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OewpnTikd Mépog

Oépa 1°

A. !E)TGV EVAG PEUPATOPOPOG PBPOYXOG TOTTOBETNBEI 0 payvnTIKO TTEDIO €XEI CUPTTEPIPOPA
Opola hE gKeivn piag payvnTiKAG BeAdvag. H pia éwn Tou Bpdyxou Asitoupyei wg Boépeiog
TTOAOG TNG BeAdvag Kal N AAAN Own wg voTIog TTOAOG. O1 payvnTIKEG BEAOVEG, Ol YPAUMIKOI
MOYVATES Kal O PEUNATOPOPOI BPAYX0I TTOPOUV va BewpnBoUlv w¢ uayvnTika diTroAa.

H payvnTikr dittoAIkr) poTrh givail éva didvuoua TTou opideTal atrd Tn oxéon:

—_ Mg ’/;;l - i&
m=1la

I
OTTOU i €ival TO peUpa Kal a To guPaddév TG emipaveiag Tou Bpdyxou. H kateuBuvon Tng

MayvnTIKAG BITTOAIKAG POTTAG m TTPOKUTITEI aTTO TOV KavOva Tou Oeglou XEpIoU Kal QaiveTal
OTO TTAPATTAVW OXAMA.

H ouvioTtauévn duvapn oe payvnTikO dITToAo aTTd OopoyevES payvnTikG Tedio gival undév. H
POTTN TTOU OEXETAI TO HAYVNTIKO OITTOAO ATTO OUOYEVES payvnTIKO TTeEdio gival:

T=mxB ommote =mBnué  4ét1ou 6 n ywvia YeTagu mxa B.

‘Evag AeTrTd¢ aywyidog dakTUAIOG pe NAEKTPIKA avTioTaon R=0,5 Q Kal okTiva r = 19+ em
TEPIOTPEPETAI JE OTABEPN Ywviakn TaxuTnTa w=20 rad/s katd TNV wPOAoyIaKr Qopd OTTWG
QaiveTal 010 OXNUA, YE TN BorBeia KivnTAPa Kal Xwpig TPIREG YUpw ATt Tn JIAPETPO Tou
otov agova x. O dAKTUANIOG BPIOKETAI OE OPOYEVEG HayvnTIKO TTEdIO B=10"'T otn SictBuvon
Tou &&ova y, kal TN Xpovikn oTiyul =0 10 £TTiTTedd TOU €ival KABETO OTIC PAYVNTIKES
YPOUMEG OTTWG PaiveTAl OTO OXAUA.

1. Na Bpeite T0 NAEKTPIKO PEUNA TTOU KUKAOPOPEI 0TO DAKTUAIO O€ OXECON ME TO XPOVO t.

2. MNoia Ba gival n kateuBuvon TNG POTTHG OTO BAKTUAIO ATTO TO PAyvNTIKO TTEDIO;
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3. Na Bpeite Tn poTTr) 0TO BAKTUAIO ATTO TO PayvNTIKO TTEDI0 0€ aXEoN WE TO XPOVO Kal va
TNV TTAPACTACTE TNV YPAPIKA.

4. Na Bpeite TN p€on ammwAEIQ 1I0XU0G AOyw @aivopévou Joule oTo dAKTUAIO.

5. YToB£oTe OTI n po1T adpaveiag Tou dOKTUAIOU wg TTPOG ToV Agova TTEPIOTPOPNG Eival
I =§M:~5 Av Tn xpovikn oTiyun = /8 s ammoouvdeBei 0 KIvNTAPAGS, va BPEITE TN YWVIAKA

EMTAYXUVON TOu daKTUAiou Tn oTiyun autr). Aivetal n ydda Tou daktuAiou M=100 g.

