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H pé6odog LCAO kot i «unyoviki] TOV ptpovy

o Tov avayvootn 7Tov OAOKANP®OGE TN HEAETN TV SVO TPONYOLUEVOV
kepoAraiov (Mopia I xou IT) Ba eivor, BePaimg, pavepd 0TL T0 Bucikd epyurgio
yio TN HEAETN NG poplakng doung —m pébodog LCAO— dev eivar timote dAA0
TP pa GEPA OOKNOEMY GTN dl0y®VIOTOINoN uUnTpdv. Mo dlaymvioroinomn
mov unopécape, BEPata, va v Kdvovpe «danaf did mavtog», avayoviag Ty o€
po andn e&locowon dtoeopdv, XAplg GTNV €S1KN HOPON TNG YOUIATOVIOVNG

UNTPOG Y10 €VO cOGTNHO OLOL®V TNYAIIDV.

Ao TV aAAn pepia, oto t€rog tov Kepaiaiov 3 (ogh. 170-71) kavoue pa
GOVTOUN €l6aY®YN TN Oeuelicddn 1déa T o1 KPUVTOUNYAVIKEG KUHLOTOGLVAPTN-
GELG 1) UTOPOVV TAVTO VL avatopaotadody VIO HOPENY J1aVOEUATWY GTHANG —E
GLVIGTMOEG TOLG GULVIEAECTEG TOL QAVATTUYHOTOC TNG 1 O€ £vO cLOTNUA
opboydviov 1dtocuvaptioeny ¥,— kot ol kfavtounyoavikol teleotég A, vmd
HOPONV EPUITIAVADY UNTPcdv ATELPNG (EV YEVEL) d1AGTAONG KOl IE GTOUXELD UTPAG
Ay = (n, Ath) = [45(Aep,) dV 6mov 1, 10 dedopévo cOGTNHE 18LOGVVOPTHOE-
ov. Kot n avaropdotaon avtn gival 161010 dcte Vo dtatnpel avtovola T Lopen
tov kBaviopunyovikov eéicmcemv. Qote, TOpAdElYHOTOS XAPLY, M YPOVOAVE-
Eaptntn e&iowon Schréodinger Hy = Ei and dtoeopikn eElcmon vo pHeTaTpEne-
TOl O WO woppoloyucd tavtoanuy €51cmC™ 1010TIHAOV Yo TN pu\tpa H Kot to
Stavuopo otNANG Y. H KPavTounyaviky HETATPENETOUL ETCL G UNYAVIKI] UNTPOV
(matrix mechanics) Kot 6g QLTNV, TPAYUATL, TN LOPOT] TNV AVAKAAVYE, Y10, TPOTT
@opd, o Heisenberg 1o 1925. O ckomd¢ T00TOL TOL GUUTAN POUATOS Bempiag eivar
vo cog Pondnoer vo cvvewdntornommoete 61t  péBodog LCAO 6mmg mapov-
OlAoTNKE €0, dEV EIVAL TTAPA UL QUGLOAOYIKT] —GTNV TPOYUOTIKOTNTO # 7O
PLTIOLOYIKT— EPAPHOYN TNG UNYAVIKNG TOV UNTPAV, Kol VO BAETETE TIG OYETIKES
eElomoelg mg avTovonTeg. Xe avtd To TVELNO KAvTE Ta eENG:

a) EEnynote —otov gontd cog 1 o€ kamotov aAlo— yioti 1 Poacikn eEiocwon
HC = EC g pebddov LCAO (ocek. 531 1 615) elval ex TovV mpotép@V
TPOPAVNG Kol avapevouevn. Opmg vrd pia mpotinddecn mov KoAeiote vo
PEPETE OTNV ETIQAVELN Kl VO GL{NTNOETE.

