
Introduction to Quantum Electrodynamics

Quantum Electrodynamics (QED) is the relativistic quantum field theory of electrodynamics. It describes how light and matter interact and is the first theory where full agreement between quantum mechanics and special relativity is achieved.

The QED Lagrangian is given by:

L = psi_bar (i*gamma^mu*D_mu - m) psi - (1/4) F_{mu nu} F^{mu nu}

where D_mu = partial_mu + i*e*A_mu is the gauge covariant derivative, F_{mu nu} = partial_mu A_nu - partial_nu A_mu is the electromagnetic field tensor, and psi is the Dirac spinor field for electrons.

Feynman diagrams provide a pictorial representation of the perturbative expansion. The basic vertex represents an electron emitting or absorbing a photon, with coupling constant alpha = e^2/(4*pi) = 1/137.

Renormalization is essential in QED to handle the divergences that appear in loop diagrams. The theorys predictions · such as the anomalous magnetic moment of the electron · have been verified to extraordinary precision, making QED the most accurate physical theory ever devised.

Further topics include vacuum polarization, the Lamb shift, and the Casimir effect, all of which are explained by QED.


