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0dnyog Ai16pBwong egeTaoTikoU dokipiou Puoikig Maykutrpiwy e§eTdoewyv

levikég odnyieg.

o O1d10pBwTEG aKOAOUBOUV TOV 00NYO d16PBWONG Kal OXI TIG TIPOCWTTIKEG TOUG
ATTOYEIG 1] AVTIANYEIG.

e [1a KABe onueio TTou atravTd o pabntrig Pabuoloyeital pe 1 povada OTTwWG
@aivetal otov 0dnyo d16pbwaong. Ae divetal Y2 1} a TG povadag.

o [iveTal 816pOwaon Ye BETIKO TTVEUUA KAl O HaBNTAGS KEPDICEI TN JOVAdA yI AUTO TTOU
EXEl O€igel OTI E€pel Kal OeV TINWPEITAI YIa OTI £Xel TTOPAAEiWeL. ATTO TNV GAAN N
O16pbwan dev TTPETTEI va XAPOKTNEICETAI ATTO adIKAIOAOYNTN ETTIEIKEIA.

Odnyigg yia tn d16pOwon.

e To apIBuNTIKO AGBOG TTOU TINWPEITAI O€ £VA HEPOG EVOG UTTOEPWTIUATOG OEV
eTNPEadel TN BaBuoAoyia oTO UTTOAOITTO UTTOEPWTNMA ) OE ETTOUEVO UTTOEPWTNUA.
AuvaTtdv OPWG va TIHWEEITAI N ATTAVTNON O€ ETTOPEVO UTTOEPWTNHA, AV QUTH
emnpeddeTal atro 1o apxikd AdBog. Autd Ba kaBopiletal oTov 0dnyd di6pBwaong
TNG OUYKEKPIUEVNG EPWTNONG.

e ATrroucia povadag pétpnong onuaivel Ot Xavetal n jovada oTnv TEAIKH aTTdvTnon,
EKTOG av dnAwveTal dIAPOPETIKA. Agv TIHWPEITAI BUO POPES YIa TTAPAANWN
Movadag pétpnong uéoa oTnyv idla epwTnon.

e Ad&0o¢ cupuBoAIouGg 0T PovAda PETPNONG OTTWG j avTi J dev TINWPEITAL.

e AdB0G xprion TWV CNUAVTIKWY Yneiwv Ba Tipwpeital uévo éTav kabopiletal atrd
TOV 00nyo dI6pBwaong.

e H xprion tou TiYAS g = 10 m/s? avri TNG TIUNAS TTou KaBopileTal oTo TUTTOAGYIO, Ba
odnynoel o AdBog atrotéAeopa. Av To attoTéAeopa TTaipvel 1 povada 16TE 0
MaONTAG TN XAVEL.

o 2¢& UEPIKEG TTEPITITWOEIG, EKEI OTTOU KaBopileTal oTov 0dnyo, Ba uttdpxouv
OUVETTEIEG OTN BaBPOAdYNOoN yia TNV eukpivela oTn SIOTUTTWON KAl OTO OXEBIAOHO
YPAPIKWY TTOPACTACEWV KAl OXNHUATWV.

O1 TTI0 KATW aTTavTACEIS €ival EVOEIKTIKES Kal divouv ubévo odnyieg ue Baon TIG OTTOIEG
Ba BaBuoAoynbei To ypaTrTé TOU HOBNTA Kal N Kabepia 6ev atToTEAET JOVTEAO
amavtnong. Meavov, opBEC aravTAoEIS TwY JaBNTWY va Pnv TauTiCovTal JE QUTEG
TOU 0dnyou.



MEPOZ A": AmroteAcital amd 10 epwWTACEIG TWV 5 HOVAdWYV N KABeuId.

1. Mia eAaoTikA uTTAAa KAl €va KOPPATI TTAACTEDTVNG, ME I0EG HACEG M, APrVOVTaI
aTTo npepia atro 10 idIo UYWog h kal cuykpouovTal Ye éva okAnpd, opiCovTIo

TTATWHA PE TNV idla KaTtakdpuen TaxuTnTa U.

EE’ airiag Tng ouykpouong, N TTAACTECIVN KOAG OTO TTATWHA Kal N TaxUuTnTa TNG
pNndeviCeTal. H ptradAa avarmndd pe avTiBern Taxutnta (idlou YETPOU Kal avTiBETNG
Qopdag) atrd auTh TToU €iXE APECWG TTPIV TNV ETTAQPN TNG ME TO TTATWHA.

UG T ? ThacTEGIVN
h h

| R ¢ 35+ ®
D e VRO T

(a) Na egnyfoeTe TToI0 ATTO Ta U0 CWHATA Ba £XEl HEYAAUTEPN METARBOAR OTO

METPO TNG OPMNG TOU KATA TNV TTPOCKPOUCT| TOU OTO £D0)OG.

(2 povadeg)

apx _ apx _
Napdadeypa: p = mu > Pur /1 = muKatL p_; ) =mu } OeTikr bopd
Pum = —mu kat pgi- =0 TPOC TOL KATW !
—~opy
=mu B
MndAa: i = Alp,.|=0
o =mu 1
—opy
P, |=mu
NMAaoteoivn: = Alp,_|=-mu
—Teh ur
A =
MeyaAUtepn LeTABOAN OTO LETPO TNG OPUNG EXEL N MAAOTEDIVN.
(B) Na egnynoete o€ ToI0 WA Ba aoknBEi peyaAuTepn NEON CUVIOTAMNEVN
duvaun KaTtd TN oUYKPOUan av N XPOVIKN OIAPKEIQ TNG OUYKPouong gival n idia
Kal yia Ta dUo owuara.
(1 povada)
Napadelypa: AP=p_; —P,,, 1

M\aoteoivn: Ap, =0—mu=-mu
Mrdha: AP, =—MU—Mmu =-2mu (Betikr Gopd mpog Ta KATw)

