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[TEPA ATIO TO ATOMO TOY YAPOI'ONOY

Ewcayoyn ot dopn TV TOAMNAEKTPOVIOKOV
atopmv. Or 6vo Bacikéc owopOddcerg oty
TPOGEYYIGT TOV EVEPYOV KEVTPIKOU TEOLOV

O1 kavoves too Hund kou n eCnynon toug

‘H ¢ion tév dropbhoenv: "Yroleinbpeves Rhextpostatikés andosig
kol ardnienidpucn omiv-tpoyidc.

Z¢ ot thv tehevtaic Tapdypogo 04 dykutahelyous mid 16 Gropo 1ol
“Yopoydvov xal 64 xvrtdéope vd GEromorfoopes td Sou pdbape Gnd 1
peiétn adtol 1ol npdrumov kPuvTikold cusTANTOS, VI8 va @Tdoopue of pid,
notoTikn £6tw, kotavonon tiig Sopufig t@v moAvnAekTpovik®Y GTopey. “Ag
dpyloope pé pa lepupyixn xotaypoenh t@v nepayéviev —inhady tév
duvdpenv— nov xafopilovv adth 1 dopd. "H npdtn Buoikn iepdpynon
elvar BePaing éxelvny petald dlexrpikdv kol payvnrixdy Suvauewmv. Tovhdyi-
ctov yid Gropo pé Alyo fjdextpovie —Omnou sivarl (u/c) = Za<<<l— oi
devtepeg elval cupdc mxpdtepec dnd tic mphieg kol Enopévag propolv v
Anebobv On’ Syiv cdv pikpn Swtapayy o1 doutr) Tob drépov 7 onoin
Gupoppmvetar Baoikd dnd tig RAskipikég Svvdpsig.

“Ac¢ Solue howmov mpdta i kdvoue ué tig fAskTpootatikéy duvdpelg.
"Onwg Eyope mel ovyvd 16 kOpro mpoPAnpo €86 Sév elvor ol EdEeig
Ahektpoviev kol mupAva (yid tic énolec 1 éEicwon Schrodinger Advetat
dxpifidc) arla o Ahexrpootatikés dndosig thv dwwv tdv Ahektpovimy,
“Bvag tpomog vd Onohroyiotobv ol (modd cofopés) cvvéneieg adtéyv tdV
anoocov slvar fong adtdg Tob ypnolwonoinbnke naindtepa 616 drouo 1o
"Hiiov. Andadn f pébodo¢ thv Sotapoydv. Avotuyds adtd f pfbodog
uéhic xai perd Blog elvor fpappdoun otéd dropo tol “Hilov xal yiveran
S8ro kai md dxatdAinin kobog & dropksg Gpdude tod otovyeiov pbya~
rMiver. KU & Aéyog y1° adtd elvor pdhiov oovepdc. Asdopévou 61t ol
dnootdosic petald tov Arsxktpoviev elvar tiig 1diag tdfng peysboug pé tic
arootdoeig Toug 4nd 16V Tupnvy, ol drneoTtucéc duvdjieic Odval cuykpicieg
ué tic Edktikée kol snopdvag dév pnopobue v Bewpricope tig mpdTeg chv
pikpy Swatopayt otic dettepeg. “Ooov Geopd T oyetiky T6En peyéBovg
v dvtictolyov évepyeldv (CAnectik®v kol “Eiktikdv) elvar ekoko vd
defte 6t loydel A

B ZZ-D)2
g = Euxe. - ZZ
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an” 6émov goivetor dpéowg dti 1 edvoixdtepn mepimtoon (pixpdtepo g)
elvat ékeivn o0 “Hilov yopic Béfawa kai yi° adtniv vé propsl va toygupt-
otel xavsic ocofopd &t O JoTapaKTIKGS Yepopds Thv HAEKTPOVIKAY
dndosov elvol 8k 1OV TPoTEpAV SIKALOAOYNHEVOC.

Mid dvarhaxtikn pédodog Gvtipstdmniong adbtod 108 moil onuavrikod
npoPinuatog elvar adtn mod nopovoidooue mototikd ot6 11o wepdiaio. "H
Baoikr 1880, Onwg Bupdiote, fitav vd sloaydyous Eva évepyd kevipikd Svvaikd,
16 6moto ovunephapPdvel tdéoo v nupnvikny §ién oo xal T Gwpdkior
noY tfic mpokahobv of Arextpovikég andoeig, kol péoo ¢ wdtd té duvap-
K6 v& Bewpooue md &t 1d AhekTpdvia Kivolvral odv dvebdptnta (dnh. un
drrniemidphvia) copatidia. O adtocuventg npocdiopiouds adtod tob
gvepyol duvapikod yiveror pé ) heyépevn pébodo Hartree-Fock tfig dmolag
7 Baoikn i8¢0 mepiypdenke ot6 llo xegpdrato. ("Yroonpeioon oehidag
183). Avotuydc ol éEwshoeg tfig pebdédov Hartree-Fock(*) uropolv vé
rufolv udvo Gpbuntixd, yi~ adtd xat 1 napovoicon toug Eepelyel dnd td
Spra Evéc Bipiiov Baoikfic KBavrounyavikfic. "Oung, &rot ki diroifg, 10
ipdfinpe wol pudg Evdiupiper €36 Bév elvar 6 dmoroyiouds tol Evepyol
Suvapikod &ArG ol Swpbdosic mod mpémer vé dxolovBnoovy dote vd
pThoope of uid TAien elxéve Tol drépov. 1o E&Tig howndv fewpolpe St 16
duvapxd Hartree - Fock (1), kai of Aoeig touv vid ke ovyxexpiiévo dropo,
glval yvootd kol culntdue yid 1oUg Tapdyovreg nob npénet va Aneboly om’
Byv né kel kal népo. Tl dropo pé oyxetikd wikpd dropksd Gpbusd ol dvo
onuavtikotepeg tétoteg mpoodiikeg elvan, kutd oelpd onrovdaidtirag, ol
£EMg:

) Of SmorewnOusves NAEKTPOTTATIKE; GNDGEL

By Of payvnrcés dAiniemidpdoeig petalt t@v Niextpoviov

“H npoérevon tfig npatne diépbuong yivetar duéowg avtiinnty fv
oxe@Totpe 81t f| dvoopdraon 1@V fiektpovikdy andoemy ¢’ Eva vepyd
Kevipikd duvapiikd 8év pmopsl noté vé eivar mhfpre. Ipdkertal yid wid
npocéyyien nod oo koAl ki dv elvar 84 Gofver rdvra xdnowo dnérowmo
kol adtd dxpifde 16 Ondhowuno droteiel 1 ouvinrodusvn npdtn Sidpboon.
Té vd dodue xal nocotikd 16 ti cupfaiver dg tnobioous Sty Eyous Eva
dropo pé 8Vo Rhextpovia Y& 16 dnolo 16 Evepyd kevrpikd nedio Vir) pdg
givat yvootd. Zmiv ntpoaéyyiorn 100 kevipikod nediov 1] AN AASKTPOGTH-
Tk dvépyeio 100 dtépov B4 didetar dmd 16 dBpotouw

Viry) + V() )

av@d N GxpiBrc Exepacn adtiig 1fic moodmnrag Eépope St elvat

S R ey @

C(*) Ot 6moleg, onueidtéoy, Tpokuntouy ué KatdAAnAN Epappuoyh TR pefddou THV usta-
Boiév.
(1) Hpokertal yid pd iooddvaun dvopaoio 100 &vepyol Suvapikod.
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TATAY dvtirnapaBorn thv (1) kol (2) dpkel yid vd netoel tév dvayvhotn 611
M #é008o¢ 10 kevipikol nediov 88v pnopel 1oté va dnoteréoet pid dxpipn
neplypagn tdv Rhextpootatikdv dAinienidpdceav 1ol dtdpou. Of ovvap-
toeig (1) xal (2) droxheietat vd ovpnintovy Eote xal pévo 16 16 Adyo 61
i Sedtepn drepileran Stav 1y = 1 Evd 1) npodtn Iyt "H Sagopd toug 84 &i-
vat Aotméy un undevikn xai 84 drotehel ) {nrodpevy nocotikt) Ex@pacn
g S16pbuong (a). ZopPorilovtog adth 1 didpboon pé Vr (R = Residual)
Bltyope howndv

2 28 €

Vo=l - 4 lr1~r2{)

(V) + V()
kal yid Eva toydv diopo
z Ze2

nz n<m

Vi = ( T Tm I) ZV(I‘H) 3

n=|

T6 néoo pkpny elvar at’nﬁ 1y drolebuevn BAextpootaticn Evépyer EupTl-
10t TPOPUVES And THY «o6TNTaN TG Tpocéyylong tol kevipikol nediov.
“Oco keliitepa mpocdiopiopévo slvar 16 xevipikd nedio 1600 pikpdtepo
(el mévroe pf undevikd) vrérowno B4 denver. Ztv npdfn 16 &vepyd du-
vapixd dvoopatdvel Tovidyiotov xata 90-95% tic fhextpovikéc dndoeig
onéte 1 dropével pnopel mpdypatt vd BewpnBel odv pikpr dtatapayn. Id
T4 dvepyetokd Enineda, mapadsiypatog ydpn, ol dopbvoeg mod npokarol-
viol Gné Tic dropévovoes dndoeic slvon capds pikpdTepes Tod HAEKTPOVIO-
Béht &vd of dmbosig mod Eyovv dvompatnbel o1é fvepyd kevipkd medlo
Eyouv #8n perartonice tig o1dBpeg 1ol «yupvod» duvapikod Coulomb Tovld-
yiotov kot Séka Ahextpoviofort. Kal wdti dxopa mot dev mpénet va Goe-
Bei doyoriaoto. “O Spog dropévouses drdoeig oL ¥ PNCIHOTOLO0UE Y14 THY
Exppoon (3) npéner vé Epunvevtel dpretd kuptorektind. Adtd mol pdc Aéet
elvar 811 16 Ahextpootarikd dndhoino Ve tfic npocéyyiong 100 kevipikol
nediov Eyet droonxd, Pacikd, yapaxripe. Topd tv... @AdTun npoondfeia
T0D &vepyol duvapikod v droppognoet tig Nhextpovikéc dndoeig &v Tod-
Toic Kol petd an’ adtd Td Rhektpdvia Sév cvunepigipovial ohv dveldpinto
copatidia. "BfaxohovBolv va dnmBolvrol GAAG moAd mid Gobevie dnd
npiv.(*) Elvan Snhodf odv vé napapévouy gopticpéve GAlG p’ Eva mokd
uikpd khdopa tod Gpykod toug poption. Adt ) elxdva 1dv drnoheinope-
veov dndosov —&tt Snhadt Spsidovior o Eva eldog kardlourov popriov T
Ahextpoviov— glvor 8Eaipetikd ypriown xai 8¢ ypnoyonombel dpretd
oTh ouvéyela yib THv ototikd EEuyoyn pepikdv Pacikdv copmepacpdTen
oyeTikdy pé tH Soun 1dHv mohunlextpovikdv drépov.

