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Exercise 8

(factors of c corrected)

Use the Euler-Lagrange equation on the Lagrangian density of the real Klein-Gordon field

L =
1
2
h̄2(∂µφ)(∂µφ)− 1

2
c2m2φ2 (1)

to derive the real Klein-Gordon equation(
∂µ∂

µ +
m2c2

h̄2

)
φ = 0. (2)

Then do the same for the Lagrangian density of the complex Klein-Gordon field

L = h̄2(∂µφ)(∂µφ∗)− c2m2φφ∗ (3)

to derive the Klein Gordon equation for φ as well as for φ∗.

Exercise 9

Show that the Lagrangian density

L = ψ̄(ich̄γµ∂µ −mc2)ψ (4)

leads to the Dirac equations for ψ and ψ̄ given by(
iγµ∂µ −

mc

h̄

)
ψ = 0, i∂νψ̄γ

ν +
mc

h̄
ψ̄ = 0. (5)

Exercise 10

Use the Dirac equations derived above to show

∂µj
µ = 0 (continuity equation) (6)

where j is defined by jµ = ψ̄γµψ.

– please turn over –



Exercise 11

(factors of c corrected)

Show that a solution of the Dirac Equation satisfies the Klein-Gordon equation for each of
its spinor components by verifying(

∂µ∂
µ +

m2

h̄2

)
= −

(
iγν∂ν +

mc

h̄

) (
iγµ∂µ −

mc

h̄

)
(7)


