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Ozopio dwtapoy®@v SEVTEPNS KAl avAOTEPNS TAENG:
Eg@appoyn oto garvopevo Stark kot tnv atopiki) tolmepotnto

H Bswpia dtatapaydv mov avarntdéoue vopitepa NTov eEapyng TPOCAVATOACUE-
V1| GTOV TEPLOPIOUEVO —OAAG ETOPKN YO TIG TEPLOGGOTEPES EQUPUOYEG— GTOYO,
VO Uropovpe va vroloyilovpe ™ dopbwan npidtng tdlng oTNV EVEPYELD TOL
ovotNuatoc. Eviovtolg, dev lval 6TaVIEG Ol PEUALOTIKEG TEPITTOCELG —T. )., EVA
ATOHO LOPOYOVOL GE Eva OUOYEVEG NAEKTPLKO Tedio (puivopevo Stark)— yio Tig
omoieg N d1opbwon Tp®TNG TAENG LoovTAL HUE UNOEV, OTOTE EILAGTE LTTOY PEDUEVOL
€K TOV TPUYUATOV VO TPOoY®pTNoovue 11 Bewpio datopaymdv éva Bua o népa:
No mape otn d16pbwon devtepnc taENS. 't avtd TOV GKOTO UMOLTELTUL L0 TTLO
GULOTNUATIKN aVATTLUEN TNG OYETIKNG Osmpiag amd avTHV TOL TAPOLCLAGUUE
VOPITEPA, Kol avTo gival To 0&épa tovtov Tov Zvuminpopotos. H Bacikn 16éa
glvar va ypayovue tig¢ {ntodueveg dtotipéc E, kat 18106LvapItnoelg ¥, e
eElomoemg Schrodinger

(HO + V)’L/)n = Eyin, (1)
WG 0e1péc dradoyadv wpoaeyyigewy (M droplioewv) TNG LOPONG

By= B 4 ) 4 B 4 .
- 7!,(0) + @/)(1) + w@) 4,

omov EW xar pF) —k = 0,1,2,... — o1 S10p0dcelg téEeng k 0TI IS0TIHES KAl TIg
wroocvvaptnosig avtictoya. To Hy otv (1) gival, BePaiog, n adatdpaxty yo-
pizoviavij Tov mpoPAfpatog g onotag ot Wotinég £V kar ot avrictoryeg 1dto-
owvaptioelg 0 —dniadn ot dpot pndevikng taEng ota avartoypato (2)—
Bewpovviotl Yvootd. O vroloylopdsg TV d1adoy KOV dlopddoemv Yivetal TP
TOAD gukoAa (o€ eminedo Bewpiag) ewodyovtag Tig (2) oty (1) kot e&iomvovtog
TG TOCOTNTEG TNG 010G TaEews peyébovg ota 600 puéAn. Omov otn dadikocia
avtn N dwatopayn V —t0 6H otnv mponyobuevn mapovciocn— Bempeitar wg
«BLapoptkd» TpoOT™G TAENG EVO ot dtopddceig B kar v Loyilovior wg «Sia-
opka» k taEems. Kat toyvet BePaiwg oti: H 1dén Tov yvousvon 0bo «diapoptcavy
eivat ion ue to dfpoioua twv tdlewv Twv Tapayoviwy tov. Epappoloviag tny topa-
nave pebdodoroyio dei&te ta e&ng:

a) Ot ot dwwdoyirég mpooeyyiceg EF kot ¢ o ucavonotodv v axoiovbio

eElomoemv
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B)

Y)

8)

Hy !9 = BO) 40) (3)
Hy M) + vpl0) = BO () Bl 40) (4)
Hyp® + Vo) = EO @) 4 ) (1) 4 p2) 0) (5)

€K TOV OTOLOV 1| TPOTN KUvOoToLeital €& vToBEGEMG evd Ot gmopeveg o Tpe-
TEL VA Y PNOLUOTOINO0VV y1d TOV LTOAOYIGUO TOV d1ad0Y KOV dtopldcemv.
Ot n §6pdwcn mpdtng téEng, EW, oty evépyeia tov cvothpatog Oo
dilvetat Ommg TPy, and TOV TOTO

B = (V), = @), V) = Vi, (6)

n n

dMAadN and T uéon tyuf NS A1ATAPAYHS GTHY GOIATAPAKTH 1010avVApPTHON 1,
1oodvvapa, and To daydvio atoryelo uitpag e owatapaync Vo ooty Pdon mov
aynuatiCovy o1 adiatrdpaxteg 110avvapticers Y.

