YAH, NOYZX, XYNEIAHXH — MEPOX II

4, AITH ®YZIKH ...

0 20* awvag onuadedTnKe and §00 TOVAGXIOTOV TOAD HEYAAEG KAl SUAVTIKESG DEwpPNOELS Yia
Tov kKOO0 Hag. H mpdth Npbe pe tov Einstein kat tnv £101k1] Oewpia thg oxetikdtntag. H
npocéyyion tov Einstein yia to cOpmay Katéppre To UEXPL TOTE aKPAJAVTO OIKOSOUNUA TNG
Nevthvelag Mnxavikng. O Einstein mpdteive kat onuepa eivat yevikd anodektd ot dev voeitat o
XWPOG Xwpic To Xpdvo Kat 0 Xpdvog xwpig To XWpo. H amAn avth dtatdnwon kpuPet péoa Tig
optopéveg ToAD Ttapd€eveg andeig. Kamoleg amd autég TI¢ eiaeE TAPOVCIATEL OE T(PONYOUUEVT
optAia. H mio onpavtiki towg drodn cuvoyiletar wg akoAovBwg: O avOpwmog avtilaufdvetot
TO GUUIAV WG TPLod1doTATO, Adyw akptpws Thg oong tov. Me Pdon duwg ta Aeydueva tov
Einstein, to obunav dev givat tpiodidotato aAld tetpadidotato. Avtd onuaiver anAd 6t Tnv
tétaptn didotaot Tov dev v avtidapPavopaote apd pdvov otryptaia, avtilaufaviouacte
dnAadr| topég Tov xWpou e To Xpdvo. Av uTHpXE EKELVO TO Paylkd dpyavo Tov Ba
avtidapBavidtav t dnutovpyia Kat 6T Xpovikn tng didotaot, TdTe 1 drodn mov Bu eixape yia
AUTOV TOV OTEPED KAL TIPAYUATIKO KOOUO YUpw pag 0 dAAale pilikd. Aev Ba vmtrpxe autd mov
ovouaoupe 1otopia yrati OAn 1 1otopia Oa EeTvAiyovTav Umpootd pag — amd Tnv apxn UEXPL TO
téhog tng! Aev B vmfipxe timota mov va Ppioketat 6to TapeABOV Kot TITOTA yia va TEPIUEVOULE
oto péAdov, didtt amhovotata dev vapyovv TapeABOV kat uéAAov. Bpiokovtat OAa edw kat
twpa pali. Mapa&evn 16, €Tot dev elvar;

H deUtepn onuavTikn eMGTNUOVIKY Bewpnon yia To kOGO pag elonxOn péow tng
KBavtounyxavikng Bewplag. Tt eivar kat’ apxniv n kPavrounxavikn; Eival pia uotkn emotiun
TIOU OYOAELTAL LE TN CUUTIEPLPOPE TNG VANG KAL TWV KUUATWY GE ATOMIKEG KL UTTOATOULIKEG
KATpaKeG. AtoteAel emiong T Bdon yia T Katavonon Twg VTEPUEYEDN aVTIKEIUEVA AOTPA,
yoAa€ieg, f koopoloyikd yeyovdta dmwg to Big Bang umopodv va avaAvBoiv kat epunvevbouv.
H amodoxr| tng and Tov emotnHoViKO KOGUO GHUEPX OPEIAETAL 0TI AKPLPELG TPOYVWTELS
CUOTNUATWYV OOV N NELTWVELX MNXAVIKN ATTOTUYXAVEL KAOWG KAl 0TI TP TOAAEG EQAPUOYES
¢ (tpavliotop, aktiveg Aéilep, k.Am.). Ev To0To1g TOAAEG amdPelg Tng KPavTounxavikig
gpxovrtal o€ Gueon avtifeon ye tnv “eunerpia’ pag kabwg kat oe avtibeon ye dAAeg
TeTuXNUEVES Dewpieg OTWG 1 YEVIKN oxeTIKOTNTA.

Oa TeptypdPovle 0T GLVEXELX EVA TOAD amtAd aAAd (0w TO CHUAVTIKOTEPO TEIPAUA THG
oUYXPOVNG QUGIKIG, TO TElpapa TwV dV0 oXIoUWV. Ol TPOEKTAGELG TOV AAOD AUTOV TELPAUATOG
aAAGlouv 0AokAnpwTiKd Tov TpéTo Tov avtihauPavéuacte (... § dev avtilapfavipacte) To
@UO1KS KOOHO. TIPLV TPOXWPHCOVUE OTHV TEPLYPAPY TOL TELpAUaTog Ba dwoovue Alyeg
VToRoNONTIKEG £VVOLEG Y1X TOV OpO CWHATION0 KAl TNV €VVOLX KUUX £TOL (OOTE VO KATAVONCOVUE
KaAUTEPA T Tapdeva amoTeEAESUATA TOV TELPAUATOS TWV dVO OXIOUWDV.
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Twpatidia kat kopata

davtacbeite Eva yKOAQEP
OV XTUTIAEL oQaLpidia
drapécov evdg epumodiov
OV QEPEL pia 1] d0o
TAPAAANAES OX10UEC, OTTWG
oT0 oxnua. [icw amd to
EUTIOS10 LTIAPXEL Yia
EMPAVELX GTNV OTolA
Kataypd@ovtat ot O€celg
TV oaipldiwv 6tav avtd
Xtumroouvv dvw tng. Etvat
@avePS OTL OTAV VITAPXOLY
dvo oxiouéc tote Oa
UTapXOLV avTicTOL X
TOAAEG EPPAVICELG
o@atpidiwv otig dVo vontég
EMEKTAGELG TWV OXIOUWV.
Av glape pio ox10Ur TOTE
Oa elxape TOANEG ep@avicelg o@alpldiwy oTn VonTh ENEKTACH TNG OXIOUNG KOK YL TPELG,
TEGOEPLG, KATL. GXLOUEG.

A

Eikdva 5: ZUUTEPLPOPd EVOG ocplyd()g cwpatidiov oto Melpaya
TV 000 OYIoUWV

Twpa ag
| _ W K e€etdoouvpe éva
| ' Tapduoto melpapa
ue vepd péoa o€ pla
| opBoywvia
de€apevn. Mia
OUOKELN 0Ta
aApLOTEPA TNG
) ) ) de€auevr|g Tapdyet
Eikova 6: ZuuTmEPLPOpPA KUUATIOUOU KUMATIOMOUG Ol
omotot dradidovrar mapdAAnAa mtpog to dei dkpo tnG. To Ypd@nua Tov QAiVETAL AKOUX TTLO
de€1d oTa OXAUATA AVATAPLOTA TNV KATAVOUH TOU VPOUG TWV KUHATIOUWYV 1oL ¢BdvouV 6To
deki tolxwpa.

v

ApxtKd dievepyolpe To elpapa Xwpic epunddio, aplotepd TV €IKOVA 6, Kot Ue EUTOS10 OV
@épel piax oxtopr, de€1d otnv eikdva 6. To VPog TOL KUUATOG, N LEYLETH dNAAdT] pueTaToMIoN TNG
eAe00ePN G EMPAVELNG TTPOG TA TAVW 1] KATW, UELDVETAL KABWG 0 Kupatiopds taldevetl mpog to
de€l axkpo tng de€auevig. AuTr] T QOpa 1 KATAVOUT TOL DPOUG ELVAL TTLO TAXTLA OE GXECT| UE TNV
KATAVOUN TWV 0@aipidiwy, duws datnpel mapanAfiolo oxnua.

