Lorentz Invariance of Maxwell’s Equations
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Special relativity postulates the Lorentz invariance of all the laws of physics. Maxwell’s equations are assumed to be Lorentz invariant in their standard form, which are
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In his 1905 paper On the Electrodynamics of Moving Bodies Einstein transformed the equations from one inertial frame to another. 



In a Vacuum

In Einstein’s notation where E = (X, Y, Z) Ampere’s law becomes, in electrostatic units
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The divergence equation for E in a vacuum is
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which gives
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Expand 


[image: image5.wmf]t

¶

¶

¶

¶

+

t

¶

¶

¶

¶

+

t

¶

¶

¶

¶

+

t

¶

¶

¶

¶

=

t

¶

¶

z

z

X

y

y

X

x

x

X

t

t

X

X

    

(4)


The Lorentz transformation from (t, x, y, z) to () is given by
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The inverse of this is 
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We can now obtain the following quantities 
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Substituting into the above gives
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Divide through by c to obtain
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Substituting the above quantities gives
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Changing y (  and z ( 
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This will be Faradays law in the new frame if
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