AXKHXH II

Evpeon wdwotipov pe aprOpntikng exidvon s A.E.

1. O Apuovikog¢ TaAavrwrig

Onog givar yvootd, €va Kvntd 7oL Kiveltal KOT® amo v enidpacn poag dvvaung F = —kx oty
KAGOIKT pnxovikn ektehel appovikn tohavioon. To avtictoro kBoviopunyavikd TpofAnua mTopomEunet
otV Aon g e&icwong tov Schroedinger
—h—QM + lli.%?u(w) = Bu(z)
2m d;L'Q 2
omov u(r) 0l KLHUTOGVVAPTAGELS TOV APHOVIKOD Todavtot kot E ot 1dotipéc tng evépyetag. I vo Aoet
Kaveic v mapondve e&icwon ypnoylomotel addototeg petafAnTég
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H nmopondve A.E. givor tov tomov Hermite. Ot Adoelg mov €yovv @uotkn onpacio (3E0LEG KATAGTAGELS)
undeviCovtat yio £ — +o0o kat givan

u (€) = Nan(f)eXp(—§§2) A=2n4+1,n=012..
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onov H () eivor o molvdvopa Hermite kon N, = [ ] TApay®V VOPUOAIGLOD.
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Ag vmoBécovpe Tdpa 6Tt evilnpepoOpacTE Vo emAdoovpe aplBunticd v A.E.( 1.1) ypnowonowdvtag v
apuntikny povtiva NDSolve. To mpdto mov Ba mpénet va oG amacyoAnceL gival To Bl TV cOOTOV
apyidv tpdv. H AE. (1.1) sivon dedtepng taéng, dpa yperdleton dvo apykég ouvBikeg my. w(0) ko
u’(O) vy va AvBel. TIpokeévov va kabopicovpe avtég tic cuvbnkeg matpatnpovpe 6t M (1.1) elvon
GUUETPIKT KAT® 00 TOV petacynuatiopd & — —& omdte ot Avoelg Bo givar gite dpTieg cLVAPTROELS
u, (—§ ) = u, (f ) gite mepuTeg (—f ) = —u, (f ) . H pobnpatuc) avtn ot ta dev givar timote GAAo
amd Vv dTpnon g parity oto avtiotoyo Kpavtopnyavikd tpoPinua. EmmAéov, n ypopukdmo g
(1.1) ovvendyetat 6Tt av £xo pio Adomn u(§ ) TOTE KoL M ¢ u(§ ) Omov ¢

, otabepd amotedet Avon.

Yvvoyifovtog Lowmov, Exm dVo Kotnyopieg Aoemv OOV ot apykég GuVONKeS yopig PAAPT TG YevikdTTOg
UTOpOoVV va YpapovV mg e&NG:

e Aptieg Moelg pe apy. cuvinkeg u(O) =1 ko u'(O) = 0 (e&nyelote yuori)
o [leptréc Moeig pe apy. cuvonkeg u(O) =0 Kot u'(O) =1 (e&nyeiote yati).

Ti yivetat tdpa pe v Ty Tov A ; H tip tov A givar to {ntodpevo kot n ooty T Tov 8o mpokdyet

povo av n apBuntikn Avon undeviCetar yio ¢ — +oo. Edd Bopopacte 6t ot A.E. 0nwg 1 (1.1) €yovv
500 Adoelg, TV Kavovikn 1 omtoio pundeviletar yuo & — £00, KL TV PN KOVOVIKH 1 0ol 0TOKAIVEL GTO
opoé — +oo. Otov olokAnpdvoupe apBunTikd pid tetola e&icwon givar addvato va akoiovdncovpe
TV Kovovikny AOom yio moAd Hokpld yiotl, Ady® cuGomPEVONS TV apliUNTIKOV CEAALATOV, YEVVALE TNV



Un Kavoviky A0omn 1 omoio TeAKA Kepdilet Hid Kot LEYOUADVEL TOAD Ypryopa. v Tpdén avtd onuaivet 6t
N apBunTikn pog Adomn tedkd Oa omokAivel. To pévo mov UmopovLe va KAvovLe givat va kaBuotepnoovpue
mv amokion ovt petafdAiiovtag v T tov A.  Etot Aowmdv, @Tidyvoviog éva mPpOypapLUo Tov
oloxkANpdveL TV dapopikn &icmon Yid ddpopes TYEG Tov A Kot oyedidfovtag Tig AVGELS, HTopodLLE Va.
Bpovue TPOcEYYIOTIKG CMOOTEG TYEG Y10 TIG EVEPYELOKES IOLOTIUES.

