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EDL306G: Inngangur ad skammtafraedi

Fostudaginn 24. mai 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.

Vegi verkefnanna er jafnt. Skrifid skyrt og greinilega allar dtleidslur med hnit-
midudum stuttum skyringum par sem pad 4 vid. Oll verkefnin eru 16gd fyrir 4 islensku
og ensku.

1. Islenska: Priggja orkustiga kerfi er med orkur6fid Ey, Ey, 2Ey, par sem Ej er
einkennisorka kerfisins.

(a) Skrifid nidur fylki Hamiltonvirkjans i grunni eigindstanda virkjans.

(b) Nu kerfinu er breytt pannig ad vid Hamiltonvirkjann leggst nyr lidur. Visst
fylkjastak tvofoldu dstandanna og pessa nyja lidar hefur gildid ¢ £y. Skrifid
nidur fylki heildar Hamiltonvirkjans i upphaflega grunninum ef 61l 6nnur
fylkjastok pessa nyja lidar hverfa.

(c) Reiknid ndkvaemt orkurdf nyja heildar Hamiltonvirkjans.
(d) Hvernig tengjast astond nyja Hamiltonvirkjans gomlu 4stondunum?

English: System with three energy levels has the energy spectrum Ey, Ey, 2E,
where Ej is a characteristic energy of the system.

(a) Write down the matrix of the Hamilton operator in the basis of its eigen-
states.

(b) The system is changed such that a term is added to the original Hamilto-
nian. A certain matrix element of the new term and the doubly degenerate
eigenstates has the value ¢£,. Write down the matrix of the total Hamil-
tonian in the original basis if all other matrix elements of the new term do
vanish.

(c) Calculate the exact energy spectrum of the new total Hamiltonian.

(d) How are the eigenstates of the new Hamiltonian related to the old ones?



2. Islenska: Reiknid vixlin [p?, 2% fyrir skridpungavirkjann p og stadarvirkjann z.

Notid nidurstoduna til ad segja til um hvad gerist pegar vid orkurdéf hreintona
sveifils med H = p*/(2m) + mQ?z?/2 pegar vid hann er bett meettinu V' =
mw?z?/2.
English: Calculate the the commutation relation [p?, 2] for the momentum op-
erator p and the position operator x. Use the result to predict what happens to
the energy spectrum of a harmonic oscillator with H = p?/(2m) + mQ%z?/2
when the potential V' = mw?x? /2 is added to the oscillator.

3. Islenska: Vetnisatém er { astandi In,l,m) = —il4,1,0) + |2, 1, 1).

(a) Hvert er ventigildi orkunnar?

(b) Finnid ventigildi L>.

(c) Hvert er ventigildi L.?

(d) Thvada dstondum getur vetnisatémid verid eftir maelingu 4 orkunni og med
hvada likum?

English: Hydrogen atom is in the state |n,l,m) = —i[4,1,0) + 2,1, 1).

(a) What is the expectation value of the energy?
(b) Find the expectation value of L?.
(c) What is the expectation value of L,?

(d) In what states can the hydrogen atom be after an energy measurement and
with what probabilities?



4. Islenska: Eind { einni vidd med hledslu q er haldid med rafsvidi vid hatt maett-
isprep pannig ad hin sér mttid

| qEx efx >0
V(x)_{—koo efr <0’

par sem E er styrkur rafsvidsins og ¢ > 0. Notid hnikareikning til pess ad meta
orku grunndstands kerfisins. Hvernig veri mogulegt ad meta orku fyrsta 6rvada
astandsins.

English: Particle in one dimension with charge ¢ is held by an electric field close
to a high potential step such that it sees the potential

| qEx ifx>0
V(x)_{—l—oo ifz <0’

where F is the strength of the electric field and ¢ > 0. Use variational calculus to
estimate the energy of the ground state of the system. How would it be possible
to estimate the energy of the first excited state?

5. Islenska: Vetnisatém er i grunnastandinu |n, I, m) = |1,0,0). Gerum rad fyrir
ad klukkan ¢ = 0 sé kveikt 4 ytra timahadu rafsvidi pannig ad vid Hamiltonvirkja
kerfisins betist truflunarlidurinn

H' = —qFyz cos (wt),
par sem Ej, er styrkur rafsvidsins og w er tidni pess.

(a) Reiknid fylkjastakid (2,0,0|H’|1,0,0).

(b) Hvad segja nidurstddurnar ur a-1i0 um mogulegar tviskautstaerslur milli 1S
og 2S 4stands vetnisatoms?

English: Hydrogen atom is in its ground state |n,l,m) = |1,0,0). Assume
that at £ = 0 an external time-dependent electric field is turned on such that a
perturbation terms is added to the Hamiltonian

H' = —qFyz cos (wt),
where Ej is the strength of the electric field and w is its frequency.

(a) Calculate the matrix element (2,0, 0|H’|1,0,0).

(b) What conclusions can be drawn from the results above about possible elec-
tric dipole transitions between the 1S and the 2S state of a hydrogen atom.



