
Please Do Course Evaluation



Class 43: Last class – Electromagnetic waves

Congratulation.
You have gone a 
long way!



Electromagnetic plane waves
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Intensity
Intensity I is defined as:
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From pointing vector:

From above picture:
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cylinder blue in theenergy   I
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Poynting vector
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At any point, knowing E and B, we can define 
Poynting vector S as:

Poynting vector gives the energy passes 
through a unit surface area 
perpendicular to the direction of wave 
propagation.  S is along the direction of 
wave propagation and has unit W/m2.

For plane wave:

                                       

 )E ( cor    )B1c(     S                           

 E
c
1or   Bc    EB  S     B  E 1    S

2
0

2

0

2

0

2

000













Momentum
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If all these photons are absorbed by the 
surface:
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If all these photons are reflected by the 
surface:



Radiation PressureIKAROS 
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Electromagnetic spectrum
IKAROS IKAROS 



Why aether?
Newton’s Law is “invariant” under Galilean transformation: 

Galilean transformation
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Classical wave equation is “invariant” under Galilean transformation: 

Galilean transformation
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Does not look like:

Classical solution:
The wave equation works only in the observing frame where the media is at rest.  For 
light, if the medium is aether, the wave equation will work only in the observing frame 
where aether is at rest.  The problem is: there is no aether!



Special Relativity

Newton’s Law is “invariant” under Lorentz transformation: 

Lorentz transformation
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Classical wave equation is “invariant” under Lorentz transformation: 

Lorentz transformation
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Does not look like:

Einstein’s solution (for waves traveling with speed of light only):
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But this is okay because Lorentz transformation will give back Galilean transformation 
when v is small.  In other words, Newton’s law of motion is still invariant under Lorentz 
transformation, but only for small v (true for most parts of our daily life). 