Yyéowo Mpoypapparog:
1.The Harmonic Oscillator ]
1a. Even eigenfunctions ]
hei[m ] := )

HDSolve[{u''[x] - x*2u[x] == -mu[x], u[0] == 1,
u'[0] == 0}, u, {x, 0, 5}]1[[1, 1, 2]]

hell[m ] := With[{y = hel[m]},
Plot[¥[x], {x, 0, 5}, PlotRange — {-2, 2}]]

hel2[m ] := With[{y = hel[m]}, ¥[5]]
hel3[m ] := Floor[Round[hel2[m]]]
held[m ] :=If[hel3[m]==0, m, ]

1b.0dd eigenfunctions 1]

hol[m ] :=
HDSolve[{u''[x] - x*2u[x] == -mu[x], u[0] ==0,
u'[“] == 1}t u, {x: 0, 6}][[1: 1: 2]]

holl[m ] := With[{y = hol[m]},
Plot[¥[x], {x, 0, 5}, PlotRange - {-1, 1}]]

hol2[m ] := With[{y = hol[m]}, ¥[6]1]
hol3[m ] := Floor[Round[ho12[m]]]
hol4[m ] :=If[hol3[m] ==0, m, ]

lNo 6cec eviolés oto moapamdve mpdypoupoa dev kataAiaPaivere, pmopeite va Ppeite mepiodTEPES
mAnpogopiéc oto Help Tov Mathematica.

2. O Avappovikog raAavrwrnig

Yy nepintoon avti 1 e&icmon tov Schroedinger gival
2 72
1 1
_h drulz) + = kz*u(z) + = patu(z) = Bu(z) -
2m  dax? 2 4
Edd dwkpivovpe 1ig mepmtdoelg £ > 0 n kaw £ < 0. Xpnoyomolovpe 6mwog Kot mpiv Tig adldoTates
petafAnTég



kot M eElomon yiveton

2
du_ (£62 + p&' Ju = —du
dg¢?
H mponyovpuevn avédivon woyvet kol £dd ywpig aAiayég ondte TopoAeineTol.
Xyéowo Mpoypapparoc:
2.The Unharmonic Oscillator (x>0) ]
2a Even eigenfunctions ]
uhpel[m ] := 3

HDSolve[{u''[x] -x*2u[x] -0.1x"4u[x] == -mu[x],
u[0]==1, u'[0] ==0}, u, {x, 0, 4}]1[[1, 1, 2]]

uhpell[m ] := With[{y = uhpel[m]},
Plot[y[x], {x, 0, 5}, PlotRange — {-2.5, 2.5}]]

uhpel2[m ] := With[{y = uhpel[m]}, y[4]]
uhpel3[m ] := Floor[Round[uhpel2[m]]]
uhpeld[m ] := If[uhpel3[m] ==0, m, ]

2b. Odd eigenfunctions 1]

uhpol[m ] :=
HDSolve[{u''[x] -x*2u[x] -0.1x"4u[x] == -mu[x],
uf0] == 0, u'[0] ==1}, u, {x, 0, 5}1[[1, 1, 2]]

uhpolli[m ] := With[{y = uhpol[m]},
Plot[y[x], {x, 0, 5}, PlotRange — {-2.5, 2.5}]]

uhpol2[m ] := With[{y = uhpol[m]}, ¥[5]]
uhpol3[m ] := Floor[Round[uhpol2[m]]]
uhpold[m ] :=If[uhpol3[m] ==0, m, ]




3.The Unharmonic Oscillator (x<0)

3a. Even eigenfunctions

uhmel[m ] :=
HDSolve[{u''[x] +x"*2u[x] -0.1x"4u[x] == -mu[x],
uf[0]-=1, u'[0] ==0}, u, {x, 0, 5}]1[[1, 1, 2]]

uhmelli[m ] := With[{y = uhmel[m]},
Plot[¥[x], {x, 0, 5}, PlotRange —» {-2.5, 2.5}]]
uhmel2[m ] := With[{y = uhmel[m]}, ¥[5]1]

uhme13[m ] := Floor[Round[uhmel12[m]]]
uhmeld4[m ] := If[uhmel3[m] == 0, m, _]

3b. Odd eigenfunctions

uhmolfm ] :=
HDSolve[{fu''[x] +x"*2u[x] -0.1x"4u[x] == -mu[x],
u[0] == 0, u'[0] ==1}, u, {x, 0, 5}1[[1, 1, 2]]

uhmolifm ] := With[{y = uvhmo1[m]},
Plot[¥[x], {x, 0, 5}, PlotRange — {-2.5, 2.5}]]
uhmol12[m ] := With[{y = vhmo1[m]}, ¥[5]]

uhmol13[m ] := Floor[Round[uhmo12[m]]]
uhmol4[m ] := If[uhmol3[m] ==0, m, ]




