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Stueckelberg's Model of Pair Creation/Annihilation
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Classical Off-Shell Electrodynamics
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Off-Shell Electromagnetic Fields

Field equations 
in 3-vector form 

Field equations

Gauge symmetry

Action for Off-Shell quantum theory
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Connection With Maxwell Theory
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Classical Scattering Problem

Green’s function

Wave equation 2( ) ( )f f e j jα βγ µ βγ β γ γ β
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Low (positive) 
energy
approximation

Particle-antiparticle interaction

Modified 
Lorentz
force

Classical Coulomb Problem

Modified 
Coulomb
potential

Modified 
action
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Discrete Symmetries of pre-Maxwell Fields

Time inversionSpace inversion

Form invariances:
space and time
inversion
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Discrete Symmetries of Currents and Potentials

Time inversionSpace inversion

Field equations
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Spacetime Symmetries in Quantum Mechanics

Time inversionSpace inversion

Stueckelberg-Schrodinger equation
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Charge Symmetry in Quantum Mechanics

Complex conjugation

Charge 
conjugation
operation

Charge conjugation

Stueckelberg-Schrodinger equation
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Charge conjugation of Lorentz force

Charge conjugation
of field strengths

Charge conjugation
of gauge potentials 5 5 5
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Homogeneous equationsInhomogeneous equations

Charge conjugation
of field strengths

Charge Symmetry of Field Equations
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• Under space and time inversions, potentials and currents behave 
like the corresponding vector components.

• The quantum theory is manifestly form invariant under space and 
time inversion.

• Spacetime inversions do not affect the parameter    or the 
Lorentz-invariant “5-component” of currents and gauge fields.

• Charge conjugation in the quantum theory requires inversion of the 
parameter    and the corresponding field component    .

• The charge conjugation operation has the same affect in the 
quantum and classical theory.

• The antiparticle may be recognized as a particle with .  The 
reversal of quantum numbers is observed in the laboratory when 
the observer uses the laboratory clock the parameter which orders 
the events.  For antiparticles, this re-parameterization is equivalent 
to a reversal of    which performs the charge conjugation in this 
formalism.
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