@aipeg eTmBpaduvovTtal. ZUVETTWS N €AAXIOTN
aTTOOTOCN TWV KEVTIPWY TOUG Ba aVTIOTOIXEI OTn OTIYMr TTOU €Xouv Koivr (S1avuouaTIKA)
TaXUTNTA, ONA. yIa HIa OTIYUR QTTOTEAOUV CUCCOWHATWHA HE Kolvr)y Taxutnta V. Ao Tn
diatipnon NG Opung BpioKoupE:

By + Py = Poy = Mgl + Mglog = MgV = Mgy + Mg(—vep) = Mg,V

Pog — ¥ -

=2 m(Va = kp) =2V V=2 L oV ="——m/s 2V = 2m/s
A6 ™ oxéon (1) n TN (2) pITopouuE va PBPOUPE TN OTIYHN t3 TTOU OI U0 OQPAIPEG £XOUV
Taxutnta V.

. V=V -10

Ve tag (-t =28 = » +t 2t (_NG-—?,EEJF:;
-8

=t = (m—'ﬂiﬁ) et = (LOR 4+ 7.28)e =1, = 7,330
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Evwon EAAfvwy Puaikwyv TNMANEAAHNIOZ AIAFQNIZEMOZX ®YZIKHE 2014 — B PAZH
MNavemmarnuio Abnvwy
Epyaornpio @uoikwv Emarnuwy, TexvoAoyiag, MNepiBaAlovrog

O1 e€lowoeIg Kivnong Twv oeaipwy Ba eivai:

x5_=xl+vp£'tt_tﬂ+%“&'Et_tﬂz r t1£t£t= (3)
Kal

.'xE=x=+v§_9'(t_tﬂ+%ﬁ9'(t_tﬂg r H5t5t2(3)
2UVETTWG, 01 BECEIC TWV CYAIPWY TN OTIVUN t3 Ba gival:

1 o

Xgn = (?3,5+ 10 - 0,08+ E(—IEIEI) . El,ﬂﬁ‘}m = 72,98m
Kal:

1 .
ipy — (?ﬁr-‘:‘— 60086+ EIEIEI- G,Elﬁ‘)':rc — 76,34n

Apa n eAdYI0TN ATTOOTACN TWV KEVTPWYV BA EIVAl £y ™ X gy — Xgg ™ F,F0m

0) AQouU n dIGkevTPOG gival PIKPOTEPN TOU 2R, CUPTTEPAiIVOUUE OTI TN OTIYMN t3 OI OQAipPES
éxouv utrooTel (U€yIOTN) €AAOTIKA TTapapopewon. H Ouvauikh Toug evépyeia AOYywW
KATAOTAONG TTPOKUTITEI ATTO TO EAAEIMPA KIVATIKAG EVEPYEIAG, BNA.:

1

GAE 1 2 2 1 2
Uog —dR — Kgy" —Bpgg = Uy — E';rw,,_g + E';rw,,_g —Emml"
AvTIKaBIOTWVTAG BPIOKOUYE:
bi, & L4 27T
AQoUu o1 OoQaipeg eival Opoleg, PTTopoUne  va  uttoBéooupe  OTI KGBE  OTIYUA
TTAPANOPPWVOVTAl KATA TOV id10 TPOTTO, dpa Tn OTIYMN t3 0€ KABEUIA avTIOTOIXE N JIoA TNG
TTAPATTAVW OUVAMIKAG EVEPYEIQG.
ES GAAou, N oUVOAIKN TTaPaPOPPWON €ival dry,; = ZR — dx,,, = (4 — 3,36)m = 0.64m. Kal
TAA, Adyw opoIdTNTAG TWV OQAIpwyV, O KABE Mia aAvTIOTOIXEI TO MIOG QUTAG TNG
TTAPAPOPPWONG.

; _ Wgy _ 1 2 _ 1 fargay® o fargayE _ o 1427
Apa U, = b = 2y -Ek[—"ﬂ-ig } gyﬂﬂ_k[—’ﬂiz } #k-—“—;fﬂrm} akwfw};m‘m
T pa

=k % 139N /m
€) Ta avTtioToixa diaypduuara gaivovTal o€ ETTOPEVA OXHHATA:
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lMavemornuio ABnvwyv
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MANEAAHNIOZ AIAFQNIZMOZ ®YZIKHZ 2014 — B” PAZH
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Evwon EAAfvwy Puaikwyv TNMANEAAHNIOZ AIAFQNIZEMOZX ®YZIKHE 2014 — B PAZH
MNavemmarnuio Abnvwy
Epyaornpio @uoikwv Emarnuwy, TexvoAoyiag, MNepiBaAlovrog