B. To [lMaykdéopio 2ootnua Evromopou ©fong (mepioodTtepo yvwoTtd wg GPS)
XPNOIMOTIOIEl dOPUPOPOUG TTOU @PEPOUV TTOAU OKPIBA ATOMIKA POAOYIO Kal E€KTEAOUV
OWOEKAWPEG TPOXIEG TTEPIOTPOPNG YUPW atro Tn I'n. KaBe dopu@opog EKTTEUTIEI CUVEXWG
MNvUPaTa TToU TTEPIAAMPBAVOUV TN OTIYUA EKTTOPTTIAG KAl TO AVTIOTOIXO dOPUPOPIKO OTiyua
TTOU €XEI 0 BOPUPOPOG TN OTIYUN EKTTOPTTAG. H TpoxI& Tou KGBE dopuPdpou gival yVwaoTr YE
akpiBela. ‘Etol yia va mpoodiopicel Tnv ToTroBecia Tou pE akpiBeia, o Oéktng GPS
XPNOIUOTIOIEI TO XPOVO KATA TOV OTToi0 KABE onua eKTTEPPONKE atrd To SopuPOPOo (OTTWG
auTd TTPoadiopileTal aTTO TO ATOPIKO POAGI TOU SOPUPOPOU) Kal TNV TIWA TNG TaxUTNTAG TOU
QwTOC. INa va emTeuxBei akpifeia oTnv eupeon TG TotroBeaiag To GPS mrpétel va yvwpilel
TO XpOvo HE akpifela ns, yia TETOIEG TIMEG XPOVOU O paBnuatikdg aAyopiBuog Trou
XPNOIJOTIOIEl TTPETTEI VA AGBEI UTTOWN KAl OXETIKIOTIKA @aivopeva. To KupIoTepo atrd autd
gival N BapuTikn dIA0TOAR Tou XpOvou TTou TTPORAETTEI N YEVIKN Bewpia TNG OXETIKOTATAG, N
utrapén dnAadn Baputikou Tediou eTNPedlel To XPOVOo TToU PETPA €va PoAdl. Ocwpoupe
TTwg TO0 PpoAdI Tou dékTn GPS Kkal Tou dopu@odpou cuyxpovioTnkav KATd Tn OTIyuR NG
dnuioupyiag Toug.

H paBnuaTtiki oxéon 1Tou cuvdéel Tn XPoVviKr didpkeia TTou HETPA 0 OékTNG GPS oTn yn Kai
TO POAGI GTO dOPUPOPO Eival N TTAPAKATW:

GM.. GM,.,
Atrn’g = AtAap {1_%[ s g H

rl" s rA op

1. YmoAoyiote v améotacn H TTou Ppioketal €vag TETOIOG OOPUPOPOS ATTO TNV
ETMPAVEIA TNG YNG.

2. Bpeite Tnv oxeTikn d10pBwaon oTo XpOvo TTou TTPETTEN va AABEl uTTdWn Tou O OEKTNG
GPS oT1oug uttoAoyiopoug Tou Kal oXOMIAoTE TO TTWGS N UTTapén Tou PapuTikou TTediou
ETTNPEACEI TO XPOVO TTOU PETPA £va POAOI.

O@ewpouvTal yVwoTdA:

G= 6,67384 x 10"""Nm?/kg? oTaBepd NG Traykdouiag AENG, Mr =5,9736 x 10** kg pdda
NG I'nG, Rrne = 6371 km akTiva Tng I'ng, ¢ = 299792458 m/s, TaxutnTa TOU QWTOG.
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Oépa 2°

A. O1 ogAideg dUO idlwv BIBAIwV A kal B, xwpig eEW@UAAQ, UTTEPKAAUTITOUV N dia TRV AAAN.
H pdala kaBe BiBAiou cival 1000g kai to kKGO BiIPAio €xel 200 oelideg. O ouvTEAEOTAG
OpPIOKAG TPIBAG METALU Twv oeAidwyv eival u=0,3. To A cival oTepewpévo oTo TPaTTECL. Bpeite
TO PETPO TNG €AAXIOTNG opICOVTIag dUVANNG Fmin TTOU TTPETTEI VO aoknBei oto B woTe va
apxioel va e¢EpyeTal atro 10 A. OcwpeioTe OTI N TTPWTN £TTAVW OeAida Tou A gival KATw aTTo
TNV TTPWTN oeAida Tou B kai 611 n emTéxuvon ASyw TnS BaputnTac sival g=9,8m/s?.

B. OuoyeviAg peTaAAIKA paBO0G PUAKOUG L KaTtaoKeuddeTal pe TTAEN METAAAOU 0€ KOAOUTTI.
“ L > Katd tnv kavoviki diadikacia n pdpdog TTou TTapayeTal
o — | (A) EXEl pala M. ZTn OUYKEKPIYEVN TTEPITITWON OPWG MIa
" Quoalida aépa (apeAnTéwyv OI0OTACEWY OE OXEDN ME TIG

/ dlaoTaoelg TG pABdou) eykKAWRIOTNKE KATA TNV TIHEN
TOU PETAAAOU OTO KAAOUTTI géoa OTOV OYKO TNG papdou,

XWPIG va yVwpiCoupe TRV atrooTach NG X atrd Tnv akpn

O ¢ pdBdou. ‘ETol, n pdapdog TTou TTapdaxOnke €Xel
i Mala PeEIwpPéEVN KATA m, o€ oxéon PE TNV KAvovikr. Mo

m&j va eviomoTei n Béon NG @uoalidag, n papdog
oTepewveTal otnv dkpn ™G O Kai TOTTOBETEITAI OF

( opifovTia Béon (A). ZTn Ouvéxela a@AveTal va KIvnoei
oTO KatakOpu@o etmitredo. H potrr) adpaveiag NG paBdou wg 1mpog 1o O av dev €ixe

]

@uooAida Ba ATav 7 :%MLZ.