To oxNua thg e1kOvag 7 deixvel to TL cupPaivel otV mepintwon mov to eunddio Pépet dVo
OXLOWEG.
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To anoté\eopa TWV
108180 UEVWV KUUATIOUWY,
1 apxn Tov omoiov aiverat
APLOTEPA KAl 1) GUVEXELX
Tov ded1d, drapépet
dpaupartikd and to
amotéAeoya Tov
TELPAUATOG UE TA
o@aipidia. O1 Kupatiopol
ouvioTavtal and GLVEXWS
eVAANXGGOUEVEG KOPLPEC
Kal KOIAAdeG, Tavw Kat
KATW amd TNV otadun tg
ad1aTAPAY TG EMLPAVELIG.

1
(o) |

H Baoikn Stagopd oty
nepintwon twv dvo
Eikéva 7: Zupmepipopd kupatiopov (SiddAacn kat cupPoAn) OXLOHGV 5{)/0‘1 ot kabwg ot
KuHaTIopol
“Sraotavpidvovtat”, aAAnAemidpovv petald touvg. Katd ouvvéneia oto TéAog tng de€apevi|g
€XOLUE TEPLOXEG NMADV KOPLPWV Kal NMAWDV KOIAGSwV Ttov draxwpilovtat and TeEPIOXES OTIG
OToiEG 01 KOPLPES Kat 01 KOLAGdeG aAAnAoavatpovvtatl. TtV mepintwon twv dVOo GXIoUWY, 1
€kPaom TOL TELPAPATOG HE TA 0PaLpidiar KAt AUTH TOL TELPAHUATOS LE TO VEPO elval, CUYKPITIKA,
eVTEAWG SLPOPETIKEG. Oa NTAV TPAYHUATIKE adlavonTo va meptpévape 4Tt anAd o@atpidia mov
gktogvovtat dtapéoou 0o oxtopnwV Oa uropovoay va TpoKaAécouv To Hotifo mov
TOPATNPHOAUE OTO AVTIOTOLXO TEIPAUN TWV KUUATIOUWV. AvTioTolxa, Ba ftav adiavonto va
TEPLUEVAE TWG OV0 KUKALKA Kot suvexwg dtadiddpeva kot aAAnAemdpwvta kOpata Oa
unopovoav va tapdyouvv d0o aveldptnta onuddia dTwe 0To avTioToKo TElpapa TWV
o@aip1diwv. Avtd cvpPaivel eneldn Ta o@arpidia kat o1 KupaTiopoi dev elvat amAd dta@opeTiKa
aVTIKEUEVX AANG S1QOPETIKEG KATNYOPIES AVTIKEIUEVWY. O KUHATIONOG lvan éva potifo, pia
popen mov dradidetar kat amoteeitar and moAAG aAAnAemdpwvta avrikeiueva. To o@apidio
glvat amAda éva avtikeiuevo. ETiong, To yeyovag mwg Kat Ta o@atpidia kat o1 Kupatiopoi delxvouv
va Kivoovtal and Ta aplotepd mpog ta de€id, elvar moAv maparmAavntikd. Movov ta opatpidia
KIVOOVTaL TPayHaTiKd tpog ta de€id. Ta pudpia Tov vepo, autd kab’ autd, and ta onola
anoteAeital o kupatiopdg dev kivovvtatl kab6Aov mpog ta de€id, mapd pdvov katakdpvea. Avtd
Tov Kiveitar Tpog ta deid dev elvan timote GANo apd pdvov éva potifo, pia popen. Akpipwg
ene1dr] o1 kupatiopol dev etvar mpdyuata aAA& uotifo, dev Aée 6T O1 KLUATIOUOT KIVOUVTAL
oaAAG Ot Sradidovrar. To T1 Ba el aAAnAenidpach mov eival OMwG EIMAUE XAPAKTNPLOTIKO TWV
KUUOTIOPWV QaiveTal yia pia aAn mepintwon otnv Eikdva 8.
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TN :

Eikdva 8: AMnAenidpaon kupatiopdv (cupPoAry)

AKOUN, VW T 0Qa1PIdIa KATEXOLV KADE XPOVIKT] GTIYUH Mia KAt HOVO GUYKEKPLUEVH O€om 6TO
XWpo, ot Kupatiopol e€amAdvovtatl oe LeYGAoug KOKAOUG TTOV 0TNV 18€ATH TEPINTWON ELVaL
dmerpot. Mmopel og kdmota onpeia ot kKupatiopol va drakpivovtal KAADTEPQ, OUwG o€ Kapia
nepintwon dev Katéxouv pia Kat udvo cuykekpiuévr Béon - dmwg Ba Aéyape, elvatl tavtov. Mia
UTGAQ TOL Kiveital Héoa o€ Eva KAELOTO KOUTL, £XEL GUVEXWG S1aPOPETIKN XAAG GUYKEKPIUEVN
B€on evtdg Tov kKoutiov. Evag kupatiopds mov dadidetar péoa oe Eva kAe1oTd Kouti, To yepilet
OAeg T1g oTrypég kot aAAdler ouvexwg potifo kabwg aAAnAemdpd ye Tov eavtd tov. TéAoG, Ta
opatpidia amoteAovvtal and VAN, o€ avtibeon pe TOLG KUUATIOUOUG o1 omoiot dev elvat LAIKOL
(etvan amAd éva potifo): dev anotedovvtal 00TE Kav and vepd, agov avto ivatl Lovo To UEGO
Tavw oto onoio dradidovrat. ‘ETol, av KATO10G akOAOLONGEL Evav KUUATIOUO Kal Tov Bewprioet
w¢ vepd Tov Kiveitat, To Ba mpénet va dexOel mwg Kat To vepd Tow TOL Ue KATIOL0V TPOTO
AVAVEWDVETAL..., TPAYUA OV EEpoupe OTL dev ovpPaivel. Te cuvTouia, eV KATL Tapdyel potifa
1ov aAANAemdpovv petadd Toug, Tdte MpEnel avtd va eival Kupatiopdg dnAadn, éva potiPo
(pattern) ave€aptnro tng VAN Tov dradidetan péoa og Eva PEGO 1KAVE VX TAAAVTWVETAL H Vi
TAAAETAL 6TO XWPO.

To meipapax twv dVo oxtopwv (')

Oa emavaldPouue Twpa To TElpapa Ue TiG dV0 OXIOUES UE pia uikph TapaAlayn. Oa piovue
UESQ aTd Ui OX10UT TO QWG £VOG PaKOU, 1] TTL0 eMGTNHOVIKA Oa pifovue pwTdvia Tdvw 6To
TOPATETACUA UaG. AUTO TTOL Oa TAPATNPHCOVHE GE EVA PLAU TAVW GTO OKOTELVO TOLXO AMEVAVTL
glvat 0T1 UTTAPYXEL HLX PWTELVH Awpida TTOL KATOL 0TO KEVTPO TNG EXEL LOXUVPO PWTLOUO KAl O1yd —
oy kabwg Tyaivoue Tpog Ta dkpa n ewtevétnta e€acdevilel. To meipapa avtd
ATOKAAUTITEL TH CWUATIONAKN QUGN TOL QWTOG, SNAadt] Tar wToOVIX Ttapovotdlouvv T
CWUATIOWKT] TOUG PUOH KAl APHVOLV TA I VN TOUG TAVW € Hix Awpida, OTwg akpiPwg otnv
TEPIMTWON HE TA UTAAGKLIX TOV YKOAQ. BA. Eikdva 9.

