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Pure X Mixed States

Introducing the density operator (von Neumann – 1927)

Quantum Optics – Density Operators



Quantum Optics – Density Operators

Now we can represent a statistical mixture of pure states!



Coherent States

P(a) : representation of the density operator: 
Glauber and Sudarshan

Quantum Optics – Density Operators
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Quantum Optics – Density Operators
2D Representations of the density operators provide a simple 

way to describe the state of the field as a function of dimension 2N, 
where N is the number of modes involved.

P representation is a good way to present “classical” states, 
like thermal light or coherent states – statistical mixtures

But it is singular for “non classical states” (e.g. Fock and 
squeezed states).

Husimi-Q is positive, limited, well defined. Looks like a 
probability distribution.

Washes away the quantum features – everything looks like a 
statistical mixture! 

We will see and old trick for an intermediate representation..



P- Glauber – Sudarshan (1962)

Wigner (1932)

Quasi-Probability Representations

Q – Husimi (1940)





































Evident quantum/ classical frontier

Squeezed states

States with W<0 
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Fock states

Wigner Representation










