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EDL306G: Inngangur a0 skammtafraeoi

Fostudaginn 7. desember 2012, 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 staerofraedihandbok.

Vagi 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 fslensku

og ensku.

1. Islenska: Kerfi er lyst med timadhadum virkja Hamiltons . Orkurdf hans og
astond eru F, og |n), n = 0,1,2,3,---. Klukkan t = 0 er kerfid { astandi

[¥(0)) = 2[0) — 1) +72).

(a) Finnid vaentigildi orkunnar klukkan ¢ = 0.

(b) Hvert yrdi stadalfravik siendurtekinna orkumalinga med sama upphafs-

astandid [¢(0)).
(c) Finnid astand kerfisins |¢)(¢)) klukkan ¢.

(d) Hvert er veentigildi orkunnar klukkan ¢? Hvers vegna?

English: A system is described by the time-independent Hamiltonian H. Its
energy spectrum and states are F,, and |n),n = 0,1,2,3,---. Attime ¢t = 0 the

system is in the state [¢(0)) = 2|0) —i|1) + i]2).

(a) Find the expectation value of the energy at t = 0.

(b) What would the standard deviation of the energy be for repeated measure-

ments of the energy of the same initial state |)(0)).
(c) Find the state of the system |¢(¢)) at time t.
(d) What is the expectation value of the energy at time ¢t? Why?



2. Islenska: Rafeind er haldid i tvividu fleygbogainnilokunarmatti V (z,y) =
mw?(x? + y?)/2. Kerfid er ekki { neinu ytra segulsvidi. Sé jafna Schrodingers
leyst { kartiskum hnitum fast orkur6fid £,,,,,, = hw(n,+1/2)+hw(n,+1/2) =
hw(ng +ny + 1) med n,,n, = 0,1,2,3,---. Orkurdfid breytist pegar leitad er
ad finbyggingu vegna dhrifa afstedikenningarinnar, vixlverkun spuna og braut-
arhreyfingar og hrifa Zeemans.

(a) Finnid legstu leidréttingu orkurdfsins vegna afstediskenningarinnar.

(b) Hvers vegna er hegt ad halda pvi fram ad vixlverkun spuna og brautar-
hreyfingar rafeindarinnar @tti ad hverfa hér?

(c) Verdur orkur6fid had spuna rafeindarinnar?

(d) Hver er orka og margfeldni grunndstandsins?
English: An electron is confined by a 2-dimensional parabolic potential V' (z, y)
= mw?(z? + y?)/2. The system is not in any external magnetic field. A so-
lution of the Schrodinger equation in cartesian coordinates gives the energy
spectrum E,, ,, = hw(n, + 1/2) + hw(n, + 1/2) = hw(n, + ny, + 1) with
Ng,n, = 0,1,2,3,---. The energy spectrum changes when a finestructure due
to a relativistic correction, the spin-orbit interaction, and the Zeeman effect is
sought.

(a) Find the lowest relativistic correction to the energy spectrum.

(b) Why might it be possible here to argue that the spin-orbit interaction should
vanish.

(c) Will the energy spectrum depend on the spin of the electron?

(d) What is the energy and the degeneracy of the ground state?



3. Islenska: Ef ljéseind hefdi endanlegan massa yrdi mettisorka rafeindar um
réteind stadsetta i midju kiluhnitakerfis

e? exp (—r/ro)

4dmeq r

V(r)=—

Y

par sem 7( er jakvaedur fasti hadur massa ljéseindarinnar. Gerum rad fyrir ad
massi ljoseindarinnar sé svo litill ad o > a, par sem a er geisli Bohrs. Not-
10 fyrsta stigs truflanareikning til pess ad meta ahrif lj6seindamassans 4 orku
grunndstands vetnisatémsins. Haekkar eda leekkar bindiorkan? Hvers vegna?

English: If a photon had a finite mass the potential energy of an electron close
to a proton at the center of a spherical coordinate system would be

2

Vi) = — e exp (—r/ro)

4dmeq r

Y

where 7 is a positive constant dependent on the mass of the photon. We assume
the photon mass is small enough that 9 > a, where a is the Bohr radius. Use a
first order perturbation method to estimate the influence of the photon mass on
the energy of the ground state of the hydrogen atom. Does the binding energy
increase or decrease? Why?

4. Islenska: Spunakerfi er yst med virkja Hamiltons H = Ey (02 + \o.).

(a) Finnid 4astond kerfisins og orkurdf pegar A = 0.
(b) Finnid ndkvemu astond kerfisins og orkurdf fyrir hvada gildi 4 A sem er.
(c) Getur A haft pverpatt? Rokstydjid svarid.

(d) Notid fyrsta stigs truflunarreikning til pess ad finna astond kerfisins og
orkurdf pegar litid er & A sem truflunarstika. Rokstydjid adferdafraedi ykk-
ar.

(e) Fyrir hvada gildi & A gildir truflunarlausnin? Hvers vegna?
English: A spin system is described by the Hamiltonian operator H = E (02 + \o,).

(a) Find the states of the system and the energy spectrum when A = 0.

(b) Find the exact states of the system and its energy spectrum for what ever
value of \.

(c) Can X\ be a complex number with a finite imaginary part?

(d) Use a first order perturbation method to find the states of the system and its
energy spectrum if we consider A to be a perturbation parameter. Justify
your method.

(e) For which values of A is the perturbation solution valid? Why?



5. Islenska: Vid mattisorku privids einsétta hreinténasveifils er batt stoduorkunni
hiwxyz. Bru ndkvaem astond sveifilsins eigindstond L?? (Hér nzgir ekki dgiskun,
rokstydjid vel nidurstdodu ykkar).

English: We add the term hwxyz to the potential energy of an isotropic three-
dimensional harmonic oscillator. Are the exact states of the oscillator eigenstates
of L?? (Here, a guess is not enough, please justify your answer carefully).



