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Optical Anisotropy: 
 

ED εε 0=  
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Also, suppose that: yx εε =   ε=n  

Notice that: 2
0nyx == εε   

  2
ez n=ε   thus a uniaxial crystal. 

 
Now, 0=⋅∇ D  
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But, as zyx εεε ≠≠ (Generally. When this is the case, a biaxial crystal),  

Then: 0≠⋅∇ E  
Thus wave equation changes. 
Hence, rederiving: 
 
 BE &−=×∇  
 
Taking curl: 
 
 BE &×−∇=×∇×∇   rµµµ 0=  
 
However:  EB εµε 0=×∇  

And, by identity: ( ) EEE 2∇−⋅∇∇=×∇×∇  
 
⇒  ( ) EEE &&εµε 0

2 =∇−⋅∇∇  
 
Now, consider a plane-wave solution: 
 
 ( ){ }trkiEE ω−⋅= exp~  
 
So, evaluating the components to put into wave equation: 
 
 EkE 22 −=∇   EE 2ω−=&&  EkiE ⋅=⋅∇  ( ) ( )EkkE ⋅−=⋅∇∇  
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Hence:  ( ) EEkEkk εµεω 0
22 =+⋅−  

Thus:  ( ) EEkkEk εµεω 0
22 −=⋅+−  

 
Now, look at the components: 
 
 ( ) xxxx EEkkEk εµεω 0

22 −=⋅+−  

 ( ) yyyy EEkkEk εµεω 0
22 −=⋅+−  

 ( ) zzzz EEkkEk εµεω 0
22 −=⋅+−  

 
 
Once through the algebra, get: 
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Assumed: 2

0nyx == εε  2
ez n=ε  

Which gives two different waves. 
 

Now:  
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The first solution yields: 
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       The “ordinary ray” 
 
The second solution gives: 
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