3)

a) OTTwg TTpoava@EPOnKe, N WETABOAA TNG OpuNG KABE o@aipag 1IcoUTal APIOUNTIKA PE TO
eMPadd TTou TrEpIKAEiETal 01O yphenua F=f(t). ATd TO TPITO OXANO TOU EPWTHHATOG 2&
BAéTToupe Om TTpokeITal yia  TTapaAAnAdypapuo. Av  avti TnGg oTaBeprig duvaung,
BewpPrOoUNE YPAUMIKA €EAPTNON WG TIPOG TO XPOVO, TO QVTIOTOIXO OxAua Ba eivai
(1oepBadikd) Tpiywvo, Kal JAAIOTA I000KEAEG a@oU yvwpioupe 0TI n duvaun YeTaBAAAETal
ME TOV D10 puBud TOOO KATA TNV aAu¢non 60O Kal KATA Tn MPEIwon TNG TIUAG TNG.
2UuTTEPAiVOUPE AoITTOV OTI n Baon Tou Tpiywvou Ba eivar diItTAdoia g PAong Tou
TTapaAAnAoypdupuou, dpa n didpkela TNG kpouong Ba eival:

At = 24t = 032

AnA. n kKpouon Ba &ekiva kai TTaAI TN oTIiyuR t.=7,25s, aAAd Ba oAokKANPWvVETal N OTIYHNA
' =t1+At'=7,57s

B) MNa mn ogaipa A €XOUE:
, bty
at+f , tLEtat
fa= e, 46t . sty
0] y taE L
OT10U 01 OTABEPES 1, A2, B1 KaI B2 TTPETTEI VA TTPOCDIOPICTOUV.
2 UYKEKPIYEVA Eival
O=at; + 5
—I = wqty +
AUvoupE T0 oUOTNUG Kal BPICKOUUE:
@y = —625= Kal f; = 45F1,Z5N.
Opoiwg €XOUpE:
—F, = agt; + 5,
0= azi; + 6,
AUvVOVTOG BPIOKOUE:
@6, = 625 Kal §; = —47ILZEN.

KataArpyoupe Aoittév oTn ouvaptnon:

fr , bR TAR
F o= —625t 4+ 453125 , 7ibst< T4l (S.E)
“ elat—4713L3c> , TAl=t =157 |
& » 4BTR G

Me TTapdpoIo TPOTTO BPICKOUE:

O , b= 7,30

023c— 453125 , TAS=mi< T4l (5.L)
—025t + 473025 . TAL <t < 757

O PR I - *

ATIO TIG OUVAPTACEIG AUTEG TTPOKUTITOUV Ol CUVAPTACEIG ETTITAXUVONG TwV dUO OQAIPWV:

E}:
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MNavemmarnuio Abnvwy
Epyaornpio @uoikwv Emarnuwy, TexvoAoyiag, MNepiBaAlovrog

g , T= 7,25
@ _fi _J-6250 44582125 | TI8zt« 741 s
S 625t — 473125 , T4lst= 757 il
1] , FBTEL
Kal:
g , t«a 725
- =F_5-= 625t —4531,25 , 725 =t =741 (S.1.)
2 m —625¢+ 475125 , T4l=t« 757
0 . FERT St

O1 cuvapTAOoEIS TaXUTNTAG TTPOKUTITOUV PE OAOKANPWON TWV CUVAPTHOEWY AQUTWV:
" ., t«7.25
v = —3125¢t% + 453125t + 1y, ., T25=t« 741
4 312,5t% — 4731258+ ¥y r AL =S FST
Vop , TBTEL
O1 oTaBepEC OAOKANPWONG Ya1 KOI Ya2 TTPOKUTITOUV ATTO TNV ATTAITNON TG OCUVEXEING TWV
OUVAPTAOEWY QUTWV:
18 P A -1
- —312,%9 + 453125t — 164158 , 728 =t 741 (S.L)
3125t —4730.25¢+ 1790078 , 7Al<=t =757
-G r FETSE

(5.4.)