‘ZIE Ap,, _‘—2mu|
AL || A | _ .
B = ‘ZFM‘ > ‘ZFM‘
— Apnx _|-mu
“T =&t




(y) Na utroloyioete Tn gETABOANR TNG OpUNG (METPO Kal KATEUBUVON) TNG UTTAAAG,
av n paca tng givar 45 g kai n TaxutnTa cuykpouong Pe 1o TTaTwua givar 4,0 m/s.
(2 povadeg)

Napadsetypa:
Ap,, =-Mu-mu=-2mu = -2(0,045 kg)(4,0 m/s) 1

Ap,. =-0,36kgm/s

KatevBuvon: katakopuda pog Ta mavw

1

Ta dlI00TNUIKA €PEUVNTIKA OKAPN OUVRBWGS HETAPEPOUV KAWOUAEG TIG OTTOIEG
MTTOPOUV Va eKTOEEUOOUV PEOW €KPNENG. 'Eva TéTol0 Blo0TNUIKG OKAYOG Padi he
TNV KAYOUAQ TTou PETaQEPEl £XEI OUVOAIKA Ppala 500 kg kal Tagideuel 0To
didoTnua o€ euBcia ypauun pe otaBepr) Taxutnta 160 m/s (n emidpacn
BapuTIKWV duvAuewv va BewpnBei apeAnTEéQ). Z€ KATTOIO OTIYUNA EKTOEEUEI TNV
KaywouAa palag 150 kg kai n pada Tou okagoug yiveral 350 kg. Agéowg PETA
TNV €KpN&N TO OKAQPOG CUVEXICEI va TALIOEUEI OTNV idIa EUBEIQ YPOUMN HE
TaxutnTa 240 m/s, 6TTWG QaiveTal 0TO OXHHA.

160 m/s 240 m/s
S —
______ |

_____ 010> D

oKA(POg KOyovio oKApOog

Ipw ™V ékpnén Metdq v éxpnin

(a) Na egnyfoeTe kaTtd TTOOO 1I0XUEI N apxn dlIATAPNONG TG OPUNAS O AuTrh TV
TTEPITITWON.
(1 povada)

Napadeypa: 3Fe.= 0 (Aev untdpyouv BapuTIKEG SUVAUELS) =D Af)2 =0=> 1

P, =otab

(B) Na utroloyioete To HETPO TNG TaXUTNTAG TNG KAWOUAQG APECWS META TV
€KpN&n Kal va KabBopioeTe TNV KAteubuvaor) TnG.
(3 povadeg)

Napadeypa:

JFe=0 - pZH = pZM > mGK.UO‘K.TE = mGK.D(TK.]J.. + mK.UK.p,.

5 M Ve =My Vo (500kg).(160 M/ s)—(350kg).(240m/s) o5 7™M
o m, 150 kg s

, . m . .
Metpo: ‘UK " ‘ = 26,7 — KatevBuvon: mpog ta aplotepd
o S




(y) Na Bpeite TNV TAXUTNTA TOU KEVTPOU PACAG TOU OUCTANOTOG OKAPOG —
KAWouAa PETA TNV €KPNEN.
(1 povada)

Napadsetypa:
P, =M,y ,, = ctabfepd — v, ,, = cTaOEPO —> v, ,, =160mM/s 1

Tpeig apapeic papodol ival EAeUBEPES Va TTEPIOTPEPOVTAI XWPIG TPIBEG O€
OpPICOVTIO ETTITTEDO YUPW ATTO AEOVEG TTOU TTEPVOUV aTTd TO APIoTEPS TOUG AKPO
Kal gival KABeToI 0TO OPICOVTIO £TTITTEDO. 2€ KABE pAROO OTEPEWVOVTAI TPAIPES
OIAPOPETIKWYV HaldwV, OTTWG @aiveTal oTo oxnua. H cuvoAikn pala kabe
ouoThuartog papdou - opaipwy (A, B kai IN) gival n idia (3m).

e O O 4
A&oveg m

TEPLGTPOPNG

3
3

(a) Na ava@épeTe TTo10 aTTd TA TPIO CUCTAKATA £XEI TN MIKPOTEPN POTTA
adpAvelag wg TTPOG TOV Agova TTEPICTPOPNG TOU.
(1 povada)

Napadeypa: Mikpotepn pomr adpAvelag EXEL To cUoTNUA A. 1
(I= Zmiriz Kol N Ao Tou A KOTOVERETAL TILO KOVTA 0TOV Afova MePLOTPOdNG).

(B) Ta Tpia cuoTAPATa TTEPICTPEPOVTAI PE TNV iBIA YWVIOKA TaxUTNTA W.

Na KataTageTe TIG TIMEG TNG KIVNTIKAG TOUG EVEPYEIAS AOYyw TTEPIOTPOPNG KATA
augouoa oeIpd (EeKIVWVTAG atrd TNV JIKPOTEPN) Kal va €ENYNOETE TNV ATTAVTNON
oag.

(2 povadeg)

Napadewypa:
EKLVA < EKLVB < EKLVF 1

1, .
Ekzzlco Kol Wa= Ws= Wr eVwW Ia<ls<Ir




(y) KaBwg 10 ouoTtnua B TepIoTpEPETAl JE YWVIOKH TaXUTNTA W, N o@aipa
MACag 2m eAeUBEPWVETAI KAI JETAKIVEITAI OTO AKPO TTOU BPICKETAI N AAAN
o@aipa. Na egnyfoeTe 11 Ba TTapatnpnbei oTnv Kivnon Tou CUCTAUATOG.

