LYMIAHPQMA 9.1

O oreyeppPéveg KOTUOTAGELS
TOV G.TOPOV TOV NALOV
OpBoniio kou mwopaniio

YAg dolje thpo mig unopodyv vi pusietnBolv TpoosyyioTikd of dieyep-
uéveg xatootdosig ol dropou 1ol “Hilov, Eexivipe dnd v ddrotdpartn
TEPLYpoen adtdy Tév kataotdoemy otV 6nola f fAekTpogtatikn drnoon 1dv
SVvo Rrextpoviey Eyxet BewpnBel dueintéa. O1 duvatés Kutaotdoeig kKiviiong
abtdv 1@V Nhextpoviov B4 mpoxdmtovy 1OTE (Katd td yveotd) and Ty
tornobitnor toug otig uovooouatidiakés Kovhounikée otdbusc (y1ad Z=2)
obppove ué 1obc meplopiopuotc mot Bétel B yevikevpévr dpyn tolb Pauli
Kol dvagpepduacte ot yevikeupévn Gpyn tot Pauli, xal &yt dnide otiv
amoyopevTiky Gpyh, S1611 dxpifdc otic deyepubveg xatootdoeig elvat mov
gxdnrdvovror ol ocuvéneieg the vevikevpévng &pyxfic o Shy toug ...
UEYOAOTPETEL.

"Ac nepropiotobue kuplog ot pehétn tfic mpdIg dieyeppévng Kotd-
otaong f onoila mpoximrel Gnd T Bepelddn pé dvoywon tod Evog Hiek-
tpoviov g oty otdbun 2s(*). (Zyfiua lo)
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Ogdonivo ITepaniro

Zyfipa 1

“Opng, énog Prénete and té oyfuata 15 xai 1,, bndpyouvv dvo dragpope-
Tikol tpémot Tonobitnong Thv fAektpoviny otig Bempolieves KUTAOTATE.
*O npdrog dvricTtoryel ot heydpevo dpboriiio mov td oniv tév Ahextpo-
viov elvor «rapdiindia» (dni. S=1), &vd O dsdtepog 016 ANOKUAOVUEVO
raparjiio Bnov Eyope «dvtimapdiiniay omiv ol Emopévag S=0.

S (*) Asdouévov 8t 616 adwrdpokto npdfinue kai | otdbun 2p Exet v 6o évépyera, 16
AhexTpévio 86 propoboe &5 foou kuhd vé tomobetndel kol o’ adtiv. “Opog ol AAEKTPOVIKEG
andseic aipoov abtd tév xguioud kal kpotdve tehikd Ty katdoToon (1) (25) 16 yaunrd

ané v (Is)' @p)'.
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Ti yivetar pé tig Evépyeieg adtdv 1@V 300 kutaotdoswv; Eival Toeg
Sragopetixée; K dv elvar dragopetikég mold katdotact 8dyet 1 yapnio-
tepn Evépyewa; TO dpBoriro i 16 mapoirio; "H andvinon o’ adté 6
Ephnua piic elval fdn yvooty and wd dvdroyn svlntnon yud tév Tpdéno
ovumApuong TV GTOHIKOV «@roldvy 616 Meplodikd cOCTHUL TBV OTOL-
yelov., Topeova pé 1t yevikevpévn dpym tod Pauli, ©} Sidtaln tdv ma-
périnhey oriv (S = 1) dmiBdiher o1} yopikh Kopatoovvapinon va
glvar dvticvppetpiky, onéte 1 dvo nHhextpdvie B teivouv va diinio-
arnogedyovial, Evé ¢ Gvtitapdlinia oniv drottoly GUUHETPIKT KLUATO-
ouvépthorn yopov, 6néte 16 MAektpdvia 86 teivouv vé GAANAOTANGL-
Covrar(t) "Av tdhpa AdPope dn” Syn kal 16 yeyovog 61t 1 Ahektpdvia elvar
dudonpo gopticpéve copatidia téte elvar mpogavég 8t and tig Vo
xataotdosic $=1 (dpboriiio) xal S=0 (napuriiio) 11 yapnidtepn évépyeia
8d tiv Eyxet N mpdtn S16TL o7 adThy td HAhextpdvia Teivouy vd xpatiobvtal
ot dndoroon kal va Exovv ETot uewmpévn frektpootatiky Gnoon. Iepited
va tovicope §ti 16 nelpapa cvpewvel dnoldteg p’ adty Tiv npdfieyn, 8yt
uévo vid tiv géetaldpevn deyepubvn kotdotaon, ARG xal yid Shec tic
dareg mobd mpokLIToLY And TonobBénon Thv Rrektpovioy aé Sid td Suvatd
Cebyn uovooonutidiaxdy xaractdoswy. T6 dpboriio Eysr mdvia wixpdrepn
Evépyeta and t6 mapaijiio.

