LYMIAHPQMA 10.4

To TpaypatTiko GTopo voPoyOVOL
6’ éva poyvnTiko meoio 11
1o paivouevo Zeeman tng vIEPAETTNS DONS
KOl TO TPOPANUO. TOD OTOUIKOD UOYVHTIGUOD

“Yrohoyionds tév éminédwv Zeeman tijg Onéphentiig Vg Yid To-
yovoa nedwakn £vtact.

£ tovtny TV mapdypago 0d cuveyloope th perérn tfic GAinienidpe-
ong 100 Gtépou 10d TYdpoydvou pé 16 pnoyvntikd nedio, o Eva modd mod
rentd, xal dvlwagépov Eminsdo. "Ac¢ dpyloope pé 16 EEfig mpdBinpa.

“YroBéote &1t &va dropo “Ydpoydvou, oty Beueiiddn tou katdotaon,
tormoBeteitor o Evo payvntixd nedlo. Hotég Bdvar téte of Evepyelaxic Tou
xoataotdostg; H dndvinon slvar —&tor motevope— yvooty. Mid kol 16
hhektpovio yet onlv 1/2, dnd 11 Bepehiddn Ba npoxvyovy 800 vies xata-
otdocg pé dvepysiaxd yapnidtepn gxelvn Omov 7 payvntikt ponn tol
Arextpoviov sivor mapdiinkn tpde 16 medlo(t) wal yniodtepn ékeivy Smov
elvar dviimapddinin. Ztiv npaypatikotnTe, 1} cupnepleopd tol dTdpov
elvar AMyo méd mordmhokn an’ adriv. Té Ahextpdvio, dxtéde and 16 éEmre-
pucd nedfo Séyeron woui v poyvitixng Enidpoon 1ol npwtoviov 1y dnoid,
BePaing, mpoonubel vi 16 npocavatorioer dvdhoya. Mé nowdy 84 nder 16
Arextpdvio; Mé 16 EEwtepixd nedio § 16 mpwtovio; "H dndvinon &Eapti-
tat BePaiwg drd v Evracn tol nedlov. "Av 1) Eviacn elvat mohd peydin
to1e, mpogpavdg, 84 kepdloel 0 nedlo Egavaykdloviag 16 Rhextpdvio vd
ayvonisel Ty tepovoia 1ol nputoviov xal vé neplotpéeetal GnokAEloTIKE
yYopa s 11 S1k1) Tov otubepn} SietBuven. "Av dvtibera, 16 wedio elvat no-
MO Gobevég, T61e 16 payvnTikd evydpopa fiektpoviov -Tpwtoviov yivetdl
EVEPYELOKE TPOTIHOTEPO, TPOKAAMDVTEG dvTiotoryo (evydpopa v 560 oriv
t6 omola Gvranokpivovior md 4né kowod othv énidpacn tob EEmtepikod
nediov, oynpatifoviag pid ouvictopévn F = S+1 1 dmola éktedel 1 yvooty
perantoTKh kivien yipe and to nedto. ME v dhhayy tév dvopasidv I
= L F = j A napondve meprypapn yivetal, PeBaing, tavtdonun p’ adthy
nov Kdvapes tpd OAiyou yid 16 Srovuopatiks povtéio 100 GTdpou tapovsiv
nayvntikol nedlov. TO npéfanpd poag elvar rotndv Baoikd 16 idio pué 16
nponyovpevo xoi émdéyetal Spotn dvripetdmion otig Avtiotoryes dptaxéc
nepintooig. {TAcBevéc medio kal loyupd nedio).

"Edéd® Sumg 8a dxorovBricope pid dEunvdtepn péBodo mov EmiTpémet TV
gviaio yeipiopd tob mpoPifipartog yid Sheg tic Tpée tfic Evtaonc tod pa-
yvntikob mediov. "Ouwg dmoyidleots, nmpdkettar yid ™ yvoory and 16
nponyoduevo kediuto pébodo tob Evepyod meplopiopod tol yhpov thHv
PLOKDY kataoTesswy ¢ Eva Undywpo memepasuivng Sidotachc péca
o1V 6moio énilntobpe mid t Swywvonoinon tfig niipove Xapihtoviaviic
BNTPag K1 Oyt pévo Tiig «dratapoyiion. Zopeova pué Soa eiyoue nel 1é1e A pé-



2 KBANTOMHXANIKH IT - HAEKTPONIKA XYMIIAHPOMATA

Bodog eivar Epappdoiun oé puowd svothuato pé deonideg oyedov Ekpuii-
ouévev oTaBu®dv otd onola Spd pid mpdchetn Swutepayh ot tndkeital otd
povadikd meploptopd va ufv elvat 160 loyupn dote vé propsl v npokaié-
ol Gvapedn Kotaotdoeny nod Gviikovv of Srapopetikéc deouidec. Y av-
ToUg ToUg Bpovg ol katactdoeig KGBe deonidag drotehodv Eva avtévouo
kBavrikd cvornpe nenepoopévng didotacng mod unopel va dmiAvlel dxpi-
Bésc.

