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Observable

An observable is a quantity like energy, position, momentum
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Observable

* Suppose we have a k-level system: [1)) € C*

« An observable A for this system is an operator: a kxk Hermitian matrix.
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Observable

« An observable A for a k-level system is an operator: a kxk Hermitian matrix.
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What’s special Hermitian matrices? Spectral theorem!

Ahas orthonormal eigenvectors ‘fb1>, ceey ’¢k> with real eigenvalues )\1, ceey AL
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Repeated eigenvalues?
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« What happens if we measure a quantum system with respect to the observable I?
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Observable

An observable A for a k-level system is an operator: a kxk Hermitian matrix.

A=At eg (1 141
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Measure in eigenbasis:
A has orthonormal eigenvectors |01), - - - , | k) with real eigenvalues A1, ..., A\
Aldi) = Nildi)
How general is this?
Suppose we wish to measure in an arbitrary basis |¢1), ..., |¢k)
and want arbitrary real outcomes )\1j ce )\k;

is there an observable A with corresponding eigenvectors and eigenvalues?
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In general: Given |¢;), \; corresponding observable is:
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Axiom of unitary evolution

« Unitary evolution axiom: a quantum system evolves by a unitary rotation of the
Hilbert space.

UUT=UW =1

« But... by which unitary rotation?

This is described by Schrodinger’s equation,
“the quantum equation of motion”



Schrodinger’s equation

« Energy observable H, called the Hamiltonian of the system.

— Its eigenvectors ‘Q’%)s are the states with definite energy.

— The eigenvalues \;’s are the energy of the corresponding state.
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Schrodinger’s equation

Schrodinger’s equation:

ihgg (1)) = HIp(1))
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Solving Schrodinger’s equation

ih: (1)) = Hly(t))

110(0)) = |¢;) where |¢;) is some eigenvector of H with a corresponding eigenvalue |A;)
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Solving Schrodinger’s equation

ihgrlw(t)) = HIu(t))

11)(0)) = |¢;) where |¢;) is some eigenvector of H with a corresponding eigenvalue |A;)
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Solving Schrodinger’s equation
ihZ [0 (t)) = H|y(t))

In general: [1/(0)) = Zaj’¢j>
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Schrodinger’s equation
ihZ [0 (t)) = H|y(t))

In general: [1/(0)) = Zaj|¢j>
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