(") H tedevtaia @opd mov enavaAi@dnke avtd to teipapa fitav and emotApoveg tng Hitachi to 1989.
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Light and Dark Areas

Light Source Slit Partition

Path of
Singel Photon

Eik6va 9: AtéAevon @wToviwy amd pia 6X1oHN

Avotiyovpe Twpa pia devtepn
oxloun Kat EAVAKAVOUE TO
1310 metpapa. Tote n elkdva
Tov Ba TTAPOVYE UETE Ao
Ayn wpa, Oa givar n etkéva
IOV AVTIOTOLXEL OE £V
KUPATIKO patvopevo, SnAadn
eVAANGE eppdvion QWTEIVOV
TEPLOXWV - OKOTELVWV
TEPLOXWV - PWTELVWV
TEPLOXWV KoK. BA. Etkdva 10.
To potifo avtd mov
gppaviletal opeiletat otnv
aAAnAenidpaon twv
pwtoviwv petad Toug, Ta
omoia (wg kOpata) aAlov
gvioyvovTal Kat oaAAoU
aAAnAoavatpovvtat Kat yv

avtd gpgaviletarl to potiPfo Twv evaAAGE Teploxwv mov meptypdape mapandvw. Xpetdlovtat
APKETA PuTOVIX TavTdXpova wote va vrtdpEet aAAnAenidpaon yetad tovg. H idiatepdnta
€dw elvat Tt TEAIKA EMAVW 0TO PIAY QATVETAL VA TIPOOTIITOVY CWHATIOWA Y1aTi AgrVouV cagn

ATOMIKG TXVN).

Interference
Light and Dark Fringes

Light Source Slit Partition

Path of
Singel Photon

Eik6va 10: AtéAevon @wtoviwy and 600 oX1oUEG

And moAAd ixvn padi opwg
oxnuatiletal o potifo twv
Awpidwv Tov apatnpove
TEAIKA TTAVW 0TV EMPAVELX
Tov @A (%) mov pag
UTOXPEWVEL Vo Bewproovpe
ot umdpyet aAAnAenidpaon
UeTal TV QWTOViwV Kal
dpa KUUATIKI] GUUTEPLPOPA.
To 1810 TA KOPATA TAVTWG
dev elvar anevbelag
TOPATNPAOIHA —
aVIXVELOVTAL HOVO PEGW TOU
potifov mov dnutovpyodv
Tavw 0to PIAY. "ETot ooy
T0 Gvoryua tng devTepr|g
ox1opNG “wlel” Ta pwtdvia
VA GUUTEPLPEPOVTAL WG

KOpata. Oa meite (owg Tt Kat autd To Patvouevo elvatl yvwotd €3 kat 100 xpovia. To gwg €xet
OWUATIOOKES KAl KUUATIKEG 1016TNTEG TAvTOXpOVa. ETor aAAol Ta kUpata twv (ToAAWV)
PWToViwV agov Tepdoovy and Tig oxtopéG cuuPaAlovy (dnAadn éxovue cuvtaldtion Twv

(%) Kébe xtomnua oto @iAp gaivetatl va eivat tuxaio Suwg av ta Bewpricovue SAa pali Ba dodue dt1 vdpxet pia

pavepr] katavour (potifo).
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KUUXTIKWOV KOPLPWV OTw¢ 0To vePS péoa oth de€apevn), omdte €Xoupe WTEIVEG Awpideg Kat
aAAoU aAAnAoavaipovvtat (dnAadn £xovie GUVTAVTION TWV KVPATIKWY KOPUPWDV HE TIG
KOIAGOeG dmwg oT0 vepd puéon ot de€apevry), ondte €xoupe OKOTEIVEG Awpidec.

Oa KAVouUE TWPA TO 1810 Telpapa pe pia uikpn mapaAAayn. Oa a@noovue TOAD adOvVaTo PWE va
TEPTEL TAVW OTO TAPATETACUA KAL TTLoW amd avtd Ba £xovpe Eva ueyaAng evaiednoiog
PWTOYPAPLKO PIAU WoTe va yvwpilovpe enakptpwg Tt cupPaivel. TNV TPAYUATIKOTHTA AUTO
IOV KAVOUE UE TO adUVATO QWG ELVAL VA AP VOUUE EVA-EVX QWTOVIO VA EKTEUTETAL KAL
npooé€ete yiati autd €xel onuaoia.

Ttnv apxr Eekvape To TElpapa He pix HOVo oX1oUH KAl AQHVOLLE TO TPWTO PwTdvio. Ktund
KATOL Kot agnvel pia kNAda mdvw 6to @AY pHog. To eTOUEVO GWTOVIO XTUTTA KATIOU aAAOV Kol
a@rvel pia aAAN knAida. Ao €xouv ektolevbel apketd PWTOVIA €XeL apXioel va oxnuatiletat
Oly&-01yd TO YVWoTO pag Lotifo tng pag oxtouns. Mia éviova @wtiopévn knAida oto 0Pog tng
OXLOUNG Kal UETA KaBWG amopakpuvopaote and kel n knAida yivetar 6Ao kat mo acbevrig. ‘Etol
Aomtdv ta QWTOHVIX QATVETAL VA CUUTEPLPEPOVTAL 0aV SwHATIOW agrvovTag Kabapd ta
ATOUIKA TOUG IXVN TAVW 0T0 PLAM. Méxpt 61 Aottdv £X0VUE Ta ATOTEAEGUATA IOV AVAUEVAE
va £xovpe. Aokipd{ovpe twpa to idto melpapa pe d00 oxtopég. Avapévoupe PéRata dti n devtepn
oxioun dev unopel va €xel kanowx enidpaocn oto éva (mpocoxh !) wtdvio mov talidever pdvo
TOV... Kal emiong avapévoupe 0Tt epdoov To pwToVio Ba mepdoet amd T wia ) TV GAAN oxioun
B aproet to ixvog Tov 6To PIAY WG pta PWTELVH KNALda.

"Etot, 6T0 TEAOG TOU TELPAUATOG, AVAUEVOUUE OTL B £xovpe dU0 QWTEIVEG KNALDEG - Lia yia T
KaOe oxioun, OTWG AKPLPWG OTNV TEPIMTWON HE TA UTAAAKLX TOV YKOAQ. A@rivoupe Aotmdv €va
- VO Kl O1yd- o1yd TA TOVIX VA PEVYOLV KAl METE aTd K&molo Xpdvo apxilet va
oxnuatiletal éva yvwpipo potifo. PWTIOUEVEG TTEPLOXES — OKOTELVEG TTEPLOXES — PWTIOUEVEG
TIEPLOXEG — OKOTELVEG TEPLOXEG, KOK. H KUUATIKNA @UoN TwV @wToviwy Aotndv gugaviletat Eavd.
Ed Spwg xperdletal mpoooxt. Ot oKOTELVES (AVTIOTOIXA PWTELVEG) TIEPLOXES TIOL ElYaUE
TepLypdPel oTa TPOyoVUeVa Tielpdpata eiyape mel dti dnuiovpyovdvtat dtav dvo (tovAdyiotov)
ewtdvia alnloe€ovdetepwvovtat (] vmeptiBevtal) - To éva akvpvel (1 evioyvel) To GA)o.
210 TWPvo dUwG melpapa dev vdpyovy moTé §vo pwTovia uadi. Ta GTEAVAE EVa-Eva Kat UE apyd
pLOUO. H ékPaon tou melpdpatog Oa eivar n idiax doo xpovikd didotnua pesolaprioet uetald twv
ekTo€eVoEWV — akOUA Kat Xpovia. Apa Tt eivat autd mov aAAnAemidpd ye tt; MATWS T0 WTdVIo
Xwpiletat ota dvo (°) mepvd kat and tig dUo oxiopuég Kat Tiow and Tig oxlopéG aAAnAemdpd ye
ToV €aVTO TOL; H umdBeon autr], akoUYETAL WG U1 AOYLKN EPUNVELX TOV PALVOUEVOV. TO
CUUTEPAGUA TTAVTWG TOL TPOKVUTITEL TS T ATMOTEAETUATA AVTOV TOV TELPAUATOG ELVAL OTL KAl TO
€va @wTéV1o amd udvo tov €xel Kat Kupatikn @oon (dev xpeidletat dnAadn anapaitnta peydAo
TAN00G WTOVIWY Y1a Va e4QavVIcBOUV TA KUUATIKA XApAKTNPLoTIKA). ‘ETol, Tdvw 6To @AY
éxovpe ekdNAwpEva povadikd ixvn mov dnAwvouv cwuatidia aAA& KAl ELPAVICH KUPATIKWOV
XAPAKTIPLOTIKWYV WE T Hop@h potiPou (kupatikh aAAnAentidpaon).

