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6-1 EIXAI'QI'H

2116 apyéc Tov £tovg 1905 évag dyvwoTtog eikootedypovog VITOAANAOG
g EABeticng Ymnpeoiag Evpeciteyvimv, o Albert Einstein, dnpocievce tpeig
gpyaociec tepdotiogc onpacias. H mpdtn apopovse otny epunveia g Kivnong
Brown (am6deiEn vmopéng popiov). H devtepn, mov tundnke ue to PpopPeio
Noumeh 10 1921, apopovce 6T0 POTONAEKTPIKO Qovouevo (KPavtikr Bewpia
TOV PMOTAC). TNV TPiTn €161 YE TNV €101KN Bempia TNG OYETIKOTNTAG,

H Bempia ¢ oxeTikdmmrog £pepe EMAVAGTOOT] GTNV OVTIANYN HOG Yo
TOV KOGO KOl £6MCE VEO TEPIEYOUEVO GE PUCIKEG EVVOLEG OGO YMDPOG, O YPO-
VOG, 1 DA Kol 1) EVEPYELRL. ZOUPMOVO, e TN Bewpla TG OYETIKOTNTOS Ol S10GTA-
GELG EVOC GMUOTOC KOl M YPOVIKY O1dpKELD VO Patvopévov dgv givar 101 yio
6A0VG TOVG TapaTNPNTESG. ol Topddetya, To UNKOG EVOG TUPAHAOL TOL KIVEITOL
HE TOAD peyddn TohTnTa Kot 1) XPOoVIKT O1apKELN VOGS GUUPAVTOC GTOV TOPOVAO
UETPLOHVTOL OLOPOPETIKA otd TOVE EMPATEC TOL TLPADAOV Kot otd KATOOV o~
patnenT oxivinto og oxéon pe tov Topavro. [pv datvrmbel avt 1 Bewpia N
VAN Kot 1 evépyela Bempovvtay Eeympiotég ovtotnTes. Me ) Bewpio g oyeTI-
KOTNTAG OUM®S, AmodeiyTnKe OTL 1 pia pwopel var petatpénetor oty aAAn. ‘Etot
gpunvevETOL 1| TOPAY®YN EVEPYELOG otov HAt0.

Ta cvumepdopoto TG €WIKNG Bempiog g oyeTikdOTNTOC OvTITifEVTONL
oe Pabid prlopéveg avtiAnyels, mov oesihovtal otnv kabnuepwn eumneipia,
Kot YU avtd SOGKOAN YIVOVTOL ATOdEKTA. AKOUN KOl ETIGTNUOVEG TOAD LEYA-
Ang epPéretoc, 6mmg o Lorentz, oe gpyacieg Tov omoiov otnpiytnke o Einstein
Yo Vo Sltudaoel T Bempia Tov, SLVOTICTOVGAV ATEVAVTL TNG.

H &18uc Bepia ¢ oxeTikoTTog £YEL, EVIONTOLS, VO TOAD 1GYLPY TAED-
vektuota. To mpdto sivar 6T €xel emPePformbet mepapatikd. To devtepo eivor
OTL G€ OPLOKES TNG TEPITTMGELS (OTAV TO, GUGTILLOTO AVAPOPAS KIvoUvTol LETOED
TOVG UE TOYVTNTES TOAD JKPOTEPES OO TNV TAYVTNTO TOV PMOTOC, SNA0OT ToOTN-
TEC OV “YOPAEL O VOUG TOL OVOPMIOV™’) SiVEL ATTOTEAEGLOTO TTOV EVOIL OTOAVTOC
SLUPOTA LE TIC TPOPAEYELS TNG VEVTMVELNS PUGIKYG,

To 1915 o Einstein dnpocievoe o epyoacio yuo Tn YEVIKY GYETIKO-
mro. To 6&pa avTd ETPOKELTO VO TOV OMAGYOANGEL Y10 TOAAL YpOVia axour. H
KEVIPIKT 10€a NG YeEVIKNG Oewplag Ntav va emektabel 1 130G T@V VOU®V TNg
(QLOIKNG G€ OAO TO GUGTNUOTO OVAPOPAS, ONANST Ol HOVO GTO AOPOVELNKE
OAAG KO OTO EMTOYVLVOUEVO. ZTNV TPOSTABELX TOL SoTHTWSE Ui, véa Bempia
yio T Papvtnra 1 omoia eumepieiye Kot ) Bempio Tov Newton cav £101kn me-
pintoon.

H yevikn Bewpio mapovciale poadnuotikd wpofAnuota [e o omoia
dev NTaV EEOIKEIMIEVOL Ol PVOIKOL TNG EMOYNG AKOUN Kol 0 1010G 0 ATvoTaty.
Tote o pilog tov Grossman (['kpocpav) Tov EPepe G ETOEN LE EPYACIEG O~
Onuatikov  (Pipav, Kpictoeed, Pitoi-Kovpundotpo koar Agfi-Tofita) mov
TOV €00diacaV e TO amoapaitnTa Lodnpatikd epyaieia.

To 1919 cvvéPn o odkny Ekdenym tov "HAlov, yeyovog mov £6maoe
duvatdTNTA VA YIVOUV KATOLEG TapatnPNoElg eVOUpPLVTIKEG Yia T Yevikn Oewpia.

Av kot - akOun Kol onuepa - N yeEVIKN Bewpla dev Exel emiPeParwbdet
TANPOG, 01 dpOUOL TOL Avoise emnpéacav Babid T cbyypovn PLGIKTY.
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6-2 TO IIEIPAMA MICHELSON — MORLEY

IIpwv datvmmoet o Einstein m Bsmpio g oyetikdTTag, Bempodoay
0Tl TO PMG, OTMOC cLUPaivEL Kot pe TOV Y0, XPEWCLETOL KATO0 HEGO Yo Vol
Sradofel. YnéBetav otL vpye éva pécov, 0 aBépag, mov yépule oAOKANPO TO
GUOUTOV KOl GTO 07010 S1adideTal TO PWG.

Otav o emPdrng evOg 0LTOKIVATOL TANGIACEL PE TOYOTNTO D L0l TNYT
NXov, 0 NX0¢ S1dideTol MG TPOG AVTOV HE TAYVTNTO Vnyont0, EVD OTOV ATOLOL-
KPOVETOAL GO Uid TNYH YOV 1 TOYVTNTO S1A600TG TOV NYOL (¢ TPOS AVTOV
EVOIL Onyov-0. Edv 10 Qg d1ad1d6tav katd aviroyo tpodmo, 1 kivnon evog mo-
patnpNTH TPog N amd o YN eoTog Bo emnpéale TNV TOYLTNTA TOV POTOG,
OTMC TNV AVTIMAUPAVETOL O TOPOATHPNTHG.

nyov nyov

Xy. 6.1 O nyoc Swdidetar pe ta-

L))
B | =gy

XOTNTO Dy, T OG TPOG TOV 00N YO
v V' btav 10 avtokivito mAncalet v
TNYN KoL HE TOXOTNTO Dyyey-0 OTOV

QTOHLOKPV-VETOL OO QUTH.

To 1887, ot H.ILA., ot A.A. Michelson (Mdéwkehoov 1852-1931)
ka1 E.W. Morley (MopAei 1838-1923) oyediacav kot EKTEAEGOV EVOL 1010QVEG
ElpOpOL Yoo Vo LETPRIoOLY TNV ToVTNTa TS I'Me. 210 melpapo ovtd Eywve
nwpoomadeio va HetpnBodv SloQopEc GTNV TaDTNTA TOV PMTOG TOV OPEIAOVTOL
otV xivnon g I'mc.

To meipapa avtd amodelytnke eMAVACTATIKO YT, TEPA AMO TIG EMI-
OLOEELG TOV EUTVELGTMOV TOV, ATOKAALYE TNV TAPAEEVT] PUOT) TOL PMOTOC.

H xevtpuiy 10éa twv Michelson — Morley ftav 611 av dvo déGLEG HO- 4
VOXPOUOTIKOD GOTOS cupfdhovy dnmovpyody Eva choTHa Kpooody cvpfolrg. Ew. 6.3 Michelson (1852-1931).
Av lg onolovonmote Tpomo PETASAAOVLE TN SOPOPE PACTG AVALESH OTIG dECUE Anspucavos IPOUG KOTHYOY S,

H X M i p H g HE ™ oap p, paons i H 5 H B 5 Yt00100popioc.  0TO  GHEPIKAVIKO
ot kpoocoi copforng Ba eupavicbotv petaromopévorl. Tig BEcEIG TOV KPOGODV  yoyrus xar mopaddmho appi
GUUPOANG KoL, KOT ETEKTOON, TIG EVOEXOLEVES LETATOTIGELS TOVG WTOPOVLE VOL TIG  emotnuovikly  otadwodpopio. O

TPOGOlopicovE Pe HeYaAn akpiPela pe Tn forfela evog cupBoldOpETpOL. TPOTOG APEPKOVOS TOV KEPSIOE TO
Bpapeio Noumel.

a

() B ()

Xy. 6.2 (a) To cvupforduetpo tov Michelson. (B) ‘Eva ciyypovo cvpfordpetpo. (y) Ewkova kpoocdv cupfBoing and cupfBoAdpetpo.
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Xy. 6.3 H mopeia tov potevav
aKTiV®V 6T0 GUUPOAOLETPO
Michelson.

To ovuPorodpetpo Tov mepdpatog (oy. 6.2a) mepthapPdvet puo tpdmelo
7OV UTOPEL VO, TEPIOTPEPETAL, LIC, YN HLovoyp®potikod emtog (IT), évav oavi-
xveutn (A) e Tov 0moio TapaTNPOLUE TOVE KPOGSOLS CLUPOANG 6vo KdTOTTTPA
M, My) Kt éva nuikatontpo - dtonpétn déounc (A). Me edicég dotaéelg (-
KPOUETPIKOVG KOYALEG) UTOPOVLE VO LETARAAAOVUE TIC OMOGTAGELS METAED TV
oTOYEIV TOV GUUPBOAOLETPOL LE TOAD PEYGAT aKpifela.

H myn (oy. 6.3) mopdyel pio LovoYpoUaTIKE 0EGUT OTOS, £VOL TUM LN
NG OToloC OVOKAGTAL OTO MUIKATOTTPO Kol PTAVEL 6TO KATOMTPO M; evd TO
VIOAOITO NG déoung StobAdTon 6° avTd Kol QTAvVEL 6TO KATOTTPo M,. tov
OVIVELTY] KATOAYOUV 000 OEGEG: QLT TOV AVOKAATOL 6TO M| KOl GTN GUVE-
YEWL SLOAATOL GTO MUKATOTTPO KOl OVTH OV OVOKANTOL TPAOTA 610 M, Ko
UeTd oto Npkdrontpo. Ot déopeg cupPfdriovy kot divouv pio eIkOVe KPOGGmV
oLUPOANG OT®G aVTN OV PaAivETAL 6TO oYU 6.2y. ZVVOTTIKA Ol JLUOPOWES
7oL dtavvovy ot cuuPdAiovoeg déoueg eivar ITAM;AA kot ITAM,AA.

PvOpifovpue t1g amootdoeig [IA, AM;, AM,, AA va gival 6Aeg axpimg
toec pe L. 'Eoto 611 0 d&ovag [TAM, eivarl mapdAiniog pe tnv toxdTNTo TNg
I'mg Kot 6TL 1| LOVOYPOUATIKY OECUN EKTEUTETOL LE POPE avVTIOETN QVTNG TNG
kivnong g I'mc. YrevBopiCovpe 6tL t0 tpoméll umopel vo OTPEPETOL EMOUE-
V@G vdpyel kdmola Béom tov tpomeliov ywo tnv omoia Oa cupPaiver avtd. H
I'n kweital oto Sidotnua pe péon taydnra U =30%10° m/s .

SOpemva e TOVG UETACYNUOTIOHOVS Tov [odtkaiov otov d&ova
I[TAM,; 1 ToydTTe TOV POTOC WG TPog T I'M Ba Enpene va eivar ¢ +U yu ™
petdfoocmn tov and to I1 tpog 10 M, kot ¢ —U yia ) petdfaon tov and 1o M,
npog to I1. (oy. 6.4)

AIAAPOMH IIAM, AIAAPOMH M,A AZONAZ AA M,
®¢ mpog aBEpal ®¢ TPog abépa
c _ v c v v
l
g mpog I'm ¢ mpog I - ¢ LR
ct+o c-v
: ‘
Xy. 6.4

2tov dEova AAM, 10 ¢ Empene, va O1adIdETOL Kol TTPOG TIG OVO KATEVBVVOELS

COUG®VA LE TOVG UETACYNUOTIGHOVG Tov T'aAAaiov, pe taydtnto Vet =u?
(0y.6.4).

O ypdvog mov ypeldletal To MG Yo vo davocel T dwadpoun IIAM,AA Oa
elvan
L L L L

+ +

+
ctu c¢c-U cr=-u?

t, =
ctu
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&V 0 YPOVOC IOV YPELALETOL TO PG Y1a VoL dlovdoet T otadpopn ITAM;AA Ba givorn

L L L L
t, = +

= + +
c+U \/02 0?2 \/02 0?2 \/02 0?2

H éwapopd
L L L L

N =t —t, = + - -
! 2 c+U c-U \/Cz_Uz \/cz_Uz

glvon vTevLOVYT Y10 TN SEOPE PACTG LLE TNV OO0 PTAVOLV TO VO TUNHOTO TNG
OECUNG OTOV OVIYVEDLTN LE OTOTELECLA TN SNUIOVPYIO TV KPOGG®Y GUUPBOANC.

Kotd ™ dudpkela tov melpdpatog 1o cuUPOAOUETPO TEPIOTPEPOTOV
Kotd 90° yio var 0AMGEEL M TOVTNTO TOL PMTOG MG TPOG EVaL 0O TOVG AEOVES.
H mepiotpon| €énpene vo elye ©G amOTEAEGHA TN HETATOMION TOV KPOGOHV
ouppoing. Qotdco dev mapatnpnonke Kopud petatonion. To meipapa mpay-
patomomOnke ToAAEG Popég, divovTtag mhvta To 1010 amoTEAEG L.

To amotédeopa tov mepduatog Michelson — Morley mpofAnudrtice
oA TOVG PLGIKOVG PEXPL TO 1905 omdte e€nynOnke TANpws amd Tov Einstein
pe Vv €101k Bempio TG GYETIKOTNTOC.

6-3 TA AZEIQMATA THX EIAIKHYX OEQPIAY THX
XXETIKOTHTAX

O Einstein otpi&e v €101k Bewpia TG oYeTIKOTNTOG GE VO OTAEG
KO QOVOUEVIKG, 00MEG TOPOUdOYES.

1. O vépor TG QUOIKNG ivar 0101 Y10 6A0. T, OPAVELOKE GLGTINLOTA
ava@opas. AnAadn ot BepeAmOgLg VOROL TNG PUOIKNG £XOLV TNV 1010l po-
OnuaTiKn popen Yo GAOVG TOVG OOPAVELNKOVS TTOPOTIPTES,

2. H toyvmta tov @oTég givar idta Yo 6o 10 0dPavVEIOKE GCVOTI-
poto ava@opds Kol gival aveEaptnTn amd TNV Kivion g PoTEl-
viig Ty

ZOUQOVA E TNV TPAOTN TAPAdoyN, OEV elvar duvatod va yivel didkpion
HETAED SVO GLOTNUATOV AVAPOPAS T OTOlN KIVOOVTOL UETOED TOVG LE OTO-
Oep1| ToOTNTa. O1 VOUOL TNG PUOIKNG 1GYDOVV HE TNV 1010 LOPPT Kol GTU dVO
AOPOVELOK( GUCTHUOTO.

H debtepn mapadoyn e€nyel to amotéleopa Tov mepdpatog tov Michel-
son —Morley. To emg dev VITAKOVEL GTOLE UETACYTLOTICUOVS ToL T'odhaiov. Ag
otofovpe Alyo og avt TV ToAUNPn VOOECN, OTL AT TO POG EYEL TNV 1010
TayVTNTA € OAQ T adpaveELOKd cuoTipata. 'Eotm 0Tt 00 Topatnpntéc LETPovV
TNV TO0TNTO TOL QOTAOC OV EKTERTETON ot pio oTevn yN. O TpdTog givar
aKIVITOG MG TTPOG TNV TIYN Kol 0 SEVTEPOG AMOUAKPOVETOL LE TOAD HEYOAT TayL-
o o’ ovt). Kot ot 600 Ba petpriicovv v id1a toydTnTa 1o, 1o eog. Eivon mto-
pado&o, ®oTO60 T0 TEipao, Tov Michelson to emPePoucdvet.
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6-4 XQPOXPONOX

O ydpog pésa otov onoio {ovpe eivor Tpiodidotatoc. H Béomn evdc vitkon
onueiov pmopel vo TPocdoplohel e TPEIC GLUVTETAYUEVEG TTOV AVOPEPOVTOL G
€vol GUOTILLOL GUVTETAYHEV®V TPOGOEUEVO GTO GUOTNLLO avapopds pog. Emiong to
péyeoc evOg AVTIKEIEVOL LUITOPOVLE VO TO TIPOGOLOPICOVLE LE TPELG OLOCTACELC.
"Eva mopoddnieninedo kovti TEPIypAQETOL LE TO PAKOC, TO TAGTOC Kol TO VYOG
tov. To xouti Opmg dev NTov Tavta kovti. Kanolo ypovikn otiyp] KoTaoKevd-
OTNKE Kot Kamolo dAAN TBavov va kataotpapel. 'Etol  meptypagn Tov KovTion
UECO GTO YMPO OV EYEL VOO 0V OEV OVOPEPOLOGTE TAVTOYPOVO KO GTI| YPO-
VIKI S1apKeL TNG VITAPENG TOL.

