
Wave equations



Intensity of Light
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•Poynting vector describes flows of E‐M power
•Power flow is directed along this vector

•Usually parallel to k
•Intensity is equal to the magnitude of the time averaged Poyning vector: I=<S>

example



Wave equations in a medium

The induced polarization in Maxwell’s Equations yields another term in 
the wave equation:

This is the Inhomogeneous Wave Equation.

The polarization is the driving term for a new solution to this equation.
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Homogeneous (Vacuum) Wave Equation
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Derive Snell’s Law by Translation Symmetry

kxRegion1 = kxRregion2
n1k0sinθ1 = n2k0sinθ2
n1sinθ1 = n2sinθ2

where    is the wavenumber in vacuum. Note that no surface is truly homogeneous, 
in the least at the atomic scale. Yet full translational symmetry is an excellent 
approximation whenever the region is homogeneous on the scale of the light 
wavelength.

Fermat’s principle.
Animation

http://en.wikipedia.org/wiki/File:Snells_law2.svg


Total Internal Reflectation

Animation:  The world as seen by a fish.

http://upload.wikimedia.org/wikipedia/en/9/92/Refraction_internal_reflection_diagram.PNG


Invisible Cloaks?

http://images.iop.org/objects/physicsweb/news/10/5/16/0605161.jpg


Negative Refraction Resources

• http://en.wikipedia.org/wiki/Negative_refraction

• http://en.wikipedia.org/wiki/Metamaterial

• “Reversing Light: Negative Refraction”, John Pendry and David 
Smith, Physics Today (Dec 2003).

• John Pendry’s presentation slides
– http://www.cleoconference.org/materials/07pendry.pdf

http://en.wikipedia.org/wiki/Negative_refraction
http://en.wikipedia.org/wiki/Metamaterial
http://www.cleoconference.org/materials/07pendry.pdf


Reflection and Transmission @ dielectric interface 



Beyond Snell’s Law: Polarization?



Reflection and Transmission (Fresnel’s equations)

Can be deduced from the application of boundary conditions of EM waves.



Reflection and Transmission of Energy @ dielectric interfaces



Energy Conservation



Reflectance and Transmittance @ dielectric interfaces



Normal Incidence



Thin Lens
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Simulation 
Thin Lens: link
Thin lens combination:
http://silver.neep.wisc.edu/~shock/tools/ray.html

http://upload.wikimedia.org/wikipedia/commons/e/ef/Lens1.svg


http://upload.wikimedia.org/wikipedia/en/6/6c/Lens2a.png
http://upload.wikimedia.org/wikipedia/commons/e/ef/Lens1.svg
http://upload.wikimedia.org/wikipedia/commons/8/82/Large_convex_lens.jpg
http://upload.wikimedia.org/wikipedia/commons/a/ab/Lens1b.svg
http://upload.wikimedia.org/wikipedia/commons/3/32/Concave_lens.jpg
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