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Pridjudaginn 17. desember 2013, kl. 09:00-12:00. Kennari: Vidar Gudmundsson.

Hjalpargogn: Kennslubdkin ,,Introduction to Quantum Mechanics* eftir David
J. Griffiths, handskrifadar nétur nemenda og kennara, reiknivélar. Leyfilegt er
a0 hafa med sér sterofraedihandbok og onnur handskrifud eda prentud
hjalpargogn.

Vegi verkefnanna er jafnt. Skrifid skyrt og greinilega allar utleidslur med hnit-

midudum stuttum skyringum par sem pad 4 vid. Oll verkefnin eru 16gd fyrir 4 islensku
og ensku.

1. Islenska: Einvidum hreinténa sveifli med massa m og grunntidni w er lyst med

2
1
Hy = QPTn + imw%?.
Sveifillinn er trufladur med A\H' = Mw(z/a)?, par sem a = /h/(mw) er natt-

urulegur lengdarskali sveifilsins. Finnid grunndstandsorku truflada sveifilsins
fyrir A << 1 med leidréttingarlidum upp 1 \2.

English: One-dimensional harmonic oscillator with mass m and fundamental
frequency w is described by

2
1
Hy = QP—m + Emw%?.

The oscillator is perturbed by N\H' = AMw(z/a)?, where a = (/hi/(mw) is the
natural length scale of the harmonic oscillator. Find the ground state energy of
the perturbed oscillator for A << 1 with corrections up to \2.



2. Islenska: Eind 4n spuna er innilokud i 6endanlegum prividum kilulaga brunni.
St6dludu eigindstond hennar eru |n, [, m), par sem A%1(1 + 1) er eigingildi L? og
hm er eigingildi L. Orkur6f eindarinnar er

oo,

nl*

Eu=-—s
L 9ma?

Klukkan ¢ = 0 er eindin { dstandinu [¢/(0)) = A{]0,2,0) —i|1,2,1)}.

(a) Finnid stodlunarfastann A.

(b) Finnid |1 (1)).
(c) Finnid ventigildi orku eindarinnar klukkan ¢ = 0. Hvert er ventigildi
orkunnar fyrir ¢ # 0?

(d) Finnid ventigildi virkjanna L? og L. klukkan ¢t = 0.

(e) Er bylgjufall eindarinnar ¢(x, 0) kdlusamhverft?

(f) Er |¢(x, 0)]? kdlusamhverft?

(g) Hver er merking skammtatélunnar n? Hvernig er hiin 4 annan hétt en hof-

udskammtatala vetnisatoms, n?

English: Spinless particle is confined to an infinite spherical well. The normal-
ized eigenstates of the particle are |n, [, m), where h*I(I + 1) is an eigenvalue of
L?, and lim is an eigenvalue of L.. The energy spectrum of the particle is

o,

nl-

Enl =

2ma?
Att = 0 the particle is in the state [¢/(0)) = A{]0,2,0) —i|1,2,1)}.

(a) Find the normalization constant A.

(b) Find |4(t)).
(c) Find the expectation value for the energy of the particle at ¢ = 0. What is
it at time ¢ # 0?

(d) Find the expectation values for the operators L? and L. at t = 0.
(e) Is the wavefunction 1)(x, 0) spherically symmetric?
(f) Is |1(x,0)|? spherically symmetric?

(g) What meaning can be attached to the quantum number n? How is it differ-
ent from the principal quantum number of hydrogen, n?



3. Islenska: Eind 4n spuna 4 einvidum hring med geisla a er 1yst med

p2_L§_ h22

HO 6¢.

" 2m 2ma?  2ma?

(a) Finnid orkurdf og eigindstond H,.

(b) Lagstu leidréttingu 4 kerfinu vegna takmorkudu afstediskenningarinnar er
lyst med H, = —p*/(8m3c?). Notid fyrsta stigs truflanareikning til pess
ad reikna ahrif truflunarinnar 4 orkuréf Hy. Rokstydjid sérstaklega hvers
konar truflanareikningi er beitt. Hér er dstada til pess ad hugsa um hlutverk
L..

(c) Klyfur H margfold orkustig? Rokstydjid neikveatt eda jakvett svar vid
pessari spurningu.

English: Spinless particle confined to a one-dimensional ring of radius a is de-
scribed by
2 2 2
p L h 2
Hy=—=—"==-— a;.
"7 om T 2ma? 2ma? ?

(a) Find the energy spectrum and eigenstates of H,.

(b) The lowest order relativistic correction to this system is described by H/ =
—p*/(8m3c?). Use first order perturbation calculation to discover the ef-
fects of this perturbation on the energy spectrum of H,. Take special care
to justify the type of perturbation approach chosen. Here is a reason to
consider the role of L.

(c) Does H/ split degenerate energy levels? Justify negative or positive answer
to this question.

4. Islenska: Rafsegulpiils tviskautsgeislunar leidir til truflunar H' = —qEozf(t),
par sem f(t) lysir timaeiginleikum hans. Ef stakt vetnisatém i grunnéstandi
verdur fyrir pessari truflun, hvada ferslur eru moégulegar samkvaemt fyrsta stigs
truflanareikningi?

Ef kerfid verdur fyrir truflun annarrar tegundar en rafsegulgeislunar
H' = Vyexp (—5r) f(t),

hvada ferslur eru p4 mogulegar fyrir stakt vetnisatom { grunndstandi samkvaemt
fyrsta stigs truflanareikningi?

English: Dipole electromagnetic pulse leads to a perturbation H' = —qFEyz f(t),
where f(t) describes its time-dependence. If a single hydrogen atom is in its
ground state, what first order transitions can H’ promote?

If the system is subject to a non-electromagnetic pulse with

H' = Vyexp (—pr?) (1),
what transition are possible from the ground state of a single hydrogen atom
according to a first order perturbation description?
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5. Islenska: Fast ytra rafsvid lyst med H' = ¢FEyz hefur ekki dhrif 4 orkur6f
einvids hreintona sveifils samkvemt fyrsta stigs truflanareikningi. Hvernig get-
um vid séd ad rafsvidid breyti orkurdfinu dn pess ad beita truflanareikningi og
an pess ad reikna ndkvema orkur6fid?

English: Constant external electric field described by H' = gEyx does not in-
fluence the energy spectrum of a one-dimensional harmonic oscillator according
to first order perturbation theory. How can we see that the electric field has ef-
fects on the energy spectrum without resorting to perturbation calculations, and
without solving exactly for the energy spectrum?



