LYMIAHPQMA 10.5

To @awvopevo Tov SLONAYVIITIGHOD

H minpns xfaviounyovikn Gewpio.
NG OAANAETTIOPA.OHS TV ATOUMV
UE TO UOYVHTIKO TEOLO

E®APMOI'H ZTO ATOMO TOY HAIOY

Topapayvytionos, StupayvnTiopoc Kol Eva Beodpnpe... pf dndpieng.

84 npoonubficope TGpU va cUVIEGOUE KETTLC THY TPonyoiuevn culf-
o pé 16 yevikdtepo [Atnpe thg poyvntikfic osuuneproopdc oV dtépnv
rnoipvovtag odv dpoppn té £Efic mols guoioroyikd Epdtnua: T1 elvar 16 dro-
o ol "Yépoydvov; Hapepayvnricd f Stapayvnmid; 2 Eva npd1o otddio 16 npd-
BAnpd pog 6év elvor napd 1y Srevkpiviion 1od vORuaTog 1OV oyeTik@v Spov.
Ia 16v np@dto 8po, evtuyde, dév ti8etan {Rtnpa. Hepauayvyricd dvoudiovia
6o td dropa mol Eyouv i pndevikr poyvntixi pontj ot Paciki} tovg kardoraon.
“Opwg Stav elvar <p> = 0 mpéner vd dwakpivope 8o mepimtbostc

a) "H norooiwdmra slvar Betixfy (am>0)

B) "H noloowdtnte slvar dpvntikd (am<0)

Imiv mpdTn nepinteon 1y énayduevn dimohikyy pony <p> = auB eivat
opdpponn mpde 16 EEmtepikd nedlo, v ot Sedrepn dvtipponn. "Avti-
otovys yiwd TV poyvnuikh dwmepatdena

p= 1L+ dnygm = 1+ 4nlNawm (24)

Bdvar u > 1 otiv npatn nepintoon xal p<{1 atq dedrepn. (Té N ot (24)
TAPLOTAVEL TOV GPLONG THV ATépwY Gva cm’, v 16 %M = Nawm elvat f Aeyé-
pevn payvnuikn émdextikdrnre tod GAtkol). Znpaviiky elvar §| Swagopd dvd-
peca otig dvd nepinthoslg kai Goov agopd v kivnotn toug o Eva dvo-
pOLOYEVES poryviTis nedio. "Av elvatl am >0 tote ) dvépyeie Tod Gtdpon pé-
oa 016 nedlo, AE = E” = —ayB?/2, 84 petdveton mpde Tic rneproyés ioyupod
nediov, Evd yid am>0 06 cupPaiver dxpiBdc 16 dvtiBero. ‘Emopéveg 1d
dropa g mpatrg Ketnyoplug B84 wivolvim npdg 16v 6EY tého tol payviity
nov maptyst 16 dvopotoyevég nedio, Ev@ 16 GAha npdg Tov dvtibeto. [Ipo-
KELTUL, TPOPUVAS, Yid puid Bepehiddn drugopd nob dixatohoyel kai iSaire-
peg dvopacies. "Etot td dropa pé Getikn nodwowdtnta 6d Adue bt Eyovv énayduevo
mepauayvnTioud (1 mapepayvnrioud Van Vieck) S1611 f§ cupnepipopd toug Exet
apketég duordtiiteg pé dxelvi 1@V povpe mapapoyvtik®y dropev Smov,
Léyw tob toygaiov npocavatoiiouod tdv dtopkdv pondv, i payvtikyg po-
) Evég paxpookonikod mocod GAng elvar fon pué undév kai yiveron pnf pun-
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devikny povo napovcia £vég tEwtepikod nediov Sndte sivor xal dudpponn
npdc obtéd. TAvriBeta td drope pg dpvnrind modwowdtre 8d droxaiolvia draug-
ywnTikg S10TL Hpdypot npoxkettar vid Eva Srapopetikd sidog payvitikfic cu-
unepipopdc.