Ot n S16pbwon devtepng taEng, E2), omv evépyela tov cvotiuatog Oa
divetal amd tov tHmo

E® — Z |an|2 (7)
no 4 E(()) . E(U)’

=
(mgn) T m

6mov Vi, = (19, V4h9) givar ta (un Sraydvia) storgeio pntpag g drata-
payng V, ot Pdon tov adloTtdpokTOV 1010GLVAPTHGE®Y, EVO TO GOpolcua
omv (7) exteivetor oe OAEG TIG GAAEC 1010KOTACTAGELS TOV ASLOTAPUKTOV
GLGTNHATOG TANV gkeElvNg TG omolug T 610pbwaon vroroyilovpe.

Ynédeln: Asitte mpata 6t givar B2 = (Y, V4ll)) xar avantdéte katdmy
mv Y oe cepd adlatdpaktov 18ocuvapTHcEy 0nd Ty onoia O arovst-
aler m Y Siom —eEnynote yati— n Y Bo npénel va eivar opfoydvia Tpog
™MV avTicTolyn adlaTtdpuKtn 18loGuvapTNon.

Epapuoote tn Oempia datopay®v Y10 Vo VTTOAOYICETE TNV TPAOTN U1 Unde-
ViKY 810pB®GT GTNV EVEPYELD ULOG TLYOVCAG OTAOUNG EVOG POPTIOUEVOL
OPHOVIKOD TOAXVI®OTN, HE GOPTio ¢, TOL PBplokeTUl HEGH GE £VO OLOYEVES
NAekTpIKd medio evidoemg £ katd ) devbuven TaAdvioons. ZuyKpivete TO
ATOTELEG PG GOg He TNV akpiPn Abomn Ommg neptypaeetotl oto Ipofinua B.2
tov Keparaiov 7. Tt ovunepaivers;

To 1610 TpoOPANpa 6TwG TPy, aALE yia TN OepeAl®dn 6TdOUN TOL UTOHOL TOV
V3POYOVOL Kal PE TO MAEKTPLKO TEdIO Vo, €xel TNV Katevbuvemn tov afova z.
Topa 6pmg —oe avtifeon pe 10 (8)— 1 SlaTOPAKTIKT CELPA dEV £YEL TETEP-
GuHEVO TANO0G OpmV KOl ETOUEVMG E1TE TPENEL VO «AOPOIGTEL» EITE VO TEPUOL-
TioTel Kamov. T1 TpoTeiveTe;

o1) H nolwoiudtnta o €vog atdépov (M popiov) opiletal pécm tng oxEong

d = aé, (8)

omov d 1M SLTOMKT POTH TOL ATOKTA TO GTOHO AOY® €vOG eEMTEPIKOV MNAe-
KkTpikov mediov &. Eival dniadn o cuvtehestng avaroyiog otn oyéon enayod-
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HEVNC GTO GTOMO SITOALKNG POTNG KAl TOL NAEKTPLKOL TEHIOL TOL TNV ETA-
vayel. IoodOvapa, to a opiletal pEow® TG OYEONG

1
OF = —§a82, (9)

onov 6F 1 mpochetn evépysla mov amoktd to dtopo (otn OgpeAl®dn Tov
KatdoToon) AOY® Tov NAEKTPLKOL TEdiov. Aeob eEnynoete yiatl ot oplopol
(8) xar (9) eival 160dVVOUOL EMKOAECTEITE TO TPONYOVUEVO EPMTNHA Y10, VO
nelte (€0t Kkat’ extiunon) mOGM €lval M TOAMGIHOTNTO TOL OTOUOL TOL
vdpoyovov. Tt cupunepaivete YEVIKOTEP Y10, T0 GAAD GTopo N popia; [Towa Oa
elvar n tomikn Taén peyéBouvg TG TOAMSIHOTNTAS TOLG;

Aven

@)

B

Ewodyovtog oty akpifn e€icwon Schrédinger (Hy + V)¢, = E,, Tig data-
POUKTIKEG CELPEG

