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The Electromagnetic Spectrum



Maxwell’s Equations
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Constitutive Relations
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For charge and current free medium, Ext ExtJ& 0 

Equations, (i), (ii), (iii)& (iv) can be modified as,
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Since, for most of the media,  
0  (Why is the effect of magnetic field negligible?)



Take           of equation (iiia):

Change the order of differentiation on the RHS:
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Wave Equation
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Similarly,
(Prove it!!)

The Solution: Plane Waves
For free space, v=c



Why (kxt)?

Answer: to describe wave traveling in the positive x direction?

f (x  a) f (x)

x

f (x  a)

a a

Upon shifting x by a the function origin moves to x-a !

Take a=vt and get the wave propagation in the positive x direction !

In our case: f (x)  exp(ik (x  ct) )  exp(i(kxt))



The electric and magnetic fields are in phase.





Why is the effect of magnetic field negligible?

The force on a charge, q, is:

Taking the ratio of the magnitudes
of the two forces:

Since B = E/c:

  F  qE  qv  B
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So, as long as a charge’s velocity is much less than the speed of light, we can 
neglect the light’s magnetic force compared to its electric force.

where     is the 
charge velocity
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Energy Flow: Poynting Vector
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Summary

1. Starting from the Maxwell’s Equations we deduced the wave equation and 
showed that it is transverse in nature.
2. The Energy of the wave flows in the direction of the Poynting Vector.

Thank You


