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Pridjudaginn 20. mai 2014, 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: Tvividum misatta hreinténa sveifli er lyst med virkja Hamiltons
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bar sem w, # w;. I tvividu kerfi hefur hverfipunginn adeins einn patt, L, =
Tpy — Yps. Eru eigindstond H med dkvedinn fastan hverfipunga?

English: Two-dimensional anisotropic harmonic oscillator is described by the

Hamiltonian
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where w, # w,. In a two-dimensional system the the angular momentum only
has one component, L, = xp, — yp,. Do the eigenstates of H have a definite
angular momentum?



2. Islenska: I bk sinni finnur Griffiths bundna 4standid fyrir eind med massa m
i Dirac 0-brunninum V'(z) = —ad(x), fyrir « > 0. Bylgjufall og eiginorku
astandsins ma skrifa sem
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ef notud er nattirulega lengd d-brunnsins a = x~! = h?/(ma).

(a) Hvad er att vid med ad a sé nattiruleg lengd fyrir eind bundna i 6-brunninum?
(b) Hvada onnur astond gaetu komid hér vid sogu? Ekki parf ad finna pau, en
lysid peim.
(c) Finnid fyrsta stigs breytingu orku bundna &standsins ef kerfid er truflad
med virkjanum H'(z) = A\V'(z) = AEy|z|/a.
(d) Hvad parf ad gilda svo hagt sé ad lita 4 pessa truflun sem smda?
English: In his book Griffiths finds the bound state for a particle with mass m

in the Dirac §-well V(z) = —ad(z), for « > 0. The wavefunction and the
eigenenergy of the state can be written as
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if we use the natural length a = k' = h*/(ma) for the §-well.
(a) What is meant by the statement that @ is a natural length for the particle
bound to the §-well.

(b) What other states could be associated with the well? You do not have to
find them, but please describe them.

(c) Find the first order change in the energy of the bound state if the system is
perturbed by the operator H'(z) = A\V'(xz) = AEy|z|/a.

(d) How is it possible to regard this perturbation as small?



3. Islenska: I vetnisatémi eru 4stond rafeindar tiknud med |n, [, m), par sem n
er hofudskammtatalan, [ tengist heildarhverfipunganum og m z-hniti hans, ef
spunanum er sleppt. Rafeind er { dstandinu |1, 0,0) + |4, 2, 1) klukkan ¢ = 0.

(a) Hvada meligildi fast fyrir orkuna fyrir petta dstand?

(b) Hver eru likindi meligildanna fyrir orkuna?

(c) Hvert er ventigildi orkunnar?

(d) Breytist ventigildi orkunnar med tima?

(e) Hvert er vaentigildi virkjans L2?

(f) Er hverfipungi rafeindarinnar vardveittur { pessu astandi?

(g) Finnid 4stand rafeindarinnar vid seinni tima ¢.

(h) Er likindadreifing astandsins kdlusamhverf?
English: In a hydrogen atom the states of the electron are noted by |n, [, m),
where n is the principal quantum number, [ is related to the total angular mo-
mentum, and m to its z-component, if the spin is neglected. An electron is in the
state |1,0,0) + 44,2, 1) at time ¢ = 0.

(a) What values can be found by an energy measurement of this state?

(b) With what probability do the energy values occur?

(c) What is the expectation value for the energy?

(d) Does the expectation value for the energy change in time?

(e) What is the expectation value for the operator L??

(f) Is the angular momentum conserved for the electron in this state?

(g) Find the state of the electron for a later time ¢.

(h) Is the probability distribution for the state spherically symmetric?



4. Islenska: Einvidur hreinténa sveifill med massa m og horntidni w er { grunn-
dstandinu |0) klukkan ¢ = 0. Um hann gildir ad (z) = 0 fyrir ¢ < 0. Hann
verdur fyrir timahddri truflun V' (z,t) = AEy{|z|/a}O(t), par sem O(t) er Hea-
viside prepafallid sem er O fyrir 61l £ < 0 og 1 fyrir ¢ > 0. Nattirulega lengd
sveifilsins er tdknud med a. Metid likur pess ad sveifillinn finnist { dstandi |1)
klukkan ¢ > 0.

English: One-dimensional harmonic oscillator with mass m and angular fre-
quency w is in the groundstate |0) at time ¢ = 0. We know that (x) = 0 for ¢ < 0.
The oscillator is perturbed time-dependently by V(x,t) = AEy{|z|/a}O(t),
where ©(t) is the Heaviside function, that is O for all ¢ < 0 and 1 for ¢t > 0.
The natural length scale of the oscillator is noted by a. Estimate the probability
for the oscillator to be found in the state |1) for later time ¢ > 0.

5. Islenska: Premur 6vixlverkandi fermieindum er haldid { einvidu fleygboga inni-
lokunarmetti. Skrifid nidur bylgjufall grunndstands kerfisins.

English: Three noninteracting fermions are confined in a parabolic potential.
Write down the wavefunction of the groundstate of the system.



