MEAETH MPOBAHMATQN IAIOTIMQN

1. O Appovikog TaAavrwrhg

Onwg eivol yvooto, £va Kvntd mov KIveitol KOT® omo TV enidpacn g dvvaung F = —kz omyv
KAooowkn  pnyovikny ektedel appovik toddvioon. To avrtictoyo kPBavtounyovikd mpofAnpa
mapaméunel oty Abon g e&icwong tov Schroedinger
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H mopoamdveo A.E. eivor tov tomov Hermite. Ot Avcelg mov €xovv @uoikn onuocio (0€opieg
Kataotdoelg) undeviCovrar yi & — oo Kot tvot

u, (&) = N,,LH"(f)eXp(—ég) JA=2n+1,n=0,1,2...
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Eoto tdpa 611 mpoomaboldue va Ppodpe €vav TPOCEYYIOTIKO TPOMO EMIALONG TOL MOPUTAVED
TpoPfAaTog xpnooroidvtag To Mathematica 1) kdtt avaioyo. ApyiCovpe S10KPITOTOIOVTAG TO TEGIO

opopold Tové € [fC,C], §=-0, & =0, § =& +nh,n=12..N—-1,h = % Opilw
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omov H,(x) eivar o, molvdvopa Hermite kon N, = [ ] TAPAYOV VOPUAAGHOD.

u(€,) = u, Kol yu TIg Topaydyovg aviikabicTd Tovg TPOCEYYLGTIKOVG TOTOVG
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H A.E. tdpa ypaQeTol TpoceyyioTiKd ¢ aKoAov0mc.

unJrl - 2un + Un71 - f(n)un = —)\hQU" ’

omov opicope
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f(n) = hz(fC’Jrnh)2 = [%] [n%] :

Av topa 10 C' ewvar apketd peydro (omv mpa&n 5-10 apkei) pmopodpe va Bécovpe pe mord Kon
mpoceyywon u, = uy = 0. Tote n napandve e&icwon yivetor ToAD amhd 1 e&icwon 1610THAOV TOV
(n —1) x (n — 1) wivoxa

An,m = 67L+1,m - [2 + f<n)]6nm + 67171,m

pe 1o dévuoua [up Ugy s Up_y ] va etvat 1o Wodibvuopa . Zv Tpdén Tdpa o TPOPANHa emAveTO
moAD gVkolo. pe to Mathematica dedopévov 0Tl 0 Tvakag & glval €00TEPIKT] GLVAPTNOT TOL
n,m

npoypappotog (KroneckerDelta[n,m]) kot o wivaxag A pumopei vo mapoyBei ypnooroidviag v
gvtoAr] Table. Etol, ypnowonowdvog tig eviohéc Eigenvalues xou Eigenvectors Avvel kaveig to
wpoPAInua oxedov apéows. Ocov agopd v Tiun tov N pio Tiunq 150-200 divel wovomointikni
npocéyyion. To Mathematica €€’ opiopod PBpiokel voppolicpuéva 1d10dtaviopata yio tov mivakoe A .



Otav kavelg emyelpnoel va cvuykpivel To Woddvoouo He v akpiPn Kopatocuvaptnon PAénst ot
dev ovuminttouv. Avtd eivar Aoywkd ywtt 1 dtakprromoinon g akplPovg KLHATOGUVAPTNONG

u, (§,)0ev mapdyer voppoMopévo Siévvopo. H odykpion mpémer vo yiver pe 10 didvucpa

u (&)=u,(&)/ Z u, (&, )u, (&, ) OMOTE TPOKVATEL GYEIOV TEAELD GOUMTOGCN.
n

2. O Avappovikog raAavrwrig

2ty mepintmoon avt 1 e&icwon tov Schroedinger givan
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Edd dokpivovpe Tic mepmmtioelg £ > 0 nxat £ < 0. XpnoYoToovpe OTMS Kot TPV TIG Ad1doTATES
petafAntég
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Kot 1 e&iowon yivetal
%(iég + p£4)u = —\u .

H ocvvaptnon f(n) tdpo 8idetar and tnv oyéon

s =<2 o= <2 -3

Kot 0 tivaxag A dideton OTme Ko TPy and TV oyEon
An,m = 6n+1,m - [2 + f(n)]én,m + 6n71,m :



del[n_, m ] := KroneckerDelta[n, m]

{» Generate the discretized potential «)
fln_,p 1:=(2cip)*4{n-pf2)"2

{» Generate the matrix «)

mat[p ]:=
Table[del[n+1, m] - {2 + £[n, p])del[n, m] +del[n-1, m],
{n,1,p-1}, {m, 1, p-1}]

{» Calculate the Eigenvalues «)
eigv[p ] := -Eigenvalues[mat[p]]lp"2/{2c)"2
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{» Sort[eigv[p] sorts the eigenvalues in natural
order «)
{» Take[eigv[p],n] takes the first n of them «)

(ttWttHttttWtkﬁttttwttﬁt*ttwttﬂt*tttﬂttt*tttkttt*twr
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{» Calculate the Eigenvectors =)

{x* Chop rounds off the decimal points to 4 «)

{~ [[p-n]]--Part[#,p-n] chooses the right
eigenvector, Mathematica calculates first the
large eigenvalues «)

(ttWttHttttWtkﬁttttwttﬁt*ttwttﬂt*tttﬂttt*tttkttt*twr
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vector[p ,n ]:=
Chop [Eigenvectors[mat[p]], 10" {-4)]1[[p - n]]

{» The exact wavefunction in discretized form «)

vavfun[n ,gq ,p ]:=
Sqrt[1/ (Sqrt[Pi] 2" {n-1) {(n-1)!)]
HermiteH[n-1, -c+q2c/plExp[-1/2{-c+q2c/ip)"2]