B) Aei&te yevikotepa o0t 1 e€lowon Schrodinger Hy = Ev petatpénetal mavto
og pa tavtéonun e&lcmon 1610TIHOV [E
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OTOV ¢, Ol GLUVTEAEGTEG TOL OVOTTOYUATOS TNG Y GE U106, TV oVLGa opboydvia
Baon rocvvaptioeov kot Hyy, = (¥, Hy) t00 otovgelo untpog g
YOpiAtoviavig og avtn ™ Pdon. Ti eidovg untpa eivar n H; Amodei&te To.

v) Ipdayte tn popon mov naipver n ypove&aptnuévn e&icoon Schrodinger otnv
TAPATAVD AVATOPAOTACT).
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H pébodog LCAO amotelel, OTMG EITALE, TO TLO PLGTIOAOYIKO SLVOTO TAPASELYA
EQUPUOYNG TNG «PLAOCOOIAG» TNG UNYAVIKNG TV untpov. Katd npmto Adyo
S1oTL €80 M avamTLEN TNG ¥ LTO TN HOPPN

Y=c1Y1+cahr+ -+ ey (1)

Exel dueao puaiko vonua: Ouunbeite 6TL otV mEPLOYN ToL KABE atdpov M ) Oa
TPEMEL VO, GUUTITTEL PE TNV AVIIGTOLYT TOTIKT 1010GLVAPTNGT, OTOTE OV UTOPEL
TP va E1vVOL VOGS KATAAANAOG YPOUUULKOS GUVILAGHOG QVTMV TMV 10106LVAPTN-
oewv. Katd devtepo Adyo d10TL 0 ypappkdg avtdg cuvevaopog gival topa
TMEMEPACUEVOS, OTOTE B0 €1Vl ETIGTG TEMEPACUEVES TOGO O1 CYETIKEC UNTPEG OGO
Kal T0 ovTioTolya StavOGHOTO GTNANG.

‘Onwg yia va propet vo petatpanet 1 e&icwon Schrodinger

Hy=Ey = H<Zc¢> —E<chwn> 2)

o€ {10 TavTduoppn eElGOGT PNTPOV

HC = EC M HY = EV 3)
ue
Hy -+ Hiy !
H=| ----ceeveen kot C =V = (Hnm = (¢n7H¢m)
Hyy -+ Hyn en

00 TPETEL O1 GLVAPTNOELS TOL YPAUULKOL GLVLAGHOL (1) va givatl oploywvies Ko,
BePaimg, Kavovikomopéves. Av avtd dev GOG €yve Oavepd O0tav TpOTOcLIN-
™Onke avtd 10 Bépa (Keo. 3, oer. 170-71 ko Keo. 12, oeh. 529), ag Eavadodue
oyetikn anddei&n. Ipagovtag tnv (2) pe abpoildpevo deiktn Tov m avti Tov n
—mradn g H(Y,, ¢mthm) = E(X,, ¢m thm)— ko1 Toipvoviag 10 £00TEPIKO
YIVOUEVO TV OV0 PEAMV UE TNV TLYOVGO TOTIKN 1810GLVAPTNGT ¥y, O Exovpe

(wff(z e w)) = (wE<Z Cm w))

an’ OmoL, YPNCIHOTOIDOVTAG TIG YVOOTES LOLOTNTEG TOV ECGMOTEPIKOL YIVOUEVOL
—T.Y., TN YPOUPUKOTNTA ®G TPOG TO SEVTEPO TOL dIAVUCUA— TAIPVOVE
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Zcm(d)n»Hﬂ}m EZ Q;Z}mH'wm Cm —EZ 1/17”1% Cm- (4)

m

AV TOpO 01 TOTIKEG 18106LVAPTNOELS LoTedovy opboymvieg (KOl KAVOVIKOTOL-
nuéveg) Ba givar

1, n=m

(wm wm) = bum =
0, n#m

omdte M (4) Ba yphoetatl mg

Z ("/)m H"/)m) Cm = ZHnmCm = Ezénmcm = Ecn
m m

m

KOl G€ 0UTN TNV TEMKN HOPON

§ Hnmcm = Ecn

m

avayvopiletal apéong og N e&lcoon dtotipdv (3), ontmg BéElape va anodei&ov-

()
ue.