“Oumg, md atvynt. Mirog osulnrdue tdéon dpa yud Eve dvinapkro eldog
drdpov; Kai 88v dvvoodue Béfoia 16 dropo pé érayduevo nopapayvnniopd
8161 16 T Y8poydvo dvhixer olyovpe o adth thv xetnyopla. ("Eyet <pSie.
= 0 xol <<ptine = omB pé am >0} “Evvoobpe npogavde 10 SwanayvnTikd
dropo tod Omoiov i dvunaplia Eyer fidn dmoderybei.. &v dyvoln pog!

Mpbyparn, Sneg eidape npiy, Stay elvar <u> = § téte v1d tév dnohoyi-
oud g fvipyewag Evéde drdpon uéoa o Eva payvntikd nedio npénel vé nd-
pe oth dgltepn SLOTUPUKTIKY] TPOGEYYLoT

: z Ui/’ Z il
2y — ~ n? ——
B ;2 Ei—En . 1';;2 Ei—En

Thc Onoiag Shor of Spor givat dpvnnikol Good E; elvar ©) 2vépyeta tfic Oepe-
riddovg orabung. H nohoowdtnyta Bdvar howmdy ndavio Betuery kol nopé-
viog | OmoapEn dwpayvnuikdy dréuov addvorn (8.£.8.)

YAv 3&v Eyous wdver xdnowo Adfog o adty v &nddeadn (xai, dvotu-
i, div paiverar viyoue kdvel) 1é1e Bproxduocte unpootd of wd Kpion
phTou peyéboug. Avdty, mapd thv dduvapio dndpede Toug, T4 drapayynTi-
K4 Gropa dndpyovy kai... yalpovv dxpag Oyelog! Khaowd napddsiypa slvon
16 dropo 1ol “Hilov tob dmoiov 1 (&pvnTikh) poyvnTikn moieotpudtnta
Eyer Emavednupbva petpnBel xol i Ty g slvan

am(He) =— 3,16- 10" cm’

iy napdypueo mod dxohovbel B4 dolue 8t adthy i wplon 6év Mpbe
odv kepoovog &v aibpla. Hrov drotéieopa Evag... nponatopikol Guopth-
uetog. “H dAdnhenidpaon the Shng pé 16 poyvnnikéd nedlo 8év meprypdoe-
Tt tARpwe §né 1ov Spo —p- B nod ypnoponowotoape péypl t@pa. Mepié-
yet €1 v dhio Gpo 6 Onolog nap” 611 dueintéog o’ Sha oyeddv 1d payvy-
Tixd gowvdueva, slvar fv tottolg éxelvog mov diver 1 duvardtnra Sraping
o’ Evo an’ adtd: T6 gawvdueve tob Stapayvntiouob.

"Effyynon tic hiepoyvntukiic ovpregmeopis. TH aidpns kfaviopnyevi-
wh Bcmpia thg aAAnlenidpuong tob Grdpov ué 16 payvynikd wedio.

O Gvayvootne mov fyet kdrows oiksdtnte pé 16 Xophtoviovs goppo-
moud tRc Khaowdic Mnyavikfic alyovpa 8év 84 drodost id npdtn gopd
71 f ooty Xowhtoviav the diinienidpaong vée sopatidiov, goptiov
q, pé 10 poyvnTied nedio didstor dnd v Exopaoch



SYMIIAHPQOMA 10.5. To gaivouevo tov StapuayvnTiouov 3

2

1
H=5=(p - = A) (1)

dmov A = A(r) 16 Siavwoparixd Svvauikd, Tol napdyst T6 Sedopévo payvnTiKs
nedio B(r), péow tfic yvooriic oybone

B=VxA ©)