1. Bpeite TN ywvIiokA TaxutnTa w TTEPIOTPOPAS TNG PAROoU POAIG GTACEI OTNV KATWTEPN
B8éon Tn¢ (B) o€ ouvapTtnon Pe TIg TToooTNTEG M, m, L, x Kai g (6TTou g n €mMTAXUVON TNG
BapuTtnTtag).

OcwpnoTe 611, TN OTIYyun TTou Ppioketal otn Béon (B), T0 GAAo dkpo Tng pdpdou
OouyKpouUeTal EAAOTIKA YE akivnTn onuelakn padla my. H 6An diadikacia eravaAauBAaveTal
yia d1aQopeS TIUEG TNG PMAlag m4, WOTIOU va €mTeUXOei N akivnTotroinon TG papdou
ANEOWG PETA TNV Kpouon. YTTOAOYIOTE:

2. Tnv TaxuTtnTa v he TNV otroia Ba KivnBei n pdla mq PeTd TNV EAACTIKN TNG KpoUon UE
TN papdo.

3. Tn Béon x TNG QUOOAidaG aépa O oxEON UE TIC TTOOOTNTEG M, m, myKai L.

4. Bpeite pia ékppaon NG pagag my o€ oxéon We TN B€on x TNG ATEAEIAG KAl UTTOAOYIOTE

TIC OKPaieg TIMEG TNG my Tou TIpé€mmel va eival diabéoiyeg katd 1 dladikacia
TTPoodiopIouoU TNG AyvwoTng Béong X.
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Oépa 3°

A. l"Evox ammd Ta MO ONPAVTIKA TTPoPAAuUATA TNG OUYXPOVNG QUOIKAG €ival n Aeyouevn
eAEYXOUEVN TTUPNVIKI OoUVTNEN. 210 dIEBVEG egpeuvnTIKO TTpoypauua ITER (International
Thermonuclear r} Tokamak Experimental Reactor), evatmroBétoupe TIG €ATTIOEG pOG OTOV
avTidpaoTApa BeppoTTupnVvIKNG ouvinéng Tokamak, TrpokeIgévou PECW  PayvNTIKNAG
TTayideuong Tou Beppol TTAAOUOTOG va TTETUXOUME TNV €AEyXOUEVN TTupnviky ouvtnén. H
ouvTnén ME TIG MEYAAUTEPEG TTPOOTITIKEG Eival €KEiv OTTOU TA 1I00TOTTA TOU Ydpoydvou,
Acutépio (D) kai Tpitio (T) cuvtikovTtal Kai Sivouv To 100TOTTO Tou HAiou ‘He Kkai éva
VETPOVIO 7.

D+T — “He+n

1. KaBopioTe TNV evépyela E,, n otroia eEAeuBepwveTal Ao pia TETola ouvingn Twv dUo

I00TOTTWYV TOU YOpoyovou.
Aivovrai: Mala Asutépiou: m,, = 3.34447-10 7 kg ,
Mada Tpitiou: m, =5.00732-10" kg,
Maga ‘HAiou :m,, = 6.64432-10 " kg ,
Maga Netpoviou :m, =1.67439-10 % kg,

TaxutnTta QWTOG: ¢ =2.9979-10%m/ s,

2. 2tV MNupnvikn Puoikn n evépyeia ouvhBwg PETPIETAI O NAEKTPOVIOBOAT (eV). To 1
(eV) eival n evépyela TNV OTToI ATTOKTA £va NAEKTPOVIO OTAV TTEPVA ATTO £TTITAaXUVOUCA
Tdon €vog volt. YTroAoyioTe Tnv evépyeia TTou Bprikate oto epwTnua A o eV. Aivetar: To

OTOIXEIWDES NAEKTPIKG QOPTiO e =1.6022-10°C .