Altég ol npoiinoBéosig blomotobviar pé davikd tpémo 616 TPSPANuUd
pag. O idoxaractdoeig F = 0 kal F = 1 tfi¢ dnéphentng 0ofic tiig Bepehid-
dovg o1dBunc dnéyovy petagd tovg poiig katd Eva Exatopuploatd Tod Rhe-
KTpovioPoit, Evd 1 kovTivotepn O3poyovikt) idtokutdotact Ppioketat 8é-
ko 6AOkAnpa AlextpovioBoit pakpid. "Av o’ adth ] Baoiky Swmictoon
npoctebel 16 yeyovdg St i tomxn TaEn peyibovg Tidv Evepyerdy GAANAemi-
Spaong drépov kai payvntixod nedlov elvar pdiig 107V yid Evraon 10.000
Gauss, t167¢ elvat gavepd nog f dvdpeitn tiig Beperiddoug kal 1@y Sieyepué-
vay xatactdosov elvar mpoktikd ddvvarn. Of téooepig Kotdotdoeig Tig
Onéprentng Vofic ¢ Bepeliddoug orddung dnoteholy Aoindv Eva télsia

dropoveopévo(*) droovotnua 100 peydlov kBavrikod SLOTARATOE oY Aé-
yetor «ltopo 1ol *Ydpoydvoun.

"H &vepyég Xaphtoviavy mob meprypdoer 1 duvauiky adtod tob te-
tpadidataton dnocvoTipatog péon o” Eva payvntiké nedio Bdyer 11 popoen

B
H = AS.I + g, (@0 = ) (1)

me
8mov 6 mpdrog Bpog dviinpoceneder Ty bréphentn obfevin NAektpoviov
mpotoviov, Evid 6 devtepog TV Evépyeia dAAnlenidpacng Tob TpdTov 1é 1o
egatepikd medlo. (O dvriotoryog 8poc yid 16 TpwTévio elvar yilie¢ nepinov
popég pkpotepog kai kpibnre dueintéog(t).) TS yeyovée St 4 (1) dév me-
préyel koBorov yopikic petafintés napd pévo oniv eivar axpifdc 7 Ex-
9pacn 1ob naydpotog Thg yopikiic kivnong 1ol Alektpoviov oé pid pova-
311} kotdoTacn —tiy Is— yopic kapud Suvvatdtnto diéyepone. “Erot 16
oboTnpd pog elval mpaktikd icodvapo pé ékeivo 3o copattdiov nod Kpo-
TIOOVTAL «KOPPOUEVONY Of KGToln Gréotacn pué udveg EretBepeg Suvaptké
petafintés ¢ oniv toug.
I'd vé mpoywprioope 84 mpénet vd xutackevdoops —kal petd vé Sio-
yovomoticoue— v 4x4 pitpa mod dvarapiotd 1 dpdon s (1) néve
oTov TeTpadidotato xdpo mod koldmrerar amd tTic KOTOOTAOELG

YEm: = (W00, V10, Yi1, Wi-1} (2)

Smov BéPata F kai mr elvan of xBavrtikoi dpBuoi tod ueyéboug 1fig dhixfic
arpogoppiic (F = S+1I) xai tfic mpoBorfig tng otév dEova z. “H Pdon (2)
€yxe1 16 mheovéktnpa, Evavit tfig 48 Toov VOPIUNG Wm, m: (Snov ArekTpdvio

(*) dmopovapéve pdvo 8o Geopd 1 Spdom Evdg otomikod payvntikod mediov.
(1) ADt6 Sikarohoyeiror nid dvidosic péypt kel 100.000 Gauss.
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kai mpotévio Exouv kobopiopéveg npoforés oniv o1év dEova z) 11 o ad-
VY 16 mpdro xoppdtt Ho = AS-T tfig XopwAtoviaviig elvar 11on dwaydvio
Gpob ol xataotdosig g slvat drokatactdoelg abTod Tod «koppatiotn. ‘H
oyéon Gvdpeca ot Bdon (2) kai v Pdon