(*) Té 8m1 % wpooéyyion 10D wevipikod nedlov donver dnwotind nepiocsuua @aivetal 4mo T
yeyovoe 8 vid 1 — 12§y dxpiPric Exepacy (2) ndel oté aby dreipo Eva A (1) péver nenepoopé
vn. BéBaa of peyordiepsg droordaeig 1hv fhsktpoviov 1 cuvdptnon Ve(rs, T2 propel kdh
hiota vé yiver dpyntuct kol Enopévag vd dvtinposarede Eva fxrikd neploceupe. “Av kol adte
w6 EvSeydievo Sév propel slikoka v& droxherotel, v tovtoig slvar aiyoupo 8t td looliyio el
vor dmép 1ol dawoniked Ymooinov.
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* Aropdver vé nolue pepikd mpdypate 1é i payvnTikég GAANAETIOPE-
osig péoa oté dropo, oi dmoleg PéPora deeilovrar otig puyvnrikég pomé
Aéyw oniv kol Adve tpoyiakfic xivnong tob kdBe fiextpovicv. Mud npo-
poviic tafwoéunon adtdv tdv GAiniemidpdosayv elvan 1 dxdiovbn

"AAdnAenidpacn Tumxée dpoc
A) oniv-gniv ~ 8§
B) 1poyfic-tpoyifc ~ ki
I} oniv-tpoyidc ~ s}

Smov BéBara of deixteg i wai j dvagépoviar o &va ovykexpipuévo Ledyoc
Ahextpoviev. Inueidote dxdpa 811 otic tepmtdoeig (A) xal (B) ol Seixrec
i xai j elvor Swagopetikol (o¥te 16 oniv obte 1 orpogopur} dAiniemidpol
payvnTikd pé tév Eavtd toug) &vd oty (I) pmopel vévor xai foor. “Exe’
dnhady Eyous tic dxdAovbeg J0o dmomepimtdoEg

') oriv - 8 tpopid: s 4
o) onmiv - dAhn tpoyid: s-4 istj

*An’ Sheg odtéc tic GAAniemdpdosig onpoviikdtepn elvan fi Ty, ol Evae

{(GuoiBohne Gélog) tpomog va 1o Bhénete odv elhoyo sivanl vd oxéoteots
811 18te popéag kol TOV 3%0 puyviiGY pondv ot dihniemdpolv, eivan 16
1o ArexTpdyvio, 6ndTe i péon Gndotaon adtdv T@v pondyv Bdval pkpdtepn
Gr” 611 otic dhheg mepuidoseig (A, B kot 1) Srov of dAkniemdpdos poyvati-
kéq ponéc gipovial dnd Srwopopetikd fiektpdvia. "Erot lowndv i dAikq
payviTiky aAlnienidpoon tob dtépov mepropiletar mpoosyylotikd oth
popen

z
Vis = § &(r) k-si 4)

Smov 1) ovvdptnon &(r) slvar xowy yid Sha td fhextpdvia xal skepaletar
uéow tol &vepyod duvapmxod V{(r) bc &Efic

w1 dv

80 = 55 T @ (5)
‘O tinog (5) anorelel 1t yeviky nepintwan éxsivou nol elyape ddost
vapitepa vid 16 duvapixé Coulomb xai propel vé éEaybel cwotd pdvo dnd
v éélomon Dirac yid v xivion évég fiextpoviov péoa o’ Eva tuydy
kevTpiko nedio V(r). O (5) 84 BewpnBel Aowndv dedopdvoc rnag kol 6 dvd-

Aoy tou oté dropo tol “Y8poyovov.
Té tehxéd pog svprépuona ovvowiletar Lowndy o1obg tinove (3) xai
(4) of émoiot Sivovy tig Pacikég StopBhoeig(*) nod npénet vd npooteboly

(*) Avbo npogaveic napareiysig elvat § petaford tiic pélag pé v tapditnre ( dnola €i-
Vol oQOotpikd ooppetpikn Kol dév npokohel dpon 1ol Expuiiopod 16V kataotdosav Snng kd-
vel i oblevln ontv-tpoyxidc) kel # dnéphenty drilnhenibpaon pé tév mupfiva mod elvar noid
uikpdrepn.
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OtV TPocEyyLoT ToU KeEVIplkol nediov kol thv onolwv ol ouvvineieg uno-
pobv mAfov vd droioyiotolv ué faon i Bewplia Sratupaydv. “Evag tétotog
brokoyioudg 6év pmopet, BEPara, va yiver dvahvtikd S10Tt ol Gdratdparteg
{Sroovvaptioeig Exovy Tpodyet and ) pébodo Hartree-Fock xai énoudvmg
elvar yveotés povo dpibpuntixd. I't” adté 16 Aéyo 84 dpreotodus otfv &la-
yoyY, @y motoTiKdv pdvo cuvvenetdv tdv Sratapaydv (3) kal (4) ol 6noleg
(ovvérsieg) eivon Switepa onpaviikés otiv nepintoon thg Sepehibdouc
KoTaotaong thy nohoniextpovik@v atéumv.

Tipocdiopiopde tiic Bepchiddovg wutGotdong tHV TOALHAEKTPOVIKDY
arépmv: Awrinoey wel Sikaokdynen t@v xavévov ted Hund.
"Eyovtag nepypdyel mh odon thv dGo Buoixdv dropbaocov nol npénet
va yivouv oty tpocéyyion 1ol évepyod kevrpikod nediov elvat oxdmipo va
Sraxdyoue Topa TV Genpnpévn ovlhitnon tol Béuatog xul vé npoywpn-
oope othv fueon Gvrigetomon £vog MoAL guykekpipuévou npuxtikol npo-
Brfpoatog péco tod dmoiov kal 86 Gvadeiyfoiv td dpotiuata ot dnoiv f
Bsoplo Bd npéner vd dwoel wd ikavomointikn arndvrnon.
To ovyxexpipévo pog npdfinpa dvagépetar oté dtopo tob Gvlpaxa
dmov 7 fhextpovikn ddraln Eyer v wopon

(1s)* (2s)° (2p)* ("

1} 6rola dvriotolyel ot cupmAipoon Thv Stadoyikdy otadudv 1s, 2s, 2p(*)
ué ta €&n dwbéopo Hhextpdvia. TO npuxtikd épdtnua mod 84 Bélaus vé
araviioous topa sivar 6 g&7¢: [Towol elvar of kfavrikol puoi L, S, J
roU Gropov 1ol dvBpaia ot Bepeliddn tov xatdotaoT;(T) Inueibote kot

apydg 6Tt adtd 16 Ephnpa dév elvar kabblov tetprupévo. T4 dbo Akektpd-
vig tiig SEwteprkfic otorfddag 2p Exovv 16 kabéva tpoylaky sTpogopun [ =
1 6ndte 6 kPavrikéc apdudc L tiig Ohikfic tpoylokiic otpogopufic Bdyer Tig
tpeig duvatés Tipég

L= )

kdto anéd i dnolsg onpetdvetal katl 16 dvitictoryo EUoUETOCKOTKS olp-
Boro pé wepuiaio; BéPaln, ypdpuo wid xai deopd v OMxH Tpoyaxy
gTpopopun Tob drduov.

Ié tév kPavrikd apiBpd S 7ol dhikod omiv Biven mpopavig

S=0, 1 RE)!

(*) Of émoleg YrotiBetan §1u Eyovv mpoxdyet dnd v Enihuon tiig é81odoewg Schradinger
vid 16 Evepyd duvapikd V(r) nol pdc Edwoe f uébodog Hartree- Fock. "And xabupd mototixy
dmown Eépope BéPata St A oetpd tEV otabudy 2s kol 2p (Eyp > Ex) elvar dnotéleoua tfig Bw-
paxiong o0 nupfva nod mpokakeltar Gnd v Nhexktpovikés andosid.

(1) Té dv ol apiBuoi L, S, J elvor xadol kBavrikol apiBuoi 1 Syt 8¢ auintnel Ayo dpyd-
TEpaL.
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apol kabe Nrextpdvio Exer s = 1/2. Znueidots 611 td RhexTpovia 16V dow-
tepik®v otopadev v elvar dvaykoio vd ovpnepiinebody otols nepund-
Vo DIOAOYIoHOUE 81011, Gntag propeite ebkoha va deite,(**) pid yepdin otor-
Baoa diver mdvra L = 0 xai S = 0. "Etot povo 1d Niextpdvia tig sEwtepriic
otoiddag yperdletar vd Aneboly O™ Swry. "And Tig (2) xal (3) vivetor ga-
vepd 61t otd mhoiowa thig tpocéyyiong tol kevipikol nedlov 1) Bepehiddng
Kotdotaon 1ol dtopov tol dvBpaxo dév npoodiopilerar povoonuavta deol
16 Levyn 1oV xBavukdy apbudv L kol S unopodv vé ndpovv mid roixihia
Tudv. “Opwng drdua kol yid Eva dedopévo Cebyog tipdv L, S f katdotaon
o0 4Tépov 6év eivar axopa Kabopiopévn d1étt 16 dwaviopata L kai § pno-
polv vd ouvvdvaotodv pé meprocdtepous nd Evo todnove kai vé ddoovy
avtiotovyes hapopetikés Tipée 016 péyebog tol draviopatog § Thig OAkig
orpogopufic. Tuykekpuidva, yid dedoudva L kal S, 6 xPaviicdg dpibude J
86 umopel vd mhper Tlg TIHES

J = |[L-8], ..., [L+§]

thv dntofov 16 mififoc iooltat pé 1oV pkpdTepo and tolg dptbuote 28+ 1
2L+ 1. (ZoviBog eivar S<L 6mdte 16 nAfiBog 1dv tiudv 1od T elvar 28+1).
*And td rapondve yivetal Aoindv gavepd 8T Yid TGV HOVOOHUAVIO Tpos-
dopoud g Bepehiddoug xardotaonc evég dtduov npénel va Bysl xaveic
Gné 16 whoiciwa tfig npoodyyiong tob xevipikol nedlov kal vd AdBet O’
Sym tou tig dvo Paocikég Sropbhoeig nol dvapipape nporyyovudveg, ué TRy
Ehnida St adtéc 86 dpovv Tév «dvenmBiuntor xeuiond kal 8d dhoouvy pwid
KoAad kaBoplopévn Baoikn xatdotacst. LTy npoayponikdtnra avtd 16 npd-
Binua (dnh. & npocdiopiopds tiic Bepeiiddovg katdotaong) AVbnke npdta
sunelpikd kol év ovveyeta droiovbnoe 1 Bewpntiky tou Stakedkovor Tave
oTig Ypoupés nov dvapipape tponyouuéveg. ‘H duneipiky Aon dpsiietar
otév Hund 6 6nolog péoa dnd 18 neipapatika dedopiva yid ixavd dpbud
atéumv, xotéinge otovg dxdiovBoug U0 yevikolUs KAVOVES.

log wavévag tob Hund: "And 16 ovvoro tév karactdocwv ol dvrioroiyoiv
otic duvatés Tyds tdv kBavtikdv apiBudv L xal 8 tiiv éddyiotn évépysia tijv Eyet éxei-
vi) pé o péyrorn dvvarr tiptf tol S kel v péytotn tiprj tol L rov glvar ovpPrfaotr pé
v Ao éxdeyudvn run ot 8.

