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Problem 1 Klein-Gordon equation.

a) How can we write down the action and the Euler-Lagrange equations know-
ing a Lagrangian density of a real valued scalar field?

b) If we want to consider a complex valued scalar field, would we need to mod-
ify these equations? If so, how?

c¢) Find the Euler-Lagrange equation for the Lagrangian density for a massive
real scalar field

£(6) = 5(0,0)(@"0) — 56 m

The resulting equation here is called the Klein-Gordon equation.
d) Find the Hamiltonian density corresponding to (1).

e) What is the requirement for conservation of energy density for field theories?
What is the energy density and is it conserved here?

f) Find the Euler-Lagrange equation also for this similar Lagrangian density in
terms of a complex-valued scalar field

L(x, x*) = (8x)*(9"x) — m*x*x .

Let us now modify the Klein-Gordon equation by adding a source term J(x).
This becomes the inhomogeneous Klein-Gordon equation.

g) What is a Green’s function, and how can we use it to find a solution to the
inhomogeneous Klein-Gordon equation? Can we simplify this by doing a
Fourier transform?