\Vms,mx = {W'f','!', W",‘y W"‘,“’ W‘;*} (3)

didetarl amd tig yvwotég oyfoei

1
Wil = Was, Wit = Yoo, Wi = == (Yao +ow (4
> +) 4)
Yoo = ! (v ) 5
00 = =Y T Yo
N W (5)

Smov PéPara 16 vonpa thv dsiktdv + Bcwpeiton capds. “Yroxubiotoby td
mo Svoypnota ovpPora (m,, mi) = (£, £14) 1dv npofordv thv oniv Rhe-
ktpoviov kal mpwrtovioy dvriotorya, otdyv dova z. Ol x0ToSTACES Ym, m
g€youv, QUOIKG, T YvoOoTh Hopen yivopévou

Wms, my = Xms le (6)

6mov X xai Y ol povoosopatidlakés KopatoouvapTioslg oniv y1é 16 fhe-
KTpovio kal 16 mpwtdvio dvtiotowya.

Of xotaotdosig (2) elvar, Snwg elnape, idokatactdosig tfig tnéplertrc
Xopidroviaviic Ho = AS.T pé tig yvworée Srotipdc

3AN’ ) Ah’
E = - 7 (F =0 wol E; = 7 (F=1 (7)
T6 évdrapépov Sumg elvar &t 8vo &’ adtée —ol yi,y xai yi1— slvar kol

idokaractdostg 100 npdobetov 6pov weS: Epo xai Thig nivpove Xauthto-
vioviic H = AS.T + weS,. Tpdypatt ané tig oyéosig

Wit = Wee = XY y Wil B Y- = XY

paivetar Guéocng &1 ol kataotdoetg vy kol vi- slvan kataotdaelg xabo-
propévou fAektpovikol oniv pé ovykexpipévee tipée +h/2 xai —h/2 qvti-
atotya. O w1 xai -1 Bdvar Aowndy kol {doxatactdoeig tfic dhkfic Xa-
pihtoviaviic pé dvriotolyeg idrotipég tig

AR* hoo At*  hao
+ [P —

3 5 Kot I i (8

“Onog xataraBaivete adty f Swniotewon (61 dnhadh 000 dnd 1d Srovo-
opata thg Paernc pag elval Adn idrodraviopata tfig Xaptitoviaviic) dnio-
rotel Spactikd 16 npdPAnud poag didtt onpaiver nd¢ peivape mid pé dvo po-
VO KOTOOTAoELS —Ti¢ Yoo Kol Wio— kol péoa o adtd 16 dididotato dndym-
po 86 mpéner va meproptotolyv ol dmoloywopol pag dndé 8& xal prpdc.
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‘H Bdon pog dmotedeitar Aownév thpoe dnd tig dVo kotaotdoelg
Yoo xal W10 (9)

mob, §nwg kai npiv, elval idroxatactdoeig 1fig Ho M dmola Bdyer émopéveag
v 2 x 2 dwydvio popen

Eq 0O

Hy = (IO)

O Ex

pe Ei xot By 6pildpeva and miv (7). Tid t6v dnohoyiopd tdpa tfig pitpag S,
b6 mpéret vd dpdoope mdve of kabepid dno tic kotacTdoEeic (9) pé oV -
reotn S, kal vé ypdyope, katd 1d yveotd, Tig cuvietaypéveg THv dlavooud-
Tov ot npokirTovy odv Siadoyikéc otfjiec pidc uitpag. Odyous

1 1
S: woo = S = (yer — e T = (Ss W < Spve)
WVo,0 \/—2- Y 5

LA h h
IV R w A O 75 W v
_h
= S yoo = 5 Vio (1D
Kal mapdpola
_h
S: wio = 5 Yoo (12)

dnov, PéPata, ypnowomoricape mavtod TO yeyovds ST ol KataoTdsEig
ym., mi elvat {dtokatactdoetg Tod S, ué idrotpég +h/2. Of (11) xai (12) pég
reve dpgong 6Tt ot BAon Yoo, Wio 1d Srtaviopata S; Woo kai S; yig Exouv
ovvtetaypéves (0, h/2) xai (h/2, 0) dvriotoiye, Ondte | puitpa S, Bdyet 14

Hopon
0 h/2
S, = ( (13)

h/2 0

% 6moia o€ cuvdvacpd pé v (10) diver tehikd 1 Xawhtoviavy prjtpa

H = Ho + w8, =

E1 hwo/2 )
hwe/2 E:

g dmoiag of idtotipég B4 didovior —O6nwg kol 616 Yvwotd pog npdfinua
v 60 xotuoTdosev— GRnG tov Timo
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N E:+E; \/ E.-E;, hoo
E: = —5—+ \/ () + ()
ondte, Paoet tdhv (7) Bavar

AR AR /T wo
Er = - 5 L+ (Xﬁ) (14)

4

8mov BéPara 16 wo B4 ioobtar navrod pé eB/me dniadn Bdvar dvaroyo tiig
Evtaomng 100 payvntixod medlou.