Uy = ¢;0> 4 wg]l) + ¢572) 4o E, = ES]) + E‘T(Il) 4 E,<,2) 4o
0o €yovpe

(Ho + V) (@) + o) + 92 +--)

= (B + B B4 )00 ol 2 ),

n

am’ 6mov —e&lodVoVTag TIG TOGOTNTEG TNG 1010g TaEems peyédovg ota dVo pEAN
(1e TOV TPOTO TOVL glmape GTNV EKPAOVNGN)— Taipvovpe Tig eElonoels (3), (4) kot
(5) ek TV omolwv N TpOTN kavoroleital €€ vTobécewe (Onwe eimape NOM Kol
glvatl avepo AAA®GTE) EVD 01 ETOUEVEG Oa X PN OLUOTOIN OO0V Y10 TOV VTOAOYIOUO
v {ntobuevov d10pBhcewv.

'@ tov vroroyiopd g EY —1ng npodng S16pbwong otnv evépyela g n-cTng
oTaOUNG— TOIPVOLUE TO ECMOTEPLKO YIVOUEVO TOV dVO HEADV NG (4) pe v
0010 TApaKT 18106VVAPTNGN w;ﬁ’) (bote oto debtepO HEAOG Vo TPOKOWEL M
{ntodpevn mpot tépdoon EV) kar Ba éyovpe

(W, Hypl) + (0, Vo) = ED (40, V) + EY (10)

omov, PéBara, Oewpficape 611 ot adratdpokteg dtocvvaptioetg P eivar
Kavovikomomuéves Gote va 0écovpe (Y, 9(0) = 1. AauBdvovtag tdpa v’ dyv
0TL 0 TeAeaTNG Hy €lval eppLTLOVOG, O TPATOG OPOG TOL APLGTEPOL HELoVG TG (10)
YPUPETAL 1GOSVVAND (G

() Howy') = (How?, i) = (BV0, oil) = BLY (0, 1))

Kol eMOMEVOS omaieipetal pe tov mpmto Opo Ttov deflov g pérovs. Etot,
TALPVOLUE TEAKA

EY = (0, vy =V,

ommg 0éhape vo dei&ovyle.
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)

I tov vroloyiopod g debtepng dopbwong, F
Sratapaktikn e€lcwon (5)

Hozﬁf) + VQ/J;(q,l) U)w@ +E 1)w(1 + E ¢(0

Eexivape amod Ty aviiotolym

TL’

n onoia, torlaniacialopevn ecotepucd pe 0 Siver

(WO, Hy@) + (00, vpll) = ED (0, p@) + EV (v D) + EP. - (11)

Ouwg ot mpwtol 6pot ota dVo UEAN €lvol icol Yo Tov 1610 AOY0 OTMOG Kal
nponyovuévec. Eropévac 1 (11) anloroleitar otnv

(d)n ’Vd} ) = Ele) (1/) w(l ) + E7(12 ’ (12)

N omoia pag Aéel OTL yia va vmoloyicovue T Ogvtepn O6plwan atnv evépyela
petalouacte uovo v wpaty owoplwan otny kKvuatoovvaptyoy. Onog M eéicwon
(12) pmopel va oamAomoinbel mepartép®w ov Tapovpe LT OYv TN oyéom
opfoyovidtntag

(), 4)) =0, (13)

n omolo ek@pAlel TO TOLOTIKA &OAOYO YEYOVOg OTL ol dlopldoelg otnv
0010 TAPaKTN 18LOGLVAPTNON 1/1,(79) TPETEL va. €lval KAOeTEG 6E VTNV OGTE Vo,
OTOTEAOVV U0 TPAYUATIKE VED GUVELGQOPE TOL dEV TEPLEYETAL GTNV CPYLKN
kopotoovvaptnon.t) Telikd Aowmdov m Sedtepn d16pdwomn otV evépyelo O
YPaPETAL MG

= (), V) (14)