“H (1) slvol wid sovdptnon Ty YEVIKELREVOY SOVTETAYHEVOY ¢ = X = (X, ¥,
z7) —&nd tig 6noieg éapriitar t6 Suvapixd A = A (x, v, z) —xal 1BV yevikey-
pévov Sppdv pi = (px, Dy, D). H OpB6NTd tng unopel va EreyyBel modd gb-
Koho v ypbyer xoveic ti¢ &&rodoeic Hamilton

oH , IH oH

G=X=gy o PTTgg T T
wal Peforebel d1r elvanr icodtvapeg pé v d&lowon 100 Neltova
mx = F = {} (v x B) = é% (t x B)

Evo¢ copatidiov mod xiveltor péoo o1 payvntiké nedlo B = V x A, "Av 16
cwopatidto vrdkerton Ent nadov kol oty énidpuon évde Bubuwrtot dvvapi-
koU V = V(r) t61e 4 Xopthtoviavyy touv 84 €yst ) popon

1
H=gm (- A+ VO )

1y 6nola propel vé BewpnBel &1t npoxdnrel dnd 1 Xopthtoviavy ywpic po-
yvntiké nedio (A = 0) pué v dviikardotoon

q
PP A (4)

ot givan Yveotn g 7| éddoowy dvrikardotgon (minimal substitution). Eidiko-
tepa Y18 16 dropo 100 “Ydpoydvov, émov g = —e, 1| cooth XaptAtoviavy
tfig dAlnienidpactic tov 1° &va poyvnnikd nedio (dyvodvrag 16 oniv) 84
yphgeTal cav

1 e e
H=5—(p+ A -— (5)
Evid uéypt thpa yproponotodoape, yid 16 1810 npdPinua, Tiv Exepacn
B pZ 62 ~ p2 e2 e . B
Heom -7 - wBagg ~ v o I ©

i dnota mpogavde 6év cvunintel pué v (5) deod ¢’ adthy dupaviletar 16
teTpdyovo 1ol A (mod, 2éyw thg B = V x A, elvar ypoppikd cuvdedepévo pé
16 B) év® oty (6) dmdpyet ubévo ypapptds Spog dg npde 16 payvnTikd ne-
5to.
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Té npdro pog kubijxov ooy €66 sivar vd diepsuviioous tig npolnodé-
oelg kAT o tig Omoleg ©y bnokardotaon g (5) dné v (6) sivar Sikaio-
roynuévn. I't” adtd 16 oxond yperdletal va é&grdoone uévo 1év npdto Gpo
tfic (5) &pob 16 duvopkd Coulomb eivar naupdv xoi oty (6). ®dyous -

2 2
p

¢ 2
Tt Tme (P-A +A-p)+2mczA (N

1 e
Hegm G-

drov o1d devtepo Spo yphyapie kal T4 S0 yivoueva p- A xal A . p dopod ol
oyetikol teheotés 86y petatiBevtor &v yével, Agdopévou tdpa 11 16 A slvax
vpoappkd oovdedepévo pé 16 B 6 peoaiog Epog oty (7) 8dvar ki adtdg
Ypaupikos o¢ npog B Evé & tehevtaiog B4 nepiéyel 16 B oté tetpdynvo kai
Gpa Bdvar dpedntéog droua xai yid td ioyvpdrepo dpyactnpiokd nedic.
(Zxegreite 611 y1a B = 10 KGauss ol npoxaiodusveg peratonicsg Zeeman
elvar poiig 107%eV). H (7) 84 xatakfiyer howndv otiv (6) (xwpic 16 Suvopt-
k6 Coulomb) dv dyvonbel 6 tehsutaiog g Spog kel dv Emmhéov loyder A
oyion ;

€ € )
e PA + Ap) = 5 IB (®)

pE thv anddeidn tiig onolag 04 doyoinbobue Guéong. B4 Siepsuviicops
npdto T petabetixy oyfon v tehestdV p Kol A, Agdopévou 811 vid Eva
wydvia 1ersot] A = Afr, p) slvan

