Quantum States of the Quantized Field

Amplitude and Phase

— Key characteristics of classical fields
— Need equivalents for quantum fields
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L Non-Hermitian!
Separate in amplitude & phase?

Consider operators
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— Analogous to classical phases
— Non-Hermitian, NOT observables

Quadrature operators?
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— Hermitian -> observables
— but ultimately too cumbersome

Let’s rewind and try again...
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Quadratures of the Classical Field — Take Two Quantum States of the Field in ModerQ
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— same info, easier to work with -
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Coherent States  (Quasi-classical states)

— Closest approximation to classical field
— See Cohen-Tannoudj, complement G,

Definition: [% ) is coherent (quasiclassical) iff
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equivalently

Definition: [% > is coherent (quasiclassical) iff
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Cohen-Tannoudji, Lecture Notes
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equivalently

Definition: a state |x is coherent iff
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Finally, one can show
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Photon statistics More about Coherent States

outcomes 1 PLOALIRTEA),
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Vacuum States?
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Glaubers formula (from BCH formula)
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Apply to Y_DLA"—' f-o<*0':] = X *x
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This gives us
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Discussion —

How to do this?

Coherent States from
Classical Dipole Radiation

Classical Dipole A[t) = d, coswt) @ t=0

Quantized Field F[2)= ) (G+a™)

Dipole-Field Interaction
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A =~ d—félg& -\, Cos(igt)

Homework Problem
: (voluntary)
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Coherent States from
Classical Dipole Radiation

Classical Dipole A[t) = d, coswt) @ t=0

Quantized Field F£/[2)= Z& (G+a™)

Dipole-Field Interaction
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Homework Problem
: (voluntary)
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Recall from Semi-Classical Laser Theory
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Squeezed States

Minimum uncertainty states w/asymmetry
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Phase Squeezing

Amplitude Squeezing
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Requires interaction with Nonlinear medium
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Odds and Ends — Thermal States
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Optical Frequencies, Room Temperature:
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Odds and Ends — Quantum-Classical
Correspondence

Define a Translation Operator
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We can work with
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Validates Semiclassical Optics
for strong Coherent Fields!