Kdal:
—6 , t=T25

vy = 3125t - 453125t + 1641978 , 725=t <741 (5.L.)
—3135¢c* +4731,25¢ - 178978 , 74l =t <757

10 » BIEETL
Me deuTepn OAOKAAPWON £XOUME TIG OUVAPTHOEIG BE0NG TwV dUO CPAIPWV:
10¢ » E=TF25
e, = — 10416/ + 226562547 — 164158 + 39eYbed |, F2b £ b p4l E S :]
4 104,167t* — 2365,63¢° + 17901,78¢ — 15068,7 » FAL Tt FET o
7314 - 6(t = 7.57) , BBTEL
Kal:
120 — 6t . Lo T25
104,167t% — 2265,63t* + 1641978t — 395756 ., F25 =t T4l
e = —104,167¢% + 2365,620¢% — 17097,0¢ + 4010074 , 74l 5 ¢t « 7,07 (S' E'}

TFL4+ 100t — 7.57) r TR RE
Yy) To amotéAeopa V=2m/s Tou epwTAPATOg 2y ouveyilel va 1oxuel. AUvovTag Tnv ggicwaon
¥ =V (fug = V), Bpiokoupe tg = &, = 7415,
OTrére
Xap ¥ T3,67m
Kal:
X5y ¥ T5.97Tm

Apa n EAAXIOTN ATTO0TAON TWV KEVTPWY Ba EIVAI £ 0, = X5y — Xgg & Z,.3m
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Evwon EAnvwy ®duaoikwv MANEAAHNIOZ AIAFQNIZMOZ ®YZIKHZ 2014 — B” PAZH

lMavemornuio ABnvwyv
Epyaornpio @uoikwv Emarnuwy, TexvoAoyiag, MNepiBaAlovrog

0) To amoTéAeopa U, * 14,27 ] TOU EPWTANATOG 28 OuveXiel va IoXUEL.
Twpa 6pwg cival dry, = 2B — dx,.. = (4 — 23)m = L7m
Apa k = TE’M-, =k ¥ 22 N im = k ¥ 19758 /m

T d

R

€) Ta {nTouueva diaypduuarta givai:

P

\/

—1

—Y ]

\/ .
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Evwon EAAfvwy Puaikwyv TNMANEAAHNIOZ AIAFQNIZEMOZX ®YZIKHE 2014 — B PAZH
MNavemmarnuio Abnvwy
Epyaornpio @uoikwv Emarnuwy, TexvoAoyiag, MNepiBaAlovrog

/\
\ / —2
\/

Oépa 3°

1. To @opTtio q wg apvnTikd Ba dExeTal duvaun avtiBeTNg GOPAg aTTO TNV €viaon TNng

YPOUMIKAG KOTAVOUAG BETIKOU @opTiou. ETTOpévg, OUPNPWVA PE TA XAPAKTNPIOTIKA 1) Kal ii)

TNG €VTAONG AUTNG, TTPOKUTITEI OTI TO QOPTIO g Ba dEXETAI NAEKTPIKA dUvaun TTPOG Ta BEEIA

o€ KGBe onpeio X. H duvaun auth €xel pETpo: Fua=qE=K,, 2q_/1 OTTOU r N amméoTACn TOU
r

ato TV €.

Mpokeiyévou va utrdpxel onueio OTTOU N OUVOAIKI) duvaun pndevifetal Ba TIPETTEl TO
eAaTNPIO va AOKEi duvaun TTPog Ta apioTEPA, dnAadr) To eAaThpio Ba TTpETTEl 0TN B€0N auTh
va €xel emuNKuvOei. H emuAkuvon Ba gival Xy Kal n duvaun Tou eAatnpiou Ba £xer YETPO:
Fea=KXo. 2Tn B€éon auTh n amdéoTacn Tou QopTiou g attd Tnv € Ba ival r=L—xp, oTTéTE YyIA
TNV I00ppOTTIa:

298 gy =0 (1) = Ky 204—Kx(L=x)=0 =

0

2F=0 > Fin — Kxg = 0 = KHA

Fon (L) =0 (2). Otroupe LB = () ki () vivera: x,* - L +7 =0 (4).

H (4) eival e€iowon B’ BaBuoU w¢ TIPOC Xo ME dlakpivouoa A=L?—4y (5). Ma va éxel 2

8K, 04
K

ANooeig TTpémel A> 0 = L* — >0 (6). Z& QUTAV TNV TTEPITITWON Ol PICES gival:

x01=%(L—w/L2—4;/) = x01:%(L— LZ—MJ @)

K

X :%(LJM/L2 —47/) = X, :%{u 2 —WJ (8).
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MNavemmarnuio Abnvwy
Epyaornpio @uoikwv Emarnuwy, TexvoAoyiag, MNepiBaAlovrog

MPOPAVWIC Xo1 < Xoz2, EVW 0 < Xo1 KaI X2 < L & %(L+JL2 —47/)< L & L+ -4y <2l &

L+yJP—4y<2L © P-4y <L © P-4y<lP & L"-4y<l” & —4y<0 10U I0XUEL.
AnAadn kai o1 duo piCeg BpiokovTtal oto didatnua (O,L).