A
(P Al = —ih 3

T61E Yid pid tuxovoa ovviotdoa A; 1ol dwovuouatikod duvapikod A, Bdyo-
ue

. OA,
[pi, AJ] = —ih .a—g
i méd dvarvtikd
l | ., 9A ‘
pA—Api = —ih F= &)

Béroviag topa j = 1 oty (9) xal abpoilovrag dg npde Tév dnavarapBavo-
pevo 8eiktr i, maipvope

dA; _
2 (pA-Ap) = —ih 3 5— = p-A-A.p= -ihV.A (10)

n’ Smov gdiverar dpéone &t 84 elvai

p-A=Ap (I
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Uné tov Spo H11 té Sravuopatikd duvapikd A Eyet éxheyel bote vé ixavo-
notel t Agyopevn ovvBnkn Coulomb

V-A=90 12)

16 onoilo unopel navia vd Emrevyfel Snwg 04 deibope duéowe. Tpdyuatt
ané 11 oyéor optopd B = V x A glvat pavepd 61 16 Sravoopatikéd dvvopxd
A Bév opileratl povootpavia, Geod pmopodus vd tol mpoocBéoope Ay
kAlon (gradient) pidc tuyodoag Babuwtfic cvvdprnong xal 16 rapaydievo me-

dio B vd mapoapeiver 16 {810, Mé dhhd Moy dv A elvor Eva Savuopetixd
Suvapikd nod mapdyet 16 nebio B téte 16 {810 04 kdver kol 16 duvouikd

A" = A+ Vf : (13)

Omov f pid toyodoa Pabpwty ovvdptnon. ‘O petaoynpotionsds (13) mod
ocvvdéet 8Yo guoikd looddvapa dtavoopotikd Suvapikd —dniady Svo duva-
wxG mov mapdyovv té 18to payvnTikd nedlo—elvar yvwotog oty Bifiio-
ypogio ¢ petaoynuarionds febuides. Adté mob ulc éviiapépet thpa udic el-
vai vé deifops 61t 1Gpn oty Ehevbepia mod pdg napéyovy ol petacynuate-
opol Bubpidug 16 Sitavuopatiké duvapikd propel ndvia vd Exheyel Gote va
ikavorotetlrar § (12). Hpdypatt &v A sivor wa épyikt éxhoyn nod 8év ixa-
vorotel v (12) —elvor dnhadn V-A = p(r) # 0— 161e xaTa@Evyous oty
(13) xai xvrtdlope pAnwg pé kotdriniy éxhoyn tfig abBaipetng cvvapin-
ong f elvat Suvardy va EmrevyBel 6 undeviouds thg dndxiiong yid 16 véo
Suvapitkd A°. Agdopévov 6m

V-A" =VA + Vf=p+ VS
6 undeviopde tob mpdtov péhove dmartsl vé elvan
prVE=0 = Vf=—p
16 dnolo onpaivel 81t ) {nroduevn svvdpnon f propel tdvra vd npocdio-
ptotel od Abon tfic éEicwong Poisson (6.£.8.)
Td Eva dedopévo payvntikd nedlo 16 Savuopatixd dvvapiksd oty Bab-
uida Coulomb(*) 8d npocdiopiletor Aowrndv énd 16 Lebyog thv Eohoeny
VxA=-B , V.-A=0 (14)
nod elval tomikd noavopoidtuonog pé tic poyvnrootatikée déiohosig

(*) 0O povoonuavtog Tpoodiopionds 1od davuopartikold duvapikod pfow pilig npdobetng

ouvBrfikng Grokeheitar, ovviibeg, ékhoyr Babuidac.
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4n
VXB=~C—j s V-B=90 (15

pé 6 A otic (14) vé nailgl 16 pdro 1ob poyvntikod nedlov kal 6 payvntikéd
nedlo 16 pdho tiig pevpotikiic TLKVOTHTEG.

“Etot 716 8va 6poyevic nayvitikd nedio B 16 dviiotovgo dvvapixé A 84
npoodiopiotsl, Snwe kol o1 dvaioyo poyvntoototikd npoPinpa, drd 16
«ouo tod Amperen.

