CURIOSITY KILLED THE CA

Last week: First steps

1. From one time-dependent Schroedinger eq. to two
eqs.: stationary Schr. Eq. for ¢ (7), and one for f{(t)

Recovering the free particle, pla leon

Particle in a 1D, 2D, 3D box. :
Potential step/metal surfaces OM\
Quantum applets on osscar.org
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Metal Surfaces ()
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Metal Surfaces (Il)
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Scanning Tunnelling Microscopy

piezodrive (G. Binnig, H. Rohrer, Ch. Gerber, E. Weibel, Phys. Rev. Lett. 48, 57 {1982)).
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feedback current

4‘59 probe tip contour
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p=density of states
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Eigenvalue equation and expectations

Schrodmger equation: operator, eigenvalues
”' V20 (F) + V(R @CF) = € W(f)
[ ¥ 2. VCr_}]wer Eecrr)

n be obtalned as an “expectation valtﬂ'ewn <
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Dirac notation
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Dirac’s <bra | kets> (elements of vector zg_ace)
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Eigenvalue equation and expectations

Schroédinger equation: operator, eigenvalues
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E can be obtained as an ”expezctation value” .
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4 concepts

A
e Operators Ww~—> H
———— ———

e Eigenvalues A ~9 €
e Eigenfunctions v~ ¢ 2

o
e Expectation values =% CElH 1Y
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Operators: Linear, Hermitian
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NOT HINIAN  HEMMAN)
ExampIeS' (d/dx) and i(d/dx)
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Hermitian Operators

1. The eigenvalues of a Hermitian operator are real
A
AlfdzalF>

2. Two eigenfunctions corresponding to different eigenvalues
are orthogonal

AIE>=a 162 4y s chIRD
O k14> dy 18 sCRI€D=0

The set of eigenfunctions of a Hermitian operator is
complete /!
4 "F.‘ 2 ':q:. I“ef)

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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Product of operators, and
commutators

A€ -Re  A(&IO)
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Commuting Hermitian operators have a set of
common eigenfunctions
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First postulate: wavefunctions

All information of an ensemble of identical physical
systems is contained in the ket “P> (usually a
wavefunction LP(x,y,z,t), which is complex,

continuous, finite, and single-valued, square-
. . 2. .
integrable ( ie. i”‘P” dr is finite

_——

—

The k-e~tcar.1 also be a geometrlcal \{ector (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
—

For every physical observable there is a

corresponding Hermitian operator
e

(] iv) =)
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From classical mechanics to operators

—_

e classical momentum p N

—> gradient operator — th

e classical position p -
— multiplicative operator 7
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A A A
T+V < hlud=612D

The total energy of the system =

.,PID 5 e/

e Kinetic e/(ergy K[:.ﬁ a-.) (-a- 1'5 3‘) ﬁz 605’
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e Potential energy V

v(F)
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Third postulate: measurements

e [n any single measurement of a physical
quantity 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 15.2. The Probability Density
for Positions of a Particle in a One-
Dimensional Hard Box. 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 values
and probabilities

If a series of measurements is made of the
dynamical variable A on an ensemble
described bylW) expectation”)
value is

i.e. the probabifi ining an eigenvalue
an Is ) )

P(a,)=(p,) =[] )

) ——
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