(2 povadeg)

. T _ 1
Napasdewypa: Ly =L, Lo, =l o, ka

l,>1 dpa o, <o, 1

2¢ Treipapa emBeRaiwong NG apxng diathPnong TG OTPOPOPMNG
xpnoigotroinénke diacuvdeon, H.Y., aicbntripag TEPIOTPOYIKNG Kivnong,
aAOUMIVEVIOG BIOKOG Kal OI0EPEVIOS DAKTUAIOG. O SAKTUAIOG aPAVETAI VA TTECEI
a1TO YIKPO UYPOG OTOV TTEPIOTPEPOUEVO OAOUNIVEVIO OIOKO.

O ahoupivéviog dioKog €XEl pOTTA aépc’xvsldg 1,20 x10%kg m?, w¢ TTpog Tov déova
TTEPIOTPOPAG TTOU TTEPVA OTTO TO KEVTPO TOU.

Katd Ttnv TTpaygarotroinon Tou TTEipduatog ANeenke n 1o KATW YPAQIKN
TTapdoTaon TNG YWVIOKAG TaxUTNTAG o€ oxéon WE To Xpovo. O1 TINES Tou Xpdvou
Kl TNG YWVIAKAG TaxUTNTag OTO onueio A TNG ypa@ikAg TTapdoTacng cival 3,85 s
kai 24,8 rad/s avTioToixa kai oto onueio B €ivai 4,05 s kai 6,20 rad/s avtioToixa.
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(a) Na egnyfoeTe TN HopPr TNS YPAPIKAG TTApACTACNG.

(2 povadeg)

Napadseiypa:
loxUeL n Apxn Alatipnong tng Ztpodopunc. H otpodoppry tTou CUCTHUATOC
TapoEVEL oTaOEepn.

LH = I‘M IS(’Oapx + lSouc ) O = IS('OISK + ISOLKO‘)ISK apa < (’oapx

e

1

1

(B) Na utroAoyioete Tn POTTH AdPAVEIOG TOU OIOEPEVIOU DAKTUAIOU pE Baon TIG
TIMEG TNG YPOAPIKNG TTAPACTACNG, XPNOIYOTTOIWVTAG TO CWOTO apIBUd ONUAVTIKWV

wnoeiwv.

(3 povadeg)

Napadsiypa: |:H = EM |503apx = (ls +|60u<)(01'87»
24,8rad/s

=120 kgm? -
. g (6,20rad/s

(6))
=l L] D |

8
Teh

I6a|( = 3,60x10_2 kgr‘n2

I 1)

ok dok

1

2wWpa padag 0,25 kg avaptnuévo o€ eAaTApIO auEANTEQG PNACOG TOAQVTWVETAI

KATOKOPUQPQ OTTWG OTO TTI0 KATW OXNHaA.

©mwwwwww \N\/1

H mo kdtw ypa@ik tTapdoTtacn Ocixvel Tn METABOAN TNG EMITAXUVONG TOU

OWMATOG O€ OXEON ME TN METATOTTION TOU ATTO TN B€0N 1I00pPOTTIAG.

a (m|s?) T




(a) Na ggnynoete TTwG N yPAPIKN TTAPACTACN ETTIBERAIWVEI OTI TO CWHPA EKTEAEI
a1TAf apUOVIKA TAAGVTWON.
(2 povadeg)

Napadseiypa: H enitdyuvon eivatl avaAoyn tTnG LETATOTLONC. 1
Ta Stavuopata TNG EMLTAXUVONG KOL TNG LETATOTILONG ELvaL avTippomna. 1

(B) Na utroAoyioeTe Tn PEYIOTN KIVATIKI EVEPYEIQ TOU TAAQVTWTH.
(3 povadeg)

2
Napadewypa: khion =— o° = Aa = —4£@j =>mp=2rad/s 1
AX S
E. = Emui = lmwzxi = E(O, 25kg)(2 @)ZO, 3m? 1
2 2 2 S
EKLV = 0,045 J 1

(a) Na ava@épete dUO XAPAKTNPIOTIKA TTOU DIOKPIVOUV Ta NAEKTPOUAYVNTIKA
atd Ta uNXavikd KUPaTa.
(2 povadeg)

Napadewypa: Ta H/M kOpata Stadidovtal Kat 0To KeVO. 1
Ta H/M kOpata eivat HOVo EYKAPOLAL EVW TO LNXOVLIKA OXL 1

(B) Na katatdgere 70 KABEVA ATTO TA TTI0 KATW KUPOTA O€ NAEKTPOPAYVNTIKA 1)
MNXaVIKA:
i.  MikpokUpara
ii.  Hxnmkd kUuata
(1 povada)

Napadsiypa: MikpokUpata: HAeKTpopOyvNTIKA 1
Hyntwka KOpato: Mnxavika

ALEUKPLVAOELG:

(y) ‘Eva nxnmiké kKUua otaBeprg ouxvOoTNTAG EKTTEUTTETAI ATTO NXEIO KAl
O1adideTal atmrd Tov aEpa oTo vePS. H TaxUTnTa TOU fXOU OTOV aépa gival
343 m/s evw oT0 vePO eival 1482 mis.
Na €€nynoeTte av To JAKOG KUPATOG TOU AXOU AUEAVETAI, JEIWVETAI (| TTAPAUEVEI
TO id10 OTAV TO NXNTIKO KUUA EI0EPXETAI OTO VEPO.

(2 povadeg)

Napadewypa: H ouxvotnta kabopiletal amo t nnyn n f = otab. 1
L 1
A= ? > }\’vspé > xaépa




7.