Ouwg, otv zmepintwon mov cvintape €6 (nEBodog LCAO), ol TomiKES
1810GVVAPTNHOELS P, LOVO TPOGEYYLIGTIKA Hopovv va, Bempnbodv mg opboydvieg,
aeov Yo, 6vo yeltovikd dtopa oiyovpa Qo emikalimToviar Kol €MOUEVOS TO
€£0MTEPLKO TOLG YIVOUEVO

(wmwnil) = /wnwnil dx

wap’ OTL PIKPO, Glyovpo dev undeviletal. Av OUOG ATOPUGIGOVIE, Y10 AOYOLS
amAOTNTAG, VO TO OYVOTGOLUE —OUTO KAVOUE OTO KEIPHEVO— TOTE Giyovpa Oa
toyxvel ovtd mov amodei&ape: ‘Ot dnhadn m ypovaveEaptntn eficoon
Schrédinger Hy = Ev, and Stagopikny eéicoon (apob sivar H = —(h*/2m)V?
+V) petatpénetar oTNV TaLTOHOPEN £EIC®OON 1SLOTIUMV Yia UNTPEG

HV = BV,

omov H, ¥ M unTpa Kot GTAAN AVTIGTOLY A TOL OVOTAPLoTOLY to. H Katl ¢ otnyv
gxleyeioa Baon 9i,..., 1Yy, INUEI®OTE OTL GTA TOPATAVO ¥ PNCLUOTOINCOUUE
—avtifeta pe 0,11 Kdvape oto Keipevo— dapopetikd (ov Kol Tapopota) coppfora
Y0 TOV YOMATOVIAVO TEAECTN KOl TNV OVTIGTOUYN UNTPA, OT®G KAl Yo TNV
KOO TOGLVAPTNON Kl TO AVTiGTO) 0 dtavuoua oTAANG: H yia tov teleotn kat H

) YrevBopifovpe 01t 0 mpdTog deiktng oe éva GTolysio pPTpaC A;j glvar o deiktng g

YPORUNG 7 KAl O 3eVTEPOC, O deikTNG TS Ypapupuns j. 'Etotl, éva dbpoiopa tg popeng
Z; Ajjx; ovTicTol el 6TOV TOAAATAAGIAGHO TNG YPUpUNG @ TG untpag A pe T oThAn