20¢ xavovaeg tob Hund: "And 16 ovvoro 1ov kateordocov Stagoperixod J ol
avriotoryobv o1é {ebyog L, § 100 nponyoluevou kavéva tijv EAdyiotn évépyeid v &yei:

¢) 'H xardotaon ddytorov J dv 11 orofdda sivar Aiydtepo dnd picoyeudr.

B) H kardoraon péyiorov J dv i oroifidéa sivar neprocdtepo Grd yicoysudrn.

" Ag dobue nog Epappoloviar adtol of kavdveg oty nepintoon 100 dv-
Opaka. "Edd 16 npdro oxélog tod npdtov kavova («derélte 10 péyisto
S»y udg Aéer apfong &t Beush®dng katdotaon Bdyer S = | 16 dnolo on-
paiver 8t td dvo fhexTpdvia Bdyovv napdiinia oniv kol Gpa npénet vivat
tonofeTnpéva (Adyw tfig dpyfic Tob Pauli) of 300 Sweopetikéc tnootofa-
dg¢ g oroPddag 2p (m.y. tig 2px kai 2py). “Opwg adtdg 6 1pdnog tonodé-

(*%) v Eetalopevn nepintoon abtd BEBaa elvar 6A0@avepo 36T ol fepikéc Tpoyiokic
gtpogopiés slval pndevikée, dpa kol 7 dMkn, &vd yid to onlv adtd drnoppéer and v dpyn
tou Paull 7ot émiPdaiel o1d frextpdvia va Eyxovv dvtiera omive
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morg Oyt povo plg slvar yveotdg dnd mahd, GAMG Eépope xal tév Adyo
ot tov émPdadiier. ‘H xardotaon tdv napdriiniov oniv dviictovyel of
CUMPETPIKT] Kvpotoovvaptnon only X(p, W) f dnola, Aoyw tic yevikeopé-
v Gpyfic tol Pauli, dvayxdler tv yopiky kopatoocvviptron wir, 12) vé
glvar dvricvppetpiky, Ondte 14 NAskTpdvia 84 kputolvial of dnéotaom
gratrhvoviag Eror tig fAektpootatikég Tovg andoeg(*). Biénope Lowmdy
81t 30 16 npdro okéhog tol mpdTov xavova Eyel wid anhy nowotiky 8-
ynon. Oecsiietar otig dnorendpeveg drdosig td@v Arektpoviov ol dmoleg
smnpedlovion dusoa nd o ovppetpwd i dvtiovppetpued yupaktipe tHe
yopuiic xupatoouviptnong kel dpa Gnd 16 oyeTikd RposuvVaTOAMOHS thv
antv.

Koi pid xai fpbs ) kouPévia ot Beopntichi Sikaohdynon 1dv xové-
vy tod Hund dg nodpe 8o Adyio xol yid 16 dsvtepo okéhog 1ol mpdtou
kovéva («Arahélte o péyroto L not elvar ovpPifaotd pé 16 dn Emtheyps-
vo péyioto S») yoti K adtd slvor drnotéhecpa tdv Gnoieinbpeveov Hhe-
Ktpovik@v éndozev, ‘H Buoswy Swnictoon 866 elvar 81t yid dedopéva pe-
vébm thv pepkdv otpooopudv h kal b | xetdotoon péyiotouv Olhikod L
(=h + b) dvtiotorysl of peyordtepn péon drdctact t@v 8o fiskrpovimy
kol dpo of prepdtepn droudvovon drnmon. "Bva kakd punyovikd dvdioyo(t)
yid v viver xotavonty i otvdeon peydiov 6hxol L xal peyddng péong
0 andotoong thv nisktpovioy dids-
o o6 oyfipa 21, Ao Toeg ndleg kpa-
nwobvron of otabept) andotoon d
ané 6 onpeio dvuptioseg A xol
neplotpigovial pué otabepn ypau-
pikt) toydtnte u(*t) Sronpdvrog Swp-
kg 1AV dvridwapeTtpiky toug Sd-
raén. Kéto dr” adréc tig ouvBijxeg
elvol gaveps 811 1 6hkn oTpogop-
un L = 4 + b 86 vivetar 1600 peyo-
ritepn Goo 1 yovig tdv Stovuoud-
tov § kol b piepolver xal Emopé-
veyg 860 peyoiover 1 dndctoon r
v o puldv. (Tlpopavde yvid vd
pikpdver iy yovia Iy, I, 96 npénetl v dvoifouv oi Bpayioveg dvaptiicsng Al
kol A2 xal dpo va adfnbel 1 dndotaon r). "Ev ndon nspuntdost
ovoyétion ueyding oTpogoppiic kel peydlng amdoraong sival kdti mod
avapivetal £v vévet, 6moTe M) SpEAVion g kol 016 Twpvo pog TpdPinua
O0év mpénet va dvrtipetoniletal odv vewTEPIOUOG.

Zyfipe 21

(*) Hpdesrtor othv TpaypotikéInto yid tic drousvouoes NAEKTPOCTATIKES anboeic 4pod
16 kbpro pépog abtdv 1oV dnmocoy §yel oopneptinebel 016 dvepyd duvapikd V(r) xai £yet §dn
ouvelopépel oTh dopdpewcn tdv otabudy Is, 2s, 2p khn., ndve otig dnolsg tonobetolue té
Arextpdvia. “Ag pnv Geyvius, mopadsiyuatog ydpm, dti i dpon tol "Yépoyovikod dxkguhi-
opol (8nh. & Saywplopde v otabpdy 2s kol 2p) elvor Evo drotéleopo 1BV AAEKTPOVIKGY
dnoocsoy mol Eyer 110n Anebel On’ Syn.

(*) G. Baym: Lectures on Quantum Mechanics: Zeh. 459.

(**)"Eror dote of uepixég otpogopués i kol b va Eyovv otabepy T [A| = k| = mud,

Snwg Groitel 16 mpoypotikd kBoviikd mpofinpa.
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AwBétovrag thpa kal v motoTiky &ERynon tob npdtov kavéva dg
OLoKAMpOOOUE THY EQappoyn Tou o1é dtopo tol dvipaxa, péoo g dnolag
8 Sevkpiviotel kal Eva tehevtoio Puocwkd onusio ot dratinoor Tou.

Agdopévou 6T ol dwabéorpes Tipég tol L vid tév dvBpaxa eivat oi L = ¢,
1, 2 t6te Bdheye kavels nog A dntPoriduevyy Gnd tov npdro kavdva éxhoyn
elvar fj L = 2. ©6 deilope Suwg dpéong 611 adth B éxhoyn, of ocuvduaoud ué
v S = 1 not kdvape 1idn vid 10 orniv, eivol dovpPifuctn ué v dpyn o
Pauli, T't” adtd 16 oxond dg dodue ndg unopodv vé npayuatomoinboly oi
kotactdosig pé Ms = 1 kai My = 2 mot dvrioctoryodv otig péyiotes npoPoide
1@v Savoopdrov S kel L otév dEova z. Td tiv ty Ms = 1 6 pudvog 1pdnog
npuyparonoinore g slvar vd Exovv ms = 1/2 xal 1@ §%o Alextpdvia, &vd
yid v My, = 2 84 mpéner énlong va Eyouy kal 14 8%o m; = 1. Adtd Spag
unopel va yiver povo ué napafiaon tig apyfic Tod Pauli dpol td dvo fhse-
KTpdvia Eyouv 1idn kotvoug 1olg dbo dhiovg kBavtikote épiBuotc n xai 1
(Eivar n = 2 kal I = 1). 16 {610 ovunépacuo —dniadn oty dduvapia «ouvi-
rapEngy Ty Tpdv S = 1 kai L = 2 —xotahfyer xaveic kol mé yevikd(*) dv
Bupndel 81 otV mepintoon @V ooy cuvtiBépevav otpogopudy 1 Katd-
otaon péyrotng Oikiig otpogopufic slvar cuppetpikt otiv dvariayn tév
Yo copatidinv xal ol dYnékoineg Katactdosty EVaAral dvriovppetpikic
xal ovppetpucés. "Etot, mapadeiypatog xapn, o1d nmpdPAnid poc i katd-
otaon pé L = 2 8dvar ovppetpikty, 1 L = 1 dvriovppetpikd kai f) L = 0 ndh
CUHUETPLKT OTAV évariayn 1BV yoviak®v puetafintédv tdv 0bo fiexipovi-
ov. Téte Spac xal | TAfpng Yopikh Kupatoovvaptrion 8dyel tov (1o tono
ovppeTplog deol 16 dxtivikd pépog THV Kupartoouvaptiosov 0dysl dva-
YKEOTIKE TH cLpPETpikn pope Rax(r) - Rop(r). Katdmy SAmv adtdv sivat
pavepd 811 1 kutdotaon péyiotou oniv (S = 1) unopel vi ovvdvaotel poévo
pé v xatdotoon L = 1 dote va yiver duvatdg 6 oynpotiopde pide dvie-
ouppetpikfic Ghikfic xupatoovviptnong Snog émPdiier 1 yevikevpudvn &p-
y1 toU Pauli.

*Q¢ npde tovg xPavrikoivg dpiBuode L xai S tfic fepehiddouvg kardoto-
ong 1ol dvBpaka, 16 cupnépaoud pag Aowndv elvat 61t Bdyovv Tig Tipéc S =
I xat L = 1 &nov 1) Sedrepn plg dmPandnke povooiuavio and tv dpy1 1ol
Pauli yopic vd ypetastel | npoopuyy o1év npd1o kavova tod Hund. (Adt
Spwg 8év cupPaiverl oé GAha dtona 6neg BG dobue of Alyo). MEL = 1 kal 8
= 1 Bdyous tdpa yid 1év xPavtikd apOusd J 1fic dhkfic otpogopufic tig T~
Heg

J=2,1,0
ané tig dnoleg 6 devtepog xavovag tob Hund udc Adet vé Swaehégope 1y Erd-

(*) Anhadn g Skeg tic tpée TV mpoPordv Ms kol My
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oty 4eod f ororfdda 2p(*) elvar Myotepo Gno poovepdtn. Odvar hotndv
J =0 6mdte 6 mpng yopaxtnpiouds Tiig Paocikiic katdotaong tol dtduov
100 dvBpaka B4 §idetar of gaopatookomkd couforiopd (*'Ly) and AV
Exoppaon

*Po ("AvBpuxac)

ué v Omola xai tekeidvel 1O CUYKEKPLUEVO MUC TapGdeiypa.

Zdv pla deitepn dpappoyn dig ééetdoope tdpa Eva dtopo, Snmg 16 dln-
10, 16 Omoio Eyer tpla Hhextpdvia oty EEwtepiky Tov oToBdda, nob éEa-
kohouBel BéBara va eivar 1 2p. "Onwg xai Tponyovpéveg 16 pévo Py tetpl-
névo ocroryeio oty épappoyn tod mpdTov Kavéva eivar & Tposdioplouds
10U péyiotov L mod eivar ovpufifoaotd pé 16 néyioto S 16 bnoio 886 icoirar,
npopavig, pé 3/2. (Td oniv xal tdv P&V HAcktpoviov «rapdiinion).