‘Eva eyKApo10 TpEXOV KUMA TAGIOEUEl KATA WAKOG TEVTWHEVNG XOPdNG atmd Ta
apIoTeEPA TTPOG Ta OeCId. H poper) TUAPATOG TNG XOPONRG O HIO OUYKEKPIMEVN
XPOVIKA OTIYUA @aiveTal TO TTI0 KATW didypapua. H ouxvotnta TOU KUPOTOG €ival
15 Hz.

y(mm) 10,0 ¢

8,0

NEERW 7\
v 1\

0,0 >
¢ 200 60 0 100 120 140
-2,0 \ x{cm)
-4,0
\ N
-6,0
-8,0 \'/
M
-10,0

(a) XpnoigoTtroiwvTtag 1o didypapua:

I. va TTpoodIopiceTe TO TTAATOG TOU KUPOTOG
ii. va Tpoodiopioete TN dla@opd @Aaong PETagU Twv onueiwv K kar M
iii. va utToAoyioeTe TNV TAXUTNTA TOU KUPOTOG.
(3 povadeg)

Napadewypa: Po=8 mm 1
Adkv =1 rad  180° 1
v =Af=(80cm).(15Hz) = (0,80 m).(15Hz) = 12% 1

(B) Av 10 MO0 TTédvW SIAYPAUMA OTTEIKOVI(E OTACIMO KUMO O€ IO OUYKEKPIPEVN
OTIYUN, VO TTPOCOIOPICETE:

i. TN dlapopd @dong YETAlU Twv onueiwv K kai A
ii. TN dla@opd @aong YETAEU Twv onueiwv K kai N.

(2 povadeg)

Napadewypa: Adpxa=0 1
A¢KN =mrad I‘] 180° 1




(a) Tiovopdlouue TTePIBAACN KUUATOG;

(1 povada)
Napadeypa: Eival n e€amlwon tou KOPATOC Kot n aAAayr otnv euBUYpAUUN 1
SLadoon tou KaBwg mepva amo eunodla, OXLOUEG 1) OTIEG

(B) Etritreda PETWTTA KUPATOG TTPOCTIITITOUV O€ AVOIYUA PETAEU EUTTOdIWV
OTTWG PAIVETAI OTO TTI0 KATW OXNUA.

N

Na avTIypAWETE TO OXNUA OTO TETPADIO ATTAVIACEWY OOG KOl VO OXEOIAOETE TN
MOpP®n TV TEOCOAPWY (4) HETWTTWY KUPATOG apou €xouv TTEPAcel aTTd TO
Aavolyua.
(1 povada)
Napadsypa: IXeSLAOUOG KUKALKWY HETWIWV KUHATOC. OL AIMOOTACELG TWV
KUKALKWV LETWTIWV VOl ElvalL TIEPLTTOU (0EC PUE AUTEG TOU EMIMESWV. 1

(y) Ze éva treipapa, JaBnTtég TOTTOBETOUV NXEIO TO OTTOIO EKTTEUTTEI X0 UWNARG
ouxvoTNTAG ITTPOCTA aTTO JEYAAN avaKAAOTIKA ETTIQAVEIQ.

AVOKAQGTIKN
AcOnmpog EMPAVELLL
£€vtaomng Nyov

KaBwg peTakivouv Tov aiobnTripa AXOU KATa JRKog TnG ypauung AB TTapatnpouv
QUEOUEIOEIC OTNV €vTaon Tou nxou (PéyioTa Kal eAdxioTa). H amméoTtaon peTagu
EVOG UEYIOTOU KAl TOU ETTOUEVOU EAAXIOTOU gival 35 mm.
i.  Na egnyfoeTe yiati TTapatnEoUVTal Ol AUEOUEIWTEIG.
(2 povadeg)
Napadelypa: AnpLoupyia OTACLUOU KUUOTOG oo avAKAQon 1
Ixnuatilovtal deopol kal KolALEG. 1

ii.  Na uttoAoyioETE TO NAKOG KUMATOG TWV NXNTIKWY KUPATWV.
(1 povada)

1

Napadeypa: % =35mm —> A =140 mm

-10 -



To 1o KaTw didypappa deixvel Eva euBUypaUPo opICOVTIO aywyod, TURAUA TOU
OTTOIOU BPIOKETAI AVAUECO OTOUG TTOAOUG PAyVNTWYV TTOU Eival TOTTOBETNPEVOI O€
Baon otipigng. H didtagn Twv payvnTwy PpiokeTal TTavw o€ (uyapid akpIpeiag
OTTWG 0710 OoXNMA. O aywyog gival KABeTog aTn dlEUBuvon TOU PayvnTIKOU

Tediou.
POOGTATG
nayviTeg
aywyog
| ‘3
258,28 g
° o
Coyapra opBootartng

H évdeign Tng Cuyaplidg Trpiv va KAgioel o d1akOTTTNG cival 258,28 g, kal 6Tav
KAgio€l 0 BIAKOTITNG €ival 258,49 g.

(a) Na egnyfoeTe TTou o@eideTal n aAayi otnv €voeiEn Tng Cuyapldg oTav
KAgio€l 0 BIaKOTTITNG.
(2 povadeg)

Napadsiypa:

To payvnTiko medio amo toug payvhteg aokel Suvaun Laplace otov aywyo. 1
YUpdwva pe tov 3° Nopo Neltwva 0 aywyog aokel avtiBetn SUvapun mpog ta 1
KATW.

(B) i. Moia Ba cival n €vdeign Tng Cuyaplds edv dITTAACIOOTE N évTaon Tou
pPeUUATOG.
(1 povada)
‘ Napadewypa: Oa yivel 258,70 g ‘ 1 ‘

ii. H @opd Tou peluatog avTioTpEPETAI SIATNPWVTAS TNV TIKWA TOU
epwtApaTog (B i). Na egnynoete moia Ba eival n £vdeiEn Tng Cuyaplidg.
(2 povadeg)
Napadewypa: Oa yivel 257,86 g 1
Avtilotpédetal n popd tnG Suvaung Laplace kat emopévwg petwvetat n Suvapn 1
TIOU aoKeital otn {uyapLa.

-11 -



10. (a) Na diatuttwoete To Nouo Tou Faraday yia TNV NAEKTPOUAYVNTIKI ETTAYWYH.