Agv €yel vonuo vo e yio yopo yopic va cvuvomoAoyilovpe 1o
ypovo. Kabe avtikeipevo, Tpdowmo, mAavitng, Aotpo, yoratiog vrapyet pésa
G’ VTO OV OVOULALOVLE YMPOYPOVIKO GUVEXES.

6-5 HZZXETIKOTHTA TOY XPONOY

Ag pavtacTtovpe éva TPEVO OV Kivelton [e TaydTNTo U OG TPOG TP~
PNTY aKivnTo 6710 6TABUO. XT0 SATEDO TOV TPEVOL VILAPYEL LU TNYN POTEL-
VOV OVOAQUT®OV EVO GTNV 0pOQT], OKPPOG EXAV® Ao TNV TNYY, LIAPYEL KO-
Opéonc (oy. 6.5).

T Kabpegmg

S JE

[Inyn @

Xy. 6.5 (o) 'Evog potevog maipog mov ekmépumetor amd Ty anyn O kot EMGTPEPEL AVOKADHEVOS OO EVal KO-
Opéptn, Omwg tapatpeitor oto X' (B) H dadpopn tov i810v poTEWOD ToALOD OTMS TapatnpEitol 6To X.

To ypovikd o HEGO GTO OTOI0 TO P®G OLAVOEL TNV ATOGTACT
YN — KaBpEPTng — Y1, OGS yivetar avTAnTto and évav emiPBdn tov Tpé-
vov, Oa giva

At, = 2d (6.1)
C

Ag dovlE TAOC PETPAEL TN OLUPKELN TOL 1010V PALVOUEVOL €VOG TTOPa-
TNPNTAG TOV GTEKETOL OKIVIITOC 6TO oTAOUO. ATO TN GTIYUN OV EKTEUPONKE
TO PO HEYPL VO EMGTPEYEL TNV TNYN TOV, TO TPEVO Ba €xel petatomiobel -
yw Tov oxivito wapotnpnt - kotd As = ult . Emopévee, yU avtdv n da-
dpoun tov eTog Oor givor dopopeTikn. Oa Eyel cuvolko pnkog 2/ O6mov

= d2+8ﬂg.

02 O
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To ewg €yet v 10100 TaxdTNTA Y10, OAOVLE TOVG TapatPNTES. O YpdvoC
7OV YPELALETOL TO PG Y10 VO, SlTpEEEL ovTh TNV amdoTact Ba gival

21 d2+B§tg
A=V H2d 6.2)
C C

[Towo oyéom cvvdéel TIg SO YPOVIKEG OEAPKEIEG TOV 1010V PAIVOUEVOL OTIMG
YiveTol avTiAnTTo 0md TOLG GVO SLOPOPETIKOVS TOPATNPNTES;

Abvoope 1o cvotnuo tov (6.1) ko (6.2) o¢ tpog At anaieipoviog o d Kot
Bpiokovpe:

y;
A= —2 (6.3)

1-u’ / &
Blémovpe ott Af LA, dnhadn 0Tt 10 610 Pouvopevo £xet SlaPopeTIK ddp-
ke Yo kaféva amd Toug Vo TAPATNPNTES.

‘Eva yeyovdg mov copaivel péoa 6" €va chomuo avapopdg X' 1o
0T010 KIVEITOL (OC PO £VO GUOTNUO OVOPOPAC X €XEL PEYOAVTEPT
ddpkela ylo évav mopatnpnIy mTov eivar axkivnrog oto X am' 6Tl Yo
£voy TopaTNPNTH TOL ivon akivntog oto X,

To cvpmépacua ovtd Kabiepddnke va AEyETOl S1aGTOM] TOL YpoVOUL.

Kabe adpavelokd cHomua £yl Tov 1016)povo tov. O 181dypovog Tov
AOPOVEIOKOD GUGTAUATOG EIVaL O YPOVOG OV UETPAEL VO POAOL OKIVIITO ®G
TPOG TO AdPAVELNKO GOGTNHO. AV GLYYPOVIGOLUE GVO TTOVOUOLOTLTO, POAOYLL
Kol 6T cvvéxeln Bécovpe oe kivnon to éva omd avtd, 10 KivoOueVo poAdt Ba
mnyaivel micow o oyéomn e avtd mov Bempnoape axivinto. O xpdvog, Aowmdv,
dev givan amoivtog. E€aptdtor amd v toyhtnta e TNV omoia £va adpavelako
GUOTNUO KIVEiTal ™G TPog KAmolo dAlo. Me dAAa Adyla e€aptdral amd v
TEPLOYN TOL Y®POYPOVOL GTNV OToiol BPLOKOLOCTE.

O)eg ot dradKacieg - PUOIKEG, YNUIKES, Plodoyikég - Tov cupPaivouy
6’ éva cVGTNUO, aVOPOPEG TOV Kiveltan og oyéon K €va dAlo, mov Bewpeiton
aKivNnTo, LETPOOUEVES [LE POAIYLOL TOV OKIVIITOV GLUGTHUATOC, GULVIEAOVVTOL TTLO
apyd amod Tig avrtictoyes mov Ba cuvéPavav 6to akivnto cvotnua. Edv pe-
Tpricovpe W éva porotl g I'mg 1o puBud pe Tov omoio KTV 1 Kapdd evog
aotpovadtn 660 Bpioketar otn I'n ko peTd pe 1o 1010 poAdL TV MPO TOL TO-
&1devet Ba Ppovpe 0Tt 6TOV TaLdEVEL 1 KAPALH TOL KTLTA e apydTEPO PLOUO.
O 310G 0 acTPOVADTNG, OUMC, O VIMDEL Kapio aAlOyT.

ITAPAAEII'MA 6.1
‘Eva. tpévo  ta&ideder pe toydmnta u =108 km/h =30 m/s . Evog emPdng tov tpévov, mov

aKOVEL VO TPAYOUdL, KTLTAEL T ¥EPLOL TOV TPOSTAODVTOS Vo KpaToeL To puBud. T tov emiPdtn o ypdvog
avdpeca og dvo dradoykd yromnuata givol Aty. [Tocog Ba eivar o ypdvog avtdg yia Evav TopaTnenTH TOL
oTéKeL axivntog oty amoPdbpa;

Anévrnon:

_ 1
~/0,99999999999999

To At givon mpaktikd ico pe to At . Eta opla TG TpaypatikdTTag mov (odue dev eivar avtiknat n do-

Topemvo. pe ™ oyéon (6.3) At At

GTOAT TOL ¥PSVOL AGY® TNG Kiviong evOG GLGTHILATOS AVAPOPAg o€ oyéomn e Eva dAro. H mayiopévn
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ovTiAnyn pog 6t 0 ypovog elval amdALTOG €ival ATOADTOC SIKALOAOYNEVT], OGO Ol TOYVTNTES LE TIC OTOlEg
KIVOOVTOL T0L GUGTHHOTO AVOPOPAG LOG EIval TOAD PIKPOTEPEG TNG TOYLTNTAG TOL PMTOG.
Av 1pévo ToV TpoPAnpaTog Taideve e ToyvTTA

u=0,5c O fTav Ar =1,155 A¢,
av 1 ToOTNTA TOL NTaV

u=09c Ba nrav At =2,294 At
evo av u =0,99 ¢ Bo Tav At =7,089 At,

O nmapampntig otV amoPdOpa vTobETeL 6TL 0 EMPATNG TOL TPEVOL 0KOVEL Eval TPOYOUAL LE TTOAD o 0pyd pLOLO.

an s |
Mt

Ew. 6.4 To CERN e&ivaw gykate-
ompévo €m and T Teveim ko
xpnuatodoteitar and Ola To Evp®-
moikd kpdtn. O koKkvog KOKAOG
ot Qotoypapio. deiyver ™ Oéom
£vOC VTOYEIOL EMITOXVVTH COUOTL-
Siov

210 HOKPOKOGHO, TOYVTNTES GUYKPIGILES LE TNV TOYVTNTO TOV PMTOG
elvar advvareg yio to onuepva dedopéva. To Tocd TG EVEPYELNG TOL OToLTEL-
TOL Y10 VO ETLTOYOVOVUE EVOL SUGTNUOTAOLO G OVTEG TIC TOOTNTES Elval d10e-
KOTOUUDPLO POPEC LEYAAVTEPO A OVTO OV ¥PNoILoToLEiTan Yo va, Tebel og
POy Eva SLoGTNUIKO AE@POPETo.

H d1aetoAn Tov gpoévov map’ 6da avtd Exel emPBePormbel Telpapatikd.
To 1972 gmotipovec cuyypdVIGaV ATOUIKE poAdYLo KGOV, TOL EXOVV OKPi-

Bewr 1/10" s. Kamowa omd ta suyypovicpéva pordyta to mhpav poali Tove oe
éva, peydaho ta&idl pe agpmBodpevo aepomAdvo evd kdmolo dALa o donoav
ot I'm. Emotpépovtag ot I'm ta pordyla mov ta&ideyav mapovsioacay tnv
TpoPAemouevn amd ™ Oeswplo NG OYETIKOTNTAG SLOPOPE GTN LETPNOT TOV
xPOvoL Tov Ta&d100 6 oyéomn pe avtd Tov uewvoy otn I'n. T'o v 1otopia
avaQEPOLUE OTL 1) SlopPOPa NTAV TNG TAENS TV 1075 (1 ns).

AMN mepapatikn eniPefoimon TpogpyeTol amd T HETPNON TOL YXPO-
vov Oldomoong Towv poviov. Ta pidvia (1) eivor aotadn couatidwn tov Tapd-
yovtor Otav Kook oktivoPfoAio PopuPapdilel ta avdTEPO CTPOUATO TNG
atpocearpoc. H péon didpketa (ong toug sivan T, =2,2X10™° s dtav o xpo-
VOG HETPLETOL MG TTPOS £V GUOTNHO AvaPopds OTov Ta pidvia npepovv. Ta
pidvio, KIvoovTol He TayDTNTO TOL TPOceEYYilel TNV TayDTNTO TOL QWOTOG
(0,99¢). Axéun ko pe i térota TayvTNTA, oTN dtapKeln TG LONG TOVG da-
voovv mepimov 600 m. Eivar Aowmdv mapddolo to yeyovog OTL aviyvevovtal
OpKETA POVIO otV empdaveln g I'mg €xovtog dlovhceEL apKETA YIAOUETPO
omd To oNUElD TAPUYWYNG TOLG GTNV avdTeEPN aTHOcEopa. To mapddoo ai-
PETOL OV CLVVTTOAOYIGOVLE TO POAIVOLEVO TNG OLIGTOANG TOv Ypovov. ['a Evav
mapatnpent| omm Im o péoog ypovog Cwong evog upoviov Bo  givon

TO
T =
J1-(0.99¢) /¢
eni v tayvmro 0,99¢ Bpickovpe 611 To pidvia mpwv dracmacHobyv dravdovy
Katd péco 0po 4800 m. Agv gival, emopévac, mopadolo, To OTL apKeTd pidvia
@TAVOLV GTNV meavele, e I'mgc.

To 1976 oto Evponaixkd Kévipo IMupnvikdv Epevvadv (CERN), ot
Teveln, emotpoves emtdyvvay povia oe tayvtnta 0,9994c¢ kor pérpnoav 1o
puéco ypévo Long tovc. To amotéhespa £dmMOE Yo TO KIVOUUEVO LOVIOL LEGO
ypovo Long 30 popéc peyaddTEPO OO OVTOV TOV aKIVTOV, OTMG TPOEPAETE I
€101kN Bewpia TNG OYETIKOTNTAS.

=16%107° 5. Av TOAMATAAGIECOVE AVTOV TO XPOVO
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6-6 HZX2XETIKOTHTA TOY MHKOYX

Onwg 10 ypovikd Sdotuo mov pecoraPel avapesa e dvo yeyovota
e€aptdrtar 0md To GLOTNUE AVOPOPES 0O TO OTTOI0 TO UETPALLE, Kol 1] OTOCTACT
avapeca og dvo onueio apTATOL 0O TO GOGTNUO AVOPOPAG TOV TOPATIPTTY|

Ag kdvovpe mAL Eva vonTo TEPAUO, YPNOUYLOTOIDOVTIOS TO TPEVO TNG
TPONYOVUEVNC TTapaypapov (o). 6.5).

Xy. 6.6 (a) Evog eotewvog mai-
(@) m -~ %’ UOG exmEUMETOL OO ot TNYY TOL

Bpioketar oto Akpo €vog yapoka,

ovakAdtor omd évo KaBpEeTn Tov
Bpioketar o6t0 GAAO GKPO KO ETL-
otpépel oty myn. (B) H kivmon
TOV QOTEWOL TOAUOD OTOG TOV
BAémer évag mapatnpntig oto X .
Onwg goatverol oto oynua, 1 omod-
otacn mov TagBevEL 0 TUANOS Yo
vo @tdoet otov KaBpéetn eivar
LeYOAOTEPT KOTO TNV TOCOTNTA
uAt; and to pnkog (/) Tov yépoxa
OGS T avTAapPaveToL oVTOG.

"Evag ydpaxog €xel TomobeOel péoa oto tpévo ot devbuvon kivn-
oNG. 10 éva GKPO TOL YOPOUKO GTEPEMVOVLE L0 TTNYT POTEWVAV OVOAOUTOV
EVO 6TO GAAO Gkpo Evav KaBpEet. [ tov mapatnpnt) mov taddevel péca
GTO TPEVO O XPOVOC TTOL YPELALETOL LU0 POTEWVY OVOAOUTN Y10 VO ETICTPEYEL
oTNV TNYN AVOKADUEVT 6ToV KaBpEpTn Ba eivar

Aty = 2k, (6.4)
C

omov [, 10 PKog Tov YGpaKe OIS TO AVTAUBEVETOL O TAPATNPTTAG TOL TPEVO.

Mo tov mapatmpnt 610 6TeBUd, T0 PO EEKIVAOVTAG amd TV TNYN,
Y10 vaL Thoet otov kabpéet Stavoet andotaon d =1+ ullt,

KO Y10, VO, ETIOTPEYEL GTNV TNy ardoTaon d' =1-ult,
6mov [ 1o pnKog ToL XapaKa OT®G TO AVTIAAUBAVETAL O TOPATPNTAGS.

To pog dadideton pe v ida ToyLTNTA Kol 6TIG 000 TEPITOGELS. Emopuévog
UTOPOVLLE VO YPAWOLLE

d =clt, Ko d' =clt,
n [ +ult, = cAt, Kat [ —uAt, = cAt,
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1,4 cm

' ¥ 5

1,4 cm 0,84 cm

() ®
Xy. 6.7 (o) KoPog oxivnrog g
npog tov mapatnpnt. (B) O idiog
KOBog  KvoOpEVOG HE  TOXVTNTO
u=0,8¢ g TPO¢ TOV TOPUTNPNTY.

omd TG Omoleg TaipvoLLE
[ [
At = Ko At, =
c—u ctu

O ocvvolkdg ¥pOVOG GTOV OTOI0 TO PG OUTPEYEL TNV ATOGTACT| YN — KO-
Opépnc — myn Oa etvon :

[ [
+

At=At1 +At2 =
c—u ctu

21

KO TEAMKA At = ~(—) (6.5)
c\l-u’/c?

Amd 115 (6.3), (6.4) ko (6.5) Bpickovpe

2

<

1=1.11- (6.6)

2
C

BAénovpe 611 10 URKOG (l )non HeTpdel 0 mopaTNPNTAG MOV Eival
aKivnTtog 010 GTOaBUO gival LIKPOTEPO ad TO UQKOG (ZO) oV UETPAdet
0 TapaTnpNTAG Tov Ppicketal 6to TpéEvo. To eavouevo avtd 10 ovo-
palovpe “ov6TOM] HIKOVS”.

To puRKoc evog AVTIKEEVOD OTMG LETPLETOL GTO GUOTNHO OVOPOPAG
oG TPog T0 omoio Npepei (to [, oto melpapd pag), ovopdleton wWropn-

KOG TOV OVTIKEWEVOL 1 PKOG npepiac.