I'd va BpoBue topa ™ péyiotn tipn 100 L nod cupPifdlerar pé v S
= 3/2, éév Exope mopd vd Bewprioope v kotdotaon Ms = 3/2 ol npaypa-
Tomoteltal povo dtav kal 1d tpia AAextpovia Exouvv, yid 16v kBaviikd apio-
HO ms, TV KOWN T ms = 1/2. Téte Spmg ol Tipég 1ol xBavrikod dpibuod
m; yud 16 tpla AAektpdvia Blvar alyovpa Swagopetikéc kai Enopévac % pé-
yiotn duvaty tipn 1ol kPaviikol dpBpod My 64 mpoypatonoieiton Srav
016 «mpdTon NAekTpéVIo Sdhoope T péyioty Tt Tod my —dnhadn £8& v
m; = +1— xai o1d dAha SVo tig duécwg pkpdtepeg Sradoyixd T, Snag
o016 MUPUKATE OldYpappa

1 2 3
me 12 1/2 1/2
m 4l 0 ~1 = ML =0 = Lpy=0

Bhénope hownov Gt fy péyiotn émtpendpevn tipd 1ot L elvon | L = 0 xai
Emoptvag 1) Bepeiddng kutdotaon 100 Gtépov Tol dldtou 84 yopuxinpi-
Cetar amd tig Tipég L = 0 xai S = 3/2. Tote Spog i ouppoyn 1ol dedtepou
kavova elvar reprrtty 6tétt 16 J moipver 1 povadiky twnd J = 3/2. Zé ¢a-
opatookonmikd ovpfoiioud Bdvar Aowrdv

Oepeliddne xardotaon *AfLGTov: Sy
Zdv tehevtaio napddeiypa dg éfetdoope 6 dropo tob TO&uydvou Srov T
(*) Zra mhoicw tiig topwilg pog ouldineng & Spog atoBade 86 Gvapépstar pévo otic

xotootdostg 100 (diov 1 yid Evd dedopéve n, K1 8yt ¢ Bheg tig xutdotdosig tob Blou n Smug
ket v nopouvciaoy tol neplodikol nivoka.
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oupBokiky ypoaet Tig otolBddag obivoug elvar (2p)t. (Téooepa fhektpdvia
otV xotdotactn 2p).

M8 thv dpapuoyn 100 mpdtov xavéova Baloue kal £6G 16 téooepa HAs-
kTpdvia of plo ypoupr, pé tovg kfavrikovg dpibiol¢ ms xal m; kdto dn” 6
KkaBéva, kai epovrifope vd peyiororomboly 1¢ dbpoiopate Ms = Zm;, xai
My = Imy yopic va napaBiaotel, péBora, 1§ dpyn tol Pauli. (T6 dnoio on-
paiver £8@ Gt dév mpémer vd vdpyovy Vo 18teg otikeg). "H épupuoyn ad-
tfic 1fi¢ ouvtayfic eoivetar otd dxdiovBo Sidypapua

1 2 3 4
m 12 12 /2 —1/2 = Ms=1 = S=]
my 1 0 -1 1 = Mr=1 = L=1

“Onog Brérete, yid vd mettyope 16 péyioto (Betixd) Ms pdhape 8o mid
noALG NAeKTpAVIY uropovcope(*) ué oniv ndve kol 61t neploceye pé only
kdtw. "Etol poxintel Guécwmg, 611 fi uéyrotn Tipn 1od dAikol oniv elvar §
= 1. 21 Sedtepn ypappty 1ol Sraypappotog td mpaypata eivor dmog xal
nponyovuéveg Soov deopd t¢ tpla mpdta HrexTpdévia. "Aeol kai 14 tpia
Exovv 16 1810 m, B4 mpénet viyouv NwpopeTixd my Ondte f| drnaitnon puéyi-
otov (nepikod) dfpoicuatog dnayopebet dvoykaotikG ™y ékhoyn kBavii-
KOV piuidv 100 mponyoduevov mapadsiypatog. "Oco yid 16 t61apT0 fhe-
wIpdvio eivan pavepd St depol Eyer SrugopeTikd mg Gnd ta dhia 16 my pno-
pel vo Lavandper dnowe Tipnn BElous 6moTe Sraidyope THV my = 1 dote vd
peyiotonomcope 16 Ohikd dBpowopa the dvriocTouyng ypapufic.

‘O npdtog kavovag diver Aowmdy yid 16 L kol S tic ypég L =1, S = 1 616~
te Bdyoue yid té J tic duvaréc tipég J = 0, 1, 2 ék tdv 6nolev mpénst THpa
va dweiéfone ) péyioty 6nag arnoitel 6 delvtepog kavévag Stav i otoipdda
ofévoug stvar napandve drd wmooyepdtn. Odvar Enopéveg J = 2 6ndte 6 1e-
MEOC pog yapuktnpiouds vid 1Y fepeidon Katdotuon 1ot T Ofvydvou BE-
¥EL T QUOUATOOKONIKY Ypoon

Pai ( "O&uybvo)

‘O naputnpnnikée Gvayvootng 88 tpooete dvdeyopuévag &t 16 dnotéheoua
oy Bprxaue tavtiletar pé éxeivo tol dvBpuxa, Soov dpopd tovg kBavri-
xobg &pibuois L xai S ot droppéouvv and 1ov npdro xavéva. Kal § tait-
o1 6év elvar toyaio. Asdopdvou 6t puid yepudt oroiBada Exsi L= S = 0 161¢

(*) Anhady, €06 tpla dpod & Gropévov kBavtikdg Gpbpdg my pdve tpeic Sepopetixés Ti-
pés pmopel va mapel.



SYMIIAHPQMA 10.6. [Tépa and To &topo tov vdpoydvov 11

ol kBavtikoi apidpot L xai § yid pid oto1Bdda napandve ard prooyepdn
Bdvor of 13101 pué xelvoug 1ol cuoThipatog THv Riektpoviav nod ypeidletar
vid va 1t yepicovv. Mé ddha Adyia yid oTtoBddeg meprocdtepo dnd pico-
vepdreg ol kBavrikol dpbpol L xai S xoBopilovtor, iooddvapa, and tov
Gp1Bps THV EAleumdvievs frektpovioy f 16V 4pBud thv «dndvy dv mpoti-
pdite tHv Gvahoyn oporoyia tfig Puoikiic ol Ltepeod. "Etor howmdv 16
dloto mob ypedlerar Svo Blektpdvia Y16 vE copmAinpdost ™) otopdda obé-
voug tov, Bdyer 16 1da L kol S pé 16v dvBpaxa mol dya dlo flextpdvie o ab-
4 1 oto1Bédn. T yevikdtepo ovpnépacpa slvatl 87t y1d dropa pé teprocod-
18p0 Am6 prooyepdteg ototPddeg obévoug, ol kPavrikol dpbpol L xai S tob
npHToL Kavéva dEv ypedletor va Eavavmoroyiotolv deol slvar ol 1ot ué
gkeivoug TV «xatomtpikdvy Gtépov pé hydtepo dnd wooyepdtn crtoiPd-
da. Td «xatontpird dropay Srapipouvy Spumg OGS Tpds Tév KPaviics pBud J
S1611 6 devrepog kovovae dwagoponotel tig dYo mepLMTOOES,

" Ac dolipe thpa ndhg wropel vd gEnynbsl motoTikd O 6edTEpOg KAVOVAC,
aeprvovtag vid té Endpevo Eddpio Eva mocotikd yeipropd tol idtov Bipa-
to¢. “Omnwmg Toog By et StaicBavBel O avayvhotng, 6 devtepog xavovag 100
Hund elvat drnotéieospa thig devtepnge Baoikfic Sidpbuoong oty npociyyion
T0d kevipixod medlov, dniady g payvntikiic dAinienidpacng oniv kal
Tpoylakfic kivnong 1ol kabe dropkol fhektpoviov. ATS eivor duécng
pavepd otV TEpintooT Evog GTopou pé pdvo Eva nhextpévio othv EEnte-
pikt} Tov o1o1Bdd0. “H oblevin oniv-tpoytdc Béyel té1e 16 povadikd 8po

) W 1dv
Vo= g -s (&(r) = T =)

& dmolog, Loye tfic fstikdtnrag To0 &, naipver tiv Ehdyiotn Tov Tt Stav
& kPavtidg apBuog j (=|1-s],... |[I+ s|) yiver hdyiotog, dndte 16 dravi-
opoate | xai s Bdvar 8oo yivetar mod «dvtimapdiinion xai dpa Blyouv 16
GpvnTikdTEpo duvatd Eowtepikd ywvépevo. LT adt v nepintoon Aowmdv
elvar pavepd 6Tt 1y katdotaon Erdyiotng évépyelag Tob Gtépov Blvor éxel-
v pé 6 Ehdyioto j Snmg npoPrénet 6 dedtepog kavovag tob Hund., “Evo té-
to10 Gtopo sivor m.y. 16 Boprov nov f| otoifdda oBévoug 2p EysL poiig Eva
ArekTpovio kai dpa Bdvar L= 1= 1,8 =5 = 1/2 évd and tig 6Vo duvatég ti-
uéc 1ot T (J =j=3/24 1/2) 6 dedtepog kavévag —100 dmoiov 1y puowkt £61-
ynon slval Topa yveoti— émiéyel T pikpdteptn. Odyops howmdv J = 1/2
xal f Bepsriddng xordotuot tob Boplou 66 ypdoetar odv

2 z
Pin (Bépiov)
T6 émdpevo BRua elvar va £etdoope 16 «xatontpikdy» dropo tob Bopiov,

oY Gvl yid fva nlextpovio Eyer uio 6mr othy dotepikty Tov ototfddn, dote
vd dobje y1d mowd Adyo & kavévag tob Hund pég dmiPdiier thpo tiy dvii-
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Betn &xhoyn vid 16 J. (T péyroro dvrl 1ol éhdyotov). T oyetikd dtopuo
sivar BéPota 16 DBSpro Tob dmoiov f otoifdda obBévoug Eysl thAv Ahextpo-
vikry Stdran (2p)° ol smopéverg ypardletar Eva dxdpn AAeKTPSVIO Y16 Vd
ovuninpaebei. ‘H Baoikn napatiprion t@pa £56 elvar 81 yid ovprdnpousé-
veg oroiPddsg i 6k Evépyswn 18V ovlevlenv oniv-tpoyilc H&var pndiv
du6t mpayparonotobyvrat Siot of oyetikol nposavatoriopel téhv Stavooud-
tov 1 kol s 6ndte 16 d8poropa 1oV Spev(*) Edk-si ndve o Sha td Hhe-
krpévia tfig orotPfddag Bdvar undév. ("Enedyy ol xopatoovvaptiosic Shav
@V fAektpoviey Exouy Ty 1dia dxtviky £&dpTnon, ol cuviehestéc E(r;) 84

w0
ddoovv Eva kowd rapdyovra, <E> = j; Rﬁp(r)i(r)rzdr, nov 84 Byel o
and 16 dBpowopa).

