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Physical Observables from Wavefunctions

Eigenvalue equation:
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Expectation values for the operator (energy)
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Operators: Linear, Hermitian
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Product of operators, and
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Hermitian Operators (m?ﬁ

1. The eigenvalues of a Hermitian operator are real
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2. Two eigenfunctions corresponding to different eigenvalues
are orthogonal
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4. Commuting Hermitian operators have a set of common
eigenfunctions
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The set of eigenfunctions of a Hermitian
operator is complete
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The set of eigenfunctions of a Hermitian

operator IS Complete
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Commuting Hermitian operators have a set of
comeon eigenfunctions
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First postulate: wavefunctions

e Allinformation of an ensemble of identical physical
systems is contained in the ket “P> (usually a
wavefunction ‘P(x,y,z,t), which is complex,
continuous, finite, and single-valued, square-
integrable ( ie. | [ aF is ﬁnite)

e The ket can also be a geometrical vector (e.g. spin);
wavefunctions are objects that satisfy vector
algebra, and the space of wavefunctions is a
Hilbert space (instead of being 3-d, it’s infinite-d)
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Second postulate: operators

e For every physical observable there is a
corresponding Hermitian operator
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From classical mechanics to operators
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e classical momentum p
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The total energy of the system
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Third postulate: measurements

e [n any single measurement of a physical
uantity that corresponds to the operator
A, the only values that will be measured
are the eigenvalues of that operator.
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Position and probability
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Figure 15.3. The Prob2kility Density for Positions of a Particle in a One-Dimensional Hard
Box according to Classi®s| Mechanics. (a) The instantaneous probability. At a given time,

there is no uncertainty about th osmon of the particle. (b) The probability averaged over a long

0 1 1 1 1 1 1 L 1 1
0.0:5210.2 55040 0.6:0:8 #7110 time. The average probability de is uniform, with all parts of the box equally probable.
x/a
Figure 15.2. The Probabflity Density
for Positions of a Particle in a One-
Dimensional Hard Bdx. This diagram

shows the squares of the energy eigen-
functions (probability densities) for the
first four states of a particle in a one-
dimensional hard box.
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Fourth postulate: expectation vaIue;
and probabilities
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e See lecture video
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e See lecture video
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Deterministic vs. stochastic

e Classical, macroscopic objects: we have well-
defined values for all dynamical variables at every
instant (position, momentum, kinetic energy...)

e Quantum objects: we have well-defined
probabilities of measuring a certain value for a
dynamical variable, when a large number of
identical, independent, identically prepared
physical systems are subject to a measurement.

MSE 423 Fundamentals of Solid-state Materials - Nicola Marzari (EPFL, Fall 2024)

Quantum double-slit

Young's Double Slit Experiment

Coherent
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Propagation - Laser
Direction Light
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Interference Double Slits

—Constructive
Screen Interference

Intensity Distribution of Fringes

Figure 4
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Quantum double-slit

Screen
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