Amooeiape 6t unkn oe oebBvvon mapdAinin ot devbvvon g
CGYETIKNG Kivnong Ovo adpavelnkdV CLGTNUAT®OV ovaeopds GLOTEAAOVTAL.
AmodetkvieTon axopun 0Tt pnkn kddeta otn devBovvon g kivnong o0& GLOTEA-
Aovtan (oy. 6.7).

Ed® a&ilel va onuUeEIdGOVUE OTL GTNV TPOYUOTIKOTNTA O GUOTEALETOL
T0 1010 TO avTIKEipEVO, OALE 1 LETPNON TOV amd Eva GALO GUCTNLLO OVOPOPEG.
Eivar 0 yopog mwov mopapopemvetal Kot oyt To aviikeipevo, Onmg emiong stvat
0 YPOVOC TOV TOPAUOPPAOVETAL OTAV Ppickovpe OTL KAmolo poAdylo Tyaivouy
7o apyd Kot Oyt ta. idta tor pordyta. Ot vroloyiopol pag o PETpMGay TOPa-
HOPQMOCELS OVTIKEWLEVDV 1 YEYOVOTMV OAAG SLOPOPETIKEG GLVONKEG OV E£ML-
KPOTOOV GTIG SAPOPES TEPLOYES TOV YDPOYPOVOV.
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ITAPAAEII'MA 6.2

Ac vobécovpe T éva Tpévo ov taidevet pe toyvtnte u =108 Km/h (30 m/s) .’ Evog empa-
NG TOV UETPAEL, LE LI LETPOTOVIO, TO KOG TOV PBayovioh 6to omoio Bpicketon kot o Ppickel 25 m. 11660
Oa gival To PAKOC Tov Paryoviod yio TopaTnPNTH 0KivIITO 6T0 0TAOWS;

Anévrnon:
Zoppova pe v e&iowon (6.6)

2

1=1,,[1-" = (25 m) 3/0,99999999999999 =25 m
C

O axivntog mapoatnpntg Ppickel oty ovoia, / =/, H mayiopévn pog avtiknyn yo 1o oveArloiowto tov -
Kovg gival  amoAVT®G SUKAOAOYNIEVT OGO Ol TAYVTNTEG UE TIC OMOIEG TO. CLUGTILOTO OVOPOPAS UG Elval
TOAD LUKPOTEPES TNG TAYVTNTAG TOV POTOGC.

Ag vroBéoovpe O6TL avti yio TO TPEVO TOVL TPOPANUATOG EXOVHE €VO SLACTNUOTAOL0 TTOL TAELOEVEL e TaYD-
mra # = 0,5 ckow 0 emPdrng Tov AL peTpdet To uiKog Tov kat to Ppioket 25 m. I[Téco Oa to éfproke o
akivnrog TapatnpnTg e I'ng;

u2
)

1 =1, 1-2 =(25 m) 0,866 = 21,65 m
C

av 1o daotnuonioto taideve pe taxvtta u = 0,9 ¢
Bo Tav [, =1,00,436 =10,9 m
eved av taideve pe tayvmro u = 0,99 ¢

70 PAKOG Tov 0o HTaV HOMG [, =1,[0,141=3,525 m

6-7 METAXXHMATIZMOI LORENTZ

2TIG TTPOTYOVLEVEG SVO TTOPAYPAPOVG dei&ape OTL 1) LETPNOT) TOV UNKOLG
Kol Tov ¥povov de divel Tar i1 amoTEAEGHOTO Y10 SVO TOPATPNTEG OV Elvan
aKivNTol ¢ TPOC TOL GUOTHLOTO OVOPOPAS TOVG, OV TO GUGTILO OVOPOPAS TOV
&vog (X7) xveitan pe TodTNTe. U MC TPOG TO GUGTNOL AVAPOPAS TOV GALoV ().

Xpewlopoaote kdmotovg "kavovec" mov va petacynuatilovv v ei-
KOVOL TNG TPOYUATIKOTNTAG TOV €VOG TOPATNPNT GE OVTHYV KATOOL GAAOVL.
[T ovykekpéva ypelalOUaoTe KATOES OYECEC UETACYNUOTIGHOD, OVTMG
MOTE Ol UETPNGEL TTOV KAVEL O TOPATNPNTNG OTO X Vo Eival amodekTég 610 X
KOl AVTIGTPOPAL.

Ag vmoBécovpe 011 10 X7 Kvelton ¢ TPog T0 X TaPAAANAL TPOG TOV
a&ova TV x kol 0Tl TN Ypovikn otiypn =0 ta 6vo cvotiuata tavtilovton
(0%.6.8). 'Eva, onueio K Ba €yel og mpog 10 £ cuvteTayHéveg (X, ¥, z) Kol ©¢
npog 10 X ovvietayuéveg (x', ¥y, z). I'a 10 x Oo woyder x =ut +x' . Opog
WAGLE Yo éva x” Onmg To PAETEL 0 TOPATNPNTIE TOL X Kot Oyl OTT®G To PAETEL
0 TOPATNPNTAS TOL X dNAUOT, CUVEGTAAUEVO.
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Ew. 65 H. A. Lorentz (1853-
1928), OAAavddg Kopveaiog Bew-
pNTkdg uowdc. O Lorentz ewon-
YOYE TOVG WETOGYNUOTIOHOVS TOL
t0 1890, mpokeévon va SlacdoEL
v Hlextpopayvntikn Oempio tov
Maxwell mov dev vrdKOvE GTOLG
petacympoticpods tov [oitkaiov.
O Einstein fjtav 0 TpdTOG OV KO-
TaVONGE TN QUOIKY TOVG oNUOGia
10 1905.

A4

ut

1. 6.8

o va 10 Egropilovpe Oa 10 cvpBorilovpe x;. Ilo cwotd Aowodv

x=ut+x's. Meta&d tov Xy ko tov X oyxder n oxfon (6.6) dnhadn

2
[ | ]._u
XZ—X — -
c
|t
X=ut+x 1——2
c

(6.7)
. ' , p_ X—ut
ADvovTog G TPOg X TPOKVTTEL X = — (6.8)
c
TNaota V', z' Oo 1woydet y'=y (6.9)
Kot Z'=z (6.10)

"Etot av o mapatnpntig tov X dafifdcel 67 ovtdv Tov X7 OAEC TOV TIG HETPT-
oElg (x, ¥, Z, U, t) 1o1€ 0 TOpOTNPNTNG TOL X" pmopei va Ppet tn Béon Tov K
YOPIG VO, KAVEL SIKEG TOV PETPTCELS.

Kavéva adpavelaxd cootnpo 6g pmopel va Bewmpndel oamordtog oki-
vnro. Onwg Bewproape To £ akivnTo Kol To £ KIVOOUEVO HE U Umopovpe Oe-
opnoovpe 10 T akivnto kol To X KvoOuevo pe —u. Oa mpémel Aomov va
oybEL Kot TAAL e oY€oN OmOAVT®OG CLUUETPIKN pe TV (6.7). Aviikabioto-
vtog oty (6.7) Tovg TOVOULEVOVG YOPOKTNPES LE UM TOVOOUEVOLS Kol avTi-
OTPOQO KOL TNV TOXOTNTO U [UE -U , TPOKVITEL

2
/ u
x'=-ut'+x 1-—
c

Avtikafiotdvtog 10 X' pe 1o icov tov amd v (6.8) ko AMvoviog wg mpog
t' kaToAnyovpe
. t—ux/ct

= —
u
CZ
O1 e&omoerc (6.8), (6.9), (6.10) ko (6.11) ovoudlovtor petacynuaticpoi Lorentz
and 10 X 010 X'. Tovg mapabétovle GUYKEVIPOTIKG, LAl LE TOVG aVTIGTPOPOS
LETACYNUOTIGHOVG (amd To X7 0710 X).

(6.11)
l_
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. x—ut x +ut
x = x=
u2 , B u2
[ ~ Am6toXotoX 1-2-
2
c c?
r —_ 1
y =Y y=y
z'=z z=7
2 2
, _t—ux/c _t'+ux'/c
2 2
u u
1-— 1-—
c? c?
Am6toX o0 X —

Biémovue 61t 6tav u e o1 petooynuatiopoi Lorentz divouvv
xX'=x-ut, y'=y, z'=z, t'=t, Miod| ovurintouv pe TOUG
petacynuoticpovg tov 'aAtdaiov.

Eniong PAémovue 6t 10 x' e€aptdrar kon omd to ¢ Ko to ¢ omd 1o
X. Xmv ewikn Beswpio TG OYETIKOTNTOG O YDOPOG KOl O YPOVOG &€ival
aAANAEVOETOL. MIAGLIE TTLa. Y10 Y POy POVO.

TO TAYTOXPONO KAI H OEQPIA THX ZXETIKOTHTAX

Ag vmobécovie 0TL dvo yYeyovoTa cuppaivovy TavTOYPOVa Yo £VOL TTOI-
patnpNTH oxivnto w¢ mTpog o chotua X otig Bécelg (xl' s Vis Z1s t,') Ko
(x'2 s Vs Zys by ) Oa cvPPOivoLY TOLTOYPOVO. KO Y10l VOV TOPATNPNTH OKi-
VITO ®G TPOG T0 X;

ZOUQOVAE LLE TOVG OVTIGTPOPOVS LETACYNUOTIOHOVG Lorentz (omd 0
2’ oto X) M ¥poviKn oTiyun mov Ba cupPel To yeyovog 1 yuo Tov mapotnpn

, f +uxp/c’ , , ,
tov X Qo efvar £, == KOl M YpOViK\ oTypf) mov 0o ocvpPei 0
u
1---
c
) ) th+ux,/c’
yeyovog 2 Oa givan £, = T
u
=
O ypOVOC TOL PEGOAAPTOE AVALESO GTO SLO YEYOVOTO Y10 TOV TOPO-
At +ulx'/ c*
mpnt) ov X 0o eivan A =¢, -t = —————=—— (6.12)
e
c2
Av 1o yeyovota fvol tantdypove. Yo Tov mopatnpnty tov X tote Ar' =0,
ulx'/ ¢
ondte At = —— z0
u
1-—
C2

Avt onpoivel 6TL Y10, TOV TOPOTNPNTH TOL PPICKETOL GTO T TOL YEYOVOTOL OEV
gtvar Tawtdypova. BéPoata av to yeyovota cupfaivovy og LIKPY omOoTOo UETOED
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TOLG MG TTPOG TO X KOL TO X KIVEITON [E TaphTNTaL TTOAD LKPOTEPT| TOL ¢ MG TPOG TO X
10 At givon TPOKTIKA PNOEVIKO Kol TOL YEYOVOTA TONTOYPOVOL KOl (O TPOG TO 2.

ITAPAAEIT'MA 6.3

"Eva popmtikd agpomhavo kwvetton pe toydtnme, 680 m/s (Suthdoto g taydtnTag Tov Myov). To agpomidvo
&yer uroc 20 m. O TAdTog avTapBaveTal Tontdypove Suo eKPREELS, Hid, omtd TO PUYYOS TOV OEPOTAGVOL KoL Lud, o7t
™v ovpd. Me ot Stapopd ypdvou avTiAopPaveton Tig eKpNEELS Evag TTapotnpn TG akivirog otn I'n;
Amavinon:
‘Evag mapatnpntg 0o «de» Tig AAUWELS [LE XPOVIKT S10pOpd
_ulx'/c® _68020/900"
2 2
u 680
\/1 T2 1- 16
c 900

H dwopopd vt eivor mapa woAd pikpn kot Og yiveTol ovTIANTT.

At =0,00000000000015 s

6-8 METAXXHMATIZMOI TAXYTHTQN LORENTZ

‘Eoto 611 ¢' éva onpeio Tov CLGTAUATOC GUVIETAYUEVDY X BpiokeTon
éva, oo Tov petatomifeTal, Kivovpevo otn devbuvon tov aéova twv x. [
évav mapatnpntn akivnto oto X o ypovo Af 1o chua petakividnke katd
Ax . "Evag mapatnpnig axivntog oto X avtihaufdvetotl 6t to yeyovog didap-
keoe ypovo At o 6t M petatdomon frav Ax'. To T, dupmc, Kiveiton pe
TayOTNTO U TAPAAANAQ GTOV AEOVA TV X.

, . ,_ X—ut , _t—ux/c’
Ao TIC 6YE0ELG X = — Ko r = T
u
l-— 1-—
c’ c
. Dx —ul\t . At —ulx/ P
€0KOAOL TTPOKVTTTOVV Ax' = —— Ko At = —
u
l-— 1-—
c’ c’
KOLL Y10 GTOLYEIDOEIG LETAPOAEG
. dx—udt . dt—udx/c?
dx' = — Ko dt' = T
u u
1 - 72 1 - T
c c
H taydtnto U’ tov kivntod og mpog to X7 Oa eivol
v = dx' _ dx-—udt
dt'  dt—udx/c’
dx
E —u
v' =
! _udx
c’ dt
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dx

Opog E =U eglval M ToOTNTO TOL KIWVNTOU OT®G TNV avTiouPaveTot

mopatnPNTHS ToL X. Emouévac, n televtaio oyéon maipvel T Lopen
, U-u
O =—— (6.13)
U
1 - CT U
H oyéon avty exepéler v toydTnTa U’ T0v KIvntod, og mpog 10 X,
G€ CLVAPTNON LE TNV TaYVTNTE TOv U ¢ TPOG TO GUGTNUA X.
Avtiotpoga, n oxéon U= vru (6.14)
1+ % v'
c
ek@palel TV TaydTT U’ TOL KIvnTOY, (C TPOC TO GUOTNHA X GE GUVAPTNON
HE TNV ToYVTNTA TOV (OC TPOG TO X.
Tapatnpodpe 6Tt 6Ty o1 ToyDTITEG U Kot U oA kpdtepeg amd ¢ Ba givon
U'=U-u kU =0"+u omoc npofrémovy ot petacynuotiopoi tov I'alikaiov.
Axdpm, 6tav U = ¢ mpokdmrel U' = ¢ ko, avtiotpoga, dtav U’ = ¢ mpokdmtel
U = c, dnhodn Otav £vo oL KIVEITOL e TV ToOTITO TOV OTOS 1 TOOTITA TOV
gtvon 1 19100 Yoo 6AaL 1o, 0OPOVELIKE GUGTHLATO. AVOPOPES. To GUUTEPUGIO CUHPOVEL
e TN OebTePN TOPadOyN TG E0IKTG Bempiog TG OYETIKOTNTOL,

ITAPAAEII'MA 6.4

y y
‘Evoc mapatmpntig ot I'm PAEret dvo da-
omuomiowe A, B va kwvobvtar Tave oty idle gv- A
Oeio, pe toyvmnreg 0,8¢ wou 0,7¢, avrtiotoyo, .

avtifetng popdc. (oy. 6.9). Me 1L ToyvTNTO KIveiton 08¢
10 B ¢ mpog 10 A;

0 X 0

Amavinon :
Xy. 6.9

ZOUQOVA LE TOVG HETAGYNHATIONOVG ToV ['oAtlaiov o mhdtoc Tov A Oa éBAene T0 B va mAncialet
npog owtov pe tayvro 0,8c +0,7¢ =1,5¢ . H todtnta avt givorl peyodldtepn amd v ToydTnTe TOL OO-
TOG KOl EPYETOL GE GUYKPOLGN UE TNV TOPAO0Y] OTL TITOTE dEV KIVEITAL LE TODTNTA LEYOADTEPT) TOV . Ag
dovpe T TpoPAénovy ol petacynuatiopoi Lorentz. Av Bsopioovpe cov Xt I'm kot cav X° 10 dtootnuo-

oo A, 1 TavTnTe Tov B 0¢ Tpog 10 A Ba diveton amd tn oyéon 6.13 dnradn
, U, —u
vy =—2——
u
1 - 7UB
c

Av Bempiom v TaydTa 0V A ©¢ Tpog ™ I'n Oetikn Oa éxo u =0,8¢ kar U, = —0,7c ondte

U —
Uy =28 ¥ o tehkd
u
1_7UB
c
' = —-0,7¢-0,8c — _0.96¢
B~ - s
1-28(Co.7c)
c
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ITAPAAEII'MA 6.5

AwomuomAol0 OV  Kiveitow HE  TOOTNTO
0,6¢ o mpog ™ I'n extoéevel mopavro pe TodTHTO

0,5¢ w¢ mpog avtd, kot pe karevBovon ida ue v

KatevBuvon TG ToyVTNTOC TOL doTHHoTAOIOL (OY. —

6.10). [Towa 1 TayHTMTO TOL TLPAVAOL ®G TPOG TN I'™; 0,5¢
0 X 0 X'

Amavinon :
Xy. 6.10
ZOUQOVA e TOVG PETAoYNUATIoHoVG Tov [aAtlaiov, o mapatnpntig ot I'n Ba EfAeme Tov TOpavAo
Vo KIVEITOL PE TNV TOOTITO TOV OLOGTNUOTAOIOL GUV TV TAYLTNTA TOV MG TPOG TO JACTNUOTAOL0 dNANOT|
0,6c +0,5¢ = 1,1c . H toydtnta avth givon peyoddtepn and v todtnta o0 ¢wtog. To dtomo aipetor av
YPTCULOTOUCOVLE TOVG HETOTYNUOTIoHOVG Lorentz. Av Bewpncovpe cov X ) ' kot cov X7 to Staotnuo-
TAOL0 M TaVTNTO TOL TVPAVAOL G TPoG T I'M Ba divetar amd T oyéon 6.14. Eivor dniadn

u 0,6¢
1+ 7U 1+ 2 O,SC
C C

6-9 H2XETIKIXTIKH OPMH

SOpemva e TNV apyn SlThpnoNg TG OPUNG, 1| OPUI] GUGTHLOTOG SLO
N TEPLEGOTEP®V COUATOV dlatnpeital oTabept|, v T0 GOGTNLO TOV COUATOV
glvol amopovouévo.

