LYMIAHPQMA 10.2

YToAOYIOPOG TOV HEGOV TIHOV
<r'>, <r?> km <r=> y10, po. TVYOVOU
VOPOYOVIKT] LOL0KATAGTOGT)

"Ac napatnprioope kot dpydc St yid T péon Ty plic suvdprrong
to0 1, ol opaipikéc Gppovikés 8év nailovv xavéva pdro, drndte clvar o8 va
vnoroyifoue tiv 18 péor tpr méve otig idoovvaptioslg g povodid-
otatng dktvikfic é€icwong Schrodinger. Ltiv nepintoon pog 16 oyetd
gvepys Suvapmkd Eyer ] popen

3 . hl+1)

Vo) = - 2
(== 5 (1)
1 6moia, yud xatomivyy sbkolia, elvar oxémypo vd ypapsl odv
__8.G
V@) = - 2

&mov g = ¥ kal G =0+ 1)/2m. Té duvapikd (2) Eyst Abel, odv kaf* adtd
povodidotato, 616 50 kepdhiaro xal ol idtotiypég o Bprixape téte didovron
ané tév no

E=F =-——0 k=0,1,2,.. (3)

ué

_ mg’ ) - h?
8=, xal s= 4)

Z’ avtoé 16 onpeio dév Eyoue nupd va Bopnbolus té Bedpnuoa Feynman-
Helman 1ol nponyoluevov keparaiov kol 1 oyxetikh cvlvjinon nol Eyve
tére. TS «iipaktiké ovunépocpa», dv Buudore, frav 8t 4 péen T &vég
tedecty wob Eupavilerar pé tuydvra cvviedeoty of ud dikpifdoc EmAboun
XopiAroviav) pnopel mdvra vd drnoldoyiorel oé wleiorii poped yid tvyoiso
idioxardotaoy. Zvyxekpipéve Bdvar

oF
<A> ="8—)1— (5)

dmov H = Hy+2AA slvar 1 Xapidtoviavi] tod mpoBiniuatdg pog, xai E(L) of
idtotipée tne, mod Bewpobvror YVOOTEC Yid KéBe A.



KBANTOMHXANIKH IT - HAEKTPONIKA XYMIIAHPOMATA

‘H tpuppoyy tév napomdve oty nepintwon pag elvar, PePaiwg, due-
on. “H Xaptktoviavy tob icodvvapov povodidotatov mpoPiiuatog elvat

G
r?

B N
H_Zm r T

I s e . -1 PR ’ s > o ’ ’
xai, 8nwc Prénete, of teheotég r kai r° Epgavifovrar o adTiv pé T00g
toydvreg ovvieheotés —g kai G avtictoire. Zippova pé v (5) Bévar
roudv

oE JdE
e, . _ 9B , 2., - 28
3mov 16 B 818etan and tév tHmo (3). IMapatnpdviag thpu 6t 1 &&dptnon
100 E 416 16 g dpeiretar pévo oty povdda Evépyelag € = mgr/h? Bdyope
Guécwg 1L

<rl>=-ZE (7)

8nov yid vé EravérBope oté dropo Tob “Y3poyévov BE mpémet vd Béocope
g = e xai G = h2(/+1)/2m 6néte 1 idotuy E omv (7) Bd mdper 11
yvooty Koviopmky popery E = -met/2h’n? ("Av Béher vd 16 Sel aldtd
Gvarvtikd 6 dvayvootng g Pepfoindel 6t yid G = hI(I+1)/2m elvar s =
J+1 6méte 16 s+k = /+1+k otév mapovopoosty g (3) dév slvar napd 6
yootée pac koplog kKBoviikdg apBpdg ol drépov tob " Ydpoyovov). “Ev
ndon meputtdoet 16 drotéleopa mod Pprixape eivar

<> = = (3)

ot ovppovia p’ adtd mob ypnowonotficaue vepitepa. 'EE foov anin
glvar kai f Epappoyy tob dedtepov and tovg tdmovg (6) dn’ dmov mpoky-
el 61

S L B 9)
aend (7 + %)

Inuetdote 6ti 1 pson pd (9) Efaptdrar and t6 / Evd 1 (8) &yt Tlov
dopeiretar adt 1 dapopd;



SYMIIAHPQMA 9.1. Ynodloyioués twv péowv Tipdyv <r'>, <r?> kar <r—> 3

"Anopéver vd Sobpe mhg 08¢ Sroroyioel 1) péon T <r o> yid v
omola 1 nporyoduevn nébodog dév elvat dpapudown. ((H nposbrixn tvig
8pov tfic nopofic k/1? o1d dpyikd duvapd dév diver dxpifdc midoio
npdPinpa). Edtuyde dndpyst xal yi© adtd tv nepintoon Eva katdiinio
téyvacuo tot B4 pac emrpéyel ndit vd Bpodue 16 {ntolpevo danotéieoua
oé kiewot poper. “H Boowry i6éa propel vd eavel noAd xubapd o Eva
povodidototo mpdfinpa o1é mhfipec srdotnua -0 <x <+, ZEekivipe pé
stamictoon St td Svvapikd V(X) kol V(X ~a) tod npokbntovv 16 évd énd td
drro pe peratémon kord o Eyouv tic 1dteg drpipde idwotipés: "Ouwe vid
a = 06 =4meipootd, 1o dvvdapikd V(x-do) ypdostat cav

V(x-a) = V(x-38a) = V(x)-5aV' (x)

orote 6 Bpog -8aV(x), Bewpoduevog odv datapayty oo apyikd Suvapikd
V(x), 84 npoxaréoel pid petarémon tdv Evepyelak®dv tov Emnidov lon pé
3 <<V (x)>. TAeod Suwg Efpops St ddty B petatémiorn elvor undév
Bayope GvayKaoTiKd

<V(X)> = 0 (10)

“H Zgapuoyn tob nponyolusvou cuiioyiopod o’ Eva mpdPinua picob
Sastripotog —8nwg abtd mod dvriotoryel oty dxtviky Egicwon Schro-
dinger— elvat Myo mé pmerakidn 161t mpéner vd Anebei On” Syn xoi i
petoTdmion g apyfic of cuvduaoud pé TV cuvopiakn cuvinkn undevicuod
THg xupatoouvaptnong. Edkola Spwg Prénet kaveic St 16 drotéieoua (10)
ioytel k1 &880 Hmd tév Epo S1L 1) oyetwey péon tynf Exer vénua. Odval
dnhadn

2
<V (@>=0= <V'(r)~§]—§i—;—1—)>=o (11

Snov BéBata M Eupdvion thg péong Tpfg <r®> pig mepropilet otig
kataotdoeg pé [ # 0 ya tic 6moleg 16 oyenikd Ohoxkhripwpa Lndpyet.
*Epapudlovtag thpa tov (I1) yid V = —e2/r naipvope

<l . L I

r o

n3l(+ 107 +—12—)

ot slvar 16 dmotéhesuo mov elyoue Dnooyefel vd deifope.



