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The meaning of the wave function
Part lll: Operators
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A reminder on how the Schrodinger equation was “derived”

Experimental fact: quantum electrons Assume that they may be described We have to reconcile it with
may exhibit wave-like properties —>by a plane-wave function: s i P72
W (7, 1) oc cFFT—2) D=
v
Generalizeitto 1hoy W = Hw We can write it as ihdy W = HW Hence the free Schrodinger equation
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with H — K 4+ V(7) if we identify, /1 = % & p=—ihV [’lﬁdt + o 1 v =0

e Classical properties (energy, momentum, coordinate, etc), become
operators acting on the wave-function

momentum — = —ikV

coordinate — r = ¥ (multiplication operator)
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Kinetic energy — K = —FQ—V
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Expectation values

The Born rule tells us that |W(7)|? is the probability distribution function
of different positions of our quantum particle.

Hence, the mean value of the position is
(1) = [ v (@)

Educated guess: assume that for a generic QM observable, X (with the
corresponding operator, X), the expectation value of X is

(X) = / AV W* (7) X W (F)
T his conjecture indeed works 6ut and becomes a basic principle of QM:

physical observables are associated with (self-adjoint) operators acting
on the wave-function with the expectation values as defined above.