;
X= : KOl EMOPEVOS UG SIVEL TO GTOLYELO LT’ APLOUOV ¢ TG GTAANG TOL TPOKVLTTEL
TN

amd aVTOV TOV TOAAUTAACLUGHO (TN pntpag A ent ™ othin X).
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Yl TN OYETIKN UNTPC, 1 ylo TNV Kupatoouvaptnon Kot ¥ yio tnv avtiotoiyn
otAN. Opwg votepa amd Eva apy KO 6TAS10 —OTOL 0 dLuPOPETIKOS GUUPOAOUOG
BonOdetr Tov omovdacth va amopvyel mBavEG cuyyboelG— N ddKpion avTn dev
glvar TAEoV avaykaia Kal ot TeEPLoGOTEPOL PLGIKOL Y PNCIHOTOLOLV Ta GOUBOAN
H xot ¢ adiakpitmg, £11e TPOKELTAL Y10 TOV GLVION YaAToVIavO TEAEGTT KOl
TNV KLHOTOGLVAPTNOT E1TE Y10 TNV AVATOPACTAGT TOLS LTO LOPPNV UNTPAS KOL
StavOopaTog 6TNANG avtictolyo. Me avtdév Tov Tpomo eEacpariletar oL HOVO
e ovpPoloTikn owkovople —otnv omolo ot guotkol (18lmg ot Bgwpntikol
@uokol) amodidovv Wwaitepn onpocio— aAAd TovileTor Kot GUUBOALGTIKG TO
AVTOVONTO THE TAVTOUOPPLAS TV oxeTikV efladaemy: ‘OTL TPOKELTUL Y1 TIG 1O1EG
akpfog eElo®oelg aAAG Gg pLo SLOPOPETIKT OVATUPAGTUCT TOV HOONUATIKOV
TOCOTNTOV oL epPavifovtal g avTéG. Mo 0vomapdcTasT TOL HToPEL va gival
glte arxpifiic —av og PAcm £xel eMAEYEL VO TANPEG CLGTT IO 13LOGLVAPTNCEDV —,
elte mpoaeyyioticy, av n Paon €xel meplopiotel —omwg ot péBodo LCAO— o
gvav HIKpO aplud KLHOTOCLVOPTNGE®V 7oL Be@povvTul emapkelg ywa v
TEPLYPAPN EVOG LTOGLVOAOL PLUGIKAV KOTACTAGEMY TOV TANPOLS TPOPANHOTOS.
Yy mepintoon LCAO, mapadelypatog ydptv, Ol TOMIKEG LOLOGUVOPTNGELS
U1, ..., YN, ATOTELOVY TNV KATAAANAN BACT Y10 TNV TpoGeyyIaTiKy TEpIypapl TNG
deopidag Twv N KATOGTAGEDV TOL TPOKVTTOLY ATO Hid 0PYLKN OTOUIKTY GTAOUN
OTAV LITAPYOLY GLUVONKEG UTEVTOTIOUOV TAV® o€ pia N-aToplkn aAvcida.

Q¢ mpog TO «EldOG» TNG UNTPOG TOL GVATOPLOTE TN YOUIATOVIOVY] TOL
GLOTNHATOG GE i TVYoVG0, opboymvia Bdom, avth Oa elvar epuitiavii, To omoio
onuaivel 4Tt T GUUUETPIKE OG TPOG TN dlaydvio atotyeia g Oa gival cvluyelg
pryadikoi apibpoi. Oa givor dniadn

Hnm = H;:m
Anddeiln: Eexivape and Tov opiopo
Hym = (1/)717 me)

K0l % PNOLUOTOLOVUE TO YEYOVOG 0Tl 0 H elvol puitiovog TEAEGTNG KAl ETOUEVMS
00 petapépetal yopig ariayn and To Eva S1UVUGHA EVOG ECOTEPIKOVL YLVOUEVOL
610 GAAho. Oa gival Aotmov

Hyy, = (1/)naH1/)m) = (H"/)mq/}m) = ('@band}n)* = H:F,m (OéS)

OTOL GTNV TPOoTEAEVTALD 16OTNTO KAVOUE ERMIONG Y PNON TNG 13LOTNTAG
(1, ) = (¢,1)" mov 1odel yua €va TuXOV eowTEPIKO Yvopevo. Eival gavepd
OKOpO OTL M TAPATAVD amodelén 1oy el Oyt LOVO Yo TN YOUATOVIOVT OALG KoL
Y €vov ToyovTo epuitiavoe tehestn. Ot PNTPEG TMOL AVATUPLGTOVLV TOLG
epptiavols teAecTéS o€ pwa oplokavoviky Pfdon (dniadn oe plo Bdon omod
opfoydvio Kol KAVOVIKOTOUNUEVE SLOVOGHOTE) E1VAL TAVTO EPULTIAVEG. (ZTnV
TPAYUATIKOTNTA, £TCT TPOEKVYE 1] EVVOLL KAl O OPLGHOC TV EPULTIAVAV UNTPOV:
Q¢ OvVOTAPACTUCELS TOV EPULTIAVAV TEAEGTMV.)