(®) Kau €to1 éxovpe to 1810 pwtévio o do onueia tavtdxpova
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Ag vntofécoupe OTL TO Eva PWTOVIO dev
glval TEAIKA owpaTId1aKoU XapaKTHpa
aKOUA KA1 OV a@QrVEL TETOLX oNUddLa
TAVW 0To PIAW. Ag uTtoOEcoupe OtL eival
TARPWS KLUATIKOO XapakThpa (GAAwote
ToTé Kaveic dev €xel “de1” éva ewtdv1o).
OTACAUE TWPXA GTO KPLoLUITEPO onpelo: Ba
TPOOTIAOGOVIE VA TAPATNPHOOVHE T
PWTOVIA OV TEEPVAV ATIO TIG OXIOUES
(Tapatnpvag T Tavw oTi§ OXLoUES)
€101 ote va EEpoupe TOoU PWTOHVIX

i Tepvave and Kabe oxioun.
'
T vouilete 6t Oa Ppovpe; Katt teAeiwg
avanavtexo. Ta @wTovia TadovV va
@EpovTal oav KOUATA Kal auTd TOU
Eik6va 11: AtéAevon @wtoviwy and d00 oX1oUEG PAémovpe Thpa oTo TOlYO Efva N yVwotH
UE TAPOLGIX TAPATHPNTH QwTeV Awpida mov oryd-o1yd

OKOTEIVIAEL TNYATVOVTOG TTPOG TX AKpa TNG —Hiar Awpida yia kae oxioun. BA. Etkova 11.
AnAadn: 6tav dev mapatnpovpe Ta pwtévia ot oxtopr (dnAadn dev Eépovue and mola oxioun
TEPVAVE) €XOVUE KUUATIKY oLUTEPLPOpd. Otav apxicovue va ta uetpdue otn oxtopt (SnAadr va
EEpoupe amd Tola oxlour] TEPVEVE) €xoupe cwuatidlaky cuunepipopd. Eite fydlete dkpn eite
OX1 T TIELPAUATIKG amoTEAEaaTa AEve 0Tt HOALG TaPATNPOOVHE TA QWTOVI, SNAadr] HoALg
TEGEL WG EMAVW TOVG, aLTA aAAd{ovv Tov TpdTo UE ToV omolo ekdnAwvovTal.

To meipapa mov oA meprypdape eivat éva amd Ta omovdatdTePA MEPAUATA TNG GVYXPOVTG
PUOIKNG €xel emavaAnOel ekatovtddeg QopEG Kat N epunvela Tov anoteAel To 1epd diokomdTnpo
™G emotung tg KPavrounxavikig. ‘Eva and ta peyaAdtepa onpueptvd mpoPAfuata tg
(PUOIKNG UE EMEKTAON 0TO UEGO GvOpwTO Kot ToV TPdTo oL avTiAauPdvetal Tnv dnutovpyia
glvat n, Tépa and to pabnuatiko opuaAloud, EpUNVELd TWV KPAVTOUNXAVIKWOV
ATOTEAEGUATWV.

H epunveia tg oxoAng the Komeyxdayng

H gpunvela mov divetat opUaAloTIKE and TNV KPAVTOUNXAVIKN OTO TEIPAUA UE TA LOVAXIKA
QWToVIa oL UOALG TeptypaPape ivat Tt pall pe To wtdvio Oa mpénel va mepvd Kot “kdtt”
&AAo to onoio aAAnAenidpaoce pe o PwTOVIOo. AUTO TO “KATL” TPEMEL Va oXETI(ETAL UE KATIOLOV
€100v¢ KUUA yratl £govpe pix téAeta kupatikr aAAnAenidpaon oto meipapa. AAAG t1 €idouvg
KOUQ; Agv pmopel va efval KOpa wTdg yiati To £Xoupe anmokAeloel. ZTo QIAM eTAVw €XOVLE
U6VOV éva iX VoG TOL PwToVIiou (EUPAEVIoN cWHATIOAKTG CUUTEPLPOPAC). Apa KATolo GAAO
€100¢ KUpaTOG Paivetal 0Tt elvatl umAeyuévo otnv vmdbeon ...

Avtd o VEO €id0g “KVpATOC”, KATd TNV gpUnVela TG oX0ANG tng Komeyxdayng, elvain

Kuuatoouvdptnon ¥ 1 Kuparoovvdptnon tov Schradinger. TtV TpaypatikOTNTA OTAV
ameAeLOEPWOANE TO TPWTO PWTOVIO AUTS ToL PyriKe amd TO PAaKO pag efvat kat éva kOpa ¥ ye
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OAeg T1g yVwoTég 1816tNTEG £vOC KOUaTOS (MH-Tapatnproipo). TOUQWVA UE TNV EPUNVELA TNG
oxoAr|¢ TG Komeyxdyng n kupatoouvdptnon ¥ avanapiotd (teptypdeet) Tnv mbavétnra va
Pploketal To QWTOVIO 0€ OTOLAINTOTE GUYKEKPIUEVH BEDN. Te aUTH TN PAECH TO EpWTNUA “TToV
Bpioketar to pwtdvio” dev emdéxetar andvtnon (*), yiati anhodotata to gwtdvio vdpxet pdvov
og popen kupatidiov mov dradidetar mpog omotadnnote katevOLVON 6TO XWpo. To KuUatidio dev
unopei moté va mapatnpnBel enakpifwg, Adyw thg apxng g anpoodiopiotiag tov Heisenberg.
Omoladrote mapatpnon tov kupatidiov Ba to “avaykdcer” va ekdnAwbel wg cwuatidio. H
KATAoTaon Aotmév auth Tov gwtoviov (cwuatidio kat kOua ev duvdpet) ovoudletat cLVAPNG
unépBeon (coherent superposition) kat givon un-rtapatnprioiun. Méxpig 6Tov TaPATNPHOOVLE TO
@WTOVI0 avTd dev givar otn uia 1 Tnv GAAN B€on, amAd éxel peyadvtepn mbavotnta va Bpebdel
0€ KATOLEC TAPG o€ KAToleg dAAeG B€aelg, Otav mapatnpnBel. Me avtdv tov tpdo e€nyeitai n
KUHOTIKY dAAANAETIOpach TOL HOVAXIKOU PWTOVIOU HAG.

Kot téte og kdmnoto onueio petpove (mapatnpoiue) tpdypatt tn 6£on Tov wtoviov (Uéow
KATAAANANG Telpapatikig ovokevnc). H {da 1 mapatripnon tpa wbel to pwtdvio va
“emAé€el” e Paon Tig mOavOTNTEG TTOL TEPLYPAPOVTAL 6Ttd T GLVEPTNON ¥, TTOL TNV
npaypatikétnTa B ep@avicdei wg evromopévo cwpatidio. H npd€n tng napatrpnong npokaAel
aUTO TOL OVOUALOVUE KATXPPEVAN TG KUUATOTUVAPTNONG — dev LTLApXEL TAEoV mbavitnTa O€ang
vndapxet akpPrig 0€am 6TO XWPO KAl dpa EPPAVIGT TOL wTOViov w¢ cwpatidiov. H évvola
KATAPPELOT TNG KUUATOOLVAPTNONG €ivat amAd 1 argo thg KBavVTOUNXavikng. Aev UTdpxeL KATL
TIOL KATAPPEEL OTNV TPAYUATIKOTNTA — anAd 1 ouvdptnon ¥ vndpxet (€xet Adyo Umapéng)
UOVOV Y1 €V SUVALEL PAIVOUEVA, OX1 Y1X QALVOUEVA TIOL £X0VV T TapatnpnOel. MOAIG 1)
napatripnon oAokAnpwOel (u€ow tne HéTpnong) TOTe To WTOVIO TEPVE TEAL 6TH KATAOTAOT] THG
ouvagovg LTEPBeonG Kat umopei va “Pploketal” o€ ToAAd onpeia TavToXpova — AOPATO TAVTWG
amd EUAG.