3. OewpwvTag OTI TN OTIYUA TNG 20vTNENG o1 KivnTikEG EVEPyEIEg Twv avTIOPWVTWV gival
apeAnTéeg, kaBopioTe TIG KivnTikEG EVEpyEIEC TWV TTPOIOVTWY TNG ZUvTNENG, dnAadn Tnv
K, kai vk, , ayvowvrag OXETIKIOTIKA PAIVOUEVA.

n’

4. >tov Tokamak 710 peiypa Aeutepiou-Tpitiou Beppaivetal o€ TTOAU  UWNAEG
BepPUOKPATIES, OTIG OTTOIEG TA ATOUA Eival TTAAPWG I0VIOPEVA KAl TO YEIYUA PBPIOKETAI OE
MIa KatdaoTtaon TTou Afyetal TTAGOMA. @cwpeioTe OTI N PEON KIVNTIKA evépyela ava
cwdaTio €ival n TTPoRAeTTONEVN aTTO TO TTPOTUTTO TOU 1dAVIKOU agpiou. Na va eival
duvarti n ouvingn eival amapaitnto va utrepviknBei n dmwon Coulomb petagu Twv
QVTIBPWVTWY  TIUPAVWY  WoTe va PpeBolv ot pia  amoéotacn a=10"*m étou
UTTEPIOXUOUV Ol EAKTIKEG IOXUPEG TTUPNVIKES duvdApelS. EkTiugioTe Tn Bepuokpacia T oTnv
oTroia n Trupnvikh ouvtnén ecival duvath yia TNV TTAEIOVOTNTA TWV CUYKPOUOUEVWV
Tuprivwy. Aivetal n otaBepd Tou Boltzmann k, =1.3806-10°J/K ka1 n OINAEKTPIKA

oTaBePd TOU Kevou &, =8.854-107'2 F/m.

5. Na va diatnenBei 10 TAGOPa aTraiteital N UTTapén JayvnmikoUu Trediou. 2Tn
OUYKEKPIYEVN TTEPITITWOT, OTToU N Bgpuokpacia 7, =10°K, emikpatei TG00 UWnAR Trieon
WOoTE aTTaITEiTal 1o0XUPpO payvnTikG TTedio (TTou SnuIoUPYEITAI ATTO  UTTEPAYWYIMOUG
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NAeKTpOUayVATEG) avTioTaBuidoviag tnv Trieon Adyw Tng BepuikAG Kivnong. Me Tnv
TTapouadia Tou payvnTikou TTediou, N TPOoBeTn TTieon Adyw Tou payvnTikou Trediou givail
P=yuB”, émou y=1/2, u, €ival n yayvnTik SIOTTEPATOTNTA TOU KevoU ion TTpog
Uy =1.257-10° H/m ka1 B eival To payvnTiké Tedio. Me Tn BorBeia TN SIACTATIKAC
avaAuong, Bpeite Ta a Kal B Kal KaBopioTe TO payvnTiKG TTedio TTOU ATTAITEITAI VIO TN
OuyKPATNON TOU TTAOGOUATOG AV O€ KABE OTIYUR Ol OUYKEVTPWOEIG KAl TWV TEOOAPWV
TTANBUCUWYV CWHATIWYV OTO TTAACUA €ival I0EG PE 10%° owpdTia og KGBs m>.

NeipapaTikd Mépoc

‘Evag TTouTtTog utreprixwyv pe ouxvotnta f = 40kHz eival TotmroBetnuévog o€ KUAIVOPO aTrd
aAoupivio pe unkog d=4,9 cm, KpEUeTal atmd TNV opoPn PEow dUo (yia Adyoug diatpnong
TOU TTPOCAVATOAIOHOU TOou) atadAivwyv pdaRdwv Kal UTTOPEI va aiwpeital ye tn Bondeia
POUAEUAV OTTWG QaiveTAl OTO OXHMA.

AgKTnC
, UTTEPAXWV
QwromnuAn
‘; ,))) - FVioyuTAC Metatponéag
¢ - F/V
¢ " m ))) B |
Noumog .~
UTIEPAXWVY -
Xpovopetpo MaApoypdadog
dWTOmUANG r—, $on
| 4 l:'. .; :’E:?;
Rae——— 0 T, §, W,

Me autd TOV TPOTTO OI UTTEPNXOI EKTTEPTTOVTAI KUPiwg oTnv opifovtia dieubuvon. e
arrooTacn 60cm atrd Tn 6€0n 100PPOTTIAG TOU TTOPTTOU, TOTTOBETEITAI OEKTNG UTTEPXWY O
OTTOIOG OUVOEETAI UE EVIOXUTH, METATPOTTEQ ouxvotntag o€ taon (Frequency to Voltage
Converter, FVC) kai TTaAJoOypd@o yia TNV eu@avion Tng Tdong. OETOUPE TO EKKPEPEG OE
TOAGVTWON. ZTO KOTWTEPO ONueEio Otav O TTOPTTOC KIVEITAI TTPOG TOV OEKTN Kal OTav
QTTOMAKPUVETAI ATTO AUTOV OI AVTIOTOIXEG TAXUTNTEG TOU U1 KAl Uz METPWVTAI PE TN BoRBeia
XPOVOUETPOU QWTOTTUANG.