Ofi idrotipée 100 mpoPinpars pag didovror Aotmév nd tovg toroug (8)
- xoi (14) kot pid Porikny dvanapdotact| tovg yid kabe B 8dvar adt 1ol oyxi-
patog 8.

E|
F=()

Txfpa 18

Mopatnpsiote kat’ Gpydg 81t otV GproTept} TAEVPE TOT KATAKSPLPO!
§Eova adtod tol oyfpatog deiyvovtat ol oTdBueg undevikod nediov, Evd ot
dek1d of «khddow E = E(B) nov Eenndive dnd kdbe pia poig «dvdyew ©
uayvntikd nedio. "Etot and tHV mave otaOun (F = 1), mod elvar tpunhd &x
puiiopuévn, 86 Eenndnoouy Tpeig kAddot, v amd Ty xdtw, Evag. I'd k8
dedopévo B 1j dvtictotyn tetpdda otobudy nmpokvntel pé tdv tpdmo mov de
yver 16 oyfipo. Kébe khédog ouvvodedetar éniong and v Exepacn i
dvtictovyng idtotiufic Ep, m, 6mov ol deikteg dnhovovv tiv xatdotacn
THv 6moia cuvdéetar 1 kGBe idtoTipn. "Opwg adty f ohvdeon elval dkpiP
uévo 016 &pro B — 0. Tuykekpipéve &v pé Yy, ouppolricope tig idroxatc
otdoeic Tob Gvrictoryolv otig idotés Ep m, v1d Toxév B, 1618 mpdypo
adtéc B4 teivouvy otic idokutactdoeig undevikol nediov Wem, Odvar dnic
&1



KBANTOMHXANIKH IT - HAEKTPONIKA XYMIIAHPOMATA

‘g{% Wme = WYFms (15)

‘H oivdeon (15) elven dxpiPric kol yid B#0 pdvo yid tic xatactdoeig uéyr-

os1ng (Betixfic § dpvntikfic) npoPolfic Wi, kol Y- vid tig drotag eidupe 8w
ioybouv ol

Vi = W, Wia T W VB

TAvriBetd, xdfe pla amo Tig xataotdosig Voe kol Wio elvar Bva pelyua tév
Woa Kal yio mob pdvo o1é pro tod pndevikod nediov teiver ot pla 4 v
dAAn cuvictdoa. "Ag éEstdoope mapadeiypatog xdpn v Katdotoot EAG-

2

¥1otng dvEpyeiag Voo N Omola 84 ypdoetor odv

Voo = o Yoo * B wie (16)

bmov 16 a xai B 8a mpoxdwouv dnd tiv &Elowon idwTiudy

E, h(,!)o/z o a
HEHE
h&)o/z E; ﬁ

B
dmov BEPara €36 04 mpérer va Béoope E = Ego. "And v (17) naipvops Gué-
o yid 10 Adyo of/B tiv Exepach

o hwe
T AEE (18)

fl 6mola, oé cuvdvacuéd pé ™ cuvBrikn Kavovikomoineng o + 7 = 1, opilet
A poG Tolg cuvieheotés avapeidng a, B, dpa kol tig dvtiotoiyeg pekréc
idroxotaotdoelg.

04 xheioops adté 16 €3G@io p° Eva dud teyvikic mapatnproag oye-
Tikég pé TV énéktaot Tdv nponyolpevev Dnoloyioudv of toyolosg Tipég
100 mupnvikod (I) kai dtopikod (S) oniv. “H kaipla noputipnon elval 81
ot BAoN W m, (F =|S=1, ..S+1) 6 xdpog pag —10b émoiov 1 Sidotacn &i-
var thpa (28 + 1) 21+ 1)— Swondtar of nohhole uf dvauryvodpevoue tné-
FOpovg 31411 T} «Srotapayy weS, ikavonotel ué todg terectic F: kai F,, mov
yapaxtnpilovv a4 otovgeia tfig Pdong, tig perobetixée oyéosig