(1 povada)

Napadeypa: H emaywykn tdon mou dnuoupyeital o’ éva KUKAwpa gival 1

avaAoyn He To pubuod petafoAng g LayvNTIKAG pong ou Slamepva To

KUKAWUQL.
(B) X710 IO KATW OXAMUA UTTAPXEI OTABEPO KAl OUOYEVEG HayVNTIKO TTEDIO OTN
oklaopévn opboywvia Treploxr. To Tedio gival KABETO 0TO OPICOVTIO ETTITTEDO, HE
Qopa TTPog Ta héoa. ‘ECw atrd TN oKIaoPEVN TTEPIOXT OEV UTTAPXEI HAYVNTIKO
edio. ‘Evag aloupivéviog SaKTUAIOG KIVEITaI opICOVTIa e oTaBePr TaxUuTNTA
KABeTa 0TO payvnTIKO TTEdio a1rd TN B€0Nn 1 TTPOG TN B€on 5.

O ®¢éon 1

®éon 2
QX Q& 02y
X\ & ® & 02y

QX Q& @ 3¢ ®éom 3
X & ® & &K
KX Q& 03¢

®éom 4

O ®¢on 5

I.  Na avagépeTe o€ TT0IEG BE0EIC (ATTO TIG TTEVTE) BNUIOUPYEITAI ETTAYWYIKO
peUUA aTO OAKTUAIO.

(1 povada)
| Nopddetypa: Stig Boeig 2 ko 4. | 1 |
ii.  Na egnyfoeTe TNV amdvrnor oag.
(1 povada)

‘ Napadeypa: Movo otig B€oelg 2 Kat 4 uTAPXEL LETABOAN TNG LAYVNTIKNAG PONG. ‘ 1 ‘

iii.  Na k&dBe BEon TTOU dNIoUPYEITAI ETTAYWYIKO PEUUA VO QVAPEPETE AV N
@opa Tou gival OeCI6aTPOPN (OTTWGS TN POPA TWV OEIKTWV TOU poAoyiou) 1
aploTeEPOaTPOPN (AVTIOETN PYE TN OPA TWV OEIKTWY TOU PoAoyIou).
Na e€nynoeTte TNV aTTdvinon oag.

(2 povadeg)

Napadsypa: Oéon 2: Aplotepdotpoda
©¢éon 4: Ae€looTtpoda 1
Avadopad otov kavova tou Lenz pe apeco A EUPEco Tpomo. 1

-12 -



MEPOZz B": AmroteAcital amwd 5 epwtAoEIg TWV 10 povadwyv n KaBeuid.

11. (a) Na avagépete dUO dIAPOPESG HETAEU EAAOTIKAG KAl TTAOOTIKNG KpoUonG.
(2 povadeg)

Napadewypa: EAaotikr Kpovon: Exy TOU cuotrpatog dlatnpeitadl. 1
MAaotikr) Kpouon: NMPoKUNMTEL CUCCWUATWLLA. 1

(B) e pia Treipapatiki dpacTneIdTNTa dUo apagakia A kal B gival
TOTTOBETNPEVA aKiVNTA O€ AgPOdIAdPOMO (dEV UTTAPYXOUV TPIRES). To aupagdaki A
padag 0,200 kg, emmiraxuveral atrd TNV npepia péow opi¢dvtiag duvaung 3,00 N
N otToia dpa TTPog Ta deCIG yia xpoviko didoTnua 0,150 s.

Apa&axt A Apa&axt B

I.  Na oci¢ete 611 n TaxUuTNTa TOU Quagiou A PETd TNV ATTOPAKPUVON TNG
duvaung eival 2,25 m/s.
(2 povadeg)

Napadetypa: AP=3F.At = M(Uwer- Uapy) = F.AL 1
_ (300 N).(0,150 s)
o 0,200 kg 1
v, =225
S

ii.  ZTn ouvéxela To auagaki A OUyKpoUETal UE TO akivnTo auagdki B.
Evwvovtal padi kal Kivouvtal pe taxutnta 1,20 m/s Tpog 1a de€Id.
Na d€igete 0TI N pada Tou apagiou B gival 0,175 kg.
(2 povadeg)

Napadewypa:
mABA
L 1

B

2Fee=0 => 62.11 = 62.M. > mAGA = (mA + mB)GB - (mA + mB) =

m, = (0,200 kg)(2,25m/s) — (0,200 kg) = 0,175 kg
(L20m/s)

-13 -



12.

(y) 'Eva dAAo TrEipapa xpnolhoTrolEiTal yia va HEAETNOEI N eAaoTIKr) Kpouaon. Ol
QPXIKEG OUVOAKEG yia TNV €mMTAXUVON TOU apagiou A eival ol idleg OTTWG OTO
epwTtnua (B). Eav o1 taxutnteg Twv agagiwv A kal B petd tnv Kpouon eival
0,15 m/s ka1 2,40 m/s avTioToIlxa TTPOG Ta JeCIA, va OeigeTe OTI N Kpouon eival
ENQOTIK).