"Enopévag yid 16 dropo 1ol @bopiov toll droiov 7 EEwtepiks oTotBddo
Exer plo kevr) Béom (Zomn) A dhikr vépyeia 1dv ovledienv oniv-Tpoyidc
iy névte fhektpoviev tov 04 sivor Yon xal Gvtibetn pé v dvtiotoyn
evépyeto ol frektpoviov mov ypedletar yid vé yspioer fy otoipdda. Eivar
Snhadf 7 1S pué v Evépysia ontv-tpoyidg tiig widic onfi¢ f dnola, Aéyw
00 Betikol poptiov Tfig 6mfic, Pépet adropdreg dpvnrikéd npdonpo. Tthv
nepintwon 1ol ®boplov howmdv 16 j mpénet va méper ™ péyiotn tov Tipn
wote 6 Sroviopata f kai s the 6nfig (mod yapaxtmpifovv kai 6A6xAnpn
otoifdda) vé elvor 6oo yivetan mé mupdhinia. Kai éviehdc dvidioya Yid
Gropa pé nepiocdtepeg 4nd pla onéc otiv Ewtepiky toue ototPdda. Mé
drro Loyo ioydet mdvta 6 kavévag St Y6 neplocstepo dnd HICOYERATES
otoBédeg 1 duvapixy toug kabopiletar ioodbvapa dnd 4 Suvapiki tHvV
ondv pé v adtovéntn Griayn mpochpov otovg Spove mob glaptdvrat
and 16 goptio.

Mehéty tdv dweyepuivov dropxdv ketestdscov: Awrdleg, Gpor,
HAELEHES.

“Ag mobue TOpo pepikd npdypate kai yid tig Sieysppuéveg dropikéc Ko-
tootdoeg, apyilovrag dn’ éxeiveg mol Pplokovial mid Kovid oTv Sepehid-
31, xai of dnoleg mpoxdntovy &nd TV Idie pé adtiv HAekTpovikn didraln
MG pé Sragopetikt] Exhoyh kPaviikdv dpBudv L, S xai J. Td 16 dropo
100 dvBpaxa, mapadeiypatog yapn, 16 oyeTIkd dvepyelakd Siaypappa (yo-
pic xavéva oePacpd npdg tig npaypatikés dvaroyieg) paivetar 016 oyfipa
22,

(*) ZtAv mpuypoTikdtnTe adté Tob 06 d8porotel Bival of udoeg tiuéc adTdv AV Spwv dg
npdg tig idwoovvaptioelg toB G81uTdHuKTon SLBTHATOG 16 doio ouprepthuapBaver (6§ Tpdtn
Swwtapoktiky npociyyion) kol Tl cuvéreisg tdv dmoiewduevey drdoswv.



SYMIIAHPQMA 10.6. [Tépa and To &topo tov vdpoydvov 13

1 s B i So
/
/
/
/
/
2
(2p) !
\\
N I !
[N D D,
8 I
)
4
%
Y
N 3p2
\ 5 _
v P e
————e
\\\\\ 3P1
N —
3P,
I i | | i 0 |
! ! i | ! :
: 5 51 te . :
; Evepyd Kaw/puco) i Yrohewnbueveg | ; Sotevin |
| Suvopikd ! MexTpoototixg U iy - coovid |
i (Hartree - Fock) |4 andosic D | poyLig :
i | 1 { |
| ! | !
: v i i % ) ' Vis i
| | | ! | i
| | | ! ! !
Zyfipa 22

"Onwog Préners 14 Evepyswakd éninsdo mapovoidloviar of wd mopsia
(and dprotepd mpodg td de&id) Poburaiag dpong 1ol éxeuiiopod toug Hnd
v énidpacn tdv dudoyikd npoctiBépevayv datapaydv. LTHV npdTn oTH-
in dprotepd deiyvetan 1 dpyikn 61d0un tod évepyod Suvaukol Enoiopé-
vn pé 8o Nhektpdvic. "Apéowg petd drorovdsl ) mpooBhxn thg npdivg
onuavtikiic dwpbwong —dniadl tdv trokewndpevov dndocov— 1 dmola
npokaiel Staympiopd 16y kataotdosnv mod Swupipovy bOg Tpdg Tig Tiuég
iV kPovrikdyv apiBudv L kol 8. "H Sadoyy t1Ov otobpdv o’ adth 14 o1t~
An Siémetat &né tév mpdTo kavdve Tod Hund. Lt cuykekpiuévn nepintoon
Eyope L = (0, 1, 2) = (8, P, D) xai S = (1, 0) 44, A6y tfig yevikevuévng
Gpyfic tob Pauli, uévo ol ocuvvdvaopol

1,8 =0,0, d, ), 2,0
slvan mpaypatoroiowot. (T Avorpéte ot ayenix oulftnon nod kdvaue
vopitepn). Lé paouaroskomké cvpPorioud (*'L) of Swwbéoipec karooTd-

oelg, xotd oesipd adfovoag évépyelag, eivat hoimdv oi

', D, 'S
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"Onwg Prénete, mpdn elval f 'P mob &yet 16 péyioto oniv (S = 1) xai
drorovBolv of 'D kai 'S mod Exouv kai of v S = 0, Sndte nponyeitul ékei-
v —1 'D— pé ) peyoiltepn Tt tob L. Of dvepyeiaxéc Stapopéc dvape-
o0 6~ abTég Tig KaTuoTEoELS TEQTOVY cuvibug otV Teployh and 0,1eV Eng
feV.

Té Endpevo Biipa elvar, BéPaa, 1| mpoobikn g odlevéng oniv-Tpo-
Mg 7 6molo B4 Swywploet nepartépw Tig ordbueg Tig deltepng othing(®)
avaroya pé ) yovie Oné v drola 84 cuvreBolv td Swwviopata L, S 1fic
xGOe widc, xai Emopédveg dvdroya pé v Tipy tol kPaviikod dpidpoed J thg
Sdrikfic otpogopufic. Ztv nepintwoy pag, ol 8%o mave otdbusc thHg ue-
caiag oTAng 6év beiotavtiar kavéva Staywpiond dtét Eyouv S = § xai o1
16 J 86 mépet dvaykaotikd ™ povedikn tipd J = L. «Aentn Sef» 66 npoxi-
yeL povo and v 61dbn ‘P(L=1,S=1)6mov16J punopel vé mapet g
and tig tpelg tpée J = 0, 1, 2 &x tdv Snolov ) younidtepn évépysia
—abppava pé 16 dedtepo kavéva ol Hund— 84 v €ye 1 xatdotaon ué
16 mkpdtepo J (J = 0) xai 66 dxorovBioouy, kutd oeipd adéovoac atpo-
popufic, ol drreg dVo. IN'd dropa pé oyenikd wxpd Z ol évepysiaxéc drago-
péc Gvapeoa otig otdbueg avtfig g «remtfic Vofigy elven g 1¢Eewg 10D
107%eV.

Znueidots topa St petd 1y npoctnkn tfic odlevéng oniv-tpoyidg 6
Hévog Expuiiondg mov mapapével elvat O dxpuiioude mpocavatoiiouol, mov
avticrtoryel otic Suvatéc kateuBivoeig 616 ¥HPo Toh davicuatog Tig Oht-
kfi¢ arpogopufis. ADTéC & Exguiionde dév elval, BePaing, duvatdv vd Gpbel
ué ™y npoohnxn Grliov fowtepikdv Suvducav, didtt dosiletar oty ico-
tponia tol nepifdiroviog 16 dropo xOpov xal © dnola propel vd «ondosy
povo ué v émBorn Evog EEmtepcod nedlov. Térowo nedio glvar, BePaing,
6 poayviTikd 16 énolo aipel mAfpng TV dROPEVOVIN TEPLoTPOPIKS EkQu-
ropd kel and kabe xatdotaon dedopévou J dnptovpyel 2J + 1 végg xataotd-
ogig 10y dnolwv ol dvepyerakéc petatonioeig dg npdg THY Apyiky propody
vd imoloyiatodv povo pé yvoon tdv kBaviikdy ¢piBudv L, § xai J(T). (Bu-
uebeite 6t O napdyovrag Lande dEaprator pdvo dn” adrovg tove kPavit-
koUg dpbpovg). Ztd didypapna propel owndv vd npootedel kai pid teden-
tofo otiAn nov 86 Seiyver td éminedo Zeeman tod dtdépov td Smoila elvar
dxopa mié mukvd an’ €xeiva tfig hemtfig Oofic Good ol dvepysuaxéc toug
Srapopéc, 114 &yt moAd ioyupd media, elvar tiic tdéne tolb 107%V.

“BEvag Gridc Eheyyog T@V TPONYOUHEVOY UTOTEAECUATOV HOG SUVIoTO-

(*) Ot omoleg, énavadapBdvope, yapaxrtnpifovtat &né dedopéveg Tiuég tod Lebyoug THV
kpaviikdv &plBudv L, S.

(t) Adto mob Béhous vi bmoypappicops i’ adth tiv napatipnon elvar Gt 1§ Béon v
¢mnébov Zeeman pnopsl vd npoBreedel Eépoviag uévo v Epmeipwn Ty 1 dvépyeaag g
apykfic otdbung. (Yné tév Spo, BePaing, i of kPoaviikol T apibpoi L, S xai J slvat yvo-
otol).



XYMIIAHPQMA 10.6. ITépa amd To dtopo tov vépoyovov 15

oL oTHY xataudtprion AV xateotdoeny kibe otiing 1 dnole npénet, Be-
Balng, va diver Tév 1910 §pBud. "Ac dpyicoue pé thv tehevtaia othin Snov
Eyope xataotaoeg kubopiopévou J kal dpa pé Exeuiiopd 27 + 1§ xabeud.
Zth ovykekpuigvn nepintaon Snov 16 J naipver dadoyixd tic iuéc JF = 0, 1,
2, 2, 0 6 odvoro 1tdv xaruotdosov Blval

(2:0+1) + (2. 1+1) +2(2.2+1) + (2.0+1)= 1+3+10+1 = 15

Zt Seltepn otiin £xope ketaotdoeg ué xaboplopdva 1d L xai S dALG &yt
16 J. TES® howndv 1y tdln 100 Exeuiiopol elvar 2L + 1) (28 + 1) deob kadé-
vog Grd Tobg duvatols npocsavatoiopois tob L pnopel v cuvdvaotel pé
drovg 10l duvatode nposavatoriopots tob dtavbouatoc 8. T6 niiiBog tdv
Kartactaoenv thg devtepng otiing 84 icobtar Emopbveg pé

(2-1+1) (2-1+1) + (2-2+41) (2-0+1) + (2.0+1) (2-0+1) = 9+5+] = 15

dniadd elvar td 8o pé 16 mponyoluevo, Snwg Blmpene.