1. MeprypdyTe TTWG UTTOAOYICOUPE TNV TAXUTNTA TOU KUAIVOPOU OTO KATWTEPO ONUEIO;

2. Av f; kal f, oI ouxvOTNTEG €I00O0U OTOV WETATPOTTEN OTAV O TTOUTIOC E€XEl TAXUTNTEG
QVTIOTOIXO U1 KOl Uz, VO ek@pdaceTe Tn dlagopd Af=fi-f, Twv dUO CUXVOTATWY O€ OXEON ME
TN ouxvoTtnTa f TIG TAXUTNTEG U4,U2 KAl TNV TaXUTNTA TOU NXOU OTOV aépa U Bewpwvtag OTi
u>>uq Kal U>>u;
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3. Emmedny n ouxvotnta Twv UTTEPAXWYV TTOU PTAVOUV OTOV OEKTN METARAAAETAI ypryopa
xpnoigotroioupe Tov FVC, Tou otroiou n €€0d0¢ eival uia ouvexng Tadon avdaloyn tng
ouxvoTNTag €10000U aTTO TOV BEKTN. BaBuovououue Tov PYETATPOTTEA WOTE VA BEIXVEl TAON
MNOEV OTav n TTOUTTOC €ival akivnTog oTn B€0nN 1I00PPOTTIAG TOU KAl N ouxvOoTNTA OTO OEKTN
givalr =40kHz ka1 petaBdAlovtag tn ouxvotnta Ttou TroutoU ammod 39,3 uéxpr 40,7 kHz
METPANE TNV TAon €EOO0U TOUu METATPOTTEA. ATTO TIC TTEIPAMATIKEG TIMEG KAVOUMPE TO
TTOPAKATW YPAPNUA TAONG-OUXVOTNTAG.

Taon-ouxvotnta
B S N R o o o e
3 b Sl EEEEEEEEES o o L. JunnEELES
I I N R T A
= i i i
O 1 b . S N B
z | | ’
x —————— >
@ 1392394396 398 @ 40 402 . 404 406 408
w i i i
2 b
§3 | * ¢
& e
R T S e Bt SELEE
5 h-—e.-—.—.—————— T T T
Zuyvotnrtaelcddou (kHz)

Av V4 kai V; o1 TAoEIG €6600U TOU PETATPOTTEQ OTAV O TTOUTTOG £XEI TAXUTNTEG AVTIOTOIXA Ut
Kal Uz, va ekppaoeTe Tn dlagopd AV=V;-V, Twv duo Tdoewv o€ Ooxéon Pe Tn ouxvornta f
TIG TAXUTNTEG U1,U2 KAI TNV TAXUTNTA TOU AXOU OTOV €A U BEwPWVTAG OTI U>>Uq KAl U>>Up

4. ExteAwvTag 10 TTEipapa TTOAAEG POPEG YIA DIAPOPES YWVIEG EKTPOTING TOU EKKPEUOUG KAl
METPWVTAG TIG TAXUTNTEG U1,U2 Kal TIG TAOEIG V4,V2 KABE @opd TTaipvOUNE TOV TTAPAKATW
TTivaka Oed0oUEVWV.

U1+U2  (m/s) Vi-Ve (V)
0,75 0,5
1,26 0,8
2,05 1,3
2,37 1,5
2,84 1,8
3,48 2,2
3,95 25
4,42 2,8
4,74 3,0

Na kavete To KATAAANAO ypA@nuUa aT1Td TO OTTOI0 va UTTOAOYIOETE TNV TAXUTNTA U TOU XOU
oTOV Q€pal.

KaAf EmiTuyia
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Av BEAETE, PTTOPEITE VA KAVETE KATTOIO YPAPNUAG G” AuTr) Tn 0eAida Kal va TNV ETTICUVAWYETE
Méoa oTo TETPAdIO 0aG.