(3 povadeg)

Napadewypa:E,, = %mui 10= %(o, 200 kg)(2,25 )% = 0,506 J 1
' S
1, 1 , 1 m, 1 m;,,
==-mu’ +-—mu; = (0,200 kg)(0,15—)" + =(0,175 kg)(2,40—)° = 0,506 J
v, = o MU+ = MU 2( 9)( S) 2( 9)( S) 1
aviopy, = Evavrer, APOLN KPOUGH Elvat EAAOTIKNA
1
(8) Na egnynioete av uttdpxel TepITTTwon o€ éva AAAo TTeipaua, Ta dUo
apagakia A kal B va éxouv cuvoAikh opur uNdEV aAAG pn undEVIKY GUVOAIK)
KIVNTIKA EVEPYEIQ.
(1 povada)
’ Napadsypa: Nat, av ta SU0 apafdkia €Xxouv avtiBeTeg OpUEC. ‘ 1

2¢ Treipapa oto Aiebvry AlooTnuiké Z1a8ud xpnoiuotroidnke n didragn Tou
OXAMOTOG YIa TO KABOPIOHO TNG AyVWwOoTNG ACAG VOGS avTIKEINEVOU. To
QVTIKEINEVO OTEPEWBNKE OE DOXEIO TO OTTOIO €ival EVWHEVO OTO AKPO eAaTnpiou.
To doxeio 6Tav ekTpaTTEi ATTO TN B€0N I00PPOTTIOG TOU Kal aPeBei eEAUBEPO,
ekTeAEi aTTA apuovik TaAdvTwaon. H avtiotaon Tou agpa gival apeAnTéa.

ZOHo AyvooTng
pnacog

Aoyelo [ I I

(a) To doxeio éxel pala 0,400 kg. Otav TomroBeTNOOUV G’ AUTO OTABUG Palag
1,00 kg ka1 ekTpatrei ammd 1n B£on I0oppoTTiag kard 0,20 m TAAAVTWVETAI JE
Tepiodo 1,22 s.
i.  Na uttoAoyioete Tn 0TABEPA K TOU EAaTnpiou.
(2 povadeg)

Mopadewpa: ., 4x'(m+m,) | 4¢'(m,+m,) !
k T?
2
K :%:37,1N/m !

ii. Na uttoAoyioeTte Tn p€yioTn dUVAUIKN EVEPYEIQ TNG TAAAVTWONG.
(1 povada)

‘ Napadewypa: Esy - kxo? =% (37,1 N/m) (0,20 m)2=0,74 ) ‘ 1
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lii. Na oxedlidoeTe TN YPAPIKN TTAPACTAON TNG DUVAMIKNG EVEPYEIAG TNG
TaAGvTwong Es, 0€ oX€on Pe TN YETATOTTION X ATTO TN B€0N 1I00pPOTTIAG,
oTnNV OTToia va avaypA@ovTal Ol TINEG TWV XAPOKTNPIOTIKWY ONUEIWY TNG.

(2 povadeg)

Napadseiypa:

0,20 +0,20 x(m)

(B) Ta otaBud tou 1,00 kg agaipouvTal KAl AVTIKEIMEVO AyvwoTNG HAZAG Mg
TotTroOeTEITal 0TO do)eio. H véa TTepiodog Tng TahdvTwong eival 1,48 s.
Na utToAoyioEeTE TN PACA My TOU AVTIKEIMEVOU.

(2 povadeg)

Napadsiypa: 7 - 4’ (m; +m,) om - k.T22 “m,
k “ 4n 1
2
m, - (37,13N/4m3.(],48 S) _ 0,400 kg =166 kg 1
i

(y) Av TO TTEipapa TTOU TTEPIYPAPETAI OTO EPWTNHA (Q) TTPAYMATOTTOIEITO OTN N
o€ Acio etTiredo (apeiwTn TaAdvTwaon), n mepiodog TG TaAdvTwaong Ba nTav
MEYAAUTEPN, MIKPOTEPN 1 ion pe TNV TIWA 1,22 s. Na eEnyROETE TNV aTTAVTNON
oag.

(2 povadeg)

Napadewypa: Oantav 1,22 s 1
H nepilodog tou tohaviwtn Sev e€aptatal anod tnv emtayuvon tng Bapvtntog(g) | 1

(8) Na avagépete Tn dilagopd YeTAlU aueiwTng Kal pBivoucag TaAdvTwong.
(1 povada)

Ewojynon:

Napadeypa: To mMAATog Tt pBivouoag TAAAVIWONG HELWVETAL HE TN tapodo tou | 1
XPOVOU €VW TNG apElwTNG OXL.

AleUKPLVAOELG: AeKTh N amavtnon ya avadopad otn Pelwaon TNG eVEPYELOG
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13.

(a) Na atrodeigete OTI OTAV TO EKKPEPEG TOU TTIO KATW OXAMATOG EKTPATTEI ATTO
TNV KaTaKOpU®N B£an Katd pikpr ywvia 6 (6 < 3°%) kal oTn ouvéxeia agedei va
KIVNOEei eEAeUBePa, Ba EKTEAETEI ATTAN) APUOVIKI) TAAGVTWON. ZTNV ammodeItn oag

va KAVETE XPrion KatdAAnAou oxfipaTog.
(3 povadeg)

)

Napadeypa: IxeSlaopog kat avaluon SuVAUEwWV. 1
Eupeon g 2F«
AnodelEn ot eival tng popdpng 2F=-Dx 1

=

Auon:
Ytn pala ackovuvtal SU0 SUVAUELG:
i. ToBapoging mg ——
ii. HTtdaontou vpatog T
To Bapog avaAuetol o SU0 CUVIOTWOEC
i.  Kota tn ievBuvon tou vripatog
ii. Koatd tnv kabetn StevBuvon oto vAua,
6nAadn kata TtV edaAmTOMEVN TNG
TPOXLAC.
H &Uvaun mgnub eival avtippomn HE TtV
HETATOMLON 1
F=-mgnud.MaB6<3°,nu6=0 mg—
Etol F = - mgx/L. Emopévwe n F elval Suvaun
enavadopag Kol To cwpa eKteAel AAT.