$A-dl = Pory 100 B

6 6noiog, Pdost 1o oyfuotog 20 diver duéong

i
- A.2mp = B.mp® = A =3Bp
)
oY glvor ioodbvauo pé 11 Sravu-
Q) /1 © oponikyy Exepoon
I
| A=5Bxrx (16)

Onov p elvar 9 k@Betn dndotaoy
and tov dEovo z xal r 16 didvuopa
Béonc tod &Eetalduevov omusiov
ané v &pyn toOv aEovav. H
anddeiln 1fic (8) elvar topa dueon.
Bdéoet thv (11) xoid (16) 16 npdto tne uéhog 84 ypdeetar Swdoyikd odv

x Ty fina 20

e e e e
EAP:M(B x r).p:—z—gﬂ—c.B.(r x p):mBI

kol dpa elvar {oo pé 16 devtepo péhog Snwg Béhaps va deilope. To tehikd

poc counépacua Aowév givar &t yid duoyevy payvntikd nedia, Orowaosdn-

note dpyactnpaxiic Evtaonc(*®), N Ghinienidpuon pé 1a fhekTpdvia ThV

dréuov meprypaoetor EEaipetikd kohd ané 16 ypapuikd Spoft)

U= '},er

Smov f poyvnTixy pomyy, Adym tpoyaxiic xivinong, tob Ahextpoviov 84 6i-
detar Gné tovV THTO

(*) 1 Onola, Y16 Adyoug mob Exous dvagépet GAA0U, 85y punopel va OnepPel 16 fxatd Eng
Swukdoreg yraradeg Gauss.
(1) Ztév dmoio BePaimg, npénel va npootedel kol 6 —peB 1ot npoépyetat dnd 16 oniv.
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6 Omolog npénel va Bswpnbel md odv adbotnpd droderyuévoc. ("H moind
«@médettny 8év frav kal mold cofapny Enwg 64 Bundote).

04 dsifope tdpa ST 6 tETpUyLVIKSS BPOC e’A?/2mc® map’ STt dpekn-
té0¢ of ovykpion pé tov ypouuxd —p - B elvat 6 uévog oy unopel vé «yev-
vRoEW 16 gavépevo tof Stopayvitiopod &€ ob kol O yupoxtnpiopds tov
o¢ drapayvnrivod Spov. Bekivipe ypdoovtag THY TAYpn Xapthtoviavy 1id Eva
povonAekTpoviké obotnpo kot® dpydc. Sdvo

2 2
H = Ho—p-B + = Ho—p-B + — B’
2mc ; 8me
e2
= HO"H‘B + - B2(X2+y2)
8mc

Srnov Ho % Xopirtoviovy tol ovotrparog drovoia payvntikod nediov,
o=t s ) OMKT payvnTiky ponn Tob AAextpoviov kol = p, 1§ ouvi-
otdon g katd T diedBuvon 1ol nediov ol £yxer Anedel xal dg dEovag z.
‘H sloayoynq &vog payvnrixot nedlov npootitel ooy o16 dtopo 1 da-
TOpaAYn

2n?

v B B
= -H o +
8mc’

'+ y) (17

¢ Smolag © péon Ty otig ddwrdpakteg drocuvaptiosig 8a pds dhoet
TV Tpokalovpevn petatdmion otd Evepyslokd énineda tob drépov. Aedopné-
vou thpa 811 6 dedtepog Spoc oty (17) elvar ouvipimTikéd pikpdTepog 4nd
TOv Tp@To Yid k4Bs £pyaotnpiakd nedio, 6 uévog Tpémoc yid va yiver ai-
ofnth 1 rapovoia tov (Kol va elvor pahioto Ty xabopiotixn £vdg véou paivopé-
vou) glvar vd undeviletal | ovvelopopd 1od mpdTtov dpov 16 dmolo, Pe-
Baiwe, oupPaiver drav slval