Mag gipoote Spog BePator d1i A napatnpodievn Evepysioxy Swagpopd
dév dpeiderat of payvnriky GAinienidpaon(*) dvdpsca otd oniv thHv do
Rrekrpoviov; Eipacte BEBator 36T 1 tdEn peyéboug adrfig tiic Swapopdc
elvar térowo mod pmopel vd Groxisioer duéowg T HAYVNTIKY THE mpoé-
hevot. “Onog Exope netl k1 GAlol ol Evépyegieg TV payvntikdyv drinieni-
dptoswv otd dropa eivar kotd 107 mepimov gopéc pikpdtepes &nd Tic
niektpootatikée kol Emopéveg mégrovy (yid dropa pé iiya frextpdvia)
oty meproyn tdv 107V, "Avtifeta ¥ &vepyeioxr Srtagopd SpBoniiov
napaniiov, yid v nepintworn mod ovintdpue, slvar g talewg 10b &véc
ArextpoviaBdit. CAxpiBic tyury: AE=0,8eV). Mud térowa tafn peyébouc
(ovykpilown pé tig Evépyeeg Arextpoostanikiic mpofhevong) sivar Spwg
aroivta ovpPiBacty pe 1é unyavioud 1od dnodetkvist 1 yeviksopudvn oyt
tod Pauli & 6moto¢ Ennpedler 11 péon dréotasn thv frektpoviay kal péow
avtiic v Evépyeia 1fig fhextpootatikiic touvg Enwsrng.

*Arnojiéver vi dobpe ndoo Emtuyng givar ) tponyoduevn E&xynon xal
ané rocotiky droyn. I't” adtd 16 oxond dév Exope napd va tgupudoope 1
Bempia dratapay®dv yid vd dmoroyioous 11 S16pbwor aric Gdiutdpoxtec
dvépyeieg TV dieyeppévav KOTUOTACEOV, TO TpokaAobvtal Gnd tév Spo
e’/ tiic Ahexrpootatikfic dnwong tdv Hisktpoviov. O ddratdpakteg
xopikéc xopatoovvaptrioelg 8dyouvv 1t} popen

i
vi(ri, 1) = \7—5 (wis(r) wadr2) £ wir2) walr)) (H

(*) "Av dév Béhope vd eloaydyope véeg Gyvooteg diiniemidpdosig téte adty elvat 1 pdvy
Gropgvovcu duverdTnta.
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drov 16 Betiké mpdonpo dvniotoryel otd noparjiio (§=0) xal 16 dpvntikd
o1é dpBotiiio (S =1). T'pdpovrag thv (1) mipaps Eriong dn” Sy pag 671 of
rotaotdoslg Is kol 25 elvar oparpikd ovppstpikéc xal Enopéveg ol gvri-
otolyee Kupotoovvaptiostg 84 Eaptdvial wove dnd td pétpa 11, 12 TV
Stavuopdtov 8gong 1y kol r;. “H {nrobusvn npdtn §16p8won otig xowéc
adratdpartsg évépyeteg 1@V kKataotdoeov pé S=0 xoi S=1 8¢ ypdperar
Thpa oavit)

1 1

EY = < (}‘1'2‘)>¢ :j yi (11, 1) T Vs (r1, )dVidV,

2
§ T s j: 8 T s T
_ %f lwis(r) wadlr2) £ wisr2) was(ri)] dvidV, = J + K (2)
I'i2
8nov J, K 16 Odhoxinpopatd
Yidr) - i)
1s . 25842
1=/ — e dVidV:

K - f yis(r1) was(r) - Wls(rz)\vzs(f;}

T2

dv.dV,

otic Ekepdoeig Thv dnolov ndphnke On” Syn 61t of KUPATOCLVAPTRTELS Wis
xai v, elvon mpaypatikég kol Emopéveg 1@ cOpBora tfig pryadikfic culuvyiag
TEPLTTEVOLV.

"Amé v (2) mpokvmret Guécwc St i Evepyeraxt Sragopd AE Spbori-
Mov kel mopaiiiov deeiretal 616 dhoxinpopa K (yvwotd odv dloxiipoue
avreriayfic) xol Bdvor ion ué

AE = 2K (3)
nov PéPara elvar pid Betikt) moodtnto nog 16 mepiuévape. I'd Tov dro-
Loyiopd tob dhokAnpduotog K 8év Exope mapd vé moparnpricope St

icobtor pé v Evépyein GAAnienidpaong 800 TavTOONHOV KaTavOpdY HE
KOWVT] TuKvOTNTO

pr) = wis(r) wal) 4)
‘Enopévog, katd 16 yvootd and tv mponyoduevr mapdypago, Bdval
K = Unlp, p] = 2Ulp] (5

8mov Ulp] B 18roevépyera 1iig xatavopdig p mod Adyw tig opaipkiig cvp-
petpiac 04 diderar 4né 16 povodidotato AxTiviké OShoxAYpmua

Ulp] = 4n fo Q(r) p(r) rdr (6)

pé Q) 10 6Mxd goptio of dndotaon r dnd v dpyn.

