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Namsbraut i edlisfraedi

EDL306G: Inngangur ad skammtafraedi

Sjukra- og endurtdkuprof fimmtudaginn 24. mai 2012 klukkan 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
ad hafa med sér staerofraedihandbok.

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 fslensku
og ensku.

1. Islenska: Hreint6na sveifill med grunntidni w er 1 dstandi sem lyst er sem sam-
antekt tveggja eigindstanda hans

[¥) = AL10) +i[2)} .

(a) Finnid (z) og (p).

(b) Reiknid stadalfravik x og p.

(c) Hver er merking stadalfraviks virkja?

(d) Hvert er veentigildi orkunnar, (Hamiltonvirkjans)?

(e) Hvad gerist vid orkumelingu 4 dstandinu |¢)) og med hvada likum?

English: A harmonic oscillator with fundamental frequency w is in a mixed state
of two of its eigenstates

V) = A{|0) +[2)} .
(a) Find (z) and (p).
(b) Calculate the standard deviations for x and p.
(c) What is the meaning of the standard deviation of an operator?
(d) What is the expectation value of the energy, (the Hamiltonian)?

(e) What happens when the energy of [¢)) is measured and with what proba-
bility?



. Islenska: Tver fermieindir eru { ytra einvidu fleygbogamatti.

(a) Skrifid nidur stadlada bylgjufall grunndstandsins ef per eru spunalausar.
(b) Skrifid nidur stadlada bylgjufall grunnastandsins ef per eru rafeindir med
halftoluspuna.
English: Two fermions are in a one-dimensional external parabolic potential.
(a) Write down the normalized wavefunction of the their groundstate if they
are spinless.
(b) Write down the normalized wavefunction of the their groundstate if they

are electrons with spin 1/2.

. Islenska: Pristiga kerfi er lyst med Hamiltonvirkjanum

1 00 0 ¢ 0
H=Hy+XH;,=r2 {10 1 O)J+A[—% 0 O
0 0 2 0 01

(a) Finnid eigindstond og orkurdf H,.
(b) Finnid ndkvemt orkuréf H.

(c) Notid fyrsta- og annarsstigs truflanafradi fyrir stok astond til pess ad finna
ndlgun fyrir eigingildi pess dstands sem 4 uppruna sinn { einfalda dstandi
Hy.

(d) Notid truflanafraedi fyrir margfold astond til pess ad finna fyrstastigs ndlgun
fyrir orku dstandanna sem eru upprunalega tvofold.

English: A three level system is described by the Hamiltonian

1 00 0 ¢ O
H=Hy+ ;=210 1 O +A|—% 0 O
0 0 2 0 01

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

(c) Use first- and second order nondegenerate perturbation theory to find the
approximate eigenvalue for the state that originates in the nondegenerate
eigenstate of H,.

(d) Use degenerate perturbation theory to find the first-order correction to the
two initially degenerate eigenvalues.



4. Islenska: Notid hnikareikning til pess ad finna ndlgun 4 orku grunndstands
einvida mattisins
V(z) = o|z|.

Hvad er hegt ad segja um sterd rétta gildisins midad vid nalgunargildid?

English: Use variational calculus to estimate the energy of the groundstate of
the potential
V(z) = alz|.

What can be said about the value of the true groundstate with respect to the
approximate one?

5. Islenska: Hugsum okkur einstta hreinténa sveifil { premur viddum Iyst med H.
Synid ad fyrir hann gildi [H, L] = 0, par sem L er hverfipungavirkinn. Hvada
afleidingar hefur petta fyrir eiginastond H? Eru likindadreifingar eigindstanda
H kudlusamhverfar? Hvers vegna, eda hvers vegna ekki?

English: Consider an isotropic three-dimensional harmonic oscillator described
by H. Show that [H, L] = 0, where L is the operator for the angular momen-
tum. What are the consequencies for the eigenstates of H? Are the probability
distributions for the eigenstates of H spherical symmetric? Why, or why not?