<p> =0 (18)

dnhadty of ovorjuara yepic péviun payvirin porr. "Opwg 1 ouvvlfxn (18),
nap” 611 dvaykaic, 6év elvar Tkavn yid vi Exdninbel Kl)piapxa o drapayvny-
Tikdg Spoc. Kai & Adyog elvar GmAse.
‘O ypapink6g 8pog —u - B 04 Eroveppaviotel, péoo tiig dedtepng duata-
poxTikfic npooiyyiong, ué cvvelseopéc tfig yvwotfig puopoefic
2
P12 3
—E, B

(19)

ol 6moise, Snwg 84 dobpe dudowng, elvar tfi¢ 1dag dxpiBde td&ne peyéboug
ué 1 ovveispopd tol dgpayvntikod Spov
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e’B?

2
<> (20)

oty mpdtn téEn tfg Bewpiug Swrapayfic. “H olykpion propel vd yivel
noR0 edkore 616 dropkd ovotnpa povédev (h = m = e = 1) rov Bdvar
¢h 1 a

un%ue=m—%:§A.U.
E.—E; = pepixd eV = 1 AU.
<p'> = w = 1 AU.
omdte Blyope
pé o ¢’B’ o

L 2 PO 2 s e 2
E—L, B - B Kol PE g B

an’ &nov eivar gavepd 6t | Betixy dwopoyvnuiky cvvelspopd tol Spov
(20) elvar ovykpiown pé tv Gpvnrikt (xai dpa mapopayvitikg) tol dpov
(19) 6mé1e 1) Suvatdtnta EpEavions Tob StapayvyTIKoD QULVOREVOL «KpEpe-
o md and v ExBdon 1fig dkpiPolc épBunTikiic dvapérpnong dvdueoo
o’ adtovg tovg d¥o Gviayovildpevoug Spovg. ZTv mpoypatTikdTrTo TG
npdypota elvor oA yeipdrepa Y16 16 dropayvitikd 6po. "Onwg B4 dodue
dvaiuTikd oty Enduevn tapdypapo ol Bepeliddels KataoTdoelg 1BV 416-
pov mapovaidfovy, of wid mpdtn mpocéyyion, mAovolo EKQUALGUS, O
dnoiog aipetor kaToOMLY Pé THY TPoahNkn SLaQdpov pikp®dv 610pBdcEOV [ie-
tafy tdv 6molav kai fj payvntiky ovfevin omiv - Tpoyidc nod cuvavIioaue
kol otd dropo 1ol “Ydpoyodvou.