Mo cuvnOiopévn eQopproyn TG opyNS dWTHPNONG TG OPUNG gival 1)
TEPITTO®OT TNG KPOVOTG OO COUATOV.

pX
y y y
—»> 4 <« —>
In Vs Ul}. Uzp
© O o O
0 X 0 X 0 X
X —
y' Y u y
41)?115 41)7'&[ 4DTlu 41)”11
© O (& ®) o O
0 X' 0 X' 0 X'
Ty 6.11
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Ag vmobécovpe 0TL VO GOUATH KIVOLVTOL TAPIAANA e Tov dEova
TOV X TOV GLGTNUOTOG X pe TayvTnTeg U, kar U, (c%.6.10) kot cuykpovo-

vtat. Metd v kpodon ta oopata Ha Exovv toxdmreg U, kot U,, avti-

otoyo. XOueove pe TNV apyn Owrnpnong ¢ opung Ba  1oydet
muU,, =m,U,, =m,U,, —my,,. Ou deikteg (IT,U TOPATEUTOVY  GTO

COPECMS TPV KO OTO «APECHOS LETA» TNV KPOLOT).

Ag mapoatnprcovpe v 0o Kpovon amd éva cHOTHUA avaeopag X’
oL Kveitan pe tayvnta u g mpog 10 . Ot TaydTNTEG HE TIC omoieg Oa. avti-
AopuPBovOpaoTE VO KIVOOVTOL TO. COMOTO TPV Kot PETA Trv Kpovomn Ba eivot

v

1’71 H U;n > Ullu >
v tov Lorentz (6.13). Av voloyicovpE TNV OPUT TOV GLGTHKATOG Ue Pdon
TIC TWEG aVTEG, Ba SaMGTAOGOLE OTL Yio TO GVOTUA X' 1 apyn STPNoNg
™G OPUNG, HE TN LOpON oL Yvmpilovpe, dev 1oyvel. Opmc ot vopot g Puot-
kNG o énpene va 1oybovv pe TNV 1010 LobNUOTIK HOpPR Yio OAC TO 0dpa-
VELOK( CUGTIUATO OVAPOPEC.

U, > TOL divovton amd Tn oxéon HETACYNUATIOHOD TaVTh-

Tlpénet, emopévmg, va. opicovpe v opun He TETOWO TPOTO OGTE M|
apyn SthpnoNg TG OPUNG Vo 1oYDEL Kol OTIG TEPITTOCEL OTIG OTOIES EPAP-
polovpe TouG petaoynpUaTicpovg Lorentz.

H amaitnon aut ikavonolgital av opicovpe TNV opun copatog nalog
m mov KIveltol e Tay\TNTO V LE TN OYXEoN:

p:m—n (6.15)

N1-0?/c?

(oYETIKIOTIKOG OPIGHOG TNG OPUNG)
Hopatnpioceig

1. Me tov oYeTIKIoTIKO 0pIopd NG opUnG eEacparleTan 1 1oy TS OPYNS
SoTPNONG TS OPHNG Y10 OAOL T OOPAVELOK( CLGTIHATO AVAPOPAGS.

2. Otov 1 taydtnTe Tov copetoc U etval ToAd PIKPOTEPT] TOV ¢ TPOKVTTEL
p = mv. BAémovpe, dnhadn, 0TL 0 TPONYOOLEVOG KAAGIKOS OpIoUOS TNG
opuNG dev Katapyeital, OmAMS amoTehel Lol E101KT TEPITTMON TOV CGYETIKL-
GTIKOV OPIGHOV.

3. H oyetwiotikn opun glval yevikd peyoaAdtepn g KAAGIKNAC.

4. Otav 1 taydTTe TOL GOUATOG TEIVEL GTO € 1) OPUN TOL TEIVEL GTO AMELPO.
(oy. 6.12).

5. To péyeBogm tavtileton pe avtd mov Aépe pHdlo 0T VELTAOVELD LNYOVIKN
Kol €KQPALeEL Kol €0 TNV 0OPAVELDL TOL CAOUOTOC. TN CYETIKOTNTO TO
ovopdCovpe paa npeRiog Tov GOUATOC.

6. E@bdoov m opun dev elval mio avdAoyn g toy0TnTag Kot o pubudg
UETOPOANG TNG OPUNG, ONAadn 1 dvvaun, o€ Ba elvarl avdroyn pe o puOud
petaforng g tayvTnTag, dnAadn v emtayvvon. Eivar pavepd 611, 660
avEAveTal 1 ToOTNTA EVOG CMUOTOG, 1) EMTAYLVOT TOL OQEIAETAL GE Uil
dedopévn dbvaun cvoveymg petmvetol. Otav 1 tayhTnTo TOL CMOUATOS TEI-
VEL GTO CT1) EMTAYLVON TOL TEIVEL GTO UNdEV. ALTO onpaivel OTL 1 TayD-
TNTO TOV POTOG Eval 1 vATEPT dVVATH TAYVTNTA GTH PLOT).
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6-10 2XETIKIXTIKH ENEPI'EIA

‘Eva. amd to omovdaidtepa cupmepdopata g €0kng Bempiag tng
OYETIKOTNTOG givol Tmg éva odpo Lalag npepiog m mov Kiveital te ToydTnTo 0
&xel evépyela

2
E=__"¢ (6.16)

Nl-v?/c?

Tnv evépyela auth g umopodue va T OBewprioovpe povo kivntikn. Av 0é-
sovpe 6mov U = 0 Bpickovpe E =mc’ xar oy E=0.

) 4 2 e e . e e
To m060 evépyerag mc™ mov KoTE(EL Vo GO OTAV N|PENEL TO OVO-
palovpe evépyera npepiog T00 CONATOG .

H evépyeio npepiog eivar Eva mocd evépyelag mov cuoyetifeTor povo
pe 1 palo npepiog tov oopatog. Me dAda Adylo, po tocotnTo palag m
oodvvapel pe éva mood evéPYELOg mc’. IInyaivovtag 10 cvAloyioud éva
Pfrina mo wépa Aépue 6t M pnala kal n evépyela eivan dvo Oyelg g idlag ovto-

NTOC.

Eivon mapa moAld ta mepdpoata 6mov Eva PeETproipo tocd palag e&o-

’ )9 ) r , 2 ) ’
eaviletar kot divel T BEomn Tov og éval 1G0FVVALO (mc OGO EVEPYELOG KO,

avTioTpoPa, £va TOGO eVEPYELNG LETATPETETOL GE LAl

Ew. 6.6 'Eva ¢wtovio axtivoBoAiog v mpookpovet og éva
NAEKTPOVIO KOl PETATPENETOL G° £Vl NAEKTPOVIO KOl Eval
nolurpévio. To gawvopevo Aéyetor Sidvpn yéveon. 'Eva
OGO EVEPYELNG UETOTPATNKE GE VAN. ZTN @OTOYPOQic M
VAOTOINGN TOV PMTOVIOVL €Yve GE XMDPO OTOVL VIAPYEL
poyvntcd medio. To molitpdvio €xet avtifeto poptio omd
70 NAeKTPOVIO Kat YU owTd Soypapel GTELPOEWN TPOYLL
avTioTPOPNG POPES amd OVTAV TOL SypaPeL TO MAe-
KTpOVIO.

e o TopnvIKn oxdon to abpoilopo Tov palov npe-
piog Tov Tpoidvimv g oxdong sival pikpotepo and ™ udlo
npepiog tov apykov mopniva. To édielupo palog morlhamiao-
cwafopevo el ¢’ 8ivel 1o m0c6 NG EKAVOUEVNG EVEPYELDG,.

Otav mopnveg v3poyOdvVoL GLVOLOVTAL Y10 VO GYNUOTI-
Govv TupveS NAlov, oxedov 1o 0,1% g pélog tovg petatpé-
et o€ evépyeld. Avtd ovpPaivel oTo 0oTEPLO KOl QPUOIKA,
otov ‘HAlo. Zvykekpuéva, 1 pala tov 'Hiov glottdveron pe
poouo 4,5 exotoppdplo TOVovg to devteporento. [lapdrio mov
0 PLOUOC VTOC Yo TaL OIKA [oG OedOpEVE ETVOL TPOLLOKTIKOC, O

‘Hhog eivan tepdotiog. H palo avti mov “ybvetar” otov
'HMo petatpénetal og evépyela. LTo UEPOG OLTNAG TNG EVEP-

yewg, mov @Tavel ot I'm, opsidetar n dwotpnon g Long
GTOV TAOVITY) LLOG.

To 1932 o Apepwavog ouowkdég C. D. Anderson
(Avtepoov) avakdivye Twg Eva oTOVIo aKTIVOPoMaS ¥, pe-
tatpdmnke og évo (evyog copatdiov. To éva ftov nAekTpo-
V10 Kot 10 dAA0 Tolitpovio. To pavopevo ovoudotnke 6idvun
YEVEGT]. ZTO POVOLEVO OUTO EVEPYELDL
(Tov pwToVviov) peTaTpémEeTal GE LAN.

O apyéc owatipnong g palac Kot g EvEPYELNS ouvTiDE-

vl omd TN Osopia TNG CYETIKOTNTES 6€ Mo EVPUTEPN
apyn owtipnong palac-evépyerag.
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Ew. 6.7 MaOntég evog Avkeiov oto Maidpt yioptdlovy tnv ekatooTr) enételo g yévvnong tov Einstein.

Edv 0éhovpe va vToAOYICOVUE TV KIVNTIKTY EVEPYELL (K ) TOV CAOUATOG TPETEL
, , . . . . 2 ZYETIKIGTIKN
amd TNV OAIKT) TOL EVEPYELLL (E ) Vo 0QaLPEGOVLE TNV EVEPYELN NpEpiog (mc™) KVITTICH| EVEpYELLE

TOL COUATOG,.

2
mc
K=—— —mc’ (6.17)
1-v?/c?
1 A0
H oyéon (6.17) yio U [Mc va diver K = Emu2 . (T v amdden g Kti;nr;z evépyel

oyéong PAéne oer.214). BAémovpe emiong ot n oxéon (6.17) yio U =0 diver 0 c v

K =0. Eniong, 6tov 1 U Teivel 6T0 € 1 KIVITIKT EVEPYELD, TEIVEL 6TO GmELPO,

onwg paiveton ko 6T Ypopikn noapdotaon K = f (U) TOVL GYNHOTOG 6.13. Ly 6.13  Tlapompovpe ot yio
V<<C Ol OVO KOUTOAEG TPOUKTUK
GLUTITTOVV.

ITAPAAEITMA 6.6

H péa tov mpotoviov kot tov vetpoviov eivar 1,67309 %107 kg wou 1,67538 %107 kg avri-
otoyya. H nalo evog mopriva devtepiov (? H) givan 3,34451x107 kg . TIoon evépysia mpémst v Tpocpé-
POVLE Y10l VO S10)(PICOVLLE TOV TUPTVOL TOV EVTEPIOV GTO GLGTUTIKA TOV;

Anévtnon :
Edv aBpoicovpe ) palo tov cvotatik®@v Tov Topnive Bpickovpe 0Tt glvar peyaddtepn amd ™ palo
tov upnva Kotd Am . YroloyiCovpe to Am .

Am = (1,67309 +1,67538 —3,34451)x 10 kg = 0,00396x107 kg
H dapopd palog peta&d mg nalog Tmv GUoTATIK®Y TOL TUPNVE Kot TG LALS TOV TUPNVE OVTICTOLYEL GE
evépyeln E = Ame? =0,00396x1077 [3x10° ) J = 0,03564x10™" J

To meipopa enainbevetl 0TL 1660 givol T0 TGO EVEPYELNG TOV TTPETEL VO, TPOoSPePHEL GTOV TVPT VA TOVL dELTE-
piov yio va dtaympiotel ota cuotatikd Tov. H evépyeia ovt Adyetal EvEpYELH GUVOIEGTG TOV TVPT V.
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ITAPAAEITMA 6.7

"Eva nkextpovio kiveitar pe tayvtnro U = 0,85 ¢. Na Bpebdel n evépyeto npepiog Tov niektpoviov

KoL 1) KTk tov evépyela og eV. H pala npepiag evog nhektpoviov eivar m = 9,1x107" kg .

Amavinon :
. , . 2 -31 8 2 -15
H evépyelo npepiog Oa eivor me™ = (9,1 x10 kg)[(3 x10 m/s) =819%x10""J =0,511MeV

? 11 M
H ohikn evépyeto givan £ = e == 05 v =0,97 MeV
v
\/1_2 \/1_ R,SSCH
¢ O c O

H xwvntucn evépyeta Bpioketar av amd Ty OAMKN EVEPYELL APALPECOVLE TNV EVEPYELL NPERTLNG
K =E-mc* =097 Mev—-0,511MeV = 0,459 MeV

6-11 XXEXH ENEPI'EIAY - OPMHX

[MoAlamAacidlovpe Kat dtapovpe Tov apBun g oxéong (6.15) e ¢ omodte

mcv/c
Bpiokovpe P
1-v" /¢

v
Avvovue o¢ Tpog — Kot fpickovpe
c

v P

2 2.2
¢ \p +tm'c

Av16 cuvendyeton Ot

1—U2/c2 :L

Avtikabiotdvtog oty (6.16) oV —U >/ c? Le To icov Tov Ppiokovpe

E =\m’c* +pzc2 (6.18)

[Tapatnpodpe 6TL OTAV 1 OPUY TOL CAOMOTOG Eivar iom pe To Undév (To
ooua npepel) &xel evépyelo £ = mc?, OTMOC OVOLEVOTAY.

Eriong, 6tav n pala npepiog tov oodpatog sivar undevikn, oyveL N
oxéon E = pc.
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Avapotiétor kavelg g sivar dvvatdv €va coORa vo €EL UNOEVIKN
pélo npepiog kot opun daeopn tov pndevoc. To epdtnua eivar Bacipo poévo
av AdPovpe vIOYN LG TOV KAAOIKO 0pIoUd TG Opung P = MV . Av OumG Ad-

mv
Boupe VIOYTN UG TO GYETIKIOTIKO OPIGUO TNG OPUNG P = ——— PAE-

V1-v?/c?
TOVLE OTL OV €vo copatioto Exel undevikn pdlo npepiog Kol Kwveital pe v
TaOTNTO TOV PMOTOG 1) OPUN 100VTOL W Ve LOOTUOTIKG AmpOGOOPIGTO KAG-

ol %HK(II, TovToG, ogv tvar iom pe To PUndév.
U

H dmopén copatdiov pe undevikn pala npepiog €yt emPePforwbet
mepapatikd. [Ipokertar Yoo copatidle Tov Kvovviol Ue Ty TodTNTe TOV
OOTOG OTMG TO PAOTOVIO Kl To veTpivo. Ta couatidwn avTtd HETAPEPOLY OpUN
Kol evépyeta OAAG Oyt pala, kKétt mov pag Bopilel évtova To KOUAL.

6-12 METAXXHMATIZMOI ENTAXHX HAEKTPIKOY-
MATI'NHTIKOY IIEAIOY

Méypt €00 gldape TG PHECH TOV peTaoynUatTop®my Lorentz ot Baoct-
KOl VOUOL TNG UNYOVIKNG 1000V 16030V GE OA TO OOPUAVELK( CLUGTILOTO
yopic va mapapralovv tic apyég e Bewplag g oxetikotntoag. T yiveton
OU®G e ToV AL peydlo Topéa g PuoIKNg, TOV NAEKTPOUAYVITIGHO;

2e MOALAL QOIVOLEVE TOV MAEKTPOUOYVITIGHOD VIEIGEPYOVTUL LEYEDN
OTMOC 1 TOYVTNTA, TO UNKOG, 0 ¥povos. I'a mapddetypa 1 dGvaun mov aokel
vl LoryvnTikd medio o€ £vo POPTIGUEVO GMUATIO KIvoOLEVO KABETO OTIC dv-
voukég ypappés eivar F= Bu|q|, g€apthrar dnradn dueoa omd pio. Toyw-

mTa. AKOUN 1 évtaot Tov Tediov PETOED TMV OTAICU®V eVOG EMITESOVL POPTI-
ouévou TukveTH e£0pTATOL OO TIC JOOTAGEIS TV OTAIGUMOV Kot Tn UETAED
ToVvg amdotacn. Eedoov ot taydtnteg Kot To UK €00V OOPOPETIKEC TUUES
oTa S1APOoPa AdPOVELNKE CLOTHATO KoTaAaBaivovpe 0Tl Ko peyEdn omwc M
£€VTOOT) TOV NAEKTPIKOD TEGIOV 1 TOL LOYVNTIKOV eSOV Bl £X0VV S10pOpPETIKA
£€KQPOOT), AVAAOYA UE TO CUGTILO OVOPOPAS OO TO OTOI0 TAPUTNPOVUE TO.
Qavopeva.

