
Dynamics of Relativistic Point Particles – Formulas 

 

The equations of motion for a charged relativistic particle in external electromagnetic fields is 

given by 

𝑑(𝑚𝛾𝑣𝑖)

𝑑𝑡
= −𝑒𝜕𝑖𝜙0 − 𝑒𝜕𝑡𝐴𝑖 + (𝑣⃑ × (∇ × 𝐴))𝑖 

Given a potential four vector 𝐴 = (𝜙0, 𝐴), the electric field and magnetic field are given by 

𝐸⃑⃑ = −(∇𝜙0 + 𝜕𝑡𝐴)  𝐵⃑⃑ = ∇ × 𝐴 

The electromagnetic field tensor is defined as  

𝐹𝛼𝛽 = 𝜕𝛼𝐴𝛽 − 𝜕𝛽𝐴𝛼 

𝐹𝛼𝛽 =

(

 
 
0 −𝐸𝑥
𝐸𝑥 0

−𝐸𝑦 −𝐸𝑧
−𝐵𝑧 𝐵𝑦

𝐸𝑦 𝐵𝑧
𝐸𝑧 −𝐵𝑦

0 −𝐵𝑥
𝐵𝑥 0

)

 
 

 

The equations of motion for a charged relativistic particle in external EM fields can then be 

written as 

𝑑𝑝𝛼
𝑑𝜏

= 𝑒𝐹𝛼𝛽𝑢𝛽 , 𝑝𝛼 = 𝑚𝛾𝑣𝛼 , 𝜏 =
𝑡

𝛾
, 𝑢𝛽 = 𝛾𝑣𝛽  

 