Té6 tehikd drnotérecun clval va Ondpyovy ndve and v Packn katd-
otaotn toll atdpov diksg KataoTdoelg mod énéyovy &n’ adry, Syl Kutd pe-
ped frextpovioPort dnwg dSmobéoaps mponyovpéveg, Ghha yileg @opig
AMyotepo. T adth TRV nepintwon & mapapayvnTikég §pog eivar katd tpeig
TovAdyiotov Téeg peyéBoug peyalitepog 1ol dopayvnrikod kai dvdroyn,
BeBaimg, Bdvarl kai fi poyvntikh cvpnepigopd tol dtépov. Awamictdvous
£1o1 o1y6 - o1y6 8T1 mapd TRy Brapén ey Bewpntik®dv Tov npobnobicewy 16
povdpevo 1ol dapayvntiopod elvar mold dvokoro va Exdnrwbel 6Tt
avoyartiletan and Evav mokd ioyvpdtepo dvtinako. "H povn éinido va Pyel
6 dwapayvrtioude oty dngdveta elvar vé Ondpyovv dropa pé loyupd dro-
povopéves Baotkéc kataotdoelg Tov 6 xovTivotepog yeitovag Toug v elvan
tovhdyioto 10eV pakpid. Adtd i ouvBikn mpaypatonoieitol Gpoidtata
otd dtopa tdv edyevdv deplov Tov Exouvy cupninpopéves ELmTtepikég oTol-
Badec k1 Enopdvag kapuid duvatdtnta Expuiiopod Geol pdvo p” Eva tpdéro
urmopel vé yiver fj torodétnon tdv Ahextpoviav o’ adtég. Tooddvapa uno-
pobue vé mobue 8Tt yid yepdteg otoifadeg Shot of xBavtikol dpibot L, S
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kot J 1ol dropov undeviloviar dndte dév tndpyel kavévy nepiBdpro Aentfic
Yofig dnwg of Gropa 6mov td dravicpate L kal S elvar ph undevikd kol
propoby Emopévog vd ouvdvaotodyv Hré Sidwopsg yoviee xal vd ddcouvy ko~
TaoTdoelg Sleopstikod Oakod J nod f Evepysiaxy] toug drapopd 8dvar mo-
A0 pipn) 81671 1y yovia tdv dwovooudtev L xoi 8 pévo v dvépyews oniv -
tpoyidic propel va énnpedoe(*). 'Ev ndon nepintoocer Sha 16 napandve
slvat moAd caef] oty nepintwon tob Hiiov dnov €xope dvo AAekTpdvia
otV Kardotaon 1s pé povadiké tpdmo suvinaping va Egouy 1d oriv toug
Gvtimapdiinia. H ok tpoyroxn otpogopuny 100 cuothpotog elvar
TPOPavic undév, ¢eol kai td dYo Arisktpdvia Exouv I = 0, Evd 16 dhikd
oniv Bfvar xt ddtd undév Aéyo tfig dpyfic tob Pauli. Mé L = S = 0 8dvar
gvaykaotikd kol J = 0. “H Bgpehidong xatdotaon 1ol fiiov slval Aowrdy
povadiky kol xappio Aenty Ogny 8év pumopsl vd mpoxdyel dx’ adtiv. H
TAnciéctepn duvath katdotaon elvar 9 (1s)'(2s)' mob oynuatiletar Gvepd-
Covrag 16 Evu fAextpdvio oTiv xovivotepr dwbiown otdbun. H oyetiky
gvepyelakn diggopd slvat yopw otd 20 eV. Ot éhnidec va xepdioer 6 Siapa-
yvntikdg Spog vivovidl topa mord Pdoiusc.

“E loutév yid v pryv ofic kpatrjoops neplocdtepo of dyomvia d¢ dnAia-
oope Guécag 8t & «aydvocy Exet kepdnbel npoxataforkd. Id Sla td eiyevi
dropa 1y mepapayviTIKY oUVELSQOpE OTIV vEpysid Tovg elval drpifdc undévl! “H évép-
yewx Evog «ebysvoic dropouvy uéoe o’ Eva payvnTikd nedio elval droxAsiotixd Stapayvi-
Tkt nposlevons. CAnGBeiEn: Adtd mob mpéner vd Ssifope slvon T Bha 14
orovyelo pTPUg pin = (Wi, B, 670V 16 1 tpéyel o Bheg tic dieyepuéveg
KoTaotdoeis, elval pndév ¢ Eva edyevég diopo. “O pndevisude Bacifston
1o yeyovég 61t iy Bepeldong xatdotaon &yer L = S = 0 kai dpa 8dval no-
LpE0TKd pid idoxatdotacn, pé Brotpt) pndév, thv teheotdv L, S, dpa
kot tob p = p, = (~e/2me) (L. + 28,). @dvar dniadh

: e
Py = s = = moe (L + 28y = 0 2D
Kai ovvendc
(w1, pys) = (Ry1, wa) = 0, wa) = 0 8.8.8.