Ag Eavadovpe Tpa pe autd To Tpioua To Telpaud pag pe Tig d0o oxiopuég. MOAG ektofevoovue
éva @wTdV1o, N Kupatoovvdptnon ¥ “ektofevetar” Kot auth, Tepvd péoa Kat and tig dvo
oX1oUEG Kat Ttiow oTo Toixo Kat dnutovpyel éva potifo oxt wtdg aAdd mbavdtnrag (Suoto pe
o potifo tov PwtdC, ovoudletal katavour] mOavATNTAC). ZTo PIAYU oL £XOLE ToToBeTHoEL
0TOV TOiX0, TO PWTOVIO “UETPATAL” KO KATH GUVETELX 1] KULATOGUVAPTHOY] TOU KATAPPEEL: TO
Qwtdvio Tpénel ma va “emiAé€el” mov Oa eppavicdel. Ot teprlox£g mov eugaviletat ivat
TEPLOXEG MEYAANG TIOaVOTNTAG, 01 TTEPLOXEG TIOL dev epaviletal KaBOAov elvat TePLOXES
undevikng mbavaTnTag, £V 01 EVOIGUETES TIEPLOXEG £XOVV Ueoaieg TIOAVOTNTEG yio THV
EUPAVION TOL GWTOVIOU.

‘Otav twpa eUELC TAPATNPHOOVIE Tt cLUPATVEL TAVW OTIG OXLOHESG B £xoupe TPdwPN
KaTdppevon tng Kupatoouvdptnong (n tapatrpron yivetal vwpitepa). Apa To QWTOVIO TPENEL
va “emAé€el” tihpa TOAD vwpitepa mov Oa eppavicbel, dnAadn and mowx oxiopr Oa tepdoet. H
pia mbavotnta eivat 1 kar n dAAn mbavotnta eivai 0. Tt avtd to Adyo dev £xouvpe €30
KUUOTLKY] GUUTEPLPOPA 0AAG GUATIOIKT KAl AVOyOUXOTE OTNV TEPITTWOT TOV TELPAUATOC HE
TN Ui oXLoUn.

‘Oo0V a@opd To TL €lval N KUHATOGLVAPTHOT, KAVELG 68 AUTOV TOV KOGUO dEV UTTOpPEL VXX GG

(*) Ze oA xovtpd eminedo eivat To 810 -keVS VONHATOG- EpWTHUA He TO «Tt aplOud £@epe To {dpt;» TOU ... dev
pi&ape akdua.
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anavtroet - oUTe o 110G o Stephen Hawking. Eivat éva and ta autd ta eMVORUaTA TNG YUOLKNAG
- Onw¢ emvonuata teAKd eivat Kat o1 dpot evépyeta, Hala, K.AT., n omoia dpwg divet
IKAVOTIOINTIKY epunveia oe OAa Ta mapaéeva @atvopeva TG KPavTIKAG UNXaVikAG. Avtd éBAene
Kot Gkovye o Einstein otnv enoxn tov kat kuviynoe (evyevikd givat n aArdeia ...) téoo ToAv
ToUGg OepeMwTég TG KPavtounxavikig, 6co kat o 18106 ixe kamote KLVNyNOel amd Tovg
ouvadéA@oug Tov yia tn Bewpia TG oXeTIKOTNTAG. £T0 TAKio10 avTAG TG dtapdyng o Einstein
e&éppaoe TV mepipnun pnTopiky epdTnon Tov “nailel o Oedg Lapra;”, un dexduevog tnv
TUXALOTNTA O€ €VX ALTIOKPATIKG GOUTAV.

TuvoPilovtag Aoimdv €XOuE:

* Otav mapatnpoUue, Kat pdvov tdte, éva kPavtikd avtikeiyevo £pxetal og Oapén o€ yia
oLYKekpipévn B€on w¢ cwuatidio. H kupatosuvdaptnon npocdiopilet T B€on 1| Tig O€oelg
TIOL €XOVUE TIG MEYXAUTEPEG TOAVITNTEG VA TO gvToTicovue (dTav dev To TapatNnPOULE).
TO TPOG T TTOV KIVELTAL TO AVTIKEIUEVO OEV UTOPOULE VA TO YVWPLCOUE.

* Otav dev mapatnpovpe, To KPavTiko avTikeipevo draxéetal Kat UTIAPYEL TNV (O XPOVIKN
oTtyun o€ ToAAd onueia, wg cuvaEng VEpPOeon, ue Tov 1810 TPOTO TOL Eva GUVVEQPO
UTdpyel o€ TOAAG onueia Tavtdyxpova. Ze autr] T Katdotaon (Kupatidiakol XapakTrpa)
TO QVTIKEIUEVO dev umopel va apatnpndel. AnAadn:

e A&V UTOPOUUE TOTE VA TAPATHPICOVUE GUECA TNV KUUATIKN 0PN evOG KPavTiko
avTiKeIHEVou. H kupatikn Oym dev ekdnAdvetat dueca ToTE. YTdpyeL Lovov
otnv vrepfatik npaypatikdtnta (o Heisenberg ovéuale avtr tnv
TpaypatikoTnTa potentia) kat n vmapén avtr ekdnAdvetar pdvov Uéow
oplopévwy poidvtwv tng (S1ddAaon 1 mepibAaon). H potentia mpénel va
Bpioketat £€w amd To xwpdxpovo yiati n mapatripnor npokaAel dueon
KATAPPELOT TNG KUPATOGLVAPTNONG.

H apxn tng anpocdiopiotiog tov Heisenberg

Mia GAAN onuavTiky drodn the KPAVTOUNXaVIKAG TOL OXETICETAL AUECA UE TA ATOTEAEOUATA
TOV TELPAUATOG TWV dVO OXIoUWV opeiletal oTov Heisenberg kat thv meplgonun apxr g
ampoodiopiotiog (uncertainty principle). @a npoonadricovpe va teptypdpouvpe pe anAd Adyiax ti
Aéer avti n apxn: Eva kPavtikd cwpdtio dev unopet va BewpnBel 4t £xel kKATOIA GUYKEKPLUEVN
B€on mavw otn tpoxid Tov. MaAAov mpémel va meptypael o€ kabe onpeio oto omolo mbavov
unopei va vrdpéet. Kabe mpoomdbera pétprong tng taxvTnTdg tov Kat tng 0éong tov givat
advvatn kabdoov N UETPNON TOL EVOG XAPAKTNPLOTIKOV EMLPEPEL ATPOGILOPLoTiR 6TO GAAO.
"Etol, 8ev UmopoUE va Tpoodlopicovpe TOTE TG apXIKEG GUVONKEG EVOG NAEKTPOVIOL KAl dpa
dev umopovue va voAoyloovye TOTE pe akpifeia tnv “tpoxid” tov.

H g0Aoyn drodn mov unopei va dtatunoet £6w KATO10G lvat 4Tt TO KPAVTIKG AVTIKEIUEVO
npénel kdmov va Bpioketatl, anAd dev Eépovpe mov. AANG Ta Tpdypata eivatl akOun xelpdtepa:
Agv umopovye ovte Kav va kabopioovpe tn B0 TOV AVTIKEIUEVOV 0TO KAAGOIKO XWPO-XPOVIKO
nedio.

