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Maxwell’s Equations 
(Classical) 

Introducing: 
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Exploiting the antisymmetry of  F µν , we can derive the 
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Homogeneous

( )0 2B∇ =
 



( )1 0 3BE
c t
∂

∇× + =
∂



 

B A= ∇×
  

1 AE V
c t
∂

+ = −∇
∂





F A Aµν µ ν ν µ= ∂ − ∂

0
0

0
0

x y z

x z y

y z x

z y x

E E E
E B B

F
E B B
E B B

µν

− − − 
 − =

− 
 − 

( ),A V Aµ =




Review: 

Inhomogeneous: 

Homogeneous: 
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Nice? 

But actually there’s a Defect! 

Homogeneous: 

 and  is not uniquely determined!V A
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Can’t determine the vector 

Extra Constraint! 
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0        (Lorentz Condition)Aµ
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Still Not Determined! 

One constraint is not enough? Add another one! 
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Now we’re prepared to get to the wave function of 

 Free Photon! 
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Meaning the polarization three-vector  ε
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is a perpendicular to the direction of propagation. 

 free photon is transversely polorized.∴
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Thank you 
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