
Kbantomhqanik  II, SEMFE

TrÐth Seir� Ask sewn

'Askhsh 1.

UpologÐste thn puknìthta pijanìthtac ston q¸ro twn orm¸n gia ènan talantwt  sthn pr¸th
diegermènh st�jmh.
Poi� eÐnai h pijanìthta na brejeÐ o talantwt c na èqei orm  sthn klasik� apagoreumènh perioq 
gia aut n thn enèrgeia?

'Askhsh 2.

Na upologÐsete thn anamenìmenh tim  tou telest  (xpx + pxx)2 wc proc thn kumatosun�rthsh
Ψn, n > 2, enìc armonikoÔ talantwt .

'Askhsh 3.

α† kai α eÐnai oi telestèc dhmiourgÐac kai katastrof c gia ènan monodi�stato armonikì ta-
lantwt . Qrhsimopoi¸ntac ton orismì twn α kai α†, kai tic idiìthtec α†Ψn =

√
n + 1Ψn+1,

αΨn =
√

nΨn−1 ìpou oi Ψn eÐnai idiosunart seic tou talantwt .

a) DeÐxte ìti

xΨn =

√
~

2mω

(√
nΨn−1 +

√
n + 1Ψn+1

)
dΨn

dx
=

√
mω

2~
(√

nΨn−1 −
√

n + 1Ψn+1

)

b) UpologÐste tic mèsec timèc 〈n|x2|n〉 kai 〈n|P 2|n〉 kaj¸c kai to ginìmeno abebaiìthtac
(∆x)(∆P ).

g) Gr�yte touc pÐnakec xnm, Pnm kai Nnm, ìpou N eÐnai o telest c arijmoÔ kb�ntwn
(arÐjmhshc).

'Askhsh 4.

a) K�je ginìmeno telest¸n α† kai α, me to Ðdio pl joc telest¸n dhmiourgÐac kai katas-
trof c, eÐnai mia sun�rthsh tou telest  arÐjmhshc N̂ , ìpou N̂ = α†α.

b) DeÐxte ìti an
(
α†

)n = (N̂ + 1)(N̂ + 2) · · · (N̂ + n)
kai

(
α†

)n
αn = N̂(N̂ − 1) · · · (N̂ − n + 1).

'Askhsh 5.

BreÐte tic idiotimèc kai tic idiosunart seic twn dèsmiwn katast�sewn gia èna apeirìbajo phg�di
dunamikoÔ me èna prìsjeto dèlta phg�di dunamikoÔ sto kèntro tou.
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'Askhsh 6.

Na upologistoÔn oi enèrgeic twn dèsmiwn katast�sewn gia thn monodi�stath dunamik  enèrgeia
V (x) = − g

x .
H dunamik  enèrgeia orÐzetai gia x > 0 me ton periorismì Ψ(0) = 0, g > 0.

'Askhsh 7.

H dunamik  enèrgeia enìc swmatidÐou m�zac m, se mÐa di�stash, dÐnetai apì thn sqèsh

V (x) =


+∞, x < 0 ∧ x > α
0, 0 ≤ x < β ∧ γ < x ≤ α
V0, β ≤ x ≤ γ

Jewr¸ntac to V0 san diataraq  na upologÐsete tic enèrgeiec Wn kai tic kumatosunart seic Φn

tou swmatidÐou se pr¸th t�xh thc jewrÐac diataraq¸n.

'Askhsh 8.

SwmatÐdio m�zac m, sthn mia di�stash, èqei dunamik  enèrgeia V (x) = V0e
λx2

me λ > 0.
UpologÐste proseggistik� thn jemeli¸dh kai thn pr¸th diegermènh st�jmh.

'Askhsh 9.

H Qamiltonian  enìc swmatidÐou m�zac m sto epÐpedo (x, y) dÐnetai apì thn sqèsh

Ĥ = − ~2

2m

(
∂2

∂x2
+

∂2

∂y2

)
+

1
2
mω2

(
x2 + y2

)
+ cxy

'Opou c eÐnai mia stajer�.

a) Na upologistoÔn oi enèrgeiec kai oi kumatosunart seic tou swmatidÐou gia c = 0.

b) E�n c 6= 0 kai c � mω2, na upologistoÔn se pr¸th t�xh thc jewrÐac twn diataraq¸n oi
enèrgeiec thc qamhlìterhc ekfulismènhc st�jmhc tou pr¸tou erwt matoc.

g) Na upologÐsete akrib¸c tic enèrgeiec kai tic kumatosunart seic tou sust matoc gia k�je
c ≤ mω2.

Upìdeixh, na orÐsete duo nèec metablhtèc, tic x = v + z kai y = v − z.

'Askhsh 10.

Thn qronik  stigm  t = 0, èna kbantomhqanikì sÔsthma eÐnai se mia kat�stash Ψ(0)
1 , h opoÐa

an kei se mia dipl� ekfulismènh st�jmh. Na oristeÐ h pijanìthta na brejeÐ to sÔsthma sthn

kat�stash Ψ(0)
2 me thn Ðdia adiat�raqth enèrgeia k�poia qronik  stigm  t 6= 0. H met�bash

ofeÐletai sthn dr�sh miac diataraq c V (x) qronik� stajer c.
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'Askhsh 11.

Fortismènoc armonikìc talantwt c sthn kat�stash Ψn allhlepidr� me èna perastikì omogenèc
hlektrikì pedÐo thc morf c

~E (t) = ~E0e
−λt2 , λ > 0, ~E0 = E0x̂

BreÐte to pl�toc met�bashc sthn kat�stash Ψm.

'Askhsh 12.

'Ena omalì hlektrikì pedÐo dr� xafnik� se ènan fortismèno armonikì talantwt  sthn jemeli¸dh
kat�stash. Na orÐsete thn pijanìthta met�bashc tou talantwt  stic diegermènec katast�seic.
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