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Recap
● Relativistic four-force Kμ is defined as

where the relativistic force F is

● We can write the Lorentz force (force from
electromagnetic field) on covariant form as

where Fμν is the electromagnetic field strength. 
Kμ = eFμ νU ν (Fμ ν = ∂μ Aν−∂ν Aμ)

Kμ = dpμ

d τ
= γ(1c c⃗⋅F⃗ , F⃗)

F⃗ = d p⃗
dt
, p⃗= γm v⃗
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Today
● A covariant Lagrangian

― The Lagrangian in terms of Lorentz vectors only.
― Lagrange’s equation on covariant form.
― Example with free particle.
― Example with free particle.
― Example with free particle.
― Example with particle in e.m. field.
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Summary
● We can write a relativistic action as

which is a Lorentz (transformation) invariant
scalar using a Lorentz invariant Lagrangian L.

● Lagrange’s equations are then

where τ is the proper time and U is the four-
velocity.

S =∫
τ1

τ2

L(xμ( τ) ,Uμ( τ) , τ)d τ

d
d τ

∂L
∂Uμ−

∂ L
∂ xμ = 0