EmA&ETe TOUg GEoveg, TITAODOTAOTE KAl CUUTTEPIAGRBETE TIG KATAAANAEG povadeg o€ KAOE
agova
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ZUVOTITIKEG ATTAVTHOEIG
OewpnTikd Mépog

Oépa 10:
A.
1. AmO TO VOUO TNG nNAEKTpouayvnTIKAG €TTaywyrig Tou Faraday €xoupe:

Eﬂ? - _ g - — dl..'rr-*.E‘ﬂ-lT.*n.rtZ - E‘?H&Mﬁ (1 )

di it
ANG: ¢ = % n otroia pe Tn BoABeia TS (1) diver:

_ aamrR St

i &

Kal e avTikataoTaon TeEAIKA: ¢ = D4nu2dc  (2)

2. 'Exe1 Tn d1€UBuvaon Tou dgova X PE popd avTiBeTn TNG YWVIOKAS TaxUTNTAG

N

e
/B
»

-
)
.7 /
z

/
(

X

T y

3.t= —%L‘Enw:m: KOl PME QVTIKATAOTOAON TEAIKA:
T=—4. 10" %u?20t (3)

710°Nm
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. . , , ' Solgm
4. H evepyog €vtaon Tou peupaTog Ba sival: iy, = «._: === A
- -

H péon 10x06 Ba givar: F = {2, R = 4. 10~4¥

5. AQou n poT1r adpdavelag Tou BAKTUAIOU w¢ TTPOG TOV Agova TTEPICTPOPNG €ival: I = =2

0 1=

ME avTIKaTdoTaon TTPOKUTITEL:

1 =210~ %kgm? .

A6 TNV (3) Bpiokoupe TN POTTA TN XPOVIKN OTIyuA t= 11/8 s
T=—4- w-ﬂwizﬂg = —4.107%Km

ATIO 10 BepeAILON VOUO TNG UNXAVIKAG YIO TH OTPOYIKI] Kivnon £XOUME:

- -4-1'1"5'__3?"'&&
- %:I.'I"E’ T oma®

Oy = KQI JE aVTIKATAOTAON: @y

Sl L]

B.
1. O dopuPOPOg eKTEAEI KUKAIKI TPOXEIQ UTTO TNV €TTiIdpacn TnG Baputntag, To YETPO TNG
2

, , , qu'gonp , 19
duvapng TTou Tou aoKeiTal gival F = G—"=,—"= Kal TNG EMTAXUVONG a =—
r r

. , . . , M, .m v
Ma 1o opuPdpo atré 1o 2° vépo Tou NelTwva éxoude F = ma = G% =My, —

= o= =1 (1)

2€ MIa TTEPIPOPA TTOU €KTEAEI O dopuPOPOg o€ Xpdvo T pe TaxuTnTa U n amdéoTacn TTou

1
o  |GM,., GM . T? )

diavlel ival 21T, OTIoTE L = % S To=27r=T,—2 =27zr=|r= (%J
r T

H améoTtaon tmou BpiokeTal 0 dopu@dPOg atro TNV ETTIPAVEIR TNG NG Ba gival

H=r- ng = 26609643,4 - 6371x10° = 20238643,4m [ 20,000km

2.

AVTIKABIOTWVTAG TIG TINEG OTN OXEON TTOU OUVOEEI TN XPOVIKA OIAPKEIQ Ba £XOULE:
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GM. GM,.,
Atl"ﬂ'g = AtAap |:1_i2[ = - e jjl

c Trje Frop

1 (6, 67384x10 " x5,9736x10*  6,67384x10 " x5,9736x10* J
)2

= A, = At 1-
e AO{ (299792458 6371x10° 266096434

= Aty =At,,, (1-5,29423x10")

H 1Tnyn 1Tou eKTTEPTTEI TO OAMA €ival 0 dOPUPOPOG, APa WG TTPOG AUTH TTPETTEI va YiVEl N
d16pbwon:

Aty —At

% = -5,29423x10™°

i

At

Aop

At
To kAdopa — = gival PIKPOTEPO TNG MOVAdOC TTPAYMA TTOU ONUAIVEl TTWS N XPOVIKA
Aop

d1dpkela TTou PETPA 0 déKTNG GPS oTn yn €ival PIKPOTEPN TG AUTH TTOU PETPA TO POADI
Tou dopuPsdpou. lNa éva poAdI TTou BPICKETAI TTIO KOVTA O€ JIa TNy BaputnTag o Xpovog
TTEPVA PE BpaduTtepo pubBUO o€ oxéon ME €va AANO iDI0 poAdI TTou PBpioKeTal TTIO PAKPIA
atoé Tnv idia TNy BapuTnTag.