KOl TO HOVO TOL OTOUEVEL Elval Vo, Unokoyicouus mv npodtn ddpbwon otnv
Kopatoovvaptnon. H xotdAAnin taxtikn yu avtd 10 6Komod sivou VO 0VOmTO-
govpe v PV o Bhon tov adatdpoktov dtocuvaptioemy ¥V, ot omoleg
EEpovpe OTL amOTELOVV EVa TATPEG CLUGTN O KO ETOUEVMG KAOE aMm cuvapInon
pmopel va avoantuyfel o’ avtég. Eotm Aotmov Ot

1 — ) 40
(0 Vs
m#n

OToL TO VOMUE TOV JaEdpOV dEtkTdV 6Tovg cuvterestég cll) eivar, eanilo,
capés. O mave deiktng (1) Kot o TPpOTOG KAT® OIKTNG N AVAPEPOVTAL GTA
GTOLYELD. . . TOVTOTNTOG TNG UVOTTUVGGOUEVTC CLVAPTNGTNG (TPpMTN d1opbwon oTn
VI0GTH 10106LVAPTNOoN) €V O dgLTEPOG KAT® Ogiktng eival gkeivog mov
abpoiletar oto avantuypa. O O0pog m = n TAPUAEITETAL Y1OTL, OTMOG TOVIGOAUE
mpwv, n Y eivar opBoydvia otnv P, kol emopéveg M televtaia mpémet v
amovoldlel and To AVATTLYH.

n 2

(*)

270 1010 CUUTEPAGIO KATOANYETE KOL TOGOTIK(, OV OMALITHOETE VO E1VAL KAVOVIKOTOUUEVT
N Stopbopévn kvpatocuvapmon ¢ = O + 1) ko1 and 10 oYETIKO ECMTEPIKO YIVOUEVO
KPATNGETE HOVO TOVG OPOVG HEYPL TNV TPOTN TAEN.
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Ot ovvieheotés cll) B divovtat, BEPata, amd 10 E0OTEPLKO Y1vUEVO
- 0. 41)
kat Ba vroroyiotovy Bacel Tng datapaktikng e&lcmong (4)
HypW + V0 = EOy() 4 Bl ,(0)
n onoia av tollanhaciactei ecotepikd pe ) Sivel
(i) Howl) + (0, van?) = B2 () o) + B (v, v))

K0l TOipvoVTag LT OYLV OTL

(wgg)’ z’b’EIO)) = 0’ (m 7£ n)? (¢m ’d} 1)) nm7 (d)gr[z])a Vw510>) = an

(i, Howr)) = (Howly) vil)) = B (o), vil)) = Bl
0o £yovpe TEMKG TNV
EQ e+ Vin = BY)cl))

m 7L77L TNYZ

KOl ETOUEVOS

7
(1) —___Tmn (15)
C’IL’HY. N
EY - EY
H npdtn 816pBwomn oty kupatocuvaptnon 0o 1covtal Loimdv pe
‘/;Vlﬂ,
W= 5 ¥ (16)
=2 B By "

(mtn)
ev®d 0 TOmog (14) yio ™ debtepn dopbwon otnv 1d1oTiun Ba dmoet

B2 — (40, Vo) - (w;w,vicssw) 3 (0, V)

m m

_ ! an
Z nm - Z—m ‘/nm

m BV — B

= E? — X,:M (17)
" m Er(zo) - E7<r(1]) 7

r ’ r ’ 2 I J
omov AaPape v’ oOyy 0TtV = V7 (y1078;) = Vi Ve = |Vinn|™ €vO 0 1dvoG 610

mn

ovpporo g aBpolong dnAdveL 0Tt 0 Opog M = n TOUPUAEITETUL.
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8)

O {nrobuevog vroroyiopdg apopd, PePaimg, To Aeyouevo pavduevo Stark, Tov
glvar 10 MAeKTpIKO availoyo tov @oivopgvov Zeeman. A@opd dnAadn Tig
HETATOTIITELS TWV EVEPYEIOKDYV ETUTEOWY EVOC KPAVTIKOY GUGTHUATOS TOV TPOKA-
AOVVTAL ATLO THY TAPovaia EVES Ou0YEVOUS NAEKTPLKol tediov. To anAoboTeEpO duvatd
TOPASELYUO TETOLOL QUIVOUEVOL E1VOL, TPOQOVAOG, EKELVO EVOC GPUOVIKOD
TOAOVTIOT TOL LTOKELTOL KOl GTN dpAom €VOC OHOYEVOLS MAEKTPLKOL mEdiov
Katd T Stevbuven g TaAAVTOGNG Tov. AV m Kal ¢ gival 1 palo Kot To goptio
TOV TUAAVTELOUEVOL GOUOTIO0L Kat &£ 1 évtaot Tov entfalldpevou nediov, TOTE
N LOATOVIAVY TOL TPoPANpaTog Ba eivat

pr 1 9
H=—+- — 1
am T3 kx® — q€x (18)
omov, BEPara, 0 Opog V = —¢€x aviiotolyel 6TNV NAEKTPOCTUTIKN EVEPYELN TOV