Eivar avaykn va Bpodue HETAGYNUATICUOVG TTOL VO GUVOEOLV TIG LE-
TPNGELS TOV TOPATAVED PEYEBDV omd 500 TapaTNPNTEG O JAPOPETIKA 0dPaL-
velokd ocvotiuoto. H mopayoyn autdv Tov HETACYNHATICU®Y TNV TANPO-
Té Tovg eivorl o emimovn podnuatikny dwdwaocio. Epelg amAd B0 peietn-
oovpe KAmola emleyuéva mopadetypata Kot 6to TéA0G o TapabEécovpe Tovg
UETOGYNHOTIGLLOVG.

Kivnon goptiov mapadiinia pe peopato@opo aymyo

"Eva Betikd @opticpévo copotioto kiveltor pe tayvtnra # , ot o1en-
Bvvon Tov d&ova TV X EVOG GLGTHUATOC AVOPOPES X Kol TAPUAANAA TTPOC Vol
PELLOTOPOPO ay®YO. [ Evay mapatnpnTh oKivnTo M¢ TPog T0 X 10 Poptio Oa
deybel dvvaun F = Bug omd to poyvntikd medio mov dnpiovpyel o aywydg
ka1 Oa TopekkAivel Tng evBVYpapung mopeiog Tov (oy. 6.140).
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O aymydg dev ookel kapio miektpikn 6Ovoun oto copotido. H
TUKVOTITO, OPVITIKOV (OPTIOV €ival amoAdTMC o1 He auTiV Tov BETIKOV QOop-
tiov. AmAovotedovtag Alyo umopode vo vrobiécovue OTL HECH GTOV ay®YO
VIAPYEL L0 YPOUUIKY] KATOVOUN OPVITIKOV QOPTIOV TTOV KIVEITOL 1G0TOYMG
TPOG T, OEELAL LE TayOLTNTO U_ KoL Lo YPOUULKY] KOTOVOUT, 0wV Kot amdAvTn
TN UE TO, OpVNTIKG, BETIKOV QopTiev mov gival axivntn. H ypoppk) wokvo-
e (eoptio avd povada UNKovg) Kot 6TIC SO Katavouég sival idta, dniadn
N amdGTOON HETAED VO OOdOYIKMV POPEWV POPTIOV elvar 1 10100 KoL Yol TG
V0 KOTOVOEC.

00000000 —> 0 06 0 6 o —
0OOOOOOO, U000

,,,,,,,,,, @_,_.’ @

Lt Ir

—
u

X X!
(@) ()
1. 6.14

Ag dolE TOPO TOC OVTIAGUPAEVETAL TO PAIVOLEVO EVOG TOPATIPNTNAG
oKivNnTog Mg TPOG CUGTNUO AVAPOPAS ™ TOV KIVEITOL MG TPOS TO X e Ty D-
™mTo ¥ TApAAANAN Tpog Tov dEova Tov X. (o). 6.14 B) Tov mapatnpnt avtdv
0o Tov Aéue cuvomTikG X',

O X" BAémel 10 popTicpévo copdrtio akivnro (6.13). Ae unopel Aomdv
VO, EPUNVEVCEL TN SVVAUTN TTOV OEYETOL TO POPTIGUEVO CMUATION O dVVOUN
poyvntucod mediov. O 7 duwg BAETEL Kot TO PELHOTOPOPO AYy®YO SLUPOPETIKA
oamd Tov X. Q¢ mpog tov X Tal BeTikd poptia dev gival axivinTa, KivodvTol UE
I ’ e I U— - u 7 I
tayvtto U, = —u evd 1o apvnTkd pe U_ = ———. Ot toyvmteg U,
u
l1-—v

2 Y.
C

Kot U’ 8ev eivan ioeg. Avtd onuaiver 6tL N omdotacn ueta&d dvo dradoyikdv
OPVNTIKOV QOPTIOV QOIVETOL SOPOPETIKN amd TNV amdOSTACT] dvo OeTIKOV
eoptiov (6.6). H ypapukn mokvotnto TV apvnTIKOV QOpTiov O TNV
avtiAopBdavetal o X etvar SpOPETIKN omd TN YPOUUIKT TUKVOTNTA TV OETL-
KOV @optiov. Me AMya A0y, Yo TOV X7 0 pELLATOPOPOG aymYOS EPQavifeTon
(QOPTIGUEVOG Kot paAoTa OeTikd. H dOvapn mov déxetatl Aomdv 10 POPTIGUEVO
COUATIO Y10, TOV X7 €lval NAEKTPIKT] Kol AOKEITAL 0md T0 NAEKTPIKO TTedio TOV
aywyov. H dbvaun avty eivar axkpiPdg ion pe avtiv T0v Hoyvntikov mediov
7oV avTiAapPaverol o .

O1 GYETIKIGTIKOL PHETOOYNNOTICHOL TOV EVIAGEMV TOV TTEdIMV K-
VOUV AAOTE £VvO NAEKTPIKO TTEDi0 Vo QAIvVETUL GOV POYVITIKO Kol
arhoTe avrtioTpo@a.
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Opoyevég medio POPTICUEVOV TUKVOTH)

"Eoto optiopévog eninedog mukvaotig (o). 6.15a) pe Toug omAIoHo0C
TOL TOPAAANAOVE 61O eTimedo xOz €vOG GLGTHIATOS VAPOPAs. Ot omMaopol
WG TPOG TO T, OG TPOG TO OTOI0 O TVKVMTNG VOl aKivNTOG, £XOVV JUCTACELS
(o}
[ X a . H évtaon tov mediov petald TV OTAMOoU®Y TOV TUKVOTH givan £ = —,
80
Omov T 1) EMPAVELNKT TUKVOTNTO POPTIOL GTOVG OTAGUOVG (TOGOTNTA POpP-
Tiov avd Lovada ETIPOVELNG).

y p> y' p

X
1 a | a
+o ' +¢'
Z ) z ).

! I
() (D)
Xy. 6.15

‘Eoto tdpa mapotnpnmg akivntog ®¢ mpog cLOTNUA ovoeopds X’
OV KIVEITOL (G TTPOG TO X TOPAAANAQ HE TOV AEOVO TOV X HE TOYVTNTO U .
[Tow eivar n €vtaoT tov Tediov 6TO ECMTEPIKO TOV TVKVMOTY OV OVTIAOUPE-
VETOLO0 X;

O X7 PAémel TOV TOKVOT VO KIVEITOL OC TPOG OUTOV LE TOYLTNTOA
—u (oy. 6.14pB). To PAKOG TOV OMMGLAOV TOL TUKVMOTH Yo Tov X~ Oa sivan

. u
I'=011-—
c
EVM TO TAATOC TOV OTAICUDV a'=a
u2
To epPadov tov omhoudv Oo sivor A =lI'xa"=A4,[1-—
c
, , , _9_ 9 _ ¢
KO 1] ETUPOVELOKT TUKVOTNTA QopTiov T = i == -
u
A\/l - 72 \/1 - T
c c
, _ 0 E
Apa 1 évtaor tov mediov sivar E,=—= 0
&, {- 2

Ot dgixteg [ vmodnAdvovy 0Tt pukdpe yuo éva medio pe v €viaon
Tov kdBeTn ot d1evbuvon Kivnong.

v mapondve eneEepyocio olomnpd dexTnKape 0tL 0 X’ BAEmEL TNV
id1o TocoTNTAL PopTiov Q 6TOVG OTAGHOVG TOL TVKVMTH pe Tov Z. Ipdypatt
70 QopTio gival, 6mmg kKo N pale npepiog, po averioimT) TOCOHTNTA Y10
O0L0 TO CVGTHNATA AVOPOPAC.
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Edv n évtaon tov mediov NTov mapdAAnAn otov dEova tov X Oa
KOTOATYOLE GTO GUUTEPAGLLO, OTL E" = E‘ |

Me avdAoyovg TpOTOVS PPIcKOVUE UETAGYNMUOTIOHOVG YIoL OAES TIg
d1evfivoelg Kot Yo To payvnTiko medio oAAG Kol Yo GLVOLUCUO NAEKTPIKOD
KOl Loty v TikoD Ttediov.

Ol petaoynuUoTicpol 6tov mivoka mov oKoAovBel avapépovtal otnv
TEPITTOOT OTNV 0Toie TO GVGTNUA X KIVEITOL MG TTPOG TO X TUPAAANAL LLE TOV
aéova x.

—uB E +uB
E)'( =F \/7 E' \/7
u u

+7 -_——

I

2 z
B, . B = \/7 \/_

A&iler va mopatnpnoovpe OTL O YPELAGTNKE VO TPOTOTOMGOVUE O
Kavéva onueio Tovug optopovs oL Yvapilape pEypt TMPO Yo TOV NAEKTPOMO-
YVNTIGUO OTOC KAVOLLE Y10 TOPASELY L0 TPONYOVUEVMG Y1 TV Opun 7 6ntwg Oa

Kkévovpe apydtepa yo T Bempia Tov PBaputikov wediov. H niektpopayvntikni
Bewpia etvar copPatni pe ) Bewpia g oxeTIKOHTNTOC,

1
S~

N

6-13 HI'ENIKH OEQPIA THX XXETIKOTHTAX

v €101kn Bewpla TS GYETIKOTNTOG OOYOANONKALE ATOKAEIGTIKG, LIE
TNV TOPOTHPNON TOV QUIVOUEVOV OO 0OPOVEINKE GLGTHUOTO OVOPOPUS.
Opog adpavelakd CUGTALOTO OVAPOPAG HE TNV GLGTNPT £VVOolo TOV Opov,
ONAadn CLGTHHOTO GTO OTToio OeV aoKeiTal Kapio SOVauN, UE OMOTEAECLA, AV
KIvoOvTol va Kivouvtol eufoypappo opodrd, dev vrapyovv. Eva cvvnbicuévo
ocvotnpa Tov Bewpovue adpavelako ivarn I'n. H I'm opwg enttayvvetat, agpov
neplotpEPeTal YOpw omd tov ' HAo vtd v emidpaon Paputikdv duvépemy. To
1010 ovpPaiver ko pe tov 'HAo ko pe 1o yoroéio pog. Ilpoxkdmter Aowtov n
OVAYKT] VO EMEKTEIVOVE TOL GUUTEPACUOTA LOG KOl GE EMITOYVVOLEVO GLGTN-
pato ovoeopds. No mpocappdcovpe dniadn Tig Bewpleg pog dote va 1oybhovy
01 Ovo PaciKEC TaPAdOYES TNG OYETIKATNTOC TOL OVOQEPONKAY GTNV apy1| TOV
KEQPUAAIOV KOl GTO EMITAYVVOUEVO GLOTHIOTO OVAPOPAG. AVTO givol TO OvTL-
kelpevo g yevikig Oempiag Tng oyeTIKOTNTOG.

H nlextpopayvntikn Oempio, mov omnpileton otig €€l000oglg TOL
Maxwell, dev mapovcialel TpofAnuata, eivar cuufotn e TIC TUPadoyES NG
oyetkotTas. Exel mov vrdpyovv mpofinuota givor n Bempio tov Baputiko
nediov tov Newton. [Ma mapdderypo copemva, pe ) Bsmpio Tov Newton ot
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Bapvtikéc adiniemdpdoelg dwadidovior axkapiaio 6to ¥dpo. Oumg cOppova
pe  Beopio g oyeTIKOTNTAG TiMOTE 08 Pmopel va dtodobel pe TaydTnTo pe-
YOADTEPN TNG TAYVTNTOS TOV POTOG.

H yevi) Bempio g oxetikdmtog ompiletor oty 16odvvapia g
Baputukig Kot TG adpavELOKNS RALaS.

‘Eyxovpe ovvavtioet ) palo pe dvo oyelc. Tn pdlo dnpovpyd kot
M
vrofepa Paputikod TEdiov BFB = G—Zm E Ko T LAl HETPO TG 0OPAVELOGS
U ro 0

€vOg GMOUATOG (F = ma). O1 dvo avtég naleg eivar 1oodvvopes peta&d Tovg.
H xevtpun 10éa tov Einstein ot yevikn Bempio Tng oyetikdtnTag ivon 4T
UTOPOVLLE VO LEAETIGOVE EVOL ETLTAYVVOUEVO GUGTIO OVOPOPAS OYVODVTOG
OTL gmTayvveTOl Kol vroBétoviag OtL PpickeTon 6° €va PapuTikd mEdio Kot
avtioTpoQa Vo PEAETGOVLE Eva GOGTNHA oV Ppioketal péca 6 éva Popv-
TIKO TESI0 ayvomVTag TO PapuTikd mEdio Kot vToBETOVTOG OTL EMTAYVLVETOL.
O)lo avtd etvon Aiyo acaen. Ag S0VLE TO TOPAKAT® VONTIKO TEIPOLOL:

‘Evag avBpomog Ppioketal péoa 6’ éva daotnuomAolo yopig mapd-
Bvpa. To doTNUOTAOIO Kiveital 1G0TOYMS HOKPLE 0O OTOL0dNTOTE TTEDIO
Bapvmntag. O dvBpmmog Ko o avtikeipeva Tov Ppickoviol glevBepa péca
070 Ol0OTNUOTAOL0 08 dEYovTaL Kopio dHVapN, Gpa odlmpovvTol HECH G’ QVTO
(oy. 6.160).

‘Ecto tdpa 0TL T0 S0GTNUOTAO0 EMTAYVVETOL HE EmTdyLvon o. O
GvOpmTOg «KOAAGEY OTO OAMEDO KOl TO CVTIKEILEVO TOL OL®POVVTUL YOP®
TOV TEPTOLVV, GOV Vo AmEKTNoAV EAPVIKA Papog (o). 6.16B). Edv o dvBpmmog
ayvoei 0Tl T0 SLGTNUOTAOL0 EMTAYVVONKE TO TPDTO TPAYU Tov B oKePOEl
glvar 6TL T0 SHGTNUOTAOLO PRTKE GF Lo TEPLOYT| OOV VIAPYEL TEdiO PopVTn-
TaG. Me amAd TEPAROTO HOAGTO UTOPEL VO VTTOAOYIGEL TNV £VTOGT] GLTOL TOV
nediov PapvnTag. o ) Ppet amoADT®G ion He TV EMTAYLVOT| TOL SLOGTNHO-
mAoiov.

Ag vmoBécovpe topa OTL amd €va PKPO GVOLYUO, GTO TAELPIKO TOi-
YOO TOV EMTAYVVOUEVOD SLOGTNUHOTAOIOV Umaivel évo copa To onoio, cOp-
ooV HE Evay Tapotnpnt mov PpiokeTor £ Ao TO JUGTNUOTAOLO, KIVEITOL
gubOypappa opard (oy. 6.17a).

To copa Bo TpockpohoeL 6T0 OTEVAVTL TOiYOUO o€ [a 0o mov dg
Bpioketon axkpifmg amévavtt amd to dvorypa, oAAd Alyo mo kdtw. o tov
eEmTtepkd mapatnpnT) AT eivar amoAdT®G PLGIOAOYIKO. AAAG Kot Yo TOV
£0MTEPIKO TOPOTNPNTN dev vIdpyel TpoPAnpa. Epdcov éxel vobécer ot Ppi-
oketal Pésa o€ medio PapviTnNTog TL MO PUGIOAOYIKO OO TO VO GKEPTEL OTL TO
ocOUO dloypaQel pio TpoPOAIKn TPOYld OO KAVOLV OAN TO GMUOTO TTOV
exteEL0OV opilovTia ol oty matpida tov ) I'n; Méypt edd Aowmdv o ecmte-
PIKOC TapaTpNTHG LE TNV VIOBeo OTL PpickeTan pEca o€ PopuTikd TEdIo gp-
UNVEVEL OA0, TO, POLVOUEVE, TTOV O EEMTEPIKOG TOPATNPNTNG OTOdIOEL TNV EML-
TayVUVON TOV S10OTNUOTAOLOV.
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Xy. 6.17 Ztug meputdoelg (o)
BAémovpe mdg avtidapPdavetar v
kivnon tov cdpatog o eEmTEPIKOG
mapoTnpNG. LtV mepintoon (B)
BAémovpe mog avtidapfdvetar Thv
Kivnon tov cOROTOG O EmMPATNG
Tov dactnpomAioiov. Ta ida 1oy0-
OLV KOl OV OVTIKOTOGTIGOVUE TO
OOUO [E L0 OTEWVT dECuUT.

