
Review :
-

ldharmouico.ci/lator-VCx)--1-zmwZx2

in natural units it -_ HE (5^2+0^7)
É= f- É with oscillator length b=fÉ
y = Ib

raising operator ^a+= ¥ / É - iÉ )ladder

operators { lowering operator d=¥(É+iÉ)
=/city

⇒ H^=h-w(ñ+a^ + E) and [I ,ñ+]=1

eigenstates of @
+ d) In> = n In>

have eigenvalues n=O , 1,2, . . .

⇒ equidistant spectrum It In> = E. In > with En=tw(n+E)

excited states In> can be created from ground state to> :

In> = :-p, (d)
"

to>

attn> = FF Inta> ⇒ <mloitln > = 8m
,n+ ,
¥

am <m① -

ci In> = F In -1> ⇒ a- 107--0
n=0



eigenfunctions in coordinate space

< yln> = llncy) = 1- Hnly) e-
5%

→ fly = ;-)Fi

with HpolyÉ Hnly) ( poly . of degnen)

Holy1=1

Hnlyl = 2g
Hz /g) = 4y2- z

☒ em

H
> b) = 8g' -12g

/
odd

:

Hm , ly1=2yHnly ) - 2h Hm, (g)

IVI E, -_¥h-w÷÷
:* ..

E
, --Zh-w

Ée : 6
.
Harmonisher Oscillator
• Unschiirfen ✓

• Oszillierendes Well enpaket
✓

• 3d Ho ✓

7. Spektrum selbstadjungivtr Operatoren , . . . .



6. HO continued
-

Unsdaifme É = T¥(ñ + It) D= FE ? Can - it)

(dim.

roll)

Erwwtungswet des Orfs im n-ten Zustand

→Fi

(
> (x>

n

= Cnt Éln> = FEW cnlcitotln> = 0
in

~ Intl>

⑥✗nT= LI> n - 4×212 = <i>n
<I>

n
= <nloi

' In> =I <nlloitatllatñt) In>
2mW

=± <niii-i-i.iii-i-aa-i-E.in>
2mW in

anti-11

=÷w <n / 284^+1 In> =¥w(2n+1)in

⇒ sxn =En =É[ ( n +E)%
w

b Osziléinge
Genauso :

Cp>n = cntpln> = 0

(Apn )
"
= Gp2>a = (n /Ñ1n> = MEI 12mi)

Dpn=¥tF+± ⇒ An Dpn = tlnttz )in

Grundzustand n=o → Ganpfht → Dxo Dpo =E 3¥ Heisenberg



Oszillrerendeswellenpaketbetrachteiiberlo.ge
ing von Ho Eigentnstinden

→ Wellenpout eines Teilchens in
.
Ho ⇐ Schwingg)

a

141+1 > = [ In><n1 = [ cult ) In>
D= 0 h=o

Cnlt)

Einstein in 141+1> in 5- Glg .

it 8-+141+17=17^141+1)

⇒ it ¥ cult = En cult kn

⇒ cult = e-
" ¥"

410)
ungy-ade.at

to

⇒ 141+1 > = [ go, e-
iln¥"

" """"

1h>

n=o
-

e- i(n+t7wt_im
⇒ 1411-+15017=-0141+1>

"
T = klassishe Schwingnys period

⇒ Wsdichte / <✗ 411-+2%-1>12--1 <✗ 141+1>12
↳ peiodisch in Zeit unit Peri.de T

→ Skipt 6×74-1 = 441+110^141+13
✗
A

=rÉRi§ e-
"t

)



= FEW I / Aéiwt + A*eiut)

<×> 1+1 = ✗ cos /wt - const.)=✗ { (eilwt
-4 - ilwt-0
+ e

✗

eiwtA* e-iwteix
/

→ harmouishe Schwingung wie in kl. Mechanic W

A

3dltarmoni.ch#illatorallg.VlF/--mz(wix2+wy2y2+wz-if
Speaialfall sphinid - sym . 3d Ho w×=Wy=Wz=w

⇒ II = + it
,
+ itz akg .

sphiinslsym.
alk 3 Ridhge gleich

Zustond
⇒ Welbnfht . fahtorisiert

✗
hang .az

(F) = 4%1×1 Ynylyl 4ft )
hz

T T T
Id Ho Eigenfhta

E =tw✗( nxt 's ) + twglnyttz ) + twzlntttz )
nxhyht

EN = -hw (nxtnytnz +%) sphiinichsym .

I
Beiipinl : sphii.ch sym. Eµ=tw(N+Z )

µ = 0, 1
,
2

,
3

,
. . -

Entarty yl i 3g ,
6

I



✓ \ \ nxnyht

(2/0,0)
h×=Uy=hz=0 ME 1

, ny=nt=O
0 2 0

my=L , h×=hz=0 0 0 2

nz=l,n×=ny= 0 1 1 0

0 ^^

no 1

N - te tustand ist ÉINH ) (Nlt) - fachentalet

h= 0, 1,2. .spiiki.N-ntk-prehiwpuhg.z.lt#9

Radialquantuitahl

-

tri
-

7.spekrun.se/bstadj.Opeatoren,DarsteHmgenund2eitliche---

Entwickhy-7.nspektrumselbstadj.opeatorenbis.hu
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