COUATIOIOL HEGH OTO OHOYEVEG MAEKTPLKO TESIO KOl TPOKVTTEL OUECHOG ATO T1
oyéon F=q&=-0V/0x. O oxomdc pog e€dd eivar vo LTOAOYIGOULUE TLG
UETATOTIOELS TOL TPOKOAEL GTIC OTAOUES TOL GPUOVIKOD TAAOVTI®OTN —KOt
wiaitepa otn Bepelddn— o o6pog —glx, Oewpovpevog ®¢g drotapayn oTNnv
adiatdpaktn yapdtoviavy Hy = p?/2m + kx?/2. Ag mopatnpficovus Oumg
TPOTO, OTL TO TPOPANpa elvar akpifac emavoipo (deite oyetikd kar [TpdPAnua
B.2 tov Kepalaiov 7) 816Tt 10 dvvapkd Tov UTOPEl TAVTA VO YPOUQEL GTNV
1oodvvauUn Hopen

L gL yfe )14 )
g M TAeT = T Ty

7oL dgv elval mapd To SuVOULKO eVOG UPUOVIKOD TOAAVIOTN UE TO KEVIPO TOL
petatomicpévo otn 0éon a = ¢€/k, xar pe évav tpocheto otabepd 6po 160 pe
—?&?/2k. Opog pa amhy YOPIKN HETATONION EVOS QUGLKOV GUGTHHATOS JEV
peTaPAALEL TIC EVEPYELAKES TOL GTAOUES, EVD 1 TPOGHNKN GTO SLUVUULKO TOL EVOG
otabepov dpov Tig petatonilel OAeg Katd To 1010 6Tabepd mooodv. Emopévag,
ovpeovo pe v (19), ot Wdrotipég ™ xopthtoviavng (18) Ba eivat ot axdiovdeg:

By (n+ po- 12 (w=/k/m)
Anrodn n TPOKAAOVUEV Ao TO NAEKTPIKO TEGIO HETATOTIOT T®V GTUOUMV gival
KOLVT| y1a OAEG KOl iom pe
1 P&
(AE)sun = —5 arat (20)
Ag dodue Tmpo TOG umopel vo avaropayfel avtd 10 ATOTEAECUA PECH TNG
Oewplag dratapoydv. H tpotn Bacikn dtaniotowon ival 0Tl y1a 10 «d10TopuKTL-
KO duvapkd» V = —gx (g = ¢€) n mpotng td&Ng S10pHmom oTIG WBLOTIHEG TOL
apROVIKOD TOAAVI®MTN UNdeVIfeETOL. AVTO EAIVETOL OUECHOE ATd TOV TOTO

+00
B = () Vi) =~ [ ol @) as, @
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av oke@TobUE 6Tt ot adtotdpakteg Wocuvaptioetg ¥ eivar aprieg M mepirtéc,
omdte M olokANp®TEN cvvaptnon otnv (21) Ba eivar mavta WEPLTTN KOl TO
oloxAnpopa 0o pndeviletal. ES® Loimov elpacTe €K TOV TPUYUATOV OVOYKOGUE-
VOL VO TPOYM®PNGOVUE GTOV LTTOAOYIOUO T1G Ssbtsprgg SlatopakTiKng 010pOmwong
mov divetar and ™y (17) pe n =0, V = —gz kar E\) = 1/2, E® = m + (1/2)