() "Onwg xai stiv nponyolusvn napdypougo, 66 yproponotioous 16 Gtopikd aloTnue pové-
Sov.
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P Agrvovtag 16 mopnvikd goptio Z (Ze oTig cvviiBelg povaoeg) va Exel
Toyolca T ol KUHUTOOUVOPTHOELS Yis, Wi Bdvar
73/2 7312 ( : 7
{r) = —=—eZr sz(r) = — =) e~Zr/2
vl = % NN

kol 1 Gvrictoiyn mukvétnta (4)

Zr
- —2—‘) e~37r/2 (7)

- Z3 (
p(f) - 2\/57[

omdte vid ™ ovvdptnon Ohikol goptiov Q(r) Bdyope

r r Zr3
Q) = 4n fo p(r)r2dr = \/523 fo ( — —:2—) e-37r/2dr

V27
3

oe-3Zr)2 (8)

Smov 16 ShoxAfpoue Ororoyiomnke pE TOV Tpdno mob vrodsifope oThv
dvaroyn repintocm tob nponyoduevou npofinpatog. Eidukd 36, Loyw thHg
eid1kfi¢ Tipfig Tob Gyetikod suvteheoth TOV duvdpsov I kal 1, 16 dnattob-
pevo dopioto Ghoxkkfpwud £yer TV GrA0LOTUTY HOPON

20 Zrf2, _r3 3Zr)2
(r = =) e3B/2dr = — e

dmov 6 cuvvieheotic tob Exbetikol givor povo pio ddvapn tob T
Elodyovtag tdpa tig (7) xal (8) oty (6) muipvoue

(4m) (\/ ) (2 \/_) fo (r* - %— ') e37rdr

It

Ulp]

2Z° ( 41 z )_

3 Y3z 2 (32)6 3

ordte yid ) (nrodpevn Gvepyelaxy dwwgopd AE = 2K = 4U[p] Bdyope
TERKA

3227 z
AE = 3 = 27,2 eV )]
nov yia Z = 2 (Gropo “Hiiov) divet
AE =~ 2.39¢V

ToyKpwOueEve pE TNV RElpapatiky Ty, mov sivar pdhig 0,8eV, aitd
16 drotéheoud pdvo obv 16En peyéboug uropel va BempnBel ixavoromtikd.
Of Léyor adtfic thc wiepliopopévng smtuyiagy (Yd va Y pnoonojooue
wd fAma Exgpaot) dEv elval dtokoho va Evtomotoby. Tlpdhta drn’ Sha o
veyovég 611 Drohoyilopsvy toocdmra drotekel Eva pikpd «noiuylon ot
kuploe Sopn tdv évepyelakdy tmnédov v kdvel modd svaiohntn otd
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L60n oV Oretsépyoviarl otdv drmohoyiond adtiig tiig «xuping dopfigr(*) kal
16 6mota elval tfic 18iag téEswg peyéboug pé 11 wkpt dwpopd AE mob udg
gvdlapépet. Tlépa Spog an’ adto, elval ebkero va dolue St 7 dreptipnon
108 AE 8&v elvon tuyaia GAAG mpoépyetar —kotd Eva cuvotnpatikd Kol
npoPréyipo Tpémo— Grs Tig «dtéheiegy THV ddrotdpaxtov idtocuvvapt-
cemv 1ol Y PNoIHoToloivTal 6tév droroyiopd. “H mpogaviig dtérewa avTHY
16V Kopatosuvaptiosov sivat St 8év maipvovy O Sym toug 16 YUIVOUEVO
tfic Qupdkiong t6 dnolo petdver onpaviikd 16 Evepyd mupnvikd goptio noY
«Bréme 16 kabe Nrektpdvio. Trijv nepintaot pog, adty 1 Bopdxion elvat
dpxetd Evtovn othyv ketdotaon 2s, Gn’ 8mov 6 muprivag goivetal oyedov
TAMpog kaAvppévog Grd té Rrektpdvio tfig Ecwtepikfic otoBddag Is. Id
v dvraroxpiverar hourdv f kvporoouvvdptnon adtfig 1fig KaTtdoTaomg
otic npaypatikég ouvBikeg ToU dtdpov Bdnpene 16 «poption Z mod Epga-
vifetar otv Exgpoct g va Exer pddrov iy ripn Z = | napd tiv Z:= 2,
* Avtifeta Y16 TV katdotaon Is 7§ vepyds T Tob Z 8dvar dpketd xovid
616 8o, “Ev ndon nepurntdost 16 olyoupo elvar 811 otdv tomo (9)1d Z nod
tppaviletal gxel 8év Bdmpene viyel v ip Z = 2 @AAG pla pikpdtepn.
Mid tétowa d16pBwor elvar pavepd 6811 «onpdyvery 16 Bewpntikd Gnoté-
reopa mpdg v katedBuvon Tic melpapatikiic Tiufg.

“A¢ tovicoue téhog 811 adty By Evepydg pelwon 1ol Z 64 mpoxbyer
adtopata Gné tic dopbhdosig otig ddatdpaxteg idroovvaprioeig nod Euea-
vitovtor otig Gvartepeg tdEeig tiig Bewpiog dwatapuydv.