; o
28 l‘HO(v?ocyTr] oehida Tou B d€xeTal dUo duvapelg TPIRAG firr aTTO TNV TTAVW oeAida Tou A Kal
fuc 11O TNV KATW o€Aida Tou A. ‘ETol yia va Byel n v-00Tr oeAida xpeiadeTal duvapn:
F=funt fc (1)
H viooTr} o€Aida Tou B €xel amrd mavw NG v-1 ogAideg Tou B kai v-1 o€Aideg Tou A. 'ETo!:
fn=2(v-Numg  (2)  kai  fu=(2v-1)umg (3)
Otrou m n péala k&Be oeAidag n otroia givar m=1000(g) /200=5¢g
‘Eto1 amo 1ig (2) kai (3) N (1) pag diver:
F,=2vumg-2umg+2vumg+2vumg-umg  dnAadn:
Fi=(4v-3)umg (4)

H {ntoupevn duvaun Ba gival: Fpin=F1+Fa+ +F500 Kal ETTEION TTPOKEITAI YIA OPOUG
apIBUNTIKAG TTPOGOOU

F . :%200 (5)

min

ANG ammé Tnv (4) Fi=umg Kol Fp0=797umg
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‘ETo1 avTikaBioTwvTtag otnv (5) Bpiokoupe OTI:

Frin=79800umg Kai ge QVTIKATAOTACT TWV TIHWV TEAIKA £XOUUE OTI:

Frin=79800- 0,3 - 0,005(kg) - 9,8 (m/s?) =1173 (N)
B.

1. 'EoTw /' n pot} adpdveiag TG eAATTWHATIKAG pdpdou wg 1Tpog 1o O kal / n poTr
adpavelag TG pdpdou Xwpic eAdTTwa. ToTe Ba civai:

I'+md=1= ]'=%ML2—mx2 (1).

Otwpoupe eTTiTredo PNOEVIKAG dUVANIKNG evépyelag BaputnTag o€ atréoTaon L KATw atrod
TNV opiovtia Béon NG pdPRdou. 1N Béon A n Suvauikh evEPYEID TNG EAQTTWMATIKAG
paBdou Ba eival U gepa) = (M — m)gL. Z1n B6€on B n duvauikr) evépyeia TnG paBdOU Xwpig
eAatTwpa Ba eivar: Upger) = MgL/2. Z1n Béon B n duvapikr) evEPYEIQ TNG EAATTWHATIKAG
papodou Ba cival £0TW U'ggpp). TOTE:

, , 1
Upap®) = U'pap@) + M9(L — X) = U'pape) = EMgL—mg(L -x)(2).

Avdaueoa oTig B€ocig A kal B 1oxuel n Apxn Alatripnong tng Mnxavikng Evépyeiag:
Ewmnxa) = Emnx@) = Ka) + U'sapn) = Ke) + U'sape) = 0 + (M —m)gL =

%I'a)z + %MgL ~mg(L—x) = MgL —mgL = %(%MLZ —~ mxzja)z + %MgL — mgL + mgx =

ngL—mgx =1 1MLZ—mx2 0 = o=
2 23

2. Katra tnv kpouon Ba 1oxuel n dlatripnon TnG KIVNTIKAG EVEPYEIOG ETTEIDN N Kpouon gival
eNAOTIKA:

1, 1 ,
Kdeéou(Trpw) = Kdeéou(psz) + Km1(u5Td) = El w® = O+Em1U2 = ['o’ = mluz (4).

Etriong Ba 1oxUel n diatripnon TG OTPOYOPUAG TOU CUCTAUATOS WG TTPog To O:

I’pdséou(n’pw) = I’pdﬁﬁou(pg'[d) + Im‘](pg'[d) = ],a) = 0 + mIUL = ['a) = I’I’llUL (5).

AlaipwvTag Kata hgéEAN TIG (4) Kai (5) EXoupE: @ :% >v=wlL =>v=L

3. AvtikaBioTwvTag Tnv (6) otnv (5) éXoupe:
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1 1 M
l'o=mollL = I'=ml’= §ML2 —mx’ =m* = §ML2 —m [’ =mx* = (? - ml)L2 =mx’ =

4. A6 tTnv (7) éxoupe yia TN JAZa mq TTou TTPETTEN va TOTTOBETHOOUNE WOoTE N PARdog va
aKIVNTOTTOINBEI JETA TNV KpoUuonN:

2
1ML2 — mle =mx’ = 1ML2 —mx® = m1L2 =>m= M— m(ij (8).
3 3 3 L

O1 akpaieg TIHEG Tou X €ival 0 kar L. TNa x=0, €xoupye T hgeYAAUTEPN TIPR TTOU UTTOPEI va
TAPEl N pala my:

M L , , o ’ o
m, =7 Ma x=L, €Koupe TN PIKPOTEPN TIPA TTOU UTTOPEI va TIAPEl N Hada my: m, :?_m_

Oépa 3°
1. H evépyeia mmou eAeuBepwveTal Katd T oUVTNEN cUPQWVA JE TNV €¢icwaon Tou Einstein
eivai:
Ey=(m, +m, —m, —m )c* = 29731072 J.
2. H evépyeia autr) o€ NAEKTPOVIORBOAT €ivai:
Eo =2.973-10"%/1.6022:10™"° =1,856-10" eV.