H Paoikr] @rhoco@iki 1déa tng apxng tg aPefardtntag Aéet 11 n tpdén tng napatpnong amnd
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uévn g petaPdarAer to mapatnpovpevo. O Heisenberg dev vraivixBnke kATt yia tnv dueon
enidpaon tng cuVeIdnong Tov avOPWTOL 0TO AVTIKEIUEVO TNG Tapatrpnong. H diatinwon tov
Heisenberg ava@pépetal 6tov UikpOKOGHO, 6TO KOGHUO TWV VTOXTOUIKWY cwHATIdIwV. AUTO dev
amokAeiel PéPara, o€ kAmo1o Pabud, avtioTOIXEG TPOEKTAGELG KAL OTOV HAKPOKOGHO. ITH
ouvéxela apketol guatkoi vroothpi€av tn Béon dt1 eivat o {d10¢ 0 avBpdTIVOG voug o omoiog
eMNpedlel TNV DAN KAl KATE GUVETELD KAl KAOE aVTIKEIPEVO TApATHPNONG.

5. YIIEPBATIKOTHTA XTH ®YZXIKH;
To meipapa Aspect

Me to Bpa tng cvoxXETiong UETAED KPAVTIKWOV avTIKEIUEVWY oXeTileTat éva meipapa o €yive
70 1982 and tpelg YuoikoVg Toug Aspect, Dalibard kai Roger oto Ivetitodto ONTIKNG 6TO
Mavemotuto tov Mapiotov. Ta amoTEAEGUATA TOV TELPEUATOG, TapOAo TTov dev T yvwpilet
ToAUG kdopo¢, Oswpovvtat idiag onuaciag e T Oswpia e€EAEng tov AapPivov, 1 Tig
avakaAOPeig tov Komépvikov. Ot emotrpoveg avtol Oépuavav e aktiveg Aéilep dropa
aoPeotiov. ‘Otav ta dropa avtd Oeppaivovtal aneAeVOEPWVOLV TA YVWOTAE HAG QWTOVIX Y1X T
omola vITHPXAV €1KAGiEG OTL £x0UV 1810TNTEG S180UWV, TTOL oNUAiVEL OTL AV KATOTE Ta sWUATIOW
avtd Bpeboiv yia kdmoto Adyo pe pia svoxétion (cuvdeela) To éva cwpatidio Oa “Ouudtar”
KATA KATO10 TPOTO TO GAAO yia TAVTA Kat doXeTa and Thv andotach mov ta Xwpilel. ‘Etot
unéBeTav o1 Quotkoi 6t av cuuPaivel K&t 6To €va swuatidio to dAAo Ba to avtihauPavotav.
‘OVtwg 6To TELPAUA AUTO O1 EMGTAPOVEG HeTpovoav Ty oAwon dnAadn t ywvia
TPOGAVATOALGHOU TOU KOUATOG PWTOG. TIpdyHaTL, UETPWVTAG Ol ENLGTAUOVES TV TOAWGT] TOV
@WTOG Pprikav OTL KAOe oTIyUr| TOL yiveTal UETPNON 0TH YwVia TOAWGNG 6TO éva pWTOVLO, TO
GAAO PwTOVIO TO “yvwpllel” Kat AMOKTA KATOLX KATAAANAN ywvia TOAwonG pe ToAD
OUYKEKPLUEVN oxEon He TNV TpwTh. KdBe éva dnAadr] and avtd ta dVo avtd cwuatidia, pe
Kamoto tpdmo, “yvwpiler” akpifws to Tt ovpPaivel oto GAA0. MaALoTa, N TaXOTHTA KE THV OTola
T0 £V WTOVIO TANPOPOPOVTAV Y1 TO Tt SUMPATVEL 6TO A0 PWTOVIO fTav TOAD peyaAvtepn
amd TV TaxVTNTA ToL PTos (LTodetkviovtag éva @atvopevo ov cuuPaiver £€w and To xwpo-
Xpovikd mAaioto 1). Av BéAete va @avtacdeite To avdAoyo autol ToL TEPEUATOG 0TO
HaKpOKOGUO oKePTELTE TO £€1C: Bpiokeote eoeig €3 0TN YN KAt €V AYATNUEVO 6OG TPOGWTIO OE
kdmotov GAAo yoha&ia oAU pakpid and to dikd pag. MOAG to ayannuévo npdowo oke@Tel 4Tt
Ba emBupovoe pia cokoAdra, eoeig eketvn tnv 101a oTrypr] To yvwpilete. Tag Oupilel unmws KAt
and tnAendOeia; Tepl aUTOV TPOKELTAL GTOV UTOATOUIKO TOUAGXIOTOV KOGHO.

To meipapa tng kabvotepnuévng emAoyng (the delayed choice experiment)

H omovdaidtnta tng cuveldntnig emAoyng otnv S1audp@won TnG “avTiKeIUeVIKAG”
TPAYUATIKOTNTAG Paivetal TOAV Kabapd oto melpapa tne “kabvotepnuévng emthoyng” tov John
Wheeler. ®avrtaoteite yia cuokevr] péow thg omolag pio déoun ewtdg xwpiletal oe 800, ek TV
omolwv N pia avakAdtor and Evay ENapyLPWUEVO KAOPEPTN Kat ) GAAN eEKTEUTETAL. TV
oUVEXELQ, 01 dVO JETUEG aVAKAWVTAL atd V0 KAVOVIKOUG KABPEPTES TTPOG EVA KOLVO KOUPLKO
onueio.
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T VO EVTOTIGOVIE TNV KUPATIKYA dOUN TV QwToViwV Tov anaptifouv Tig déoueg
EKUETAAANEVOUAOTE TO PALVOUEVO TNG KUUATIKAG GUUPOANG KAt TooBeTOVUE aKOUN EVary
EMAPYVPWUEVO KABPEPTN 0TO KOIVO KOUP1kd onpelo. Avtdg @épet oTig V0 TAELPEG TO
PWTOoELAICONTH HETPNTIKGE Gpyava. Me auTdv To TpOTO, 01 dV0 déopeg TTov dnuiovpyrdnkav and
dlaxwplopd 6to TPWTO oNueio, avaykalovTal Twpa va “emavevwdouv” otnv pia TAevpd Tov
televtaiov kabBpégtn dmov kat to dpyavo pag diver tnv avtiotoixn évdei&n. H dAAN mAevpd tov
KaOpé@tn Tapapével “vekpn”, divovrag pag undevikn évdeiln. Epdoov evtomicape péow Tov
@ALVOUEVOL THG KUUATIKAG GUUPOANG TNV KUUATIKNA PUOT TWV QWTOVIWYV, TPENEL VA
OUUPWVATOVUE TWC KABE wTOVIOo draxwpileTal 6TO TPWTO GMUELO TOV MEIPAUATOC KAl
tag1deverl péow kat twv 800 dradpoudv -twg aAAW Ba urmopovoe va vrdpEel cuUPoAn oto
televtalo onpeio; Emopévwg dtav o Tpwtog Kabpéptng draxwpilel tnv déopn oto mpwyto onueio,
KGO pwtdvio eivat ev Suvdpet “étotpo” va talidéPet kat otic dVo dradpoués.