EE {oov glkohn —AAAG Srapopeticfic «bofign— elvar xai %y xotapé-
Tpnon 6V Kataotdosey oty tpdtn otiAn. H Bacwy) 16éa 86 elvar d11
Eyoue 6 Swbicweg povoswuatidiaxéc Kataostdoel —~ooa sival 16 duvatd
Letbyn 1y xPavikdv dpibudv my kol me— xol ¢ ad1éc 84 npéne vé Tono-
Betnbolv Vo fhextpdvia ywpic duvardinta Simhfic xatdinyne. (TApyd
tot Paull). ‘O apiBudc 16v xotootdosny 84 {oobrar Aowndv pé té niiiBog
iV Suvatdv {euydv ntod uropoby vé dmisyoly dnd Eva ovvolo EEv dvrt-
kewtvey, Gdvar dniadn

6. 6!

Q) = zur = 15
néh of cvpgovia ué tic nponyodueveg xutapetpiosig. O telsvtalog Hno-
royiopde 8d propobos, puotkd, vd elye yiver ki and v dpyy ondte 86 Lé-
pape St 7 Bepehiddng Ahextpoviky dwdtaln Tob dvBpaka mapouvoidler Se-
xomeviamAd éxpuiioud, 6 dnolog aipetar otadokd pwé v npoctikn tHv dro-
rewmépevey andosov kol tfig oblevlng oniv-Tpoyidcs.

*Amé 16 &vepyeslaxd didypappa 22 elvar Thpo elkolo vé dvtiAnebel
xaveic yotl 16 dropo tol dvBpaxa elvar mapapayvntixd kol &y Siope-
yvnTikd, Snweg 86 prmopodoe vd elvar dgol 7 Beperiddng tov xutdoTouo
Eyer J = 0 xoi dpo <p> = 0. ‘H napopayvnuxdinto Seelietar otV
maptn xotaotdosny —O6nmg ol P, kol ‘Pr— mob Bplokovior mold kovid
ot Oeperiddn kal tdv omolev | dpvnriky cuvvelceopd oty Evépyeia
100 d1épov, péon tiic devtepng dutapaktikiig npociyyiong, slvet cuvipt-
nTikd peyolbtepn 4mé v dvtictoiyn Oetiky cuvels@opd Tol Swopoyvi-
Tikod Spov
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Zoavayvpvoviog otiv dvdiven thv dieyeppévov dtopikdv kataotdos-
ov d¢ onusidcous tope &ti 1y mponyoluevy dwdikaoia ioyder yid Shoug
TOU¢ TPGTOVE ToToBETNoNg v fAhektpovioy ndve otig drabéoeg otddpeg
100 Evepyol kevipikod duvauikol. Ztiv nepintwon poag, rapudeiypatog Li-
pn, uropobie va Bdrope 16 Eve dnd td GVo frextpdvia of wid Gré tig 8o
éndueveg xatootaoeg 3s 1 3p 6ndte Bdyope pid nhektpoviky Shidtaln ol
thmou

(2p) (3s) 7 (2p) Gp)

kd8e pla dnd tig dnoieg elvar morhamdd fxeuitopivn xol Sayopilstal of
vrootdfuee, npdra ué xoboproudva L, S xoi perd pé xabopiouévo J. O
npdTog draympiopds depeidletan otig dmoiendueveg andoeig xal ol otdbusg
o0 TpoxvTTOLY 4N’ abtdv slval yvwotés odv pacuarikol Spoi § GnAdg dpor
(Spectral terms xail terms dvtiotorye). “O devrepog daywpiopde elvor roté-
reopo the ol dobeviotepng(¥) otleving oniv-tpoyifc xal ol muxvéc de-
ouidec otoBudv mol dnptovpyodvial i’ avtd oV Tpdno drokarodvial, ov-
viBog, nisiddeg. (Multiplets). Ol dropikég katootdoeg xartaokevdlovrol
roméy odpeova pé 16 oyxfino

Awdtagn — " Opor — ITheuddeg
(Configuration — Terms — Multiplets)

16 6moio dvrictoiyel, PeBaing, otig tpelc dwndoyikéc oTfjies Tob oyRpatog
22. AsBopdvov 611 ol évepysiaxéc Swapopéc petald drapopetikdv Satdenv
elvat, ovviBecg, Todd pusyodltepec tob NAekTpovioBOAT, Evd ol dvepyelaxéc
Srapopéc petald 1@y fminédwv nod npoxdnTtovy And xdbe didtaln elvat ouv-
viBwg moAd pixpdtepn, dév 04 dmdpyer émikdioyn petall tdv Spav (kai
TAE1Gd0V) dvo SapopeTikdv datdlewy. TS dropikd odoua Bdyet dniady
yid deomdwty popen dnov of «wéoeg Bioeigy TV daedpov dsouidoy B4
koBopilovriar and tic Arexrpovikéc Swrdéelg mob tig napdyouvv. Kabe té-
tot0 deopida Swnbétel BePaimg ki adty 1 Aenth Yon ng, deol dnd kdbe
bpo mpokdrrel pwid masidda pé Eva AE pstall tdv orabudv e yipe otd
107°eV. Mid mpoxtikn cuvéneia adtod Tol yeyovétoc elvar 8Tt dvaloya pé
v Evtaon wdc dEotepikfic Sratapayfic unopodue vd nmepropiotolus gite
oty UGy mpo 1BV Kxetactdosov pildc Thsiddag f of 6ASkAnpn v deopida
v Opov pilic ovykekpyévne didraéne. Awtapayéc nod 84 plc voyxkd-
covv vd dvapsifope karaotdoeig Gnd dweoperikéc srardéeig udvo 6é ond-
VIEC TMEPIMTOTEL] pnopobv vi mpoypoatonownbolv.

“Eva yapaktnplotikd napddetypa Sieyeppévne Sdtagng elvar § (2p)'

(*) piadpe wdvra yid dropo pé oyxetkd mxpd Z.
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(3p)' = (2p) (3p) Mo Gvugépape Tponyovpévag. “Onog kol oTHv nepintmon
¢ Bepehbdoue Sudtalng (2p)° 1ot kal 86 of duvaté Tipég TV KPavTIK@Y
apbudv L xal S Bdvar

=0, 1,2 = (5, P, D), 5=(0, D

“Yrdpyet ouc)c; wd Baoikh Sragopd dvdpeoa otig 8%0 mam&mg iy pla
(thv (2p)) 14 §do HhexTpdvia slval, Smog Aépe, tco8waua —@viovy dn-
radn othy Bo otdbun— £vé othv EAhn (v (2p) (3p)) Syt Zav dnotére-
opa adtot 1ol yeyovérog 6 neproprapdg nod Omfipye nplv &g npdg Td npay-
uatorotioipa (evyn (L, S) 8év dmdpyetl mid. "Eéd ol dxtivikég suvaptnioelg
Rip kol Rip Tdv 800 fikektpoviov elvat dtapopetikée 6ndte an’ adtéc pro-
pel vd xotaoksvaotel site ovuuetpikdg elte GVTIOVMPETPIKOE cvvSLATUGG.
"Erot Srowa ki dv sivor ) tud tob L, kel dpa 1 ovpperpio 1ol yoviakob pé-
poVG, UTOPODUE TEVTIO VA KOTACKEVAGOUE YOPIKEG KUUATOCUVAPTNTCELG ué
Tov £va 1 tov dAio thno ovppetplag, mod propolv pé 11 cepd toug vé ouv=
SvaoTotv pé oLpUETPIKT 1] GvTiouppeTpiky] kupoToovvdptnon oniv (S = 1 1
0 Gvtiotorga) Gote vé ikovomownBel N yevikevuévny dpyn tod Pauli

v nepintoon pag Aowndy ol 8pot nob B4 Eugavictolv 84 dvrtiotot-
yolUv ¢” Sha 1d Suvatd Lsbyn (L, 8). Zé puoparookomid cvpuforicusd ol
oyeTIkEG KataoTdoetg Bivol

'S, ’s, 'p, P, 'D, D (D

Kol xdbe pid an’ adtéc B¢ «yevvnosw Befaing kal wd nhetdda xatactdos-
ov xabopiopdvou I (J = [L—S|... |L + 8}]). Mowd eivar Spog 1y oyetikn oeipd
wiv Spav (1); M4, npopavdc, adty nob npofrénovy of xavdvee to0 Hund.
Aniadn 7

D, P, %S, 'D, P, 'S (2)

dmov nponyoliviot of otdbueg pé S = 1 xat dxohovBodv xelveg né S =0, évd
o1 towtepikd kdbe 6pddog tnpeitar oeipd @dlvovrog L. "E, howndy, Syt
‘H topappoyr tdv xavévev tob Hund of deyepuéveg fhexrpovikés dtatd-
Eeig —Brmg adth mob ovlntipe— 6€v ddnyel, Katd kavdva, o€ CACTd Gro-
wehdopata. "Eva aystikd napddsiypa ntod pol elvat yvootd deopd thy dud-
tan (3p) (4p) 0B nuprriov nob eival 16 dxpiPéc dvdroyo g (2p) (3p) Tod
dvBpaxa. ("Q¢ yvootév 164 C kol Siglven ynuixde dpudhoya crorvyeia ué
eEwtepikés otolBddec tig (2p)° xai (3p)* dvtiotorya). Zt6 mupitio Aowmdv 1
cepd tdv Spav Tfig Sieyspudvre hdtagng (3p) (Up) dév elvar 1y (2) dArd 1y

P, °D, P, %S, 'D, 'S (3)
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nov, Tpoeavéc, d&v Eyet xauuld oyéon pé tolg xavoveg tob Hund, Té 8-
daypa glvor rowmdy 16 EEf¢: Of xavéves tod Hund ioydovv udvo yid tic ordfueg
70U rpoktntovy 4rd T Beushiddn Ahextpoviki didraln rol drduov.

Oi Abdyor adtfic 1 dotoyiag sivon Svotuydg mord urelalidixvol vid vd
ouv{ntnBolv of wd eloaywyixy nopovciaon Sneg avty £66. "Ag dofoous
rotndy oV Gvayvooty pé Ty dropia 1ol yatl drotvyydvouy otic dievepué-
veg datdlsig 14 1600 efhoya nOWOTIKG ENLYEIPHUOTE o0 EMKUAEOTRKAUE
vopitepa vid 100¢ xavdveg 1ot Hund, xal d¢ npoywpricope o1d 1ehsvtaio
pog Oéua.

