Quantum Electrodynamics — Intro to Field Theory

Classical Simple Harmonic Oscillator (SHO)
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Quantum Harmonic Oscillator

Formal Quantization Procedure:
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Lagrange formulation of 1D Scalar Field
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Lagrangian, equations of motion

Continuum limit ® Elastic rod
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Rewrite Normal Mode Decomposition
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Normal Mode Decomposition

Field in cavity: § E
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Solutions to wave eq.
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These standing waves are a set of Normal Modes

These modes are orthonormal and complete
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The rest now follows from the Lagrangian .. we get solutions
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... we get solutions
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This finally gives us

Formal Quantization Procedure:
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( normal modes = independent degs. of freedom )

Hamiltonian & Quantized fields

allows real or complex u(x)
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Formal Quantization Procedure:
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Quantum States:

Note: k+£&' ® operators commute

( normal modes = independent degs. of freedom )

Hamiltonian & Quantized fields

The quantum field is a collection of QSHO’s
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State space = tensor product of SHO spaces
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field 6&) and canonical momentum field ﬁ(x)
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SHO space
Fock
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SHO state
Fock 1y w =N, Yeln, > lvf>
State {*1’ "au”'}>' RCALURA &

OLQ. ’ é,: destroy/create excitations in mode k;

Vacuum

State IO> €— zero quanta in every mode

Favorite Question: What is a Phonon?
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