[S:, F1 # 0 xoi [S,, Fu] = 0

£k 1dv omolmv 1y devtepn pdg Aéel 811 1y «dratapayti» S, 6év umopel vd dhhd-
Eet v Tipn 100 kPaviikod dpBuol mr, dnhud S&v urnopel vd dvapifer ka-
taotdoeg dwpopetivod mr. Emopidved & ydHpog poag 84 Siwnoractel of
dvarioiwtovg dndympoug mov Sha toug 16 sTotyeia Bdyouv 16 810 mr kai
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uéon of kabdvay &n” adrovg Bd yiver 1] Saywvonoinot thig Xaphtoviaviig
pog phtpac. =6 @hg odtfic Thg yevikfig dvdivong f mnyn @V amho-
Tothoenv oTotg mporyolpevoug Broloyicuots peg slvor mid mpogavig.
Kat® apydc ol xorastdosig yin kol yi- dév pmopolv v' dvapsiybolv
pé o dihm Sétt pévo avtée umopoly vd Exouvv mr = 1. Kd-
Be i Toug drotekel Enoundvog Eva povodidotato dvariointo HmoYwpo Kol
dpa 3év umopsl mapd vd elvar iSokatdstoon Tod mpofifuatoc. Of pdveg
xutootdoeic Tob unopoly vé dvapryBoly elvat ol Wio ¥a Yoo, 10U Eyouy mr
= 0, 6ndte uéoa o adtd 16 Sidwdotaro Yndywpo 86 npénel vd nepropioTel
—8rwe kol Eywve— 1 Sayovonoinon thg Xaptiroviaviig uag. "0 avayve-
otne d¢ deupudost pévog Tou THY Tupandve cuviayt} yid vé dnokoyicet tig
iSwotpée ol dokatuotdoe; Zeeman tig dnépientng Oefig yid 16 dtouo
toll Asvtepiov dmov & mupvvag Eyel wid OTROQOPUT pOVAESA.

"Avéhven tdv Grotsheopdrmv. ‘H ihibloven payvnniud cvpnepigepd
tob dropixod " Ydpoydvou.
“Eve npdto PAga vid mv Katavonon Gy droteisopdtov pog sival va
6 pehetficous otig Opiaxég nepintdoeig B—0 vid vd dobue dv €yovv v
Gvapevousvn popet. v npdtn mepintoon (B—0) 8dyops E = Eoo—E;
dndte Bdvan (a/B) = o kal énopévag dnd 1 peiyua (16) 86 dnlnoel pévo i
KOTaotaot Voo Smwg Blnpene. 216 dhho dxpo (B —~o0) 6 tdnog (14) dlver

E howo eB

w5 T3 (@0 = 5

xai énetdn o’ adtd 6 Spro 16 E stév napovopaosty tiig (18) unopel éniong
vé dyvonBel, Bldyope tehixd 81t

o 1 1

pot et m Pl

Kol énopéveg

~ ! 1 o1 I
Voo = = T oo + et (W mWos) + 5 (yee + yes)

= Voo — - (19)
T Amd puoikh Groyn 16 dnotéhespa (19) slvar, BéBawn, tehsing ebhoyo. Tty
bpioxn katdotaon w-. 16 AhekTpoviké oniv slval nifpug dvrievbuypop-
piopévo (8, = —h/2) pé 16 nedio xal dpa N kardotacn ELdyiotng Evipyetag
tob fhextpoviov B&val dkeivy Srov §y poyvnrikt tov pony elvar mapdiin-
A ué 16 nedio kal Emopdvag 16 only Tov dvrinapdiinio. "ALilet vd dodue
ndc npocavatoiiletar 16 oniv kol otig éviidueosg évidoe. I't” adtd 6
okond ypdooue th (16) oriv icoddvapn popen
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Voo = 2 (Yeo-—y-1) + 'B—(Wﬂ‘""qf‘,*) a*p Wi + P Yo
V2 V2 No V2

an” Onov draPdlops Guéong tic mbavotnteg va elvar 16 oniv ol fhextpo-
viov (npdrog delxtng) mbve § xdto. Zuvykexpuéve Bdvor

(o+B)’ (a-pB)’
P = 5 5 P = )

omoTe Y o uédo only <s.>» Bdyope
h h
s> = Py 5 + P- (‘ —2—)

“Opwg Tokt mié Eviiapépovcy mocdtnta slvat 1 péon HUYVNTIKY POt Katd
tév dovo z, f 6nola 6d Smokoyrotel amd | oyéon