2. Ta va eget@ooupe TNV €UOTABEID TwV ONUEIWV 1I00PPOTTIAG BewpPoUPE Hia MIKPN
MeTaTdTTIon AX a1Td TO ONUEIO I00PPOTTIAS Xoi, iI=1,2. XpNOIMOTTOIWVTAG TNV TTPOCEYYION TNG
uTtodeIENG, N oUVOAIKY duvapun TTou déxeTal TOTE TO YopTio g Oa civai:

291 291

AL =X, — AX

— KX, —KAX =

2Fi=Funi— Feni= K — KX +AX) = Ky,

-1
A

= Ky 294 g AX - Kx,; — KAx =Ky, 254 14— — Kx,; — KAX =
L — X, L — Xy L — X,

294 — KX, +

K, _
Ml-x, " ™M L—xg L—x L— X,

K 204 Ax _Km(:Km_ﬁﬁ;_Km__K_fﬁﬁigAﬁ
i (L_Xoi)

Aedopévou 0TI 01 BECEIC TV ONUEIWV I00PPOTTIAS IKAVOTTOIOUV TNV (1) Ba €XOUuE:

B Ky 204

(L=% )

ZF.:—{K }Ax,hLz(9)

Kavovtag maAl xprion g (1), n (9) diver:

TF = k- Sm22_1 A = | K = Ky ——— |ax = K[ 1- %o |ax
L—Xy, L—X L — Xy L — X,

s kX X p = K Loy )ax (20).
L =Xy L= Xy

ANNG €TT€101, CUPQWVA PE TO TTPONYOUUEVO £PWTNMPA O1 PICeS gival PIKPOTEPESG aTTd L, L —
Xoi > 0. 'ETO1 TO TTPOONUO TNG ouvioTauévng duvaung, 6Tav To YOPTIoO ATTOUAKPUVOET KaTd
Ax a1rd TN B6€0n 1I00ppoTTiag Tou, Ba KaBopileTal Atrd TNV TTOOOTNTA L — 2Xpi. ZUUPWVa UE

116 (7) Kau (8):
L_2“1:L‘%@—vf—47)=L—L+JE—4y:JU24y>0

L—2m2=L—§@+JE—4y):L—L—JE—4y:—JE—4y<o
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MNavemmarnuio Abnvwy
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‘Erou:

L =X L++L> -4y
ouvioTapévn duvaun €ival TTAVIOTE QVTIBETNG QOPAG AT TNV amoudkpuvon AX, OTTOTE
TEIVEI VO ETTAVAQEPEI TO QOPTIO OTN BECN 1I00PPOTTIAG TOU Xo1. AUTO TO ONUEIO 1I00PPOTTIOG
gival guoTaBég. ETeidr) n cuvioTapévn dUvaun yia PIKPES ATTOPOKPUVOEIG, OUUOWVA UE TV
(11), €ivar avdAoyn e TNV ammOPAKPUVON Kal avTiBeTng @opdg amd auTtrv, T0 CWHA av
EKTPOTTEI YUPW aTTO TNV BE0N 1I00PPOTTIAC Xo1, O EKTEAETEI ATTAN ApPOVIKA TOAAvVTWON.

Ky L? -4y 2Ky L* -4y
Kari: ZF, = AX =
L —Xq L—L* -4y

duvaun €XEl TTAVTOTE TNV id1a @OPA PE TNV aTToudkpuvon Ax, OTTOTE TEIVEI va ATTOPOKPUVEI
TO QOPTIO ATTO TN BE0N 1I00PPOTTIAG TOU Xoz. AUTO TO ONUEIO I00PPOTTIAG €ival aoTaBEG. Av
TO (POPTIO EKTPATIEI ATTO AUTH T B€0n TTPOG Ta OECIA, TOTE BA CUVEYXIOEI va KIVEITAI TTPOG TN
YPOUMIKN KaTavour BeTIKOU @opTiou. AV TO QOPTIO €KTPATTEl ATTO TN B£0N X0 TTPOG TA
aploTePd, TOTE Ba ouveXIOEl va KIVEITAI TTPOG TN BE0N I00PPOTTIAS Xo1.