3. O1 evépyeleg Twv TTPOoIGVTWY Ba givai:
Hy=tmged (1) KA Ege= mgevde  (2)
AAN\G a1td TNV apxn dlathpnong TG OpMHNS Kal apou Bewpouue 6T Aiyo TTpIv TRV oUvTngn

T avTIOPWVTA OEV €iXaV KIVNTIKI EVEPYEIA CUVETTWG KAl OPMR, a1t TNV apxn diatipnong
NG OPHNG EXOULE:

My Ty = MgeTre OTTO TNV OTIOIA g, = 2 (3)
M

AVTIKABIOTAOVTAC TNV (3) OTNV (2) EXOUHE: Kigp = Sy, i = 128 (1)

Alaipwvtag kata PéAn TG (1) kai (4) EXOUpE:

Hn _ mie
Hye mn (5)

A16 TnVv oTToia :

Hnthue  mEetmn (6)
Hye Mg
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Kal

Enifye _ mygtmn
EntEye _ mpgtmn (7
&y mEg (7)

AMG K+ Ege =Ky (8)

ATIO TnVv (8) Kai TNV (6) £XOUpE:

Mg - CAf-18 T = 107
Kie = it = 2,375 - 10749] = 1,462 1076V

ATTO TNV (8) Kai TNV (7) €XOUpE:
M
My etnn

K, = Ky =5984.10-13] = 3,735 . 108V

4. Na va utrepviknBei n dmmwaon Coulomb peTagl Twv avTIdPWVTWYV TTUPHVWVY WOTE va
BpeBouv o€ pia aréoTaon a =107*m OTTou UTTEPIOXUOUV 01 EAKTIKEG IOXUPES TTUPNVIKES
duvapelg Ba TTPETTEL:

2
e

3

kT = .
2 4reqa
g
2pakE

ATTO TNV oTToia TTPOKUTITEl OTI: T = — =1,115. 10°K

5. Me 1n BonBeia TnG dlaoTaTIKAG AVAAUONG TTAIPVOUNE: o =-1 Kal f=2.
H Beppikn TTieon Tou TTAGOPATOG Eival:
Poggu=4nksT (9)
Kal Ba TTPETTEI va AvTIOTABUICTEI aTTO TNV JAyVNTIKN TTiEon:
Farv =2 (10)
AnNNOBN:  Pogou= Bigpr AVTIKOBIOTWVTAG TIG (9) Kai (10) ka1l AUvovTag wg TTpog B €X0OUpE:

B= 215" 2#@?11':':5?:1 ,178T

MeipapaTikd Mépoc

1. Metpdpe 10 XpOvo OdIEAEUONG t TOU KUAiVOPOU O OTToioG €xel PNKOG d=4,9 cm Kal
utroAoyifoupe Tnv TaxuTnTa u=d/t

2.  XZUpQwva pe TIG OX£0EIG Tou paivopévou Doppler éxoupe:
: : v to
h=f hR=o—f omore A =—it—uf

(u—v)(u+v,)
Emeidn opwg u>>uq Kai u>>uy

af wEZmg (1)
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3. A6 10 Ypd®nua Tdong- ouxvoTnTag PBpiokoupe TNV KAion k=5,36V/kHz

Taon-ouxvotnta

[ S I o i___y___543564x 214 46..

Tdon e§66ou FVC (V)

Zuyvomta Etcoéou {kHz]

OmoTe % =k ouvertwg df =—

(2)

H egiowon (1) pe T BorBeia Tng (2) Sivel: % & "—P"‘“: f
AV ¥ EZREF (3)

4. A6 v (3) vy d vy f-;—*l;

MAGBA vy + vy ¥ Z (R -1)  (4)
A6 v (4) mpokUTITEl OTI TO KOTAAANAO ypdenua atmd TO OTroi0 MUTTopoUME va

UTTOAOYIOOUME OTTO TA TTEIPAPATIKA dEdOMEVA TNV TaXUTNTA TOU XOU OTOV Q€A E€ival TO
TTAPOKATW:
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To katdAAnAo ypadnua
y=1,5789x )

//‘

w

[
Ll

e
=

W
w

vl+v2(m/s)

[y
=N

=
w

o
A J

o

0,5 1 1,5 2 2,5 3 3,5
V1-V2 (V)

H kAion oTto ypaenua autd sivar: A= ﬁ (5)

Etreidi n kAion givai A=1,58 m/sV kai kf=5,36V/kHz 40kHz= 214V

‘Exoupe: u=1,58214 =338m/s.
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