
2b) Examples

Let's try to find Lagrangians whose e.o.m. are the Klein-Gordon
and Dirac eq., respectively.

Free scalar field (complex)



Free fermions:



So far, only recovered known free-field equations! Now let us try
to construct interaction terms in the Lagrangian. 

These involve three or more field factors in one term.

An interaction theory of one real scalar and one Dirac fermion
could therefore have the following terms in the Lagrangian:



Rule of thumb for fundamental theories in 4 space-time dimen-
sions: Lagrangian should only contain terms whose coefficients
are dimensionless (        ), or have positive power of energy as
dimension (masses, A).

Equations of motion from (2.21):

These are coupled, nonlinear e.o.m.: no general exact solution
known => rely on perturbation theory!

Simple limiting cases: 

Still cannot be solved exactly! Have applications in the Higgs
sector of the Standard Model.


