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P& ticle moving on a ring:

E/‘qenva/ue problem of the angular momentum querator
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P hgs/cal meaning of the obtamed elgensolutions
/:! = Hamiltonan cperator, energy operator

L= Angular momentum gperator
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Quantum measurement : Parzicle on a ring as an example
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What do you need to know for the exam ?

o

The Fourier transform formulas (21)-(22) ,5 = [P I@p)1*dp

converling the wavelunction P(z) of our particle moving along a straight line <o

into the equivalent tum repr tation wavefunction ¢(p). ap = ’ /;l —p')’

Physical meaning of ¢(p): Quantity |$(p)|? is the probability density of momentum. = o

Calculation of the mean  and uncertainty (Ap) of the momentum, P = f P 19w dp
2

following completely analogous methods as we used before for calculations of  and (Az).
Mutual equivalence between the @-representation () and the p-representation ¢(p).2
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1. Describe, in your own words, what is Quantum Mechanics (QM),
what kind of objects does QM deal with ?

At which length scales does the quantum mechanical description become important, ?
Why is QM important for Chemistry and Engineering ?
How does QM differ from Classical Mechanics 7 (give at least 4 differences)

QC : Oiscipline of physics dealing with microwortd.

Object of microworld : elementary particles (electrons, photon. ), atoms, molecules

-6
Zenyth scale : < Lpum (10 m) example: nanostructure, molecules, atoms
7ime dependent Schrodinger eg.
atoms
Why important:  Understanding the property of matter { molecules Jrom
materials

@M gives foundation of electronic
Structure theory of atoms and molecules

Speé Cmepy

theory of r hanssms . rate

@M  enables to predice new phenomenia
D/fferznce: can not imagine bow does a Quantum particle look /rke.
wavefunction . operators
ancerrainty principle  (8X) (6p)2 %
Quantization (energy levels, angular momentum)
play dice (stochastic nature of @M, probabitity)

Wik
quantum entanglement

HAe =it
wave - particle dualivy



2. Consider a particle moving in 1D along x € (—o0, +00). The particle has no spin.
Describe, in your own words,
how do you perform the passage from Classical Mechanics into Quantum Mechanics.
Write down the corresponding procedure mathematically,
and build up in this manner the time dependent Schrédinger equation (TDSE).
Explain, in your own words, what is the TDSE good for.
Write down the corresponding time independent Schrodinger equation (TISE),
and explain what are the associated eigenvalues of H good for.
Explain how can solutions of the TISE be used to solve TDSE.
Linetic  porential

Classical mechanisms => Hamiltonian H = gn t Vix)

Passage to aM: p- p=-ahd Pypoo = -in2L2
X > x=x ;(‘lk(x): X
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one can‘t get a measurement outcome which is not one of the £,,s.
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3. Consider a particle of mass m moving on a circle (radius R). The particle has no spin.
Write down the corresponding Hamiltonian H and the angular momentum operator L.
Solve the eigenvalue problems of L and H (eigenvalues and unit normalized eigenfunctions),
and represent the obtained eigenvalue spectra graphically.

Write down the orthonormality relations for the eigenfunctions.
Write down the time dependent Schrodinger equation (TDSE) for our particle on the ring,
and explain how can the just constructed eigenfunctions be used
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4. Consider a particle moving along = € (—oo, +00), without spin.
Let the quantum state if this particle be described by wavefunction ¢ (z).
Explain what it means when we say that ¢(x) must be be square integrable.
Describe how do we normalize a given square integrable wavefunction ()
(which is given to you without normalization).
Suppose now that () is unit normalized. What is the meaning of |¢(z)|?* ?
How do we determine the probability of finding our particle between x = —7 and x = +3 7
Explain how do we get from (z) an information about the momentum probability density.
Write down the definitions of the mean momentum p and the standard deviation (Ap).
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How 1o get from @ix) an information about the momentum probability densicy 7
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