Edv tipa BeAjooVUE VX EPEVVNGOVUE TNV CWHATLIAKN dOUN TWV PWTOVIWV APaLpoUUE TOV
tedevtalo KaBpEPtn anod to ko1vd KouPiko onueio £T01 WOTE va amo@Oyovle TNV cLUPOAN Kat
tonofetolue pwrtogvaiodnta dpyava (Detector X, Y) oto téAog Twv dvo aveEdptntwv
dadpopwv mov akoAovONcaV o1 SEGUEG UETE TOV daXWPLoUd TOUG. TTNV TEpinTtwon auth Oa
éxoupe dradoyikég evdeifeig and ta dVo dpyava, ot onoieg pag TANpo@opoLV yia thv “aeién”
PWToVIiWYV elte péow TG avakAWpevng dradpoung, eite u€ow TnG EKTEUTOUEVNG. ETOUEVWG
auth TNV @opd dev €xovpe kapia sapn €évdeién draxwpiopo Tov kabe PwToviov 6To TPWTO
onueio —avtibeta to kdbe pwtdvio “emAéyel” pa dradpoun kat talidevel péow avtng £wg dTov
@0doel oto avtiototyo dpyavo.

Detector X
Mirror Photon Detector Y
*
Py
........... O.‘.p
¢ \
Beam splitter 2
, Path X
Path Y i
.; 11701

Photon source
Beam splitter 1
Eikdva 12: To meipapa tg kabuotepnuévng emAoyng

H ovoia tov melpdpatog tng “kadvotepnuévng emAoyng” kpoPetat otn cuvelldntr emthoyn tov
TELPAPATLOTH. AG UTODEGOVUE WG O TELPAUATIOTHG ATOPAsilel TNV TeEAevTaia oTLypr], 6TO
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teAevtaio kKAdopa tov devtepoéntov (yia tnv akpifeia ota 10" sec) va elodyet 1 Gx1 Tov
EMAPYVPWUEVO KABPEPTN 0TO KO1vO KoUPikd onueto. Tdte ta pwtdvia 10N éxovv dratpé€el Tig
S1adpopEG TOUG K OUWE TO ATOTEAEGUA TOV TELPAUATOG TAVTOTE LITOJEIKVUEL TNV KUUATIKA doun
TWV QWTOVIWV UE TOV KABPEPTN Kat TNV cwuaTidtaky] doun autv xwpig tov Kabpéptn. Kabe
ewtévio tatideve ot pia 1) kat otig Vo dradpopéc; To avamdvTnTo AUTE EPWTNUA HAG KAVEL VA
UTTODECOVE TWG TA PWTOVIX “avTidpolVv” akaplaia akOun Kat 6TV o KaOuoTEPNUEVN HAG
emAoyn 1, S1aQopeTikd, Twg KGBe éva amd avtd ta&idevel oty pia 1 kat otig dvo dradpopécg
avaAoya, Kat TPOTOV TIVA €K TWV TPOTEPWYV, Ue TNV d1KH pag emAoyn. [wg apaye “yvwpilouv”
€K TV TTPOTEPWV aLTH TNV emAoyH; O eUTVELOTAG TOL Ttelpdpatog J. Wheeler éxel et ta e€A¢:
“H @Uon oto kPavtikd eninedo dev elvar pia unxavn mov ekteAel To avnAeéc kabrkov tng.
Avtifeta, n kdBe andvnon mov naipvovue e€aptdtal and To pOTNUA oL BETOVYE, TO TElpAUA
IOV GTHVOUE KOl TX Opyava OV Xphoiponolovat. Eluacte avandpevkta eUTAEKOUEVOL GTHV
ékPaon n omola atveral twg cvpPaivel”. Mia 16080vapr €kd00H TOL TEPAUATOG AVTOV EXEL
Non mpaypatonondel, yéow tng cuokevrg Stern-Gerlach.

®1A0cOQIa KAl KPAVTOUNXAVIKN

To @1A0c0@P1KS AVTIoTOLXO TNG MTAPATEVW Kat&oTaong eival To €€A¢: Evdow to KPavTiké
avtikeiyevo dev mapatnpeitat Ppioketar oe avekdNAwTn katdotaon (1, dnwg Aéet n
KBavtounxaviky, otn katdotaocn cuvagoug vrépbeong) - €€w and To xwpo Kat to xpdvo. H
@1A\oco@ia Vedanta avagépet autr] T Katdotaon w¢ para. To kPavtikd avtikeiyevo €pxetal
otnVv ekdnAwpévn katdotaon (mov mpotimobétel xpo kat xpdvo) ue TNV Hopen cwuatidiov,
amokaAvTtovTag SnAadn T Hia OPn Tov Y€cw TNG TAPATHPNONG Kat oudEmoTe TNV AAAN. Autn
glvat pa Paoikr] ekdNAwon tng Pevdandtng - maya. Ttnv ekONAWUEVH TWPA LOPPT] VTIAPXEL
Pevdamndatn, dnAadr n eppdvion tng cwpatidakng droPng tov kupatidiov, n TPayUaTIKY @UoN
TOoV omoiov Suwg vrepPaivel kat Tig dvo andPeig (r.x., N EkPpacn “elval padpo Kot Aompo
tavtdxpova” vtodnAdver 6ti to e€etalduevo avtikeiyevo eivat kTt GAAo Tov dev unopovue va
neptypdpovpe - eneldn] dev to yvwpilovye). ‘Etol To kupatidio unopet

i) va Ppioketon og meprocdtepa and éva “onueia’ kGO opd kabBdoov Ppioketat otV
avekdNAwTn Katdotaon (dev To mapatnpovue - Telpapa Hovaxikov wtoviov ue d0o
OX10UEG, Telpapa kabBvotepnuévng emAoyng),

i) vaekdnAwvetal pepikdg pévov (wg swpatidio) oto medio Tov XWPOL KAt ToL XPGVoU
(maya) étav napatnpndef,

iii)  va mavel va vndpyet 36 kat Tavtdxpova va epgaviletar ekel, xwpic Spwe va €xet
gnpaviodel movbeva oto evdidueco medio, 810TL €xel Tepdoel 0TV avekdNAwtn
katdotach and émov ekdnAwvetal Eavd péow tng napatpnong (kPavtikd dApata
NAgKTpoOViwy)

iv) n“emkowvwvia” §0o KPaVTIKWOV avTIKEIUEVWV o€ cuvageta va yivetat £€w and to
XWpOxXpovo, evéow dNAadn avtd Ppiokovtal oTnVv pard, oTny avekINAwTn Katdotaon
(meipapax Aspect).

Oa TElTE TWPX TL PG VOLAEL EUAEG TL YIVETAL GTOV UTOATOMIKO KOGHO. O KOGUOG IOV

avtilapPavipaocte eivat o pakpdkoouog. MoAD cwotd. TAuepa Aowtdv (yia tnv akpifeta and to
1928 péow tng Atdaktopikig AtatpiPric tov mpiykina Louis de Broglie) yvwpilovue étin
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KUMATOOLVAPTNON LTIAPXEL Yo OAX TO AVTIKELUEVA 6TO GUUTAY, artd Eva NAEKTPOVIO, Hld
ayeAdda, péxpt Evav mAavitn. ATAG o1 uetafoAég ota peydAov peyEBoug avtikeiyeva yivovrat
TOAV o apyd kat avenaioOnta ().