2 2
A L/ O S\ L /WY

=—AAXx(11) pe Ay > 0. Emopévwg n

Ax = A,AX (12) pe Az > 0. ETropévwg n ouvioTauévn

3. ZUPQwva PE TA TTPONYOUMEVA TO QOPTIO Ba ekTEAECEI ATTA] APUOVIKA TOAGVTWON YIA
MIKPEG QTTOMOKPUVOEIG YUPW ATTO TO €UOCTABEG ONWEIO 100PPOTTIAG Xo1. MNa va UTTAPXEI,
BéBaia, TETOI0 onueio Ba TTPETTEl va 1oxUEl N (6). ToTE, cupewva pe Tnv (11):

[ o 8KHAq/'L
Ay = :
|_+1/|_2 47 Lol 8KHAq/1

4. H ouvOnkn yia va uttdpxouv duo onueia iIcoppoTriag gival n (6). Av dev 1I0XUEI UTTAPXOUV
2 TTEPITITWOEIG:

a) Na 1ox0el: A< 0= L4y <0 =12-

—8K[:2q/1 <0(13). Tote dev uTTAPXEl KAVEVA ONEio

IcoppoTTiag. EmTpooBeTa n ouvioTapévn duvaun o€ Tuxaio onueio x Ba givai:

201 Ky = K204 —Kx(L—x) _ y—=x(L-x) _ —Lx+y (14).

2F= K, —— = = =
L-x (L-x) K(L-x) K(L— X)

Emeidry K> 0 kail L — x > 0, TTpoKUTITEl OTI TO TTPAONUO TG OUVIOTAPEVNG duvaung Ba gival
i510 pE QUTO TNE TTOOATNTAC X° — LX + y. Opwg, Adyw TN (13), To TTpdoNUOo auTtd TAUTIZETal
UE TO TIPOONUO TOU OUVTEAEDTH Tou X2 TTou eival BeTIKG. SUVETTWC, 6Tav 1oxUel n (13),
é¢xoupe 2F > 0 oe kdBe onueio X. Av TO QOopPTiO aPeBEi O OTTOIOdNTTIOTE ONUEIO, XWPIG
apxIKA TaxutnTa, 8a KivnOei TTpog Ta SESIA.

8K, 04

B) Na 1oxte: A = 0 = >4y = 0 = L2- =0 (15). Tére umtdpxel éva onueio

|I00PPOTTIAG, Wia dITTAA piCa oTnv £giowaon (4), TTou cupewva atrod TIS (7) kal (8) Ba civai:
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L
Xo = — (16).
0 2()

O utroAoyiopég (14) yia Tn ouvioTauévn duvaun 1oxuel kal edw. Emedry K> 0 kai L —x > 0,
TTIPOKUTITEI OTI TO TIPOCNMO TNG CUVICTAUEVNG dUvaung Ba gival idlo e autd TNG TTOCOTNTAG
X2 — Lx + y. Opwg, Adyw NS (15), To TPOONUO QUTO TAUTIETAI PE TO TIPOCNUO TOU
OUVTEAEOTH Tou X TToU gival BETIKG O& OAEG TIC TIEPITITWOEIC, EKTOS OV X=Xo, OTTOTE €ival N v
AOYyW TTOOOTNTA PNdEVICeTAl. ZUVETTWG, OTaV IoXUEl N (15), éxoupe 2F > 0 o€ kKGBe onueio
X#Xo. AV TO QOpPTIO a@edei o€ Eva TETOI0 onuEio, Xwpic apxikA TaxuTnTa, Ba KivnBei TTpog Ta
0ed1d. 210 onueio X=X Ba €xoupe ZF = 0 Kal av To QopTio aPeBEi 0TO onuEio auTd, Xwpig
apxIKA TaxutnTa, Ba TTapapeivel akivnro.

