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Special theory of relativity 
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Transformation of electric force   
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Vector notation 
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  • Space-time (ct, x) 

• energy-momentum (E/c, p) 

• scalar potential-vector potential (φ, A) 

• 4-dim space-time operator (below) 

• charge density-charge current (below) 

• … 

but not the usual velocity, acceleration, force… 
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4-vector notations 



Covariant 4-vector and contravariant 4-vector 

Vectors that transform like x are called contravariant vectors; Vectors that 

transform like              are called covariant vectors.    Their notations are 

distinguished by the position of the index. 
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Raising and lowering of the index 
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g (called a metric tensor) converts a contravariant vector to a 

covariant vector, and vice versa 

inverse 



Inner product between two 4-vectors 
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The inner product is invariant under Lorentz transformation because       and        

transform oppositely. 
A

B

Relativistic invariants 
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Conversely, any linear transformation that leaves x2 (or other inner product) 

invariant must be a Lorentz transformation (including spatial rotation). 

Analogy: any linear transformation that leaves |x|2 (or other inner product) 
invariant must be a rotation. 
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Covariant form of the electromagnetic field 
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Transformation of the field strength tensor 
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Covariant form of the Maxwell equations 
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The usual velocity v is not part of a 4-vector since t is not invariant under the Lorentz transformation 
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Covariant form of the Lorentz force equation 

4-velocity  
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 Bianchi identity



Relativistic electrodynamics 
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Exactly the same as Maxwell’s electrodynamics! 



Assignment 

1. Describe the transformation of force according to special theory of relativity. 

2. Express Maxwell’s equations in covariant form. 

3. Describe the meaning of 4-vector notation. 

4. Express Electromagnetic field in covariant form. 
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Thank You 


