
Relativistic QM - The Klein Gordon equation (1926) 
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Physical interpretation of Quantum Mechanics 
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Field theory of  
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Classical electrodynamics, motion of charge –e in EM potential 
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• Quantum mechanics : i i eAµ µ µ∂ → ∂ +

The Klein Gordon equation becomes: 
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Make a “perturbation” expansion of V in powers of  emα
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Simplest to solve for propagator in momentum space by taking Fourier transform 
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The Born series 

Since V(x) is small can solve this equation iteratively : 
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Feynman – Stuckelberg interpretation 
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QM : probability amplitude : 
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Theory confronts experiment - Cross sections and decay rates  

Scattering in Quantum Mechanics 

• Time evolution (possibly scattering) | ( ) | ( )in int S tψ ψ= +∞ > = = −∞ >

• Prepare state at  t = −∞ | ( ) |in t iψ = −∞ > = >

• Observe resulting system in state | ( ) |out t fψ = +∞ > = >



S matrix for Klein Gordon scattering 
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Fundamental experimental objects 

1 1 2( ... )na b b bΓ → Decay width = 1/lifetime 

1 2 1 2( ... )na a b b bσ → Cross section 

(Dimension 1/T=M) 

(Dimension L2=M-2) 
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Cross section = 
Transition rate x Number of final states 

Initial flux 



Fundamental experimental objects 

1 1 2( ... )na b b bΓ → Decay width = 1/lifetime 

1 2 1 2( ... )na a b b bσ → Cross section 

Momenta of final state forms phase space 

Cross section = 
Transition rate x Number of final states 

Initial flux 

For a single particle the number of final states in volume V with momenta  
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(Dimension 1/T=M) 

(Dimension L2=M-2) 
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