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Wave function and Schrodinger equation

The wave function W(x,t) that describes the quantum
mechanics of a particle of mass m moving in a potential
V(x,t) satisfies the Schrodinger equation
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Operators

Every observable in quantum mechanics Is represented by a linear,
Hermitian operator.
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Linear operator




Hermitian operator

s

An operator 2, which corresponds to a physical
observable €2, is said to be Hermitian it
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Briefer notation

The integrals of pairs of functions:

(P, V) = /q)*(a:‘)\lf(x) do

For any complex constant a:
(a®, V) = a" (P, V)
(®,aV) = a(P, V)
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Hermitian operator

Hermitian: | (P, QW) = (QD, V)

Anti-Hermitian: ((I)? Q\I}) — —(Q(I), \If)




Properties of Hermitian operator

* The expectation value of a Hermitian operator is real.

* The eigenvalues of a Hermitian operator are real.

* The eigenfunctions can be organized to satisfy orthonormality.

 The eigenfunctions of Hermitian operator form a complete set
of basis functions. Any reasonable wave function can be
written as a superposition of eigenfunctions of that operator.




Real expectation value for Hermitian operator

The expectation value of €2 is defined as
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The complex conjugate
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Real expectation value for Hermitian operator

(Dg) = /(Q\P)*\Ifdx o
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The expectation value of a Hermitian operator Is real.




Properties of Hermitian operator

* The expectation value of a Hermitian operator is real.

* The eigenvalues of a Hermitian operator are real.




Real eigenvalues for Hermitian operator

Assume the operator () has an elgenvalue w associated
with a normalized eigenfunction ¥(x):

QU (z) = w¥(x)

The expectation value of 2 in the state of ¥(z):
Qg = (U,00) = (¥, 00) = w(l, ) = w

The eigenvalues of a Hermitian operator are real.




Properties of Hermitian operator
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Orthonormal eigenfunctions for Hermitian operator

Assume that the Hermitian operator () has a collection
of eigenfunctions and eigenvalues:

Wy (2) = with (o)
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Orthonormal eigenfunctions for Hermitian operator

(Winthy) = [ vi(@) vi(a) do = 3,

1 if 2=7,
0 if 1+# 7.

The Kronecker delta:  0;; = {




Orthonormal eigenfunctions for Hermitian operator

We evaluate (1, ij) in two
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Orthonormal eigenfunctions for Hermitian operator
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Orthonormal eigenfunctions for Hermitian operator

(wj o Wz’)(w@', wj) =0 = (?7/)@, ?,Dj) — 0

(i, 1) = / Vi(2) vy (2) dx = 6,

The eigenfunctions of a Hermitian operator
can be organized to satisfy orthonormality.




Orthonormal eigenfunctions for Hermitian operator

(s, 1) = / 01 (2) ¥y(z) dz = 5,

It Is possible to have degeneracies In the spectrum,
namely, different eigenfunctions with the same
eigenvalue. In that case one must show that It Is
possible to choose linear combinations of the
degenerate eigenfunctions that are mutually orthogonal.
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Properties of Hermitian operator

* The expectation value of a Hermitian operator is real.

* The eigenvalues of a Hermitian operator are real.

* The eigenfunctions can be organized to satisfy orthonormality.

* The eigenfunctions of Hermitian operator form a complete set
of basis functions. Any reasonable wave function can be
written as a superposition of eigenfunctions of that operator.




A complete set of basis functions for Hermitian operator

The eigenfunctions of Q form a complete set of basis
functions. Any reasonable W can be written as a
superposition of eigenfunctions of €2.
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A complete set of basis functions for Hermitian operator
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Hermitian operator
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