Dawopevn
Actépoc 0éon actépa
Awdpoun Davopevn
POTOG LR T T AL dwdpoun
POTOG
" 'Hhog
I'm
Xy. 6.18

C//; I C//; IR
0> @ o) »

Amo 10 1010 dvorypa pmaivel Topa po 0Ecun emTog (o). 6.17). Kot o’
VT TNV TEPINTOOTN €POGOV TO POC TAEIOEVEL IE TEMEPAGILEVT TAYVTNTA, T
déoun Ba GuVOVTAGEL TO amEVaVTL TolYOUa Alyo younAdTeEPE 0o TO HWYOG TOV
avotypatog. e tov eotepikd mapatnpnty owtd givarl amoAHTOG PLGIOAO-
yiko. O eowtepkdg mapaTnpnIG, €av BEAEL va datnproel TV voBecT| TOL
v To Boputikd Tedio 610 0moio PpickeTol TO JAGTNUOTAOLO, Elval VTOYPED-
UEVOG VO TAPEL 1, YEVVOIO 0mOQaoT) Yo Vo, EENYNCEL TNV KOUTOA®GOT TG O¢-
GUNG TOV PMTOC.

YOopemva pe tn veutoveln Bewpia, To BapuTtikd medio ackel dvvaun
uévo og copata mov Exovv pdla. Oumg 1o eoc dev &xel pala. O emPdng Tov
SO TNUOTAOLOL TPETEL VO, EYKOTAAELYEL TN VELTOVELN Bempia KoL VoL VTOBEGEL
0Tl 0 PapuTikd Tov TESIO PMOPEL VO KOUTVADGEL TNV TPOYLE Oyt UOVO €vOg
OMOUOTOC TTOL £)el LALO AALG KO EVOG NAEKTPOLLOYVITIKOD KOLOTOC.

®a umopovoope vo Tovue OTL 0 dLGTVYNG EMPATNG TOV SLOCTNHO-
mholov éumiele doynua kot 0dnyeitan 6€ mopavoikég oKEWYELG Yiati og yvopilet
™V oA amAn aAnBeta 6Tt To BapuTikd TOL TTEdIO dEV VILAPYEL Kol OTL TO Ola-
OTNUOTAOL0 OTAMG EMLTUYOVETAL.

To evtumwoiokd OpmG etvol OTL POVOLEVO EKTPOTNG POTEWVOV OEGLDY
amd oyvpd Paputikd media Eyovv ma mapatnpnBel kKo emPePouwbel. Katd
ddprewn exieiyemv tov Hhiov, mapatnpnnkav omd Toug 0GTPOVOLOVS 0OTEPEG
oe 0€og1g O0POPETIKEG Amd OVTEG OTIG OTOIEG PPIoKOVTOL OTNV TPOYHATIKOTNTO
(oy. 6.18). To povopevo opeiletal OTIV KOUTOAW®OT| TG TPOYLAS TOL QOTAOC TOV
EKTEUTOLY TaL AoTPa atd TO 1YLPO PapuTicd Tedio Tov Hitov.

O emPdng Tov SCTNUOTAOIOD OGS OVOKAADYE LU0 PUGIKT TPOLYLLO-
TIKOTNTO, PLEVOVTOG OTAMG CUVETNG GTNV OPYIKT| TOL VOB

INa vo sipoote mo axpiPeic, ToLAd IOTOV OGO LOG EMITPENEL TO EMMi-
7edo owToL Tov Piiiov, Tpémetl va movpe 6t o Einstein, ylo va e€nynoet v
EKTPOTN TOVL QOTOG Ao TNV €vOHYpapun Topeio Tov, OTav S10dideTan HEGH GE
Baputikd medio, dev AMESMOE GTO PMC OIOTNTEC AVTICTOL(EC LE TIC 101OTNTEC
™G naloc. Ynébeoe 0t 1 mapovsio pog palag, Tov dnovpyel yopm g éva
Baputicd medio, KOUTVADVEL TO Y®POYPOVO.

Eivar moAd dvokoho vo meptypdyel Kavelg TOoTIKE Evay KOUTUAM-
UEVO ympo Tecodpwv dractdoemv. H duokoria mtpokhntel and 10 YEYOVOG OTL
glpoote OvTo TOL PLOUATIKA AVTIMAUBAVOVTOL YDPOLS TPIMV JUCTACEMV Kol
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emmAéoV amd TO YEYOVOG OTL TO PacIKO LG EpYOAEio Yia TNV KATAVONGN TOV
YDPOV, N EVKAEIOELD YEMUETPIO, OEV IOYVEL G KOAUTLAMUEVOLS YDPOVG. Me
dvo mapadeiypota 0o Tpoortabncovpe va poTicovpe Alyo ta Tpdypoto Kot Oa
OTOLATICOVLE EKEL.

IIdveo oe por  Aelo emimedn pepPpdvn ekto&edovpe opldévtio Eva
ocoapidlo modv pikpng palag. To oeaipidlo, mPakTikd, KAveL guOOypapun
opaAn Kivnon. Xto kévipo ¢ pepPpdvne tomobetodpe pio. ceaipa TOAD e-
yaang palog. H emopdveio te pepppavng mopapopeovetal (oy. 6.19).

y. 6.19

Extoevovpe mo Eva moAD piKpd ceapidlo mhve oTny EMPAVELD. TNG
pepBpdvnc. To oearpidlo tdpa TpoPavmg dev TpdKerTol va KivnBel svBiypoypta.
H tpoyid tov Ba eivar kopurodn. H kapmdioon g Tpoyldc Tov opoipidiov eivar
EVTOVOTEPT KOVTA OTN GQaipa, 6To KEVIPO TG uepPpavng. H kopmdioon avt
dev opetheton ot Poaputikn EAEN OV 0oKEL 6TO GPAPIOIO 1) LeYEAN ceaipo oAAA
OTNV TOPAUOPPMCT] TTOV TPOKAAESE 1) HEYOAN GQUipo OTO EMMEd0 TAV® GTO
omoio Kwvettol 1o opopidlo. Me avaAoyo Tpomo po ToAD peydAn pala mapapop-
POVEL TO YOPOYPHVO YOP® TG OTO ZVUTOV.

TNo va yiver ocucgnm 1 KopmOA®OT ToVv YOPOYXPOVOL TTPETEL 1| PAla Tov
v TpoKael va eivar Tepdotio. o Tapddetypo 1 KAUmOA®GST) Tov pokoiei ) I
dev gtvan kov cuont. Ta dwotnukd ta&idw wov yivovtor amd ) ['m ot Zedqvn
av Ko amontovy eEonpetikn akpifeia voAoyiou®V oyedidfovol pue Baomn T vev-
toveln Bewpia PapdnTag. ATo O YEITOVIKG oG 0vpavie, copote povo o "Hilog
£xel apketh Pala yio vo, ToPaLopeMGEL TO YmPoypdvo arstntd (o). 6.20).

WK N
KING,

\, ¥4

HAIE

H yevikn Bewpia g oyetikdTTOG £lYe apKeETEG EMTUYIEG LEYPL TAOPAL.
Yrdpyovv OpmC akoOun Kamowa avamavtnto epotiuota. o mopddstypoa o
yvopilovue mog dadidoviar ot Paputikéc emdpdoeic. O Einstein vrébeoe 0Tt
Swadidovtar pe PopuTikd KOUOTE TOV KIVOOVTOL UE TNV TOXDTNTO TOL QMTOG
OTMOC Ol NAEKTPOUOYVNTIKEG EMOPACELS d1adidovTol e NAEKTPOUAYVNTIKE KO-
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Xy. 6.20 Ta nlektpopoyvnrikd
ofuoato mov €otehve ot Im 1o
Sdwwompomrowo  Viking katd
Séprelt TG AMOGTOANG TOV GTOV
Apn moapovsialav po Kobvotépn-
on ot S1ddoon Tovg oE GYEON HE
TOV OVOHEVOHEVO Ypdvo OTav O

‘HMog  Bplokotav  avdapesa  oto

Swotnpomioto ko ™ I'.

H 1tpoyid tev niekTpopoyvnTikdv
Kopdtov otav mepvodv Kovtd omd
tov 'HMo kopmvldvetar pe amoté-
Agopa vo ypetdlovtar meplocdTEPO
xpoOvo Yo vo. etdcovv ot I'm omd
ot Ba ypedloviav av Swdidoviav
gvBdypappo.



pata. Baputikd kdpota Opog péypt topa ogv £xouv aviyvevdel iomg yati, cOp-
QoVo Ko Pe TtV mtpoPAeym, sivar eanpetikd acbevr. Av moté aviyvevbolv M
@uoik” Ba €yetl Kavel éva TOAD peyaio Ppa otnv avdmtuén pog eviaiog Oew-
plog yro TNV TPOEAELOT TWV NAEKTPOLOYVNTIKOV KOl BOpPUTIKOV SUVALEWDV.

2YNOYH

To meipapa Michelson-Morley £€de1&g 6t
1N TaOTNTO O1AO061G TOV PMTOS OEV VITOKOVEL GTOVS PETASYNIOTIGHOVS Tov ['aldaiov. Eiven n idwa
Yo OA0 TO, 0OPOVELOKG GUGTINOTA AVAPOPAC.

H 101 Bewpia g oyetikdtTag otnpiletar o€ dvo a&idpota.

1. Ouvopor TG Puoiki|g eivan 16101 Yo OL0 TO AOPAVELOKE CVGTILOTA UVAPOPAS.
2. H toyvnto Tov @oTég civor id1a yio 0Aa T0 0OPOVELOKE CVGTNOTO AVOQOPAS Kol givar aveEap-

TN 06 TV KIv61) TG POTEWVIS INYTS.

AwotoM] ypovov
H ypovikn didpkela vog poavouévov e€aptdral amd T0 GUGTNUO AVAPOPAS OO TO OTOI0 TAPUTNPOVLLE TO
@awvopevo. Eqv to pawvdpevo coppaivel 6” éva ST avapopds TO OTolo KIVEITOL WG TPOG EUAC LLE TOYL-
TNTO U Ko, Yo £V TOPOTNPNTH OKIVITO GTO GUGTNU avapopag dtapkel Az, Yo pog to Qovopevo Ba
At,
1-u’ / c’
206TOM] KOG
To pnKog evoc avTiKeEVoL e£apTaTaL amd T0 GUGTNIO CVOPOPAS OO TO OTOI0 TOPATIPOVLE TO OVIIKEIEVO.
Edv 1o avtikeipevo PBpioketon péca 6” éva oOoTN ovapopds TO OOI0 KIVEITOL MG P0G EUAG E TOLTNTO U Kot
£vog TopoTNPNTNG oL PBploketal 6To GOoTNI avapPopds Bpiokel OTL TO UKOG Tov, 6TN dlevBuvon TG Kivnong
2
u
TOV GVLGTANOTOC, Eivan ly, Yo pog o éxer pnkog [ =1 ,/1— — -To pikn mov givon kGBeta ot dedbuven kivn-
c

dwapkel At = . Kabe cvompo avapopds £xet to d1kd Tov 1016)povo.

OT)G TOV GLGTNHOTOG EIVOL 1B10L Y10l TOVG TUPATNPNTES TV VO GLGTNUATMOV AVAPOPAG.

Meraoymportiopoi Lorentz

Edv yvopilovpe Tig cuvieToyUEVES (X, V, 2, ) EVOG YEYOVOTOG G £VO GUGTIILO OVOPOPAS X Ol LETOCYTLLOTL-
opoi Lorentz pdg divouv Tig GUVTETAYIEVEG TOL G €va GOGTNIO X TO OTTOT0 KIVEITOL UE TOLTNTA U MG TPOG
0 2. Av 1 u givon TapdAAnin otov dEova TV x Kot ta X kot X TovtiCovron T otiypn =0, ol peTacynpoTt-
opoi Lorentz €yovv tnv axdiovdn popen

. x—ut ) ) x' +ut'
X =—F— ~ An6t0oX o0 X X = —
u? u?
I_T 1_72
c c
y'=y y=y
7=z A=zt
. t-ux/c? ) ) t+ux'/c?
f =— Anot0X ot0X — t=
u? u’
1_72 1_72
c c

Otav u [Mc ot petasynuaticpoi Lorentz cuumintovy pe toug petocynuaticpodg tov Faikaiov.
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O1 GUVTETAYLEVEC TOV YDPOV EEUPTMOVTOL OO TIG CLUVTETOYUEVEG TOL YPOVOL KOl OVTIGTPOPA. XTIV EOIKN
Bewpia TG OYETIKOTNTOG O YDPOS Kol 0 XPOVOG Eivar oAANAEVOETOL. MIAGLLE TTLOL Y10 X OPOYPOVO.

Meraoympotiopoi TayvtiTov Lorentz
‘Eva oodpa mov kiveitan pe todTnTe 68 GOOTNHO avVApOopiS X TOPIAANAC GTOV AEOVA TV X, MG TPOG GUGTILOL
AVOQOPAS X TOL KIVEITOL (OG TPOG TO X JUE TOYLTNTO, U, TAAL TOPAAANAQ LLE TOV GEOVO TV X EYEL TAYVLTNTO

,  U-u ’ U +u
v =—— KO AVTIoTPOPQ U=—
u u ]
1-—vu 1+—v
C C

Av o1 taydTnTeG U KOl U €Vl TOAD HIKPOTEPES TOV € TOTE 1GYVOLV Ol UeTAcyNUaTIopol Tov [aAtdaiov.
Otav éva ocdpo Kveiton pe v tabTnTo Tov OTOg 1 TaHTNTA TOV Eivar 1 1010 YL OO TO, AOPAVELOKE GL-
OTNLOTO, CVAPOPAC.

LYETIKIGTIKI] 0pun
muv

N1-0%/c?

Otav n toydmo U glvon moAd pikpotepn tov ¢ Ba givor p = mv. H oyetiotikn opun eivor yevika

UEYOADTEPN TNG KAOGIKNG.

Ortav n ToydTTo TOL COWATOG TEIVEL GTO €, 1| 0PN TOV TEIVEL GTO AMELPO.

To péyebog m tovtileTon pe avtd mov Agpe pAlo GTN VELTMOVELD UNXOVIKN Kot eKQPAlel Kol €0M TIg
AOPOVELNKEG 1010TNTEG TOV CAOUATOG. XTT) GYETIKOTNTO TO OVOopalovpe pale PERiog Tov GOUATOG.

Otoav 1 ToydTTO TOL COWTOG TEIVEL GTO C 1| EXTAYVVOT] TOL TEIVEL 0TO UNOEV.

H toydmto tov potog gival n peyoldtepn duvath ToydTNTO OTH GUGT.

YAETIKIGTIK] EVEPYELO
e 4 2 4 4 ’ - ’ e ) ’ ’
To 0606 evépyelog Mc”™ OV KOTEXEL VO CONA OTAV NPEREL TO OVORALOVUE EVEPYELX NPERINS TOV CONOTOG .

H ovvoikn gvépysera evog cOUATOG IOV KIVEITOL LLE TOYVTNTO L Evon

2
mc

N1=-0?/c?

H xuivntucn evépysro evoc cdPOTog oL Kiveitor Le taydTnTo L givor

2
mc

= 2
K=——-mc

N1-v?/c?

E =

T U [e dtver K :%mu2

Otav n taydra U Telvel 6TO € 1) KIVNTIKY evEPYELN TEIVEL GTO ATELPO.

E: [m204+p202

Av 1 opun| Tov cOUOTOG gival ion pe To undév (to omdpo npepel) n evépyeld tov Ba givon E = me’ .
Av n pato npepiog Tov cOpaTog gival pndevikn o woyver E = pc.

Yyéon evépysiag oppung

21N eVON VIAPYOLY COUATIO UNOEVIKTG LAlag NPepiac, OT®S To E®MTOVIO. To croUaTidle aVTd KvodvTot
LE TNV ToVTNTO TOV PMTOC.
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APAXTHPIOTHTEX

1. Kopmdroon yopov

KoAdyte pe pio teviopévn ehaotikn HepuPpdvn pior peyain Aekdvn.
Exto&ebhote pe pikpn apyikn toyutnTo £vo, LTaAdKL TOV TIVYK-TIOVYK TOV® 6T
pepppavn. Hapoammpnote v tpoyd tov. Tomobetrote éva avtikeipevo oto
KEVTPO NG UEUPPavNG Kot EavapiETe TO PTOAGKL TOV TIVYK-TOVYK. E0VOKOVETE
To 1010 pe €vo avTikeipevo peyolvtepng pdloc oto kévipo. ‘Eyete topa pua
EIKOVA TOV TAOG Mo PALO KOUTVADVEL Lo EMIMTEST EMPAVELD KOl TOV TG 1
KOUTOAWDOT) ETOPA OTNV KIVOT) TOV COUATOV TAV® GTNV ETUPAVELA.