(2) 9 = |mm()|2 9 = |37m()|2
B =92 ﬁ_g 2 o
3 —

OTOL OUMG OO TNV Amelp” oE1pd emilel TOpa poOVo 0 6pog pe m = 1, yroti pdévo
70 GTOLYXElO UNTPAG Z19 ELVAL HLAPOPO TOL UNOEVOC, OTMOC TPOKVTTEL TOAD EVKOAN
pe e@oppoyn ™G alyePpikng peboddov (Zvumipowua Oewpiag, Kep. T) xai
E101KOTEPQ TOV GYECEDV

ayy, = \/E Un-1, (IWJn =vn+1 Y

€ GLVOLACKO UE TIG GYECELG OPLGHOV

T +1p i T—1p
= 5 a
V2 V2
'Etot, naipvovpe (dei&te 10)
1
Tmo = E 6777,1
KOl ETOUEVOG
EY — _ QM:7£: e
| 2 9

7ov gival akpipdc to anotérecua (20) aAld GTO PLOIKO GUGTNHO HOVASI®V TOV
apROVIKOD TOAVI®MTN, OTOL i = m = k = 1. AvTf 1] GOUTTOGT TOL JLOTAPUKTL-
Kol Kot Tov akpifovg amoteAéopatog opsiletal, BéPaia, oTO YEYOVOG OTL 1
akp1Pns Ekepacn (20) mepiéyel LOvo TN deDTEPT SLVAUN TNG «1GYVOG» g = & TOV
S1aTapakTIKOD SUVOULKOV.

T"o T1¢ avdtepeg oTdlueg 0 LTOAOYIoNOG TG debTEPN G d1OPOB®ONC Elval ETIONG
TOAD OTAOG AV YPNOUOTOINGOVHE, OT®G TPV, TV oAyePpikn Oempia Tov
OPUOVIKOD TOAAVIMTN, COUE®VA PE TNV OTOLa (JE1TE TIG TPOTYOVUEVES CYECELS)
Ba eivat

n n+1
x¢71, - \/% 1/)7L_1 + T wn-%—lv

am’ OToL EOIVETUL OUECMG OTL TO LOVO UT UNOEVIKG GTOVYELD UNTPOAG Ty ELVOL
exeiva yia ta onola m =n + 1. Kat yU’ avtd Oa givor

n+1 n

Tn+l,n = 9 Tn—1,n = 5

Enopévag Ba éxovpe
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2 2
(2) — _ 2 Mf_Z |xmn|

/ 2 2 2
_ 2 |xmn| _ 2 |xn+1,n| ‘xnfl,nl
N gzm—ni g{(n+1)—n+(n—1)—n

7OV €ival TAAL TO aKPLPEG amOTEAECUAL.

Ynobéote yio amAdtnta OTL To emMPoriopevo miextpikd medio €xer v

katevBuvem tov dEova z, OTOTE TO SLATAPAKTIKO SLVOULKO O £xel TN HLOPOT
V=eEz=efrcosb (22)

EVAD 1 0O1ATAPAKTN LOUATOVIAVT] TOL ATOUOV (GTO ATOULKO COGTN IO LOVAdmV) Oa
elvai

1 1
Hy=—=V?—=
0 2 r
HE TPMTN 1O10TIUN, KOl 0VTIGTOLY T 1810GLVAPTNON, TNV
o _ 1 o _o_ L -
E; =Ty Y100 = 1s—ﬁ€ )

OTOL TO VOMUO TOV KAT® de1KT®V €lvat, BERata, YvmoTo.
Inueldote TOpo OTL N TPpOTN 610pbwon otV evépyelo g OBgpeiiddovg
otabung, eEartiag ™g dtatapoyng (22), undeviletar. pdypatt, and tov tHno

£ ,
B = W&V%J—W/m”wv (AU

QOIVETOL GUECHOG OTL 1] OLOKANPMTEN GLVAPTNCT ELVAL TEPLTTH KOl ETOUEVOS TO
oloKANpoUE TG o dAo Ttov Oyko Ba diver undév. H mpodtn pn pndevikn
S16pbmaon Ba eivar Aorwov devitepns talng kot Oa mpémel va vroloyiotel fdoel Tov
TOTOL

0 2
Z |‘/n€m 100| 62 Z |Z'nfm,100| (23)
0) ( 1 1’
2n2 2
07O TOV OTOL0 UTOPOVUE VO, KPUTNGOVUE, O TPDTN TPOGEYYLGT, LOVO TOV TPMTO
0pO TOL AVATTOYUATOG KUl VO TAPOVUE