‘O dvayviotng dg eAéyEst uévog Tov Thv dpbdtnta tfig Buoixfic oxdorng (21)
otiv eidixn mepintoon tob “Hiiov dnov slvar

¥y = y(r)w(r)Xo (nr, po) (22)

(F)"OR adrd B4 ovlntndobv diefodikd othv &nduevn mapdypago,
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o i :
Xo (1, o) = = ( Xa(uo)X(p2) — X-(u)X+(2) )
2

"Onog xatoraPaivere, Jvokoka 86 unopodoe v6 slpactay md toyepol. Oyt
uévo dmapyovy dropa drov N dkdfiinon 1ol Stepayvnmiopos sivar duvaty
Grig o’ abtd 1d (S Grope & Swpayvnmiopse slval 16 uévo payvnTiko
euwvduevo ot eivol napdv xai fnopdvag propel vé xdniwbel ué tév xa-
Bupdtepo duvatd tpémoe. Té 8o xabopty Bdvar Aowwdv kol % moootiky
avuropaforty Sewplag xal neipdparog v Onola 84 Emysipnoous dpéong
vy 6 dnhovotepo oyetiké dropo, woY eivar BePaime 16 “HAo. Asdopévou
11 Eyope toHpa dvo Hhextpdvia & Swpoyvntixde §pog Bdyel 11 popen

212
2 2
7 (P1 + p2) (23)

8mic

8nov pi, p2 of drnootdosig t@v dV6 fAskTpovioy ané tév dlova z. (Bldvar
SNAodh pi = xi + i kal ph o= X+ y3)

Iad tév dnodoyioud g péong Twiig g dwatapayfic (23) ¢ npdg v
Kupgaroouveptno (22) 16 onivopiaxd Kopudti Xo unopel va dyvonbel dpod
1 (23) éEaprdtor pévo and yopikés petafintic. "Emniéov, énadn f yopi-
K7 KUHOTOOLVAPTNON £IVOL CURPETPIKT B¢ TPE T4 800 RAsktpdvia kol Eyst
™ popen ywopivou, f| péen Tipm <(pf + p§)> f8var Sinddoia Gnd ™y
<p*> tmohoyiopévr pé TH PHOVOCOUATISIIKY KUPOTOGLVEPTHON

3/2

yi(r) = NG e’ (24)
*Eme1dn], téhog, 1y (24) elvar copaipikd ocvppetpikly Bd ioyder 1
x> = <> = <> = %<r2>
xai Gpa 1
<p> = <K+ Y>> = %— <>

omdéte Ghog poc & dmoroyioudg davrtisiton 16 SAOKARpOuA

- z [ AR
<> = fo r?ly(r)|* 4nr’dr = 4n - f r'e?dr = 4n — .
4 7L' (22)

= <> = 3 (25)

Z2

kol 1§ ovvelseopd 1ol dwapayvntixod Spov othv &vépyeia tol dtdéuon Bd
ypooeTaL odv



SYMIIAHPQMA 10.5. To gaivouevo 1ov SiapayvnTiouot 11

2132 2
¢’B ¢’B’

2 2 A
y— (<pi> + <po>) = e 2 <pt>

_ B, 2 3

"~ 8mc’ 3 7

bnéte Bdoer 1ob dpiopod E = —amB?/2 naipvope yid HOYVNTIKT] TOAMGL-
pétta o 1o dnotéhsoua

2 2
< a 3

CLM:“W:"_Z"Z(IO (26)
§mov s (= 0,529-107° cm) % dxriva To0 Bohr, a(= 1/137) § cteBepd thg Ae-
ntfig 69fi¢ xal Z 6 dropixdg apBude 7 16 poptio 1ol nupnve, vid tév dnoio
elvar Aoy1ké vd ypnoiponotioops 1 Bwpaxiopévn twy Z = 2—(5/16)
nov elyape Bpel muindrepa pé 4 pébodo tdv uetafordv. M adtd td dedo-
uéva O (26) timog Siver v Bswpntiky npdPreyn

am(Bewpia) = — 2,76:107% cm?
nov Bpioketon of ikavomonTiky cup@ovie pé TRV TELPUUOTIKY Tiut

am(reipapa) = —3,16.107° cm’