2. Tehkd dev NTav Ko 1660 HVoKOAO....

Muo mopdotaocn g popeng (1 + x)" pmopei va exppacdei wg dHpot-
Lo Op®V G EENG
n(n—1) [N n(n—=1)(n-2) JEIN
12 1203

Me ) Bonbeia g mopomdved pabnpatikig oyéong mpoontabnote va dciEete
2

(1+x)" =l+nx+

mc 1
6mun oyéon K = ——— - mc’ v U e diver K = —mu*.
1-v%/c? 2
EPQTHXEIX
6.1 ITo1o Tav To cvumépaoua and to meipapo Twv Michelson ko Morley,

Yo TV Te0TNTA TOV POTOS;

6.2 ZOUTANPOGCTE TIC TPOTACELS:
2OpQova. pe T0 TPOTo afimpa g Bempiog TG oYETIKOTNTOS Ol VOUOL
™G PLGIKNG EIVOL...euveneinenn.. .. o Oh0L TO. AOPOAVEIKG GLOTUOTO
avaQopds. ZOUP®VO. LE TO SeHTEPO AEIMUA N TOYVTNTO o vt veereannnnns
EVOL ..ot o€ OMOL TO. OPOVELOKE GUGTHILOTA OVOPOPUC.

6.3 YuyKpivete To OMOTEAEGUATO TOV AGUPAVOVTOL Y10 LETPIOELS UNKOVG
Kol YpOVOL 0md TAPUTNPNTEG GE GUOTHLUTA OVOPOPAC TOV OTOIMV M
GYETIKN TayLTNTA €lvon ¢. Me mowa évvota, amd TNV Amoyr auti, To ¢
yivetan oplaxn tayvTNTo;

6.4 H ypovikn didpketo evOC pUGIKOD QUIVOUEVOD GTO AOPAVEIOKO COGTNLLOL
Y givon At. H ypovucry didpkela At tov id1ov gatvopévov, 6tov ovtd
TOPOTNPELTOL OTO TO OOPAVEINKO GUGTNUN X TO OMOI0 KIVEITOL G TPOG
TO TIPMTO UE TOYVTNTO U GUYKPIGILN LE TNV TOYLTITO TOL PWTOC, Eivan
o) ion pe Af;  P) peyodotepn amod Az y) pikpotepn ond As;
Emélre tn cwoth amdvinon.
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6.5

6.6

6.7

6.8

6.9

6.10

6.11

"Evog mopatnpntig 610 adpavelokd cOGTNUO X SLOTIOTMOVEL OTL £VOC

0apog avdfel og ioa ypovikd daotirota. Ao SloTIGTMOVEL TO 1010 Kol
€vag TopatnpnTNG ToL Ppioketal 6€ GALO 0OPAVEINKO GOCTNO,;
AKO0AOYNGTE TNV OTAVTIOT GOG.

"Eva St uémAoto ammopapuvetan oo T I pe tayvtro mov TAncidlet

™mv TohTNTe TV EMTOC. 'Evag mapoatnpnthg akivintog ot I, petpdetl to
UNKog tov daotnuomiowov. To 1510 KAvel Ko EVag TopaTnpnTig LEGO GTO
SlOoTNUOTAOL0. ZUUPMVOVV TO, GITOTEAECLOTO. TV HETPNOEDY TOLG AV
0y1, 010G Ppioketl peyodhTepn TN Y10, TO UAKOG;

2VGTOAN UNKOVG ival TO @aLVOLEVO KOTE TO 0Toi0:

o) O mapapntg ™¢ Mg dwmiotdvel 6Tt T0 JGTHUOTAOLO
7oV TAEI0EVEL £XEL KPOTEPO UNKOC OO 0VTO OV Eiye OTAV TO
pétpnoe akivnto ot I'n.

B) O aotpovadtng dlomoTOVEL 0TI TN ddpKela Tov TaELd100 TOV
TO SNGTNUOTAOIO £YEL LKPOTEPO UNKOG OO OVTO 7OV Elxe
otav to pétpnoe akivinto ot I'n.

[Tow amod Tig Tpotdoelg sivar opon;

Axivnrtog mapatnpntic A HETPAEL TIG SOOTAGELS EVOC OVTIKELLEVOL
axivnTou ®g TPOg ALTOV Kol GUUTEPAIVEL OTL TPOKELTAL Y100 KOPO K-
ung d. ‘Evag devtepog mapatnpntig B, mov kwveitor pe toydtnTa 1
omoio TAnodlel TV TaxdTNTO TOL PEOTOS, G€ devBuvor TapPdAANAN G
Lo 0KUY TV 6TEPE0D, Ba KataAnéel 6To cuumépacua Ot :

o) TpoOKeLTO Yot KOPo pe akun d.

B) mpdKELTOL Y10 KOPO HE aKUn UkpoTePT oo d.

Y) TPOKELTOL Y10 KOPO [ aKkun peyaAidtepn amnd d.

d) o1 dV0 O100TACEI TOV OTeEPEOD gival d oAAG m Tpitn eivol
HEYOADTEP.

€) ol 000 dlooTtdoelg Tov otePeol eivar d oAAG M Tpltn sivon
HKpOTEPT.

EmAélte 10 000T0.

Epocov o ypovog {ong Tov povioy 100 emttpénel vo S1ovhcouy Tepi-
mov 600 m PoTov Jacmachodv, IO KAToPOMVOLY VA PTAGOLY -0 TO
AVAOTEPO CTPOUOTO TNG ATUOGPALPOG - GTNV EMPAvVELD TG I MG;

Ao draoTnromAotlo ektoEeveTon THPALAOG 0T devBuvon ¢ Kiviong
TOV. X€ MOl TMEPITTOOT 1 TAXVTNTO TOV TUPOVLAOD Yo £VOV TOPOTY)-
pnt ot I'm etvon peyodotepn.

o) Av 1o daotnuomAolo Kiveital o¢ Tpog ) I'n;

B) Av 10 dracTnuoTAO0 Eivar axivnTo g Tpog T I';

Na anavIioeTe 6TV TPONYOVLEVT] EPMTNGT OV AVIIKOTAGTICETE TOV
TOPALAO UE €V POTEWO TOAUO.
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6.12

6.13

6.14

6.15

6.16

6.17

YmoBéote 0tL éva Paydvi kiveltan pe toyvTNTo %, TOL TANGLALEL TNV
TOYOTNTA TOL PAOTOG. XTO HECOV OLTOV TOV Payovioy TopayovVTol TO-
toypova 600 emtewoi modpol. Ot wadpol dradidovtol katd tn Sed-
Buvon x, mov cvumintel pe ) devBvvon g kiviiong tov Payoviod, ce
avtifetec KaTELOBVVOELS, KAl OTAVOLV GTIC SVO AMEVOVTL TAEVPEG TOV
Bayoviov A ko B.

Xy. 6.21

[Toteg amd 11§ TpoTdcels Tov akolovBovv etvar opBEg;

o) 'Evag mopatnpnmg mov Ppioketor péca oto Payovi Ppioket
OTL 01 6vo aApol PTavoLVY TaVTOYPOVA OTIC TAELPEG A Ko B
Tov Payoviov.

B) 'Evag mopatnpnmg mov Ppioketor péca oto Payovi Ppioket
OTL 0 TOANOG TOV S1adidetan Tpog 10 B gptavel mpodTog.

v) "Evag mopoatmmpnmc akivitog oto otabud Ppickel 0Tt o1 Svo ToA-
pot gTavouy Tantdypove oTIc TAELPEG A Kkon B tov Poyoviod.

0) O mapatnpnrig mov Ppicketon 6to oTabud Ppicketl OTL 0 TOA-

oG mov dadideTon TPog To A Kiveltor e HeyaAdTeEPN TOYL-
™mro amd avtdv oL Talldevel Tpog 1o B.

€) O mapatnpnrig mov Ppicketar 6to oTabpud Ppicketl OTL 0 TOA-
n6¢ mov dtadideTan Tpog to B ptavel mpmToc.

"Evag axivntog mapoatnpntng PAEREL va TEPVAEL UTPOGTAE TOL UE TOAD
HEeYOAN ToyOTNTO évol KUKAIKO avtikeipevo. To aviikeipevo kiveiton
o1 devbuvon x Kot 1o eminedd tov Ppioketar oto emimedo x, y. Tt
OYNUO £XEL TO OVTIKEILEVO, Y10 KATOWOV TOV Kiveiton pall pe avto;

To payvntikd medio mov dnpovpyeital amd KIvoOueEva NAEKTPIKA (pop-
tia eaptdtal amd v Kivnon tov mapatnpnti. Anote éva amrhd mo-
padetrypa wov va emPePaidver TV TPOTOOT).

Eivar 1 evépyela o availoiotn mocdtnta; Eivor dniadn 1 idwa oe
oM TaL 0dpavEIOKA cvoTipaTa; [oyvel oe OAa To AOPAVEINKH GLGTI-

poTa 1 apyr SleTAPNONG TG EVEPYELNG;

E@bdoov vdpyet avo 6plo otnv toydnta evoc couatiov Ba vadpyet
Kol Gve Oplo GTNV OPUT KoL TV KIVITIKT] TOV EVEPYELD,;

‘Eva mpmtovio kail éva MAEKTPOVIO TOV KIVOOVTOL UE HEYOAES TOYVTI-
Teg £Y0LV TN 1010 evépyeta. H kvntikn evépyeia Tov niextpoviov gival
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6.18

6.19

6.20

6.21

6.22

6.23

a) ion, P) pukpdtepnn y) HeYOAOTEPN OO TNV EVEPYELD TOV TP®-
Toviov;
EmAéEte 10 000T0.

H evépysia cuvdécemg tov atdéuov tov vopoydvov eivon 13,6 el .
Av16 onuaivetl 0TL 1 pao Tov OTOUOV TOV VOPOYOVOL Eivar :

o) peyaAvtepn amd to dBpoopa Tov paldv evog TPMTOVIov Ki
€VOG NAeKTpOViOL.
B) pikpotepn amd 1o dpoicpa TV pol®v eVOC TPOTOVIOL Ki
€vOg nAekTpoviov.
Y) ion pe to dbpoioua twv poldv evdg mpwtoviov KL evdg
niektpoviov.
AYKHZEIX

"Eva opBoydvio tpanéll dwactdcewv 10m X 20 m Bpioketar uéoa oe

SOQOVEG OLOGTNUOTAOLO LE TN UEYAAT TOL TAELPE TOPAAANAN OTn O1-
gvubuvon kiviong Tov SoTNUOTA0I0L. Me TL ToOTNTO TPETEL VO TTE-
paoet oand PIPooTd PG T0 SGTNHOTAOL0 OGTE TO TPATELL VA, oG (O
vel tetpdywvo;

[An: 0,87 c]

EmBdrng dtuotnponioiov mov tadedet pe taydvnto 0,99 ¢ kowpdron
vy 5 min, cbupmvae pe to porot tov. oo dpa Koundnke, cop-

Qmva e mopotnpnti otn I'n;
[Am: 35,5 min ]

Evoikiaotig oyetikiotikoh TodnAETov emGTPEPEL TO TOONANTO UETA
amd (o Mpo OTm¢ £0e1E€ TO J1KO TOV POAOL. ZTO YPUPEIO EVOIKIACEWDY
empEVoLy 0Tt Edetye dvo dpec. [Towa RTav 1 TayxdTNTA TOL;

V3

[An: el

®¢lete va gvoikidoete Evav THPavAo - Ta&l Tov TadevEL Le ToyLTNTA
0,5¢. H ypémon yivetou pe v dpo. I16co to1g ekotd axpipdtepn o
glvor po dtadpopn av 1 dpa tov Talldov peTpnoel e T0 poAdL TOL
Ypapeiov gvoikiaong mov edpevel otn I'n and 6,7t av petpndel pe 1o
pOAOL TOV TAGTOL - Ta&itdn;

[Am: 15,5 %]

Koatd v ékpnén wog mopnvikng oppag 10 mg vAng eapavionkav.
[Toon evépyeto amerevbepndnke;

Aiveton c=3 % 10° my/s.

[An: 9%10"7J]
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6.24

6.25

6.26

6.27

6.28

6.29

‘Eva dowotquomrowo palag 1000 kg mpokerton va emtoyvvlel oe

tootnta 0,5 ¢ . T1oon evépyeta omonteitor yu' owto;
’ 8
Aiveton ¢=3%10" m/s.

[Am: 1,4x10" J]

[Toon evépyela amarteiton yia vo emtoyvviel Eva nAekTpovio
o) and 0,5¢ce 09c¢.

B) and 0,9¢ o¢ 0,99c¢.

Aiveton 1 gvépyela npepiog tov niektpoviov 0,511 MeV.
[Ar: 0,582 MeV, 2,45MeV ]

[TPOBAHMATA

‘Eva yeyovog cvppaivel 6to adpovelakd cuotnuo X o€ BEon e cuve-

tayuéveg x=100km, y=10km, z=lkm tn ypoviky otryun =0,5ms.
[Moteg o1 cuvtetaypéveg tov yeyovotog (x, ¥, z, ¢) Yo éva mopotn-
pnt o€ dAlo adpavelokd cuotnpa X’ Tov Kiveital pe toyvtnto —0,8 ¢
®¢g mPog T0 X pe devbvvon mapdAAnAn otov kKoo afova x; (Tn
otiypn =0 ta cuetpata tavtilovtar).

[An: x'=367km, y'=10km, z'=1km, #=1,28 ms ]

‘Eva Staotnuomiolo oe mpepia, ot I'm, éxer uixog 100 m. ‘Evag

mapatnpntg ot I'm petpder 6Tt 6TOV TO SCTNUOTAOL0 KIVEITOL
ypedleton 4 us yia va mepacel and prpootd tov. Ilowa 1 TaydTNTe TOL
dtooTNUOTAOI0V G TTpog TN I™);

[Arm: 0,083 c]

O mnBvopodg evog eidovg Paxtnpidiov dimhacialetar kabe 20 uépeg. Avo
oamd ovtd to Poktnpidl tomobetovvtor 67 évol SIGTNLOTAOL0 Kol
ta&evovy yio 1000 yiwveg nuépeg pe tayvmra 0,995 ¢ w¢ mpog ™ IM.
[16c0. faxtnpidio Oo vIAPYOVY PEGH GTO JOCTIUOTAOLO OTOAV EMCTPEVEL
ot I'n; [Téca B vpyav av to Stuotuomiolo Tapépeve avtég tig 1000
uépec ot I'm; Ayvonorte Tig emtoyhvoelg Kot enPPadOVeELS TOL TPEMEL
V0L VTTOGTEL TO S1GTNUOTAOL0 6T S1dpKELR TOV TOEO10V.

[ An: 64 Baxtpidio, 2°' Boxtnpidia ]

Avo mopavrolr A kou B ta&idevovv oe avtibeteg katevbuvoelc e
tayvtreg 0,8c ko 0,6¢, avtiotorya, wg Tpog ) I'. Ilow 1 ToydvTnTOL
TOL TVPAVAOV A OC TPOC TO AOPAVELOKO GVGTNILA TOV TVPAVAOL B;
[Am: 0,946 c]
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6.30

6.31

[Ma to TpwtéVIa, TO VETPOVIA, KO TOVG TUPTVES OEVTEPIOV 10YVLOVY
m,=1,67261x107" kg,
m,=1,67492x 10" kg,
mg=3,34357x 107" kg.
[Toon evépyelo Ba amehevBepwbel Katd TO OYNUATIOHO EVOG TLPTVOL
devtepiov amd €va elevBepo TpoTOHVIO Kot £V eEhevBepo VETPOVIO;
Aivovtar c=3x10%m/s, 1 eV =1,6x10" J.
[Am: 2,22 MeV ]

Mia déoun padievepymv copoTIdiov mopatnpsital Kabdg dtaoyilel To
gpyootnplo. Bpébnke 6t kb copatioro «lgv katd péco 6po yia va
ypovikd ddotnuo 20ns. Otav Ppickoviol o npepio 6T0 Epy0cTNPLO
Ta, 1010 couatiola, {ouv kotd péoco 6po 7,5ns. Iowa eivor 1 ToyvTNTO
TOV COUATIOIMV TG 0EGUNG;

Aiveton =3 % 10° my/s.

[ Am:2,78x10° m/s ]
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O EINSTEIN KAI OI GEQPIEY THX XXETIKOTHTAX

O Albert Einstein yevvnnke oto Ovip g epuaviag to 1879 amnd
Teppovoefpaiovg yoveic. O matépag Tov NTOV HOALOV ATOTUYNUEVOS HIKPO-
Bropmyavog He apketd PIAeAEDBEPES, Y10 TNV ETOYN TOV, ATOYELS. 6 T dEKa-
mévte ypovia tov o Einstein mopoakoiovOnoe pabdnpota otn yevételpd Ttov.
Ao Kpog £0€1E€ KON OTO Lo UOTIKG KO T PLGTK.

