
Kbantomhqanik  II, SEMFE

Pr¸th Seir� Ask sewn

'Askhsh 1.

Jewr ste thn kumatosun�rthsh

Ψ(x) =





0 , x < 0
N sin(nπx

L ) , 0 < x < L
0 , x > L

a) UpologÐste thn stajer� kanonikopoÐhshc N .

b) UpologÐste thn kumatosun�rthsh ston q¸ro twn orm¸n.

g) UpologÐste thn puknìthta pijanìthtac ston q¸ro twn orm¸n.
Ti parathreÐte se sqèsh me thn klasik  kÐnhsh?

'Askhsh 2.

Jewr ste thn kumatosun�rthsh
Ψ(x) = Ne−

a
2
(x−x0)2+ip0

x
~

a) UpologÐste ta 〈x〉, 〈x2〉, 〈p〉, 〈p2〉.
b) UpologÐste ta (∆x)2, (∆p)2, (∆x) (∆p).

'Askhsh 3.

E�n h kumatosun�rthsh Ψ(x, 0) eÐnai mia Gkaousian  sun�rthsh kai parist�nei èna eleÔjero
swmatÐdio sthn mÐa di�stash me m�za m thn qronik b stigm  t = 0:
Ψ(x, 0) = Ne−λ x2

2

Na brejeÐ h Ψ(x, t).

'Askhsh 4.

E�n h dunamik  enèrgeia eÐnai migadik  sun�rthsh thc jèshc, V = V1 + iV2, tìte h pijanìthta
den diathreÐtai.
BreÐte thn exÐswsh pou isqÔei metaxÔ puknìthtac pijanìthtac kai reÔmatoc pijanìthtac.

'Askhsh 5.

Na apodeÐxete ìti oi lÔseic thc qronoanex�rththc exÐswshc tou Schrödinger , pou antistoiqoÔn
se diaforetikèc idiotimèc thc enèrgeiac En 6= Em, eÐnai orjog¸niec metaxÔ touc.
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'Askhsh 6.

E�n lx, ly, lz eÐnai oi treic sunist¸sec thc stroform c kai orÐsoume touc telestèc l+ = lx + ily,
l− = lx − ily
Na deÐxete ìti

a) [lz, l+] = ~l+, [lz, l−] = −~l−, [l+, l−] = 2~lz.

b) E�n isqÔei lzΨ = λΨ kai Φ = l+Ψ tìte lzΦ = (λ + ~)Φ.

'Askhsh 7.

a) DeÐxte ìti P =
(

im
~

)
[H, r].

b) H mèsh tim  thc orm c se mia diakrit  st�simh kat�stash eÐnai mhdèn.

'Askhsh 8.

E�n h sun�rthsh F eÐnai sun�rthsh tou x kai �llwn megej¸n A pou metatÐjentai me ton telest 
px, tìte isqÔei
[px, F ] = −i~∂F

∂x

'Askhsh 9.

E�n h sun�rthsh ζ(x) orÐzetai wc ex c

ζ(x) =
{

a , x > 0
−a , x < 0

Tìte dζ
dx = 2aδ(x).

'Askhsh 10.

E�n isqÔei [[A,B], A] = 0, tìte

a)
[
e−sA, B

]
= −s [A,B] e−sA

b) e−sABesA = −s [A, B] + B

'Askhsh 11.

Na orÐsete thn par�gwgo enìc telest  wc proc mia par�metro t.
Katìpin me b�sh ton orismì na deÐxete ìti

a) d(AB)
dt = dA

dt B + AdB
dt

b) dA−1

dt = −A−1 dA
dt A−1

'Askhsh 12.

Na gr�yete ston q¸ro twn orm¸n thn exÐswsh tou Schrödinger gia èna swmatÐdio me m�za m
kai dunamik  enèrgeia V (r).

2