2
P 8
Ef) ~ 52 % — —3 52|22]0,]00‘27

8 2
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oT)

omov AGPope emmAéov LT OYV KAl TOV UNOEVIGUO TOV OTOLYEIOV HUNTPAG
Z2141,100 KOU 200,100 TOV OTmolo pmopeite eite va amodeiete povor cag eite va
KAToQOYETE G€ pPio avdroyn cvlntnon tov Kepaiaiov 15 (oeh. 723-725). Oco yia
TOV LTOAOYIGUO TOL PN UNdEVIKOD GTOlXElov UNTPAG 2210,100 = 22p., 15, AVTOC
yivetal TOAD amhd pe PBAoM TG EKPPUCELS TOV GYETIKMY KUHLOTOGLVAPTNGEDV
(zpﬁ‘;) =e"/\/T, ¢(2(;) =re "% cos /4v/21) ka1 To amotélecpa sivat

272
22p.,1s = ? (AU)
'Etot Oa €xovpe teMKa
218
2
E§>g—3T52 ~ —148 €2, (24)
gvavtt akptpovg anoteréopatog™)
9
EY = —1 =228 (25)

oL €lval apkeTd Kovtd oto (24), omwg Oa Empene vo mEPLUEVOLUE, APOV OL
dradoy kol 6pot NG oelpdg (23) yivovral d1apK®OG HIKPOTEPOL AOY® TNG AVENGTG
TOV EVEPYELOKADV dL0QPOPDV GTOVS TAPOVOUUCTES.

AgBOUEVOL OTL M EVEPYELD OAANAETLOPAOTG EVOG NAEKTPLKOV d1mOAOL d Kal VG
niextpikob mediov evidoewg £ givar U= —d-&€ vy TNV TMEPITTOOTN UG
EMOYOUEVN G OMOALKNG porng d = a& M mpochetn evépyeto §E mov omoktd To
GTOMO OVOUEVETOL VO ELVAL

bE=—d-&=—a&’, (26)

10 omoio Stueépel amd to {nrodpevo omotéhecpa (6F = —a E2/2) katd tov
npocBeto tapdyovta 1/2. Tov omoiov Opumg N TPoghevon gival avarloyn HE TOV
avtioTolyo mapdyovta 1/2 mov vapyeL GTNV EVEPYELD QOPTIONG EVOG TUKVOTH
(1/2QV). Kat ot dvo mepintdoels 1o 1/2 exkppdalet to yeyovog Oti ) dradikacio
TOAMONG TOL ATONOL 0o To e€WTEPKO eSO (OM®G 1 dradikacia POPTIGNE TOV
TUKveOTN) yivetal Babpiaio Egkivavtag and To pndév €og v tehMkn tiun d = a &,
omdTE M TIUN TNG SITOAIKNG POTNG oL TPEMeL va e1cuy bl otov Tomo U = —d - &
0o mpémel va gival  pHEom TIUN

- 0+a& 1
KOl ETOUEVOG
- o,
6E:—d-8:—§a€, (27)

(%)

70 0moti0 avTioTolyEl, Befaimg, oto nlpes dfpoiaua TG oelpdg (23) kat vrohoyiletar —OTMG
Ba dovpe otov devtEPO TORO Tov PifAiov— pe katevbeiav Aon g dapopiric eicwang
(Hy — EOYyp) = (EQ — V)90 mov 1kavonoiel n mpdtn S16pbwon ¢V oty kvpatocv-
vaptnon.
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omdte TPAyHatt N Ekepaocn (27) amotedel Evav 1G0OOVOUO OPIGUO TNG TOAMGL-
potrag a, Onmg 0élape va dei&ovpe.
Agdopévov t@pa OTL 5E:E§2>, and T1c (25) xor (27) mpokvmTEL Y TNV
TOAMGIUOTNTA TOL ATOHOL TOL LIPOYOVOL N DewpPNTIKN TPOPAEYN
a=29 (AU
N —Pdoel Tng (25)— M axpiféctepn Tun
a=45 (AU)
Kal 0T GLVNH0elg Hovadeg

a=296 (f4,5)a,

OTOL agp M aKtiva tov Bohr (eEnynote yiati).



