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Plane Electromagnetic Waves

If there are no sources in the Maxwell equations we must solve
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Divergence equations imply 
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where n is the index of refraction
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where n is the index of refraction 



Energy and Energy Flux

Poynting vector for the solution is
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Energy Density 
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Note that the units are correct 



Stress Tensor for Plane Wave

Assume free-space conditions and align z-axis with k
r
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Does this answer make sense?

Radiation Pressure in free space (force directed in the z-direction!)
20 Eε r
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Polarization Variables

Formula 
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Allows for potential phase shift between transverse “vector” 
components of the wave. As there are two distinct directions 
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p
normal to      and two potential phases, a complete description of 
the radiation (including the overall wave phase) involves 4 
quantities the Stokes parameters They can be thought of as the

k
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quantities, the Stokes parameters.  They can be thought of as the 
amplitudes and phases in the two directions. They depend on the 
polarization basis chosen
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Linear Polarization Basis

No phase difference between two components 
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E-field direction of a snapshot is constant in space. Polarization 
di ti l idirection angle is 
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with respect to the coordinates specified by the basis vectors. 
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Circular Polarization Basis

Phase difference of ±π/2 = ±i between two components 
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but E-field direction of a snapshot rotates in space. Polarization is 
lli ti l d fi ld t t ith h d d d di h thelliptical and field rotates with a handedness depending on whether 
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with respect to the coordinates specified by the basis vectors. 
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General Wave Field
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The Stokes parameters are

2 2 2 2
0 1 2 1 2

2 2 2 2

s e E e E a a

E E

= ⋅ + ⋅ = +
r rr r

r rr r

( ) ( ) ( )

2 2
1 1 2 1 2

*

2 1 2 1 2 2 12 Re 2 cos

s e E e E a a

s e E e E a a δ δ

= ⋅ − ⋅ = −

⎡ ⎤= ⋅ ⋅ = −⎢ ⎥⎣ ⎦

r r

r rr r( ) ( ) ( )

( ) ( ) ( )

2 1 2 1 2 2 1

*

3 1 2 1 2 2 12 Im 2 sins e E e E a a δ δ

⎢ ⎥⎣ ⎦
⎡ ⎤= ⋅ ⋅ = −⎢ ⎥⎣ ⎦

r rr r

Physics 804 Electromagnetic Theory II

⎣ ⎦



In Circular Basis
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The Stokes parameters are
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