2nueiwon orn Auon

U(x) o Ux) PU®X)

|
|
3
A>0 [
:
|

0 xm Xo L 'x 0 Xo=X0:=X, L X

To egetalduevo ouoTnua xapaktnpeifetal amd ouvoAikry duvauikh evépyeia U(X) TTOU
QTTEIKOVICETAI OTA TTAPATIAVW OIAYPANKATA YIa TIG JIAPOPES TTEPITITWOEIS TG TTOOOTNTAG

A=L2-4y=? —M. O1 2 Auoeig yia Tig B€o¢ig 10oppoTTiag (A>0) avTioToixouv oTa dUo
TOTTIKA aKPOTATA TNG DUVAMIKNG EVEPYEIAG, O £va TOTTIKO eAAXIOTO (EUCTABNG ICOPPOTTIA)
Kal o€ €va TOTTIKO HEYIOTO (A0TABNG 1I00pPOTTIA). ZTNV TTEPITITWON TNG Miag dITTANG AUong
(A=0) n popeA TNG BUVAMIKNAG EVEPYEIAS @aiveTal oTo deUTEPO dIAypapua, étTou Ta dUOo
aKPOTATA £XOUV CUUTTECEI OTO D10 onuEio Xo. H pop@ry TNG SUVANIKAG evEPYEIAg OTav deV
Exel kavéva ToTTikG akpoTaTo (A<0) @aiveTal oTo TPITO dIAYPAUUA.

Meipaparikd Mépog
A. O1 {NTOUMEVEG TIMEG (aivovTal OTOV TTIVAKA PE EVTOVN ypa@r]. ATTO TNV IC0PPOTTIa TwV
duvapewv éxoupe Fo=F1+mg. MNa TNV MIPAKUVON X2 I0XUEI X2 =€ — 8 — X1 — & — C,.

Maga m () 200 300 500
Aidotaon Tng pagag & (cm) 9,2 9,2 9,6
EmipAikuvon ptrAe x; (cm) 3,2 2,4 0,8
AoOvapn F; pirAe eAarnpiou (N) 3,2 2,4 0,8
Aovapun F, ykpi eAartnpiou (N) 5,2 5,4 5,8
Emipikuvon ykpi X, (cm) 13,4 14,2 15,4
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Al. H katdAAnAn ypagikni TapdoTtaon gival n Fo=f(xz) TTou TTpOKUTITEI €UBEiQ, OTTO TIG TINEG
TOU TTiVaKQ:

59

y=0302x+1,128
58 /
57

5.6

F2{N} 5.5
5,4 %

Bz

5.2 L
51

13 13,5 14 14,5 15 15,5

%2 (em)

A2. Egopudlovrag 1n pEBOBO eAaXiOTWV TETPAYWVWYV PpPiOKOUPE TO OUVTEAEDTH
d1eubuvong TG eubgiag autrg TrepiTTou ioo TTpog k=0,30N/cm.

B1. H katdAAnAn ypa@iki Tapdotaon cival n x=f(1/k) TTou TpokUTITEl EUBEIQ, OTTO TIG TIUEG:

1/k X

2,70 | 108,40
1,67 66,20
1,00 | 40,50

120
y=39,95x+ 0,194

100 //‘

80 /
X{em) 60 /
40

20

0 T T T T T T 1
0 0,5 1 1,5 2 2,5 3 3.5

1/k {em/N}
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B2. E@apudlovrag 1n HEBODO €AQXIOTWV TETPOAYWVWY PPIOCKOUPE TO OUVTEAEOTN
dielBuvong TG eubeiag autng ico mpog mg=39,95 N. Apa n dyvwoTtn PAla TTPOKUTITEI
TTEPITTOU ion TTPog mM=4 Kg.

M. H katdAAnAn ypagiki mapdotaon cival n F=f(x) tTou TTpokUTITEl €UBEia, atmd TIG TIUEG
TOU TTiVOKQ:

9
s e
7
6 /
5
F o, /
3
p) /
1
0
0 5 10 15 20 25
y=0,379x-0,016 X

2. E@apudlovrag T1n HEBODO eAayioTwV TETPAYWVWY PPIOKOUPE TO OUVTEAEOTN
di1elBuvong TG eubtiag auTthg ioo TTPog koa=0,379 N/cm.

O1rwg ptmopoupe va atrodeigoupe (atmd mn ouvBeon duvApewy) oTnv TTapdAANAn ouvdeon
TIPOKUTITEN kg = kg + kg, EVW) OTNV KATG OEIPG OOVEEDN kypp g = ki_-*—“;{:-

ATTO TIG YVWATEG TIWEG TWV OTABEPWYV TWV OUO eAaTNPiwV BPIOKOUUE kg, = LENfem, evw
kope = 375N fem. MMpogavwg Aoimmdv péoa oto adlapavég SUVANOUETPO Ta eAATHPIA

€XOuV ouvOEBEi o€ ogipa.
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I Aukeiou - B ®don