e
> = -~ e <s,>

Mé Baon ) (18) kai 19 cuvdikn kavovikonoinone o’ + B2 =1, 6 avayvo-
oT1g unopel va SlExnepuidost pdvog Tou 1ol¢ napundve broroyiopods, Kol
va 6eier, mapadelypotoc ydpn, 8t 8dvor
on
2h2
6mov up = eh/2mce ) yvooti pag payvnrévy tof Bohr, TS drotéheoua (20)
uropel BéPata va Pyel mokl dmrodotepa péow tob yevikod timov <p,> =
—dE/dB, dhAd 1y mponyoluevy Swadigaoia Exel 16 mheovikTnpa 811 uic po-
Baiver vd «dwaPdloper 16 Quoikd mepleyGpevo TV KATUCTAOEWY GUVBETNC
gtpogopufic oi dmoieg dnofdriovy Erot Aiyo dnd tév donpnpévo yapakth-
po TOUC.
‘H ypagwr) nopdotaon tfig oyéong (20) divetor otd oyfipe 19.
' "Onag BAénete, i payvnuixy pomy
<> tol dtépov addver Babuioia vid
vé mapst T péyiotn Suvarh Ti-
uf <<p> = up 016 Epro 1dv mord
Mgt ~=-=-=----z= - ioyvpdv mediov. AGTH B ovune-
prpopd eivar éviedde Spoto ué é-
kelvny mol elyope cvvavihost mo-
B~aw, adrepa 016 uodpo iig TApneviag
uéve mot dyapolos 1ig dpdroyeg
BAsKTpikéc mosbdntes. Of duodtn-
Zyfipo 19 : te¢ Sgsihovrol BéBara 616 yeyoviG
611 xal otig dvé mepuntdoeig &i-
yope vé xdvope o Eva Sikataotaciokd kBaviikd odotnue.

<p> = Ma (20)
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Kutrdéts topu AMyo npocsktikdtepu 16 oyfipe 19 xai oxepreite piinog
OIGpyel k4t 6 atd mol Bdmpene v kiviost TV meplépyetd pog. Lmjeid-
ote, napoadeiyyatog gdpen, &t f péon doyvntiky pons 1ol dTépov drovoia
nediov (B = 0) slvar fon pé pndév, 16 omoio onuaivet 11 o1 Gepeiddn tou
katdotaon 16 dropo dév elval gopéag payvntiopol. Kal howndy; Ti nepiep-
vo Undpyel o adtd 16 yeyovée AdtS 84 16 dvtiangfeite udvor cug Gv
Byeite vid diyo and 16 nhoiocro tfig Topviic ovlntnone xdl mpoonabnoete
vd drovtioste kKat® sibsiov 16 dvimonto épatnuo: “Eyel 1 8év Eyar payvyri-
k7 porti 10 drouo 100 “Yopoydvou omi Osueliddn tov kardoroon; Md... npogavig
Exel slvan 1) ad80puntn drdvinon Srwv mol éxtiBeviol o adth TV «dBday
£pdTNoN T8 wpoTh Yopd. “Eyer poyvntikny pomt xoi pdhota fon pé adthiv
1ot npokaiel 10 oniv 1ol fhextpoviov 1ol elvar 7y povr mvh poyvnTikfig
poTfic 108 drdjov. {'H payvnrikh pomf Adye tpoyioxiic kiviong vol fie-
Ktpoviou dév drdpyel 836 ool elvar I = 0, &vd f payvntiky pony 100 Tpo-
toviou elvdl yihieg @opég pikpdtepn kol dpo anpogavdcy dueintéa).

Téte howndv na¢ Pprixoue éueic mponyoupdvoc(*) 6Tt 1§ LoyvnTikn po-
7 tob dTépov elvon, obte Aiyo ofite nodt, MHAEN; "Av droxlsicet kaveig
v nepintwon droroyiotikod Adbovg 161e Pploxetul unpoostd o Eva ye-
vovog pé dwotdoelg dinbivod pvotnpiov. (CAxdua yeipdTtepoy K1 dn’ Exgivo
16 naknd puotipio e TAppoviogh). Mati ndg elvar §Ahbeia duvatdv Bd-
Loviag pali 300 payvhrdkia (hrextpodvio kol mpetdvio) drov 16 Eva eival
yihieg oopéc Mo Gdbvato Gnd 16 diio va mpokimier Evo svoTHHA Yoplc
iyvog payvnmiopod;

Kol pog, abtd 16 xidoikd adavénto yeyovos elval dveto mpaypato-
TOIACWO otV kPBavropyaviky. ‘O oyetikde wyravioide gaivetatl, ndit-
ota, oAl Anhog £k TOV dotépav. Adyem Tiig payvnTikiig ovleving nAekTpo-
viov mpotoviov f xatdotaon Ehdyiotme Evépyelag tod ATdpoL mpéner va
Eye1 Shkn otpogoputy piidéy (F = 0) 61dte 1] dvtioTotyn KupgTosuvVapTNon
Blyer ™ yvoorn popeh

1
R 21
Voo = (Ve = Ve (21)

‘otfv Onola ovppetéyovy ué toeg mbavdtnteg 1600 ©) kKatdotaon pé only ng-
ve o0 xal 1 xatdortaon ué only xdte tod fhextpoviov. "H Mon 1od puo-
otnpiov glvat Tepa npocpdvﬁg. Thj payvitign ponri to0 fAektpoviov §v tiv éEov-
Serepdiver 16 npaTévio dAAG 16 iSi0 16 AekTpdvio cupuetéyovrag atr Pacikh kerdoTo-
on tol drduov xal pé tovg Svo dvrifistous npooavarodiouots tov. Kal & pdhog tod