To 1894 n owoyéveld TOV HETAVAGTEVGE, Y10, OLKOVOULKOVG AOYOVG,
otV ItaAio 6mov v axoAovdnce yia Alyo kot o veapdg Albert. Aekd&l ypo-
vov mye otnv EAPetia yio va cuumAnpdcel Tic 6movdég Tov. Yotepa and Eva
TPOTMAPACKEVAOTIKO £T0G GTI GYOAT TOL Aapdov, prnike oto [lolvteyveio g
Zopiyng, amd 6mov mpe 10 dimAoud tov to 1900. Ta éva Sdotnpa 61daée o
Kat@TeP oyoleia ko, T0 1902, apov amoxtnoe oto petald v eAPetikn Ba-
yévewn mpooinebnke oto Opocmovoloko Ipageio Evpeoteyviav g Bépvng.
Tnyv 1610 emoyn o Einstein movipevtnke pe ™ Midépa Maprrg, o Ovykapéla
GUUPOITTPLA TOL. ATEKTNGAV dVO YIOVC, £VOG OO TOVG OTOIOVG EYIVE JLOTTPE-
G Kabnynme Mnyavoloyiog oto [avemotpio g Koipopviag.

H mepiodog mov epydotnke oto ypapeio gvpeotteyvidv e Bépvng
vmp&e 1o®G 1 O YOVIUN YO TV EMOTNUOVIKY dpactnplotnta tov Einstein
kot to 1905 €ide va mpudlovv ot kapmol Twv cKEYemV oV €Kave amd Kaipo.
IMpoypatucd, ekeivo to xpodvo 10 meplodikd Annalen der Physik dnpocievce
Beperiddn apbpa Tov veapod emotpova. To Tpdto apbpo mepieiye T daTd-
Ton G kPavtikng Bempiag Tov POTONAEKTPIKOL Qavouévovr — a&ilel va
avapephet 6t emionpa to Bpapeio Nopumel tov 1921 amovepndnke etov Ein-
stein akpPdg yU' avTi TNV gpyacio TOL — KOl TO OEVLTEPO, UE TOV EAGYIOTO
nmpo titho Ilepi s NAEKTPOOLVOIKNG TV €V KIVAOGEL OWUATOV, NTAV T
TPDT AVOKOIVOOT] Y10l TIG 0pYEG TG Bempiog Tng E101KNG GYETIKOTNTOC.

Tov 1810 ypévo avéraPe éva a&iopo oto Iavemotiuo g Zvpiyxng,
a6 omov o 1910 mnye oty [pdya, mov tOTE PPIOKOTOV KAT® OO CLGTPO-
ovyypwkn kvplapyic. To 1912 Eavaydpioe ot Zvpiyn o¢ kabnynmg oto Ilo-
Avteyveilo ko Epeve ot Béom avt g To 1914, omote, vVoTEPO OO LEGOAG-
non tov Max Planck mye oto Bepolivo. Exel mapéueive eikoot oxedov ypo-
via, KAtoyog TG £8pag TG euotkng oty I[pwoik) Akadnpio Emomudv kot
oudoyoc (1914) tov Van' t Hoff oty dievBuvon tov Ivetitovtov duoikng
"Kaiser Wilchelm". Xto Bepolivo o Einstein tijpe d1aldylo amd v TpdTn Tov
ovluyo kou mavtpevTNKe TV €E0OEAPT Tov ‘EAGa, Tov 6TAONKE M TOTH GV-
vIPOPOG TG Long Tov.

Xto petd to 1905 ypovia, mapoAo mOL Ol UEAETEG TOL GTPEPOVTAV
KOTO TPDOTO Kot KOPLo AOyo otnv ovamtuén g Bewpilog g GYETIKOTNTOGC
aoyoAfnke kol pe aAdovg topeig g BepnTikig puotkng : o 1906 €dwoe
Vv KAGIKY Olatdmwon g Bempiag g xivinong Brown kot to 1907 diartd-
nooe TV KPavrikn Beopio Tov e01kdv Beppotitov, BEHaTa Tov ToV Amacyo-
Anoav Kol 6To, ETOUEVA YPOVIA.

H orovdadtnra autdv tev epyacidv eivat T0om ®ote va dikatodoyei-
TaL 1 Kpion moAL®V QUGIKAV, KATd TOLG 0Toiovg Kot av akour o Einstein dgv
glye ypAWYEL OVTE Lo YPOUUN Yiot T Be@pia NG OXETIKOTNTOC, Ol GALEG TOV



epyacieg Ba ptavay yio va tov eEacpoiicovy o omovdototarn 0éon oty
totopio TNG PLGIKNG.

>t yevikevon g Bewpilag TG oxeTIKOTNTAG Kot 0T oYéon HETaD
TOV QUVOUEVOV TNG BapdTNTog Kot TV EmTOXLVOLEVOV KIvijoewv o Einstein
APEPOOE PEYOAAD HEPOG TNG SPASTNPIOTNTAG TOL 6N Zupiyn, Vv [Ipdya kou
10 Bepolrivo, avtAdviog amd T OepeMdOEl; VTODEGEIG TOGOTIKA CLUTEPA-
opata mov B pmopodoav va emaindevbodv mEpapaTIKA : Saknpvée OTL O
POTEWVEG OKTIVES TOV OOTEPOV KAUTVADVOVTOL KOG TEPVOVY KOVTA amd TOV
‘Hho (1911), édwoe pio epunveio. OpIGUEVAOV OVOUOAM®Y TNG Kivnong tov
Eppn mov 6g pmopovoav va €Enynbovv péco ota TAOIGIL TNG VELTAOVELNG
unyoavikng (1915), e&nynoe Bempntikd ) peETOKivIon TPog TO €pLOPSO TV
YPOUU®Y TOL Qacpatog. Kopmog okéyemv déko ypoOveOV Kol TEPICCOTEPO,
vpée n dnpocievon (1916) g Bewpiog g YeviKng oxeTkOTNTAS. AVTO
ntov o épyo mov o 610G o Einstein Bewpovos wg ™ cmovdadtepn cuppfoin
TOV OTNV EMIOTNLUOVIKT OKEYT. X& JAPOpEG eVKAIPies Eime Tmg 1 Bewpia Tng
€101KNG oyeTIKOTN TG Ot e draTuTmOEL Ko diywg avTOV, Yiati BprokdTav 1on
Suéyvn oTOV EMOTNHOVIKO KOGHO. Onmg g&attiag tng EAAEYTG EVIVTOGIOKOV
mepapdtov o Tav ToAD dLGKOAITEPO Va glxe oKePTEL KATO10G VO, emavese-
tdoel 1 Bempio ™ PapdTTag, TOL EAUIVOTOYV OPIGTIKO GLGTNIOTOTOUUEVN
a6 tov Newton. ['a va yivelr avtd yperaldtav 1 eEapetiky TVELLOTIKT O10-
potikdnTo Tov Einstein kot n peyddn adécpevt kpion tov. To €pyo mov
anocyOANnce 1daitepa 0 pwoAid tov Einstein oyedov 30 ypovia, nTov 1 mpo-
ondBeld Tov vo emegepyacei pia eviaia yevikn Bswpia, Tov Bo evomolovse
Bewpio. TOL MAeKTpopayVNTIKOD TESIOL Ko Tov mediov Papvtntoc. [Mapdro
7ov 1 mpoondbeln avt BeopnTikng enelepyaciog dev KoTtaAnge o oploTIKA
OTOTELECUOTO, TOPOUUEVEL TAVTO EVOL OO TO LYNAOTEPA OTMuEin. 0TO OmToin
£PTOOE 1) EMOTNUOVIKT GKEYT OA®V TOV ETOYDV.

H epyacio Tov 610 TPOPANUE OV TOV EVOEPEPE e TABOG KoL TOV
ATOPPOPTGE GYEGOV OLOKANPOTIKG T dPAGTNPLOTNTA TOV GTO TEAEVTAI XPO-
via TG {ong Tov, 6gv epmoddice Tov Einstein va mapepfaiverl evepyd otig culn-
oelg Yo To, Oepeldon {ntipota g oOYXPOVNG PLGIKNG, LE 106G LEYAANG
a&loc. MMopdAinlo Le TIC EMOTNUOVIKEG TOV £PEVVEG, OVOTTLEE GUOVTIKY
dpaon GTOV TOpE TNG 10TOPIOG TNG EMCTNLUNG, KOl GTO TESIO TOV GIAOGOPL-
K@V cu{ntnoemv yio o OepéEAlo TNG EMGTAUNG .

Otav avoyKdoTnKe, AOY® TOV AVTICNUITIKOV QLAETIKOV SIOEEDV TV
valiotov, va gykotareiyel ™ Teppavia (1932), o Einstein eykotoctabnke
apywd oto BéAyo kar apyotepa otig Hvopéveg Ioiteieg, 6mov &ywve kabn-
ynmg oto Ivotitovto Avetépov Xmovddv tov Princeton. To 1936 eixe v
aToyio va xacet T ovluyo Tov, Tov £lxe oTobel VI QVTOV TPAYUOTIKY GUVTPO-
0o¢ ¢ Long Tov. To 1940 éhafe TV apEPTKOVIKT VITNKOOTNTA.

AvBpomog amAdc kot Pabitata evyevikdg, Tepippovovoe Kabe eEmte-
PN enidelEn Kot dnpoctotnta. Ot apetég avTég ETaEay GNUAVTIKO POAO GTO
Vo aTOKTHOEL T cvpumdOeia Tov peydlov kowvov. Yoyn egatpetikd gvaicOn
£TpeQE PeYAAN aydmn Yo TNV KOAY LOLGTKT Kot NTOV O 10106 £0ipETOG KOAAL-
TEYVNGS TOL PLOALOV.




H enidpaon tov épyov tov Einstein 610 @UA0GOQIKO GTOXOGUO NTOV
Kot etvon peydAn. H pilikr tpomomoinomn Tov evvoldy Tov ydpov Kol ToL Xpo-
VOV, OV gloTyaye N Bewpia g oyeTikOTNTAG €iYe TEPAOTIOG OMUOGIOG QLAO-
copkd emaxoAovBa. H eEdAsnyn amd to mEFI0 TG PLUGIKNG TOV EVVOIDV TOV
QOAVTOV YDPOL KOl TOL OTOAVTOV ¥POVOVL, amoTéece aAnOv enovacTtaon
oty emotnuovikny okéyn. [a vo ptdoel Koaveic og o TOCO ETOVAGTATIKN
amoym ypealotav eEapetikn eAevbepia okéyng 1 omoio Bo EMETPETE VO ova-
TPUTOVV EVVOLEG TTOV OITOTEAOVGOY TOVG OKPOYOVIaiovg AIBovS Tng GLGIKTS Yia
dVO OLDVEGS.

O Einstein, péypt to téhoc g {ong tov emdinée 0 1BavVIKO NG
KAOGIKNG QLGIKNG, COUP®VO L€ TO OTTOIO0 Y10 KAOE PaIvOUEVO. UTOPEL VO, TPOG-
droprobel o capng oyéon ortiov — amoteléopatoc. Tn Béon avtn amoppintel
ONUEPH TO UEYAAVTEPO LEPOG TV CUYXPOVAOV QLGIKAV Ol 0moiotl Paciiopevol
oTIG apyES TG KPavTikng Bewpiog Bewpodv OTL TO. PUVOIEVA TTOV EKTUAIGGO-
VIOL GE OTOMIKN KAipoko givor advvatov vo mpocdlopicBovv pe amodAvto
Tpomo. Ot dpopol mov axorovbnoe n kKPavtikn Bewpia Bprixav avtibeto tov
Einstein mov, av kot OgpeMOTG TG, TPOTIUNGE VO ATOUOVOBEL atd TV VIO-
AOITN| EMOTNUOVIKY] KOWVOTITO KOl VO EPYOCTEL LLOVOG TOV OTIG TEAEVTOIEG OE-
Koetieg Tng LoNg tov.

[MAobvowa fTov Ko N TOMTIKY Kot Kowv@vikn dpdomn tov Einstein. To
1914 apvnbnke vo vroypdawel wa daknpuén [eppovov 61avoovpevmv Tov
dkooAoyovoe T yeppovikny emifeon evavtiov tov Bedyiov. Ayovicotnie yio
v pootacia tov Efpaiov kot yia va toug Eovadobel o totpida oty Io-
Aarotivn. Tov mpoocpépbnie n B€on Tov TPAOTOL TPOEIPOL TOL KPATOVS TOV
lopand aAla v apvinbnke. To 1939 tov (nOnke va vwootnpi&el T0 oYEd0
avarntuéng g atopikng PBoppag amd tig Hvouéveg Molteieg. To didnupo
nrav peydro. O Einstein &epe 611 M yithepkn eppovia o1 eiyxe Eexvioet
&va avaAoyo Tpoypappo. TEAKA pe pio IGTOPIKN TOV ETIGTOAN GTOV TPOESPO
Roosevelt tayOnke veép tov oyediov. Tnv televtaia dekaetia g (ong Tov,
LETE TNV OTOUIKY KOTaoTpo®n TG Xipooipa kot tov Naykacdakt (1945), v
OPLEPOGE GTNV EKCTPOTEID YioL TNV EPMVIKN XPNON TNG OTOMKNG EVEPYELNG.
[1é0ave oto Princeton To 1955.



TO ITAPAAOZO TQN AIAYMQN

Avo didvpa adérea, o Tiopyog ki o Oavdong, £xovv TOAD
Srapopeticong yapaktipes. O TNdpyog ivar ToAD avicLyo TVEDOL KoL YaVEL
GUVEYXELD YO, Kouvovpieg gumelpiec. O Oavdong eivar €vag novyog dvlpmmog.
Otav ta 600 adéreua Ppickovtal o€ nAkio gikoot ypovov o T'idpyog maipvel
™ peydAn andeoon va Tasldéyel 67 Eva HaKpIvO aoTEPL TOL omEyel amd ) [
30 &t ewtog. To daotnuonAold Tov pmopei va ToSOeVEL e TODTNTO TOV
TANcalel TNV TayOTNTO TOL POTOG.

Otav o T'dpyog QTAVEL GTOV TPOOPIGUO TOV SIAMIGTAOVEL OTL KOVEVOL
HéEpPog dev Tov apécel Toco 660 1 moTpida Tov 1 I' ko amopacilel va emt-
otpéyel. Oumg, 6tav emotpépetl 6t ['n tprdvia ypovav ... ThoHG10g o8 gUmel-
piec kot mo dpog Tov mepuével pa EkmAnén. Ta mpdypota £xovv aAldset
TOAD Kot 0 0dEAPAOC TOV 0 Bavaomng eivatl YEPOg 0ydoVTa Ypovmv!

Mia fractikn Tpocéyyion Ba amédide tn Sopopd oty NAkio T@v dVo
AdEAPAOV oTNV EMPPadvvor TV Ploroyikdv Agrtovpytdv tov ['dpyov emedn
ta&ideye yuo peydio ddotnua o€ oyéon pe To Oavion HE TaxdTNTO KOVTd
GTNV TOYLTNTO TOV POTAOC.

®o umopovoe OpmG Kaveig edAoya va avopmtndel yati va Bewpn-
covpe tov [Ndpyo va ta&dedel wg mpog o Oavaomn Kt oyl T0 Oavacn ®g Tpog
10 [odpyo. Avapeoa og dVO ASPAVEINKE GLGTIHHATO TOV KIVOOVTOL TO £V OC
TPOG TO GAAO €YOVUE TTAVTA TNV EVYEPELD VO BempolE TO Eva akivnTo Kot TO
A0 KIVOOUEVO MG TPOG TO TPAOTO KL OVTIGTPOPA.

TMati ooy va punv glvar o I'dpyog mov yépace neplocdTEPO OO TOV
®avdon; Edd Bpioketar 1o mapddo&o.

To cvompa StaotnuomAolo - I'n dev mapovsiilel ovppetpia. Av n I
glvar adpavelonkd GUGTNUA TO SIGTNUOTAOL0 gV €lval AdPOVEINKO GOCTNUA
G’ OAN T ddpKelo Tov TaE0100. [ va QTacel TV ToyvTNTO TOV PMTOG TPE-
TEL Vo EMTOYOVONKE Yoo KAmolo ypovikd didotua. Emiong @tdvovtog otov
TPOOPIGUO TOL, Y10 Vo, EMOTPEYEL ot [, ypetdotnke vo aArdEel KatevBvvon
onAadn va petofdiiel kot TaAL TNV TaxdTNTA Tov. TEAOC Yo vo Tpooyelwbel
ot I'n mpémet va emPpadivinke yio KAmolo ypovikod SdcTnia.

Agv umopobe Aoimov v epapUOGOVUE TIGTA GTO TPOPANUO TOV Ol-
dvuwV avtd Tov pdbape Yo Ty €101KN Be@pia TG oYETIKOTNTAS.

YrevOupiletar 011 Ta0 cvpmepdopata tng €0kng OBeswpiag oydovv

UOVO Y10 0dPOAVEINKE GLGTAKOTE Kol OTL IOYVEL Y10 VO GUOTNUO X' MG TPOG
éva GALO cOoTNua X 1oyOEL Kol avTioTPOEa Y10 T0 X MG TPOG T0 X
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