OYAAO ANMANTHZEQN
OewpnTikd Mépog
Ofépa 1°

Al. U:qu(—3+ 2 J

roNrr+d

qZ.dZ
r

B. Uoyer=0,9988¢

A2. U= —K

Oépa 2°
1)

) 4,=7,25s

B) x4=72,5m , X»=76,5m

150 12

140 10

120

100

a0 e S

- xB
50

40

20

L N L R - ]

(4]

100

80

60

40

20

—FA

-20
-40

-60

-80

s) -100

oT)

[pagnua raxurnTwv

Mapatnpouue OTI N ypaPIK TTapAdaTaon NG Taxutntag KAbe owPaTog TTaPOUCIAdel yia
QOUVEXEIQ TN OTIyUR t;, OUMTIEPIPOPA TIOU TIPOPAVWG Oev  gival PEANITTIKT), OAAG
€CI0AVIKEUNEVN, A@OU N TaXUTNTA £VOG CWUATOG OE PTTOPEI va JETARAAAETAI aKaplaia.
lpdonua Auvauswv
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ATO 10 BepeAiudn Nopo Tng Auvapikng yvwpifoupe 611 FAt=AP=m'Au, TTOU, YPOQIKA,
atrodidetal ammd 10 EURAdO TToU opileTal aTmmd TN YPOQIK TTapdoTach. Aedouévou OTI N
MeTaBOAR TaxutTnTag (opung) KABe cwuaTog cival pun undevikh evw At=0, KataAfyouue o€
Mia “1816popen” cuvdptnaon duvaung Trou ameipidetal yia t=t; kai €ivar 0 yia kd0e &GAAn
OTIYMN, TTEPIKAEIOVTAG PN PNOEVIKO eupado.

2)

a) At=0,16s
B) Ulmin=0 m/S, tpn6’1=7,358 y U2min=0 m/S y t“n6’2=7,318

Maparnpouue 611 o1 TaxUuTNTEG TwV oQaipwyv AE pndeviCovtal Tnv idia oTiyun. MNponyeital o
MNOEVIOPOG TNG TaXUTNTAG TNG OQAipag TTou E€Xel TN MIKPOTEPN KATA PETPO TAXUTNTA,
YEYOVOG avauEVOPEVO, apou ol dUo o@aipeg dExovTal ioeg duvapelg (Tpitog Nouog Tou
Newton) kai €xouv ioeg Padeg, dSnAadn uioTavTal iI0EC KATA PNETPO ETTITAXUVOEIG.

5) k=139N/m
79 - 12
78 10
77 8 \\ //
] . N\ /
75 a
E —xA \/ —_—uA
74 e 2 —
73 - 0
f 71 72 )4 \ 4 7.5 7
72 -2
71 -
70 : 5 / \
£) 71 72 73 74 75 76 s
150
100
50
—Fa
0
71 7.2 73 7.4 75 76 — 8
50
100
150
3)
a) At'=0,32s

Av avTi TnG 0T8PS dUvauNng, BEWPNOOUNE YPAPUIKA €EAPTNON WG TTPOG TO XPOVO, TO
ypaenua tng F=f(t) Ba civalr Tpiywvo 10euPadIKO PE TO OXNHA TOU EPWTAPATOS 2€. KOl
MAAIOTO 1I000KEAEG apoU yvwpiCouue OTI N duvaun METABAAAETaI Pe Tov id10 pubusd TOGOO
Katd TNV augnon 600 Kal KaTd Tn peiwon NG TIMAG TNG. ZUMTTEPAiIVOUPE AOITTOV OTI n Bdon
TOU TpIywvou Ba ival dITTAdoia Tng BAaong Tou TTapaAAnAoypauuou
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g ¢ 7,25

.
_ |—625r £ 4591258 |, 725 t« 741
B) = 625t — 473125 , 74l= t«< 7,57 Sy kv
1] , 19T %mt