“mgnuo,

__mgouvh

(B) Na e€aydyeTe TN pABNPATIKA OXEON TTOU OUVOEEI TRV TTEPIODO TNG
TOAGVTWONG PE TO PNKOG TOU EKKPEPOUG Kal TNV ETTITAXUVON TNG BaputnTag.
(1 povada)

Napadeypa: ZF = _mx D= m

1
T= 2n——)T 2n / ->T= ZTE\/:

(y) Opada pabnrwv XpnolpoTroinoe éva atrAd EKKPEUES VIO va UTTOAOYIOEI
TTEIPAUATIKA TNV emiTdyxuvon TnG PapuTtntag Tng 'ng. O1 yabnréc GAAalav 10
MRKOG £ Tou EKKPEPOUG Kal KaTaxwpouaoav TIG JETPAOEIS TOU Xpovou t déka (10)
TTANPWYV TOAQVTWOEWY OTOV TTIO KATW TTivaka. MNa tn géETrpnon Tou Xpovou

XPNOIUOTTOINONKAV XPOVOUETPA XEIPOG.

£(m) 0,60 1,00 1,40 1,80 2,20 2,60
t(s) 15,5 20,4 23,4 27,2 29,7 31,7
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i.  Na egnynoete yiati ol pabnTég peTpoucav To XPOvo dEKA TTARPWV
TOAQVTWOEWV Kal OXI hiag TaAdvTwong KABe popd TTou dAAalav 1o

HAKoG.

(1 povada)

\ Napadeypa: MNa va pelwoouv To oPAARA HETPNONG TOU XPOVOU Hiag teplodou. \ 1

ii.  AQOU €TTECEPYAOTEITE TIG HETPNOEIG, VA XAPALETE, OTO TETPAYWVIOUEVO
XOpPTi 0TO TEAOG TOU TETPAdIOU 0OG KATAAANAN ypa@IKA TTapdoTaon Kal
QTTO AUTH va UTTOAOYIOETE TNV ETTITAXUVON TNG BapuTnNTOG.

(5 povadeg)

Napdadetypo: KatdAAnAn enefepyaocia peTprioewv o€ T? (Swotog aplOpog 3.W.)

Jwotn Babuovounaon — xapagn afovwv — Quaotka peyEOn kat Movadecg pétpnonc.
Ixedlaopnog Ibavikng eubelag — emhoyr) onueiwv
YroAoylopocg tng kKAlong
OpB6¢ uTtOAOYLOUOG TNG EMLTAXUVONG TGS BaputnTag.

=9,87 m/s?

12,00 &
T(s2)
10,00 //o
8,00 /
6,00
4,00
2,00
0,00 >
0,00 0,50 1,00 1,50 2,00 2,50 3,00
£(m)
£ (m) t(s) T T?
0,60 15,5 1,55 2,40
1,00 20,4 2,04 4,16
1,40 23,4 2,34 5,48
1,80 27,2 2,72 7,40
2,20 29,7 2,97 8,82
2,60 31,7 3,17 10,0

g = 4r® /kAion = 4r® x (Al / AT?) = 4% (2,10 — 0,90) m / (8,40 — 3,60) s? = 4m? (1,20 m) /(4,80 m)

Nl
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14. A. 2€ JIa epyaoTnpIokh Aekavn KUPATwV (ripple tank) TrpokaAouvTal
KUKAIKG KUPOTa a1to dUO TTNYEG, TTOU €ival 0€ @AaoT, T OTToia CUBAAAoUV
(eIKOVQ). ZTO OXNUA QAIVETAI N YEWMPETPIKN JOPPr) TG CUPPBOAAG TTOU
TTpayuartoTroleital (61 Ut KAipaka). O1 TTnyég onueiwvovTal Pe My kai Mo, o1
OUVEXEIG YPOAUMEG aTTOTEAOUV TIG UTTEPBOAEG EVIoXUONG KAl OI DIOKEKOPUEVEG
YPOUMEG TIG UTTEPBOAEG aTTOORECNG.

Ewodva
\ \
B Ynreppon
YnrepBoin evioyvong
amécPeong
Zynua

(a) Na egnyfoeTe 11 €ival n CUPBOAR TwWV KUPATWV.
(1 povada)

Napadewypa: To anotéAeopa tng cuvavtnong dUo N MEPLOCOTEPWY KUUATWY TG | 1
dlag puvong oe Eva péao.

(B) Or11nyég mdAAovTal ue ouxvoTtnta 8 Hz. 'Eva onueio Bpioketal oTn UTTEPBOANR
ammooBeong HO kai atréxel 10,0 cm atrd T pia TNy Kai 11,0 cm a1rd TNV GAAN.
Na BpeiTe TO PAKOG KUPATOG TWV KUPATWY TTOU GUNBAAAOUV.

(2 povadeg)

A
Napadewypa: AX = 37 (To onueio Bploketal otn deUtepn umepBoAn andoPeong) 1
k=@=gcm n 0,67cm 1
3 3
(y) Na utroloyioete Tn diagopd TnG amméoTaong Ax evog onueiou, TTou BpiokeTal
otnv uttepPOAN evioxuong IK, atmé 1ig duo 1rnyég My kai M.
(1 povada)
Napadsiypa: To onpeio Bpioketal otn Seutepn umepBoAn evioxuong 1

AX =2\ —> Ax:2§=gcmrﬁ1,33cm

-18 -



(®) Na egnyioete 11 Ba TTapatnpnBei otov apiBud utrepBoAwv cupBoAng av
augnBei n ouyxvoTNTA TWV TTNYWV.
(1 povada)

\ Napadeypa: Mewwvetal to A. Emopévwg auEavetal o aplBuog twy unepBolwv. \ 1

B. To M0 KATW oX\ua deiXvel TNV KUPNATOMOP®N YIa éva OTACIMO KUUa o€ Xopdn
BIoAIOU yia pia aTTd TIG APUOVIKEG OUXVOTNTEG TAAAVTWONG. H cuyxvdTnTa yia autri TV
apuovikr gival 780 Hz. 210 oxrua atreikovi¢ovTtal o1 BE0EIG TG XOPONG YIA TIG
MEYIOTEG KAl INOEVIKEG PETATOTTIOEIS. Ta onueia A kal B gival akAovnTa.