H KO1vH] 6LUVIGTWOX, 0 dpAoTNG o€ KADE [l AT TIG TAPATAVW TEPLTTWOELG ELvat N dUvaun tng
Tuveldroews Omwe avth eKONAWVETAL LEGW TNG EVOLVEIONTNG TAPATHPNONG, TEAIKE QLTS TTOL 1)
@1Aoco@ia ovoudlelt BovAnon tov AtoAvtov. Kat kAelvoupe to eddgio avtd ue éva Paoikd kat
televtalo epwtnua: Iov, oe moto “onueio” 1] o€ Moo “xwpo” mapatnpel teAikd o Mapatnpntig,
dnAadr| eyeic;

To mapddolo tng ydtag tov Schrédinger

oAU evdia@épov mapovatdlel emiong to mepignuo ntapadolo tng yatag tov Schrodinger. "Exovue
Aowndv éva koutl Kot péoa o€ avtd pix ydta Kat éva padievepyd cwuatidio (yia to omoio
1ox0oLV ot vouot tng KPavtounyxavikrg) mov éxel mbavdtnta 50% va daonacdei kat va
OKOTWOEL TN YATA TOL €XOVHE 6TO KOouTi Kat mbavdtnta 50% va pnv Staomacdel kat va pnv
OKOTWOEL TN YATA TTOL £XOUMUE 0TO KouTi. To epdtnua Tov apaddov eivat: “Tlota eivai n
KATAOGTAON THG YATHG META ard pia wpa;”. KAaooikd epeic Oa anavtroovye 6Tt 1 To cwpatidio
éxer draomacei 1 dev €xet Sraomacdel. H kPavtikn unxavikn Aéet 11 to cwpatidio Ppioketal o€
ampPoodIOPIOTH KATAGTAGH, 1 Kpatoouvdptnon W Aéel iowg vat - iowg Ox1. TTpémet va
KATAPPEVOEL 1 KUHATOOLVEPTNON WYX VX £XOUE amdvThon Kat autd cupPaiverl dmwg elmape
UOVOV oV TTAPATNPHOOVUE HEGK 0TO KOUTL. [Tota AoV E1VAL 1] 6WGTH ATIAVTNOT 0TO EPWTNUA;
OuunOeite OT1 TO HOVAXIKO LG PWTOVIO eV £XEL KATOLX GUYKEKPLUEVH BEon TIpLv TO
napatnproovpe. H andvtnon Aowndv oto napddo&o tng ydrtag tov Schridinger etvat 6t ydta
Bploketal og katdotaon cuvapovg vrépbeong, dnAadn eivar {wvtavi] kat vekpn ().

H KUpla EMaVAGTAGH TNG KPAVTOUNXAVIKAG TAVTWS AVAQEPETAL OTNV AUPLEPNTNON TNG ApXNG
¢ artidtnroag (causality). To oOunav €tot 6mwg to yvwpilape and tn KAAGOIKY Unxavikn dev
UTTAPXEL T TN O€01 TWV ALTIWV KAl TWV ATOTEAECUATWY TWV APXIKWV cLVONKWV 0w Ba
Aéyape, vdpyovv pétpa mavotnTag Léon ot dmnelpeg duvatodtnteg. Otav avridauPavouacte
(mapatnpovpe) kATt 6T dNULOLPYIX TPOKAAOUUE UECW TNG TTAPATHPNONG TV KATAPPELON TNG
KUHUXTOGUVAPTNONG TOV Kl TO avayKA(ovpe va ekdNAwDOEL pe ouykekpipévo tpdmo. Avtd mov
avtidapPavipacte -6mwg To avTAapuPavouaocte - eival n SuvatoTNTa e T HEYaAUTEpT
mbavotnta eppdviong. Tinota dev amokAeiel - tapd pévov n mbavoTnTa - TNV EUPAvion
GAAwv, arelpwv, duvatotritwy. daivetat 6ti 1 id1a n Tuveidnon péow Tng TapaTnPNoNG
npokalel tnv €kPaon A 1 tnv €kPaocn B oto kdouo ekel €w. MapoAa avtd, To oiyovpo eivat 4Tt
dev avtidapPavouaocte 6Aot pag pe tov 1810 TpdTo Tov KOO0, 0UTE TOV KOoUO eKel €€w K,
TOAU TEPLoGOTEPO, OVTE TOV KOGHO €8 pHéaa. To yrati cupPatvel duw avtd oxetiletar dueoa pe
ToV TpdTO UE ToV omoio dnuiovpyeitat oto vou n 1déa TG Eexwprothg Urapéng, TOL ATOUIKOD
eYW. Autd glvat éva aAho pueydlo B€ua, pe to omoio pmopel kamolog va acxoAndei, otn Pdon tov
411 0 voug elvat KPavTikoU TOTOL KAl To GXETIKA VONTIKA QALVOUEVA EIVAL £VAG 6UVIVAOUOS

(°) Auté ovpPaiver yati ta avtiotoa uikn kUpatog eivat apeAntéa oe oxéon ye Tig S1a0TAoEI TWV
UAKPOOKOTILKWYV AVTIKEIUEVWV

(°) To av 0 voug pag déxetar avtiv Tnv drodn eivar dAAo Oépa. H aAfifeia otnv nepintwon avth eivan dtin
GUYKEKPLUEVT] amdvTnon eival TApwG EVapUoVIGUEVT] Ue TNV epunveia Tng ZxoAng tng Komeyxdyng.
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KBAVTIKWOV QAIVOUEVWVY KAl KAAXGGIKWV UNXAVIOUWDV TOU EYKEQPAAOL.

KataAnktikd, yéoa and to mpiopa Bepnong mov avantuxOnke ota kedaAaia 4 Kat 5, eueic ot
id101 eipaote mov TeAkd “kataokevdlovue” Tov kdopo ekel E€w.

Mavtwg, Kat ot §00 andPelg avtiAnPng tov atobnTtov KOGUOV TOV TEPLYPAYPAUE CUUPWVODV UE
10 £€¢: O mapatnpntic kabopilel avtd Tov OéAel va epmelpabdel Kot cOUPWVA UE AUTH TN
dMAwon, o voug drapopewivel Tov opatd kéopo (7) péow tng BovAnong tg Zuveldrioews.
TOPEWVAX KAl TAAL UE TI§ andPelg mov avantuxdnkav 3w, avtd mov PAEmovpe anotelel pia
AVTAVAKAAGT TOL VOU HaG Kat ag unv to EEpovpe 1 dev to kataAaPaivouue. Kabe pag okéYn,
Ka0Oe pag pavtaciwon, kabe kivnon uag site 0w péoa eite ekel €€w eivar kat “lwvtavd” To
omoto aAAnAemdpd pe 6Ao To cUumav, pe OAa Ta Tpdypata Kot OAa Ta TAGGUATA GUVEXWG.

Ké&vovtag to teAevtaio pag vontikd GAUA, 0 KOopog otov onoio {ovue Kat voui{ovue Ot
avtidapPaviuaocte givat évag kdopog oveipov, éva anatnAd témho. Miow and to émho dev
vndapxovv eumelpieg. [Miow amd to mémho, BpiokeTal o XWpog oTov omoio eyeipeTal Kat yivetal
Mpwro-Tapatrpnon. ‘Exw tnv viinwon OTi 01 pMUITeG HOVaXOL TOU XPLOTIAVIGHOD
TEPLYPAPOLV TNV pard w¢ KATAoTao Tov Bgiov yvdgouv.

“... QUTOG EIVAL KXl UETX OTOUG VOEG, OTIC PUXES KL OTX CWUATX, GTOV 00PXVE K&l 0T YN Kot Ui o
10106 elvan kaTd TO 1010, EYKOOULOG, TEPIKOOULOS, UTEPKOTULOG, UTTEPOVPEVIOG, UTIEPOUTLOG, HALOG,
XOTEPAS, VP, VOWP, TVEVUX, Spd00g, VEQEAN, avToMbog Kot TETPw, GAx T OVTXX Kot KXVEVR a0 T
ovra”.

Aovuoiov Apeonayitov: “Tlepi Ogiwv ovopdTwv”.
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(") H kPavrounxavikn diadikacia mov yiverat avtd dev eivar otnv avtiAnn tov tapatnpnty kat avtd eivai Tov
dnurovpyel to atopikd Eyd, tnv aiobnon tng Eexwpiothig Umapéng. Avtd duwg amotedel éva dANo ektetapévo kat
nepimAoko Oéua.
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