& , ta 7,55
pl= 025t — 453125 , FiAS =t T4l
7

—625c+ 475125 . Falwmts 757 =)
i . PR =t
10 . ta 7,25
_— —312,5t% + 453125t — 164158 , 7.25= t< 741 (5.1)
4 312562 —473125: £ 1790178 , T4l =t«= 757 -
-G » FRERL
-5 . LeF 25
v = 3125t —4531,25¢ + 1641976 , 7.25% t= 7,41 (5.1
g —312,5t* + 473125t — 178978 , 741 =t 7,57 "
10 ., FEFE L
10t , t= 7,25
= -104,167t% 4+ 2265,625¢% — 164158t + 3969564 , 725t <« 741 (5.1
47 1104,167t% — 236563c% + L790L,76t — 45068,7 , Tkl TEF T
73,14 — &(t — 7.57) R
120 — 6t , te 725
o = 104,167¢% — 2265636 + 16441970t — 39075,6 , FE0D St P4l (5.5
g =104.167t* -+ 2365.625t° = 17697.6¢ + 45188.74 ., T741<t= 7.57 F
77,14 + 10(t — 7,57) , FET=t
Y) Ay ¥ Z3m
d) k ¥ 19.75N/m
-~ -
N /
N/
—x N/ —u
— 2 /\ — ) 2
/ N\
/ N\
_/
£)
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N~ -
\ —r

K

Xos :%(LM/LZ —47) = Xy, :%(L+ 2 -MJ

ﬂpocpavd)g Xo1 < Xoz2, VW 0 < Xg1 KAI Xg2 < L < %(L+1/L2 —47/)< L < |_+ﬂ|_2 —4]/ <2L &

L+y/L2—4y <2L o JlP =4y <L o LP-4y<®? o L’-4y<® & —4y<0 Tou I0XUEl.
AnAadn kai o1 dUo pileg Bpiokovtal oTo didotnua (O,L).

2.

To Xp1 €ival euoTaBéC.

To Xp2 €ival aoTabég

3. To @oprTio utTopEi va ekTEAETEI ATTAR APUOVIKI TAAGVTWON YIA PIKPEG ATTOUAKPUVOEIG
yUpw atrd T0 EUCTABEG ONUEIO 1I00PPOTTIAG Xo1. [Na va uTTdpXEl, BERala, TETOIO onueio Ba

TPETTEI va 1oXUEl L2 —8KHTACM >0.

2K 12 - B @A
D — K

LS
K
4,
, 8K, a4 . . . . . .
o Av L°——* " <0, 101€ dev UTTAPXEI KavEva onueio IcoppoTriag. Kar €xoupe ZF > 0 o€

KGBe onueio X. Av T0 QOopTio aYeBEi o€ OTTOI0BNTTOTE ONUEIO, XWPIG apyxIkn TaxuTnTa, Oa
KivnBei TTpog Ta oéia.
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B. Av L* -

wz 0 167€ ZF > 0 0€ KABE ONUEIO X#Xo KOl UTTAPXEI £va ONUEIO 1I00pPOTTIOG

oTn Béon Xo = v Av TO QOPTIO aQYEBEI 0E XX, XWPIG ApXIKA TaxUuTNTA, Ba KIVNBEi TTPOG Ta

0&éId. 210 onuEio X=X Ba £xoupe 2F = 0 ka1 av 1O QopPTio aeBei OTO ONUEIO AUTO, XWPIG
apxIKn TaxutnTa, Oa TTapapeivel akivnro.

Meipaparikd Mépog

A.
Aovapn F; ptrAe eAartnpiou (N) 3,2 2,4 0,8
Avovapn F, ykpi eAartnpiou (N) 5,2 5,4 5,8
Emipikuvon ykpi X, (cm) 13,4 14,2 15,4

Al. H katdAAnAn ypa@iki TTapdoTtaon cival n Fo=f(x2)

5.9
y=0,302x+1,128

5.8 /
57

5,6

F2{N) 5.5

54

L S

5,3

5.2

L 4

51

13 13,5 14 14,5 15 15,5

¥2 (em}

A2. k=0,30N/cm
B1. H katdAAnAn ypa@iki Trapdotaon cival n x=f(1/k) (euBeia)

120
y=39,95x+ 0,194

100 /

80 /
x[em} 60 /
10

20

0 T T T T T T 1
0 0,5 1 1,5 2 2,5 3.5

1/k {em/N}

o

I Aukeiou 2eAida 31 amrd 32



Evwon EAAfvwy Puaikwyv TNMANEAAHNIOZ AIAFQNIZEMOZX ®YZIKHE 2014 — B PAZH
lMavemornuio ABnvwyv
Epyaornpio @uoikwv Emarnuwy, TexvoAoyiag, MNepiBaAlovrog

B2. m=4kg.
M1l. H katdAAnAn ypagikr Tapdotacon eival n F=f(X) (euBeia)
9
# o
7
6 /
5
Fa /
3
2 t/
1
0
0 5 10 15 20 25
y=0,379x-0,016 X

2. Tpoétrog ouvdeong: o€ ogipd
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