"Yotepa and ta mponyovpeva, Bo mpénel PePaimg va Bempeital Tpoeavig 611, 6€
U10, TVXOVCO AVATOPACTACT, N LOMATOVIAVY UNTPO H KAl TO dtdvuopa GTHAANG
¥ = ¥(¢) Oo wcavomolovv T ypoveEaptuévn eéicoon Schrodinger
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., 0U(t)

ih T HY (), (5)
akpifog Omwg kKot otn cuvnOn meptypoaen O6mov o H egival €vag dtapoptkdg
TEAECTNG KAl 1 KUHATOGLVAPTNGT Y U0, cLVAPTNGT TG BEGNS KAl Tov Y pdvov.
Y& (o TPOGEYYIOTIKY TEPLYPAPN EIKOTEPT, OTOL 1| BACT] TOV KLUATOGLVAPTT-
GEOV Y1, 1s, ..., x elval menepacpévn, 1 (5) elvar éva ypappikd Sa@opikd
GUGTNUO LE 0Ly VMG TOVS TIG GLUVIGTMOGEG ¢ (1), . . ., en(t) Tov dtavdcpatog U(t). Kat
av N yapihtoviavny H —dpa kot 1 avtiotoryn pntpo H— givar aveEdptnn tov
1poOvov, 10 drapoptkd cvotnpa (5) Bo £xel otabepoig cuvteleotéc KAt 1 AVGT
Tov Bu mpémst va avalntnOsi pe T yvoor skPsTikn avtikatdotach )

U(t) = U(0)e PN, (6)

omov ¥(0) éva otabepd —dnradn aveEdptnto tov yxpdvov— diavvcpa. Eiod-
yovtag Vv (6) otnv (5) maipvooue

E\I,(())G—Z'Et/h _ (H\I,(()))e—LEt/h
TOL 1KAVOTOLELTAL HOVO OV
HY(0) = EY(0),

dniadn av to otabepd ddvuopa P(0) elvar éva amd ta 1310010VOGHATO TNG
N x N pntpag H. Av cvpuPoricovpe pe ¥y, ..., Uy avtd ta 1310810 VOGHOTO KOl
pe Eq, ..., Ex T1c avtiotolyeg W310TIHéG, T0TE M yevikn Avom s (5) Ba gival n

U(t) = ch\llne_m"t/h,
n=1

OTOV ¢, TVYOVTEG GLVTEAEGTEG TTOL B TPOGSLOPLETOLY A TNV 0Py LKT CLVOTKN

(o), =2(0),
dnAad” TNV amoitnom Vo GUUTINTEL M KATAGTAON TOL GLGTNHOTOG HE €V
dedopévo apyko diavuopa ®(0). Eival cagéc 0Tt 1 avanapdotacn Lo Hopen
unTp®V Oyt povo datnpel ovoAAOIOTN TN HOPON TOV KPAVIOUNYAVIK®OV
eElohoev aAld anotelel emmAéov Kot pia Oepelddn TPoceYYIoTIKN S10d1Ka-
ola 0Tav 10 KPAVTOUNYoVIKO HaG GOGTNIE UTOPEL VO TEPLYPAPEL IKAVOTOLNTIKG
and €va menepacpévo TAN00¢ PuciKOV KOTACTAGE®Y, OTOTE TO HUOMUATIKO HOG
TpOPANUe dev glval TimOTE TMEPLGOOTEPO OAMO v TPOfAnua 1010TIUDY  HIag
TEMEPACTUEVNG EPUITIAVIG UNTPAG.

H «yhocoo» tov puntpov sivor pio e€icov OspeMdong yAmooo yio thv
TEPLYPAGN TNG KPOVIOUNYOVIKNG OCO KOl M «YADOCGE» TOV d10(QOPIK®V
eElonoewv. Kar dev gival toyaio 0Tl 68 avtn TN YA®GoO —TN YADGGO TMOV
UNTPOV— TNV TPOTOAVAKAALYE Kot TN dtatutmoe o Heisenberg to 1925, an’ 6mov
KOl M apyiK ovopacio TG wyyavikiy twv untpoy (matrix mechanics).

) oy omola ankdg —emeldn yvopilovpe 10 omoTELEGHA— Yphyapue To ekOETIKO og e B

avti Tov cuvifoug e,