(*) Inuedote &n sdxoipio 8t & pndevionds T nayvnTikfg pontig 1ol drdpov yid B= 0
propoloe vi, elys diamotmbel kol dvegdprita nd 1 pekétn tob @uivopévou Zeeman tHig
dréphemine Sofic. “Opwg otd thaicia adtfi the uerétng 7 EEEtueh 1Hv payvnTikey Siothtov
tob Gtépov Epyetal Eviehds QuUOLOAOYLKG.
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npatoviov Eykeital oTéd yeyovog 8Tt Khver GvayKaoTiKG adtd TéV Tpomo
ouppetoyfig o0 Hhextpoviov ot Bepediddn kotdotaon, péow T payvn-
Tikfig Tov ovlevéne u adtéd. O keBupd xPavtikde yopaxtipuc adtod Tof
pawousvou GEilet va EpBet oty émgdvein. Ztiv Khaows Mnyaviky 6
pndeviopde Tol drikol oniv propel va npaypotonomel ué 16 kK aoikd Gvé-
hoyo g g A tiig dAing 1@V KPUVTIKGY KATOSTEoEOV Wi - Kal Y- .. Anha-
on Pafovtag 16 AhekTpdvio pé oniv mdve kel 16 TpwTdVIo pé ontv kdte f
avtiotpoga. “Opmg 6tav 16 dropo Ppebel ot plo dn” adtéc tic kotaotd-
og1g 6év propel md vd petofel omiv GAkn 6Tt 1 dvaykaia dvaotpogn kal
@V 600 oniv drottel evépyeial*) nod 3év elvan Swbéowun ot Baoikh katd-
otacn. "Etot 86 mopapeivet povipeg oty dpyikn didraén téHv oniv Snov
Bdyet oiyovpa payvntiky ponn dob 16 frektpévio Blvat § tédve % kdte
6rré moté woi 16 Svd pali.

2ty xPavrounyavikn, BePaing, 16 nenepuopévo dvepysiokd @pdypa
nov yopilet tig kataotdosig v - kal y-. 8év Grotehel dvumépPinto dunddio
Loye Tob parvopévou tig onpayyas. “Etor adtég ol dVo kotactdosig 0d
dvaperyBoiv, Snwg oty (21), kai 8¢ doovv Wi ketdotacn ué &vépyeia ya-
unAdtepn dn” éxelvn tfi¢ kdbe wids kel pé pndevikt, Pefaiog, payvnrikd pord, Tthv
TPaYPATIKOTNTA TPGKELTuL Y1d 16 1810 dxpiBds «maryvidy mod mopdyst
dimkevpn kardotaon 1ol popiov tic *Appoviag kol undevilet ) dtnohikd
Mg pomh. "Av 16 kahookeptel koveig 8d Sel &11 td S0 «puoTipa» (Tig
"Appoviag kai o0 “Y8poydvov) dév elvor napd Stapopetiké puetopgréceg
tod i8tov Paocikold @aivopdvou.

AD16g 6 tapatiniiopds pd brmoPdiret dpéowg tH okéyn ST 1 payvn-
Tk ovpnepipopd t0d T Ydpoydvou Blvar tehelwg Spota pé éxeivn tijc CAp-
poviag dnov 7 drdlrein tig nohikdTnrag cuvodeltnke dnd THY Eupdvion
uildg Govvibiota peyding moloodntag péow g 6nolag 16 péplo éno-
vaktd Thv edaictnoia tov ot dpdon &vég Rlhektpikod nedlov. Té 81i £ton
gyouv td mpdypata kai oté “YdpoySévo pmopei v 16 el mohd eiikora &
dvayvootng dv 6ploet T poyvntikn moloopdtnia av dmec GxpBdc kol
v Gvtictoryn fHrextpikn moodtnTa. Ankadh péow t@v icodivauny oyé-
CEWV

1
<p> = amB AE = - 3 omB? (22)

Snov <p> 1j Enayduevn péon Sumodukii porr tof drduov(t) kol AE % mpokarodue-

(*) Mpogavidg Adyw tfic payvnuikiic tovg ovlevéng § énole uropel vé dvanapuotadel
xAaotKd pé 16 povigho t@v dV0 poyvaTdv pé Kotve dfova Tob elyape APNOLUOTOLROEL TRALS~
tepa. Ztiv npokepévn nepinteon 6 payvnrakia Bpiokoviat kovtd pé avtiBstous Kéhovg kol
A rautdypovn GvaoTpoet toug Bd T6 Eavegéper of Tapoucta Katdotast GAAG pé Swpopeti-
KOUG YEITOVEDOVTEG TOAOUC.