Avgtnphoipe peyidn, Slavoopanikd povidhe xol wavovag 1ol Lander.
Lolevin LS xaol odlsuln i
TApyilops pé TV KGAvyn Evog onpavtixod kevoD g uéypt tdhpo peré-
e pag. 84 dvalntioous tig drnpiowss noodryreg ol drépocu kel Tolg
dvtiotovyovg keiots kBavrikols dpBuovs. Zrd mhaiowe g npoodyyiong Tob
gvepyod kevrpikoU mediov xat’ dpyag, dwernpriciueg noodtnteg sivar 1é
dravdopata tpoylaktic otpogopuiic xal oniv 1ol kdbe Arextpoviov yapt-
ot6, deol npdxertar yid teielng dveldptnra coparidiw. ME thv npoosbijxy
Spoc t@v Unokewmdusvey drdosov adth 1 dvebaptnola 8év loyder mb pé
drotéheopa 611 ol pepikéc otpoeopusic b, A nadovy v slvat yopriotd dra-
mpAopeg kol Satnpeitonr pdvo 16 d8portopd tovg, dniadn f Shun tpo-
ALUKY OTPOPOpUT

L = L+ ... +in

IMd 16 onilv yperdletoanr peyordrepn npocoyh 01611 oty npocéyyion wov
ovlntipe (6rov 8év Eyer ovunepihnebel dxdpa 1y odlevly onriv-Tpoyific) f
Kapthtoviavh to0 Grépov 88y nepiéyel kabdiov 1d¢ onlv §i... sn THV Nhe-
kTpoviov xal dpo petotifetar pé xabéve G’ adtd. "Eror 8dleys kaveic 1t
8ho 1d pepucd oniv glvar Srwtnpioiusg toodtnteg xai dpa Sieg of npofo-
rég toug my,... my kool kBavrikol dpiBuol. Zrdv npoypatkdtnta adtd dév
glva cmoté hoyo ThHe yevikeopdvne pyfic tol Pauli ) dnola pég dnoyped-
ver va EmAiélops udvo éxeiveg Tic Gropikés xutaotdoelg dnov 1o dhxs oniv
100 drépov Eyet kaBopropévn Tipd. Zav drotéhecpa widtfic tiig dmioyiig uod-
vo of kBavrixot dptbuol S kal M, 1ol dhikol oniv propodv va Bewpnfoly xo-
Lot Ggol uévo adtol uropolv vé yopaxinpicovy Ti¢ GTOHIKEG KATUOTAGEL,.
AUT6 oé ouvduaoud pé g Swetnpnon tiig dhxfic tpoyiakfic orpogpopuiic L
6onyel tehikd otovg téooeplg kuhotg kPuviikole &pibupovg

LSMMs

ol 6rolor yopaxtnpilovy tig dropxéc katactdosig dnovoia thg ovleving
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ontv-tpoyilic. "Otav Spog copunepinefel xt adty N dAlnieniSpoaon td L
kot § ravovy mhéov vi slvar yoptotd Swatnproipa xai dtatnpelra pévo 16
d0poiopd toug J = L + S, kabhe kai td peyébn L kol 87 dnwg dxpiéc kol
otfiv nepintoon 1ol "Ydpoydvou. "Ertol ¢° adtd 16 1ehikd o1ddio &véiv-
ong ol mpaypatixd kekol kpavrikol &pibuoi nod Ba yapaxtnpilovy tig dto-
ukée xotaotaoslg 8Gvar ol

LS M

dniadn ol dp1Bpol mot xebBopilouv td peyédn tdv orpogopudv L, S, J kai
tov mpoosavatoriopd tfi¢ terevtaiag oto yopo, "H eixéva 1o drdpov Snang
Gvadtetot dn’ aldtd T otddia npo-
GEYYIONS CUUTTUKVAOVETOL TTOAD 1o~
PUCTATIKG OT6 SLOVUBLOTIKS UOVTE-
ho 1ol oyfiparog 23 mot yid Ao-
youg arhotntag neptopiletor o -
va, dTopo pé dvo povo NaskTpévia.
Té wdpro «urpvopor adtol T1od ayn-
parog 8év Bploketat, BéPaie, otdy
1pdro ol ouvribeviat ol didpopseg
oTpogopués Yid va dboovy THY O-
rxny, GALG otdv Tpdmo nod Kivol-
vton adtéc ol otpogopuic xabog
ol dvo Baoikic Swatapuyég the npo-
oéyyiong tob kevipikod nediov npo-
Zyfiua 23 otiBsvror 1§ plo uerd ™V dAAnN.

216 Gpykd o1ddio (nposiyyion Kev-

tpixol nedlov) Sha ta Sraviopata 100 oyxhpatog topapévouy dkiviita deod
Shec ol pepikég otpogoppis elvar drutnpricieg noodtnteg. Morig Spag
npootefolv ol dmoheindueves dndoeic ol uepikéc TPOYIAKEC GTPOYOPUEC
kai 16 pepikd oniv dpyilovv va nepiotpépoviat yope dré td dvriotolya
Ohikd Sraviopata 16 dnola nopopévovv dxivnta péypig 6tov «dviyew kol
1 oblevEn oniv-tpoyildc i 6moia td Bétel Kt adTd o petanTeTIKY Kivion
yopw &nd 16 pévo npaypatikd dxivnto didvoopa tod dropon: Ty dhixy tou
CTPOPOPUT]. ZNpetBote axdua 611 1é 8V0 adtd eidn petanteTik®Y KivioEmY

(*)"Av 0016 Arav 16 npoPinpd pog timota dév BG pdc Smoypéave vé ovvlioope Tpdta Td
pepikd fo” Evo Ohiko L, td pepid s, o° £vo Ohikd S k1 Gotepo 1 L «ai § ¢ &va Shixd J Good
7 obvleon Swvvoudrov elvar dveEdprnm 1fig ceipdc ué v dnola npootiBevtol, T tovilo ad-
6 vt 1 mapovsiocon o0 Stavuoparikod povtéhlov otd neplocotepe sisaynyikd BiBiia,
pikkov pvotikonowl 16 {Hmpe, devvoviag tév Gvayvaotn pé iy gvidnmoon 8t o° adtiv

.

axpiPds 1 oepd Pploketal f oboie tob TPOPARPAETOS,
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vivovror ué pubuodg dvdioyoug npds v Loyt 1dy duvapeny nob tig npo-
kohobv. "Erot fi npotn wetantetiky xivion (neplotpoer 1dv nepukdy Ixal
s yOpw &nd té dvriotolye GMkd peyébn) 84 elvar mokt mid toydpvlun énd
] Sedtepn (neprotpoet] tév L xal 8 yipaw and 16 J) Sidt ©y wavoloa Svo-
uny oThv Tpdty neplntoon sivar of Snokewndueveg dndoeig mod elvar xutd
nodd {oyvpbrepeg dnd 1 oblevdn oniv- tpoyid nod npoxaiel thv xivion
oth devtepn nepinTwon. AdTH ) Staeopd «tayutitevy delyvetar o1é oyfipa
23 oy dwagopd otd prxn thv Beldv nol dnidvouy tig dvtiotovysg petanta-
tixée xivioeig, Biot i8oudvo, 16 Sravvopatiké poviiho anotehel wid £Eat-
peTikd mukvy kol rapooteniky elxdva g dvvapikfic 1ol dréuov wal tdv
repaydviov nod v kabopilovy otd Sidgopu orddia MPOCEyYYIoNS.

Mé¢ 1 Boffeia 1o Sravuopatikod poviéiov Bd kdvoue tdpa kol d
nocotiky npoBiewn yvid 16 Sworfinora petadd 1OV otabudy pdc nhaddog
1 hentfic Sofic. ©d dsifope ovyxexppdva 1t loyder & EETg vevdves v
Sieotnudrev tod Lande.

{AE), 51 = AJ (D

noY Swatvmbverar ué Aoyia o¢ EEfic.
‘H drndoraon petald tév Sredoyikév arabudv pids nheddog sivar gvdioyn tod xfo-
viikol dpiBuol J tfic otdBung pé 16 peyarirepo J.
Zafy nepintwon tob dvBpaka, napadeiypatog yopn, (Zyfipa 22) adtdg
O xavévog pic Adel duéong 6t 1 évepysiakn Swapopd dvdpesa otig otdbusg
*P, kai °Py slvar Sunhdora dn” éxeivn petald thv otabudv P kai *Po. “Toys-
g1 6nhadny f oyion

ECP) - ECP) = 2ECP) — E(Py)
Ty 6mola cvpgwvel mMoAd wodd pé td meipapaTikd Sedouéva.
Aedopévou 811 ol o1dbueg g thewadug doeirovial ot ovlevln oniv-

<

tpoyidc, N anddeiln tiig (1) 8év pmopel nupd va ovvictutul otd Srutapu-
k1ikd Omodoyiopd thv ocuvveneidv 1ol Spov

Vis = Zi(rx) koos (2)

ToVE OTiC KUTOOTATELS Wy 00 Eyouv mpoxdyet pué cuvunohoyiopd kal

iy Onokenduevey dndoswy. (Asdtepn otiin tod oyxfuoarog 22). pénel,
gmopévag, va dmoloyicope —xal petd va daymvonotjoope— 1 uitpo

(Vishang move = (Wismomsr Vis Wismoms) 3)

nob dvanapiotd 11 dwatapay (2) péon o1y dndywpo tdv (2L + 1) (25 + 1)



SYMIIAHPQMA 10.6. [Tépa and To &topo tov vdpoydvov 21

EKQUMOIEVOV KUTOOTAGENMY TG GviiKovy otdv Spo LS. ME ELunvn yphion
tob Bempriparog Wiegner- Eckart 00té¢ 6 dmoloyiode propel v yiver oye-
TiKd eUkora, ARG 16 pvoikd tov ndfabpo 86 puvel kabapdtepa dv Enika-
recTODHE 10 Sevoopatikd uoviéio tob dtduov of covdvaopd ué thv vt
orotyla kfovrikdyv péoov tiudyv kol ypovikdv péoov Tdv tfic Khaoikhg
Duowiic. H 18éa Aowndvy sivar vid drnoloyioope 1 gpoviky uéon iy tiig
oratapayfic Vis pé Bdon 11 Suvepixy nod xabopiletar udvo &nd tic Hhe-
krpootatikés duvaperg ( Evepyd nedlo + “Yroheindueveg drbosg) xal R
onole cuvigtatal ot petantotiky kivnon 1@v pepikdv ! kol s yope dnd
¢ avtiotoiye otabepd Shikd peyébn. H Swrupayn (2) 04 svvelooipst
rowmdv o166 dropo wd udon dvépyetd

Vis = XErn) 15 @

“H caipo nopotiprnon topa slvor 6t Adyom tiig petantatixfic xivnong tév
Stavvopdtov kb xal s yopo dnd 16 arabepd L wal 8, of ypovikéc péoeg tipée
t@v I, s, 8¢ ioobviar pé tlg mpoPoréc toug nave otd L xal S dvrictovya.
Bdvar omhadn

kL 58
b= (B = I L, s=(s)= & S (5)

dmov (B, (811 elvar ol suvict®oeg 1@y £, s of mapdiinheg npde td L xai S
gvrictorga. To oboddeg nepieydpevo 1dv oyioewv (5) ocuviotatal ot dlu-
rictwon 6t ol péoeg Tipée k, § slval avaloyeg tdv diavuopdtov L kai § pé
SuVTEREaTEG vaioyiog mol dEaptdvrar udvo 4o td pfkn Thv drevuoudtov
L osi, L xal 8. "Av adté 16 tehevtaio 3év ol glval gouvepd xurtdéte thy
wpdty tdV (5) otV drhodotepn nepintwon rov i etalduevny Sdroln
£yer 6o Miextpévia(*). Odvor tdte