320 mm

A

v

(a) Na degicete OTI N TAXUTATA TOU TPEXOVTOG KUUATOG OTN X0pdr) gival TTEPITToU
125 m/s.
(2 povadeg)

Napadewypa: L =21 — 2L =320mm A =160 mm=0,16 m 1
m
S

v=Af=016m.780 Hz =124.8 ™ ~125
S

(B) Na utroAoyioete TO xpovo TTou XpeidleTal To onueio P otn xopdn yia va
METOKIVNOEI a1Td TN B€0N PEYIOTNG METATOTTIONG OTN B€0N YUNOEVIKAG METATOTTIONG VIO
TPWTN QopPda.

(2 povddeg)

Napadewypa: T = % =128x107s

t=%—>t:0,25x1,28x103s=3,2><104‘s

1

1
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(y) O BioAioTriig mECel TN Xopdr) oTo onueio I yia va PIKPUVEN TO HEPOG TNG XOPONAG
TTOU TTAAAETAL. 2TO TTIO KATW OXNHa @aiveTal N xopdr va TTAAAETalI 0Tn BepeAIdN
ouxvoTnTa avaueoa ota onueia I kal B. To cuvoAIKG uAKog TNG X0PdrG TTAPAPEVEI
320 mm Kal n atréoTaon avaueoa ota onueia I kai B gival 240 mm.

1 1
1 1
1 e = = 1
1 1
1 1

A

320 mm >

Na UTTOAOYIOETE TO UAKOG KUPOTOG QUTOU TOU OTACIUOU KUPATOG.

(1 povada)

. A 1
Napadeypa: 2 =240 mm — A =480 mm

15. A Mia aywyiun papdog Kiveital o€ opIfOvTIo eTTITTEDO PE oTABEPH 0PICOVTIO

TaXUTNTA TTAVW O€ PN TTAPAAANAES aywyIPES pdyeg OTTWG QaiveTal oTo oXApa. H
OAn didtagn Bpioketal o€ opoyevég payvnTikd medio B = 0,80 T, 1o oTroio €ivail
KABeTO 0TO OPICOVTIO ETTITTEDO KAl e QOopd TTOU QaiveTal oTo oxnua. O1 dUo payeg
ouvdéovTal OTO €va AKpo Toug ue avtioTarn. O1 pdyeg kal n paRdog €xouv
apeAnTéa wHIKA avTioTaon. To oxApa dgv gival uTTd KAIpaKa.

B=0,80T

O, O, ® O, O,
— - I

v=25m/s 30m
—>

© O, O, O, O,

A /\_v
O, O, O, ® O,

+— 200m ———*>

®¢om 1 ®éon 2
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(a) Na TpoodiopiceTe TNV TTOANKOTNTA TNG ETTAYWYIKAGS TAONS Vka, O0TTOU K Kai A
gival Ta onueia eTTaenig TG pARdoU PE TIG PAYEG, KAl va £ENYNOETE TTWG PTACATE
oTnVv atTadvinon oag.
(2 povadeg)
Napadsiypa: K(-), A(+) 1
Avadopd otov Kavova tou Lenz i otov kavova tou Sgflov xeplol n otn petatomion | 1
nAektpoviwv Adyw duvapewy Laplace.
(B) H papdog kiveital ye otaBepn TaxutnTa 2,5 m/s. Na €¢nyrnoeTe yiaTi n
ETTAYWYIKA TAON Vka AUEAVETAL.

(2 povadeg)
AD®  BAS 1
At At
O pubpoc petaPoric tou epPadol aufdvetal emopévwe ouvfdvetat kat n | 1
EMAYWYLKI TAON.
(y) Tn xpovikry oTiyuy t =0 s n papdog Bpioketal otn B€on 1. Na uttoAoyioETE
TN péon TIUA TNG ETTAYWYIKAG TAONG yia Tn METATOTTION TNG PARdouU Katd 20,0 m
ato 1n 6éon 1 oTn Béon 2.

Napadewypa: E_=—

(2 povadeg)

. AX  20,0m
Napadewypa AS = (L8 m+3,0m,).(20,0m) =48m?, At=—"7= = L
2 v 25m/s
2
_ACD:BAS_>E :(O,8OT)(48m):418V 1

em Tt At en

4+
" E,. :BUKu orou { W= L 5 2 kat (0,70 puAkog KA otig 8uo Béoetg 1 kat 2
avtioTolya.
B. 2TO TTI0 KATW OXNHA QAiVETAI VOGS HETAOXNMATIOTAG
[Ipwtevov nnvio Agvtepevov mnvio
N1 =1200 N2 =400
Iy 4
EVOALAGOOUEVG O
Taong |

(a) Na avagépeTte o€ TT0I0 QaIVOUEVO OTNPICETAI N A&ITOUpYia TOU
METAOXNMATIOTH.
(1 povada)
‘ Napadewypa: Apolpaia Emaywyn ‘ 1 ‘
(B) Na avagépete av autdS 0 HETAOXNUATIOTAS avuywvel 1 uttoBIBAClel TNV
Téon.

(1 povada)
‘ Napadsiypa: YroBLBalel Tnv taon ‘ 1 ‘
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(y) H 1y evaAAaoodpevng TAoNG avTiKaBioTaTal ge JIraTapia ouvexoug
Tdong. Na egnynoeTe Katd TG00 0 HETAOXNMATIOTAG Ba AsiToupyei 1 OX!.

(2 povadeg)

Napadewypa: Asv Ba Asttoupyel. MNa va epdaviletal emaywylki tAon oTO

Seutepelov mnvio MPEMEL va HETABAAAETAL N LAY VNTLKY pon Ttou To dlamepva TNV | 2

orola TNV MPOKAAEL TO MPWTEVOV.

TEAOZ

=22 .