(1) Hpiv v EmPBord 100 nedlov Arav <p> = 0.



SYMIIAHPQMA 10.4. To &rouo vépoyévov o’ éva payvytikd medio 11 11

vn vepyetakt] petatémion tig Paocikiig Tov katdotaons. ("Ag onpetdoope
én’ edxaipia &t ) dpgdvion 1ol napdyovta 1/2 ot deltepn v oyxiotav
(22) #ye1 aniodotatn evowky EERynon. ‘Ogeiketar oté yeyovdg St f £-
vépyeta mob mpootiBetar 616 dropo kotd 1 Pabpiaia alinon tob LLwTepr-
ko nediov ané TRV T pundév oty 1ehikt Tipy B, 0d npénetr va troroyi-
o1el ané 1 oxéon U = —<p>B dnov Spag 16 <p> Bdvar i ypovikty péon
T g Enaydpevng Simoikfc ponfig ol drépov xatd T didpkeia TR
Bubpiaiag abénong tov medlov. Bdvor Emouivag <p> = (0 + <ps>)/2 =
<p>/2 wai | mpoéhevon tol mapdyovia 1/2 eivar md TPOPaVIC.(*))
"Onag elyaps mel Spog kol oty dvdhoyn nepimtwon tol NhexTpikod
nediov, 16 AE 06 didetar and tév timo 1fig Sevtepng StutapakTKfc TPooty-
yong(t)
|Ual? |Uns|®

= 5l -
AE = BY = £ ¢ EoE T

&mov, Léya tiig alénong THV Evepyeiak®v d1090pdY GTOE TOPOVORACSTES,
BGvar yovipixd

(Ul (=Bl _ Wiz

P 2
AE = E.-E,~ E-E. ~ E-E B
kai Emopévog
. Hl%
am = 2 T, (23)

oY elval BePoing 16 payvntikd ioodivapo tob timov

2
D

o=~ 2 o

moYy eiyape ypNoLponOoel TuANOTEPO Yid T perétn g NAeKTPIKAG 1O~
roodmtag The Appeviag. Té Boocikd cvpmépacua mod arnoppiet dnod
v (23) elvat 16 1810 p° adtd mov Emonpdvape kai otiv dvahoyn fhexktpt-
kN mepintoon. "Ott dnhadn O Pucikée mapdyoviag otdv Kaboplopd tob
ney£Boug g payvntikfic rohooudtnrag slvan 1y Evepyetaxn dndotacn dvd-
peca oty Pacikn Kai thv npdtn dieyeppévn katdotacn tob dropov, nd
t6v 8po PéRata 811 16 ororyelo uATPUS piz TG payvnTikfc poriig dvdpeca
6’ adtée tic kataotdosig slval pr undeviks. T Gt 16 dropo tob "Ydpoys-
vou, 6T PUCiKH TOU KaTdoTacT), B EL TEPAGTIA POYVNTIKY TOAWCIUOTNTA
glvar Thpa tpogavéc. “O kaBopioTikdg napdyoviag slval 1y Brapén 1 die-
yeppévng katdotaone F=1 Ay 6nola dnéyet dnd v Bepeliddn pohig xotd

(*) Ané kabupd pubnpotikn droymn, Bepaing, i dvdaykadnta 1:06‘1/2 TPOKVITEL AREC G
and ™ oyfory <u> = —dE/dB.
(1) Agob elvar V = U = —uB kol <p> = 0 (p = ) f§ mpoin npocéyyion 64 pndevilerar.
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10°V. "Etot dxdpa ki Evo GodevéoTato payvnTiké nedlo(*) 86 npoxaiicet
ioyupn Gvapeln tdv KeTHoTEGERV Yoo Kal Wi néon g onoieg 84 viayu-
Bel 6 Evag 4md tolg dlo nposavatohiopots Tol onlv xai 84 dvadubel &
KPUUHEVOS poyvnmiondg 100 arduov. "Onweg othy Gupovia £rol kL 886 6
xavovog elvar: "On ydvous of pdviun modwdtyra (fAsktpich ff poyvntikn) o6 xepdi-
{oue of morwowdtnral

(*3°Agob 14 B = 10.000 Gauss slvat AE = ug . B~ 107V 1618 pia Evepyewakt] petotdnion
tfic téEng v 10°%V pmopsl vd mpoxinBsi and fva medlo péhic 160 Gauss.