5= ML , L = ML
émov

1 8
L+ =L ~F-F
h-Lo  h-(h+h) 1?*”11‘12 ~ ! Z(L i b (6)
L’ L L2 L2

}\.1:

kal mapopota yid 16 ha. “Onwg Brénete, i Ekppaon (6) neptéyst pévo 14 pi-
K1 1y dhwvoopdrtov b, b kol L td énola elvat dedopéva Grd 1 Satinwon

(*) Inpewdore én” edraipio 811 yid 1év dmoroyioud tov Emnthosov Thg oblevéng oniv-
poyudg ypsidleral va AneBoliv On” Sym [ovo td Niektpdvia tiig Ewtepieiic ototBddag, deob,
Smmg Exope Eovamel, ©| ouvelogopd OV yepdrov otoifddov elvar undsvixky.
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o npoBiipatde pag. (Ta 1L, |k npocdopilovrar dnd todg kBavrikoig
apBpote L, L g dedopdvng Nrextpovikfic Sudralng, kal té [L] and tév
kPavTikd dpdud L 1ol suykexpipévon 6pov ot EEetalope). Tha tig péosg
TWES s, S Blyoue mapouoing

s = S , 8 = WS

Smov ol ovvreheotéc dvaloyiag pi, wr 8a £optdvror k1 64 dnd toig xPo-
vricotg GpiBuode sy, s2 1@V pepkdv only (nod elvar Béfara Toor pé 1/2) kal
1oV KBavtikd 4piBud 8 1ol kol oniv mob slvar €va dedopévo yopakrnpt-
otixé 1ol Bswpolpevou guopatikod Gpov. Gdvar Aowndv

Vis = &L 5 + Eh-% = EhmL .S + Llowel 8

Smov &y, & ol pdogg tée v dxtvikdv mapayévtov () kol £(r) of
droiec Ba xubopilovrar éniong Gnd 1d orovyela tfig Sedopévig HAEKTpOVL-
kfig d1dtaing wal ovykekpyéva Tig dxtvikée ovvaptnostg Raulr) kol Rar).(*)

“O8nyoduaocts Eror 016 cuunépacpa dti 1 péon ovveiseopd tiig oblsving
oniv-tpoyidc otav dvipyeia Evog ouykekpipévor Spov (L, 5) pbg dedoué-
vng hrektpoviktic Sidtalng (mil) (n:k) Bdyer ) popen

Vis = A(nili; mb; LS) LS (7)

Smov A Bvac apibude nob Eaprdtar ubvo and 14 unkn t@v davooudtev L,
S (xal BéPura 14 otovysia tfig Sidtalng) GAid Syt dnd h yovia toug, 9
omote xabopileton, BeBoing, dnd tiv T 1ol xPavrikod Gpibpol J tfig
ShxTic orpogopufic. "Ané 86 kul népa 16 udvo nol droudver elvar v kG-
vope tiv yveot dvuiketdotaocy

1
L.§=3J-L"-8) = % (JU + D-LIL + )-8 + 1)

Béoey thic dnolug f {nroduevy fvepyetoxy Sidépboon hdyw ovlevtng onriv-
tpoyidc 8¢ ypdoetut odv

Ely = %A(L, S){Jd + 1) - LLL + 1) — SES + 1) (8)

Snov thpo napehelyope k&8s dvavopd o1é otovyela tig EEetalduevng Sid-

taéng, deod adth Bsopeitan dedopdvn kol Evdwpepduaote pdvo yid Tolg

Sidgopoug Spoug tng mov dvtiotolyobv of JueopeTikég TiEg thv L kol 5.
‘O xavéves tév Swotnudtey droppésr md dpfows and v (8) naipvoviog

(*)"Av b avayvootng aiobavBel «Evoyinuévogs Gr adtd thv dviuein perdPoon dnd tig
wiaowkig otlg kBoaviikés pdoeg twée, 8év Bdyel ddko.
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¢

1 dtapopd (AE)j ;- = E'lL — E(Ll,)s,J—I 1 6ntola ioobtar pé AJ nwg Bhape vd
deilope. ,
Biémope Aowndv 11 mapd 1) yevikn molvmhokdtnta tod dropixod ¢dopo-
10¢ LIGPYOUY Koppdtia tou §rov unopolue v Exops id oy xkabaph Bem-
pnTikn mpoPreyry. Td dieoriuera peralt tov orabudy pide rmherddac avédvovrar (1
Sartdvovral) kard apiunTikt mpéodo kabog mpoywpolie 4rd T uie otdbun otiv dAAN.
Kabe dndxiion an’ altd tov kavéva onpatodotel Kol xdnowa napék-
Kilon and tic napadoyic mov pig 66 ynoav o’ adtév. Téroteg dnowiioeig
apyiCouvv vd yivovran moit Eueoveis of otoryein peydiov dtopkol Gpb-
uot. Kai 6 Ldéyog, BéBaia, elvor yvootds. "Oneg eiyaus mel and tiv dpyn 1
Baowkn poag mopadoyn 61 i oblsuln oniv -tpoyibc elvar coedc dodeviote-
pn TV Onoreundpevav Andoeev toydel novo yid oyetikdg Eraepd otot-
yela. "Opec yid peydra Z adth 1) lepdpynon Gvatpénerar, kal pali tng dia
14 @roteréopata mod v mpolmoBétovv. Ipdyuott v 1 oblevin oniv-
Tpoyds yiver moAl peyaritepn T@v Droieimdpevev dnoosev 1éte adty 64
npéner va mpootebel npd™ny o1d xevipixd medlo Kol vd dxorovBrcouvy oi
Onorerndpeveg Grodoeis. “Av jeivope 616 mpGhto otddro (Kevipiko nedio +
Z0levkn omiv Tpoyilic) 19 NHiexTpbévia nopapévouy avekdptnTo copatidia
Goot té duvapikd Vis = L E(r)h s elvar Eva dBpoiopa HovosouaTidtakdy
Spwv. Oi dwrvpfoipeg ToooTnTeg 100 Gtopov, 6° adtd 10 Tpdto oTddLo
npooéyyiong, 8lvar Aomdy Gheg ol ShkEg oTpoYopuréc ji TV NAekTpoviny
Tov. AVt 1] ywpiot Swtipnon 84 navoet Béfara va loyder pdirg npoote-
Bodv kol ol droi&inopeveg Grndostg ol 6moieg B4 Bécouvv Tig pepikéc atpo-
Qopués ji of petantoTiky Kiviion yopo and v éhikn otpopopun J = i
+...+ jn. TO Swavvopatikd poviého 1od dtdpov ¢’ adty v nepintwon 0d-
¥EL TH popon tod oyquatog 24. O-
oG kol mponyoupéveg, £tol ki é-
3@, 16 Paciké onpelo avrtob tob
oynuatog dév Pploxetal otév da-
QOPeTIKY] CEIPd obvBeong tdvV pe-
pLkdV oTpoopudv Tpdg oyYNpaTL-
oud tfig dAxfc, GAAG oThY avé-
detén oV peyebdv mod sivar dwa-
TNPAGIHY 010 S1E@opa STAdLL TPO-
agéyyiong. Etotl £60 oyxnpoticape
np®dTe TG HEPIKEC OTPOQOPUES ji,
Kt Uotepa G ovtéc 10 6o J,
axpfidc vid va Smoypoupicops 16
veyovog 6t td § slvan dratnphiociua
pevEédn pé mokl kakf npooéyyion.
("H Swripnon toug napafialstar
ubvo ané v dabevictepn dp-

P

Boon not 86 slvarl ol dmokeindue-

Zyfipa 24
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veg Graoeig). "AvriBeta, 16 peyédn L kol S, nov Eralav npiv Eva Bacikd
pého, yavouy thpa kabe vénpa dool of kavéve o1ddio npocéyyionc(*) Sév
elvar Sratnpriope Gote vé pnopody (Eotw kol npooeyyiotikd) vd yapaxtn-
ploovy v xatdotaot tod drdpov pécw 1@V dvtictorymy kBaviikdy dpib-
udv. Mé diho Adyia 866 of kfovrnicol dpibuol L, S, My, Ms 8év elvas ot
Kot Tpooctyyion «kakoiy kai mpénel vé dvrikataotabolv 4nd tol jimy, jr—
ma; ..jnmn. 216 tehakd BéPain otddio meptypaofic of pdvor adotnpd kahol
«Bavricot dpiBuoi tob drdpov, xal otic 8% nepinrdoseig, eivat of J kai My
nou cuvdtovtar pé 16 pévo advoTnpd dratnprioipo uéyeBog tod drdpov: THY
SAKT, TOoU OTPOGOPUY.

“Eyovtag kdvel thpa capég St 1 Srapopetiky oeipd odvleong thv pe-
PLEGV atpogopudv BV oynudtey 23 kol 24 dnodnidver Anhdg thv ceipd
eloaywyfic tdv Vo Baoikdv dopbhoeav tfig tpociyyiong 1od kKevrpucol
nediov, to1e propolpe (Ywpic xivluvo puoticonoinong) va Papricops adtéc
Tig dVo Srapopetikég npooeyyioTikéc dwudikacieg O¢ avlevén LS xai ovlsvén jj
gvriotoya. Of évopacieg elvar dpxerd ebyloteg 81611 pdc Aéve dpéong
noiég otpogopués elvar Statnproipes otd npdro o1ddio npocéyyionc (si-
oaywyh pdvo thig loyupdrepng Sidpbuwong) kai ol droleg, BéBuiy, 84 cuvre-
Bobv tehikd yid vd pc ddoovv 16 Sidvuopa tig dGAkfig otpogopuiic Yipw
Grd 16 6moio 84 Exteholv pud dpyn petantotiky kivnon Ond v énidpacn
tfic dobevéotepng Si6pBmong. Loppwva ué 1d nponyodueva 7y oilevén LS i-
VoL KatdAAnAn yid Elappid otovyeia &ve 1y oulevén jj yid Bopud. Thd otor-
yeta Eviidpeoon Z ofte 16 fva obte 16 §Aho oyfina elvor cootd §i61t of §bo
dropbooeig Ve kol Vis elvar tfig {dag 1&g peyéboug xai npémet vd hn-
9bolv On” Sym tovtdypova. Avté Suoxoleder EEapeTikd Todg BmoroyL-
ouotg kot éni mhéov Bév donver mepBdbpia yid &nhéc elkdveg xal povréha
Snog otig 0vo dhreg dipaieg mepintioeig. (Vis<<Vr kai Vis>>Vg) "Ag
npochicope dicdpa 811 dnd 14 dbo oyfpata ovlevEne, “LS” kai “jj”, moid
peyardtepn xavétnta npdPheyne Exet 16 npdro, 161t dkel f doBevéotepn
016pBwon —nhadh 1| Vis— sivon mpdypatt dEatpetid puepry. Avtég elvan
xat & Baoikdg Adyog mol doyoindikape kupiog p° adtq 19 cilsvEn kol
Gvagepbrikape oty Ak pévo 114 vé otnBel 16 nhfjpeg mhaicio peréing
v dropkdy xaTustdosny.

{(*) "Extég BéBaia and 16 «undevind» Snov xappia 8idpbwon dév Eyet npootefel o1 apyt-
k& xevipikd medio,



