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Classification of Materials

1. Homogenous or Inhomogenous
2. Isotropic or Anisotropic
3. Linear or non-Linear
4. Dispersive or non-dispersive



Electric Properties of Materials 
Frequency Behavior (Complex Permittivity)
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Frequency Behavior of Sea Water



Wave Equation
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Time Dependent Homogenous Wave Equation (E-Field)

Take the curl of both of Faraday’s Law



Wave Equation
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Time Dependent Homogenous Wave Equation (E-Field)

Take the curl of both of Faraday’s Law
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Wave Equation
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Wave Equation
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Time Dependent Homogenous Wave Equation (E-Field)
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Wave Equation
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Time Dependent Homogenous Wave Equation (E-Field)
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Wave Equation
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Wave Equation
Source-Free Time Dependent Homogenous Wave Equation (E-Field)
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Wave Equation
Source-Free Time Dependent Homogenous Wave Equation (H-Field)
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Wave Equation: Time Harmonic
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How do I convert these 
to their time harmonic 
forms?



Wave Equation: Time Harmonic
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General Solution Case: Time Harmonic
Rectangular Coordinates
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General Solution Case: Time Harmonic
Rectangular Coordinates

µεωβ =WaveNumber
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Separation of Variable Solutions
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Separation of Variable Solutions
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Separation of Variable Solutions
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Separation of Variable Solutions
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Question: How can a function of x + a function of y + a function of 
z + constant equal zero for every value of x, y and z?



Separation of Variable Solutions
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Answer: Each of the terms must also be equal to a constant!



Separation of Variable Solutions
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Separation of Variable Solutions
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At this point we do not know 
what the new constants βx, βy
and βz are



Separation of Variable Solutions
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Three ordinary differential 
equations instead of one partial 
differential equation!  You 
should know how to solve these!



Separation of Variable Solutions
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How do we solve this?



Separation of Variable Solutions
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Separation of Variable Solutions
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Separation of Variable Solutions
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Lets look at these solutions a bit more carefully.  What do 
they physically represent? 



Separation of Variable Solutions
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Lets look at these solutions a bit more carefully.  What do 
they physically represent? 

Answer:  It depends on these constants βx, βy and βz



Separation of Variable Solutions

xjxj xx eBeAxf ββ
11)( += −

Answer:  It depends on these constants βx, βy and βz

Case #1: βx is a real number 
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Separation of Variable Solutions

xjxj xx eBeAxf ββ
11)( += −

Answer:  It depends on these constants βx, βy and βz

Case #1: βx is a real number 

)cos()cos(),( 11 xtBxtAtxE xx βωβω ++−=

These solutions represent waves traveling in the x direction
called “traveling waves”



Separation of Variable Solutions

xjxj xx eBeAxf ββ
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Answer:  It depends on these constants βx, βy and βz

Case #1: βx is a real number 
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Separation of Variable Solutions

xjxj xx eBeAxf ββ
11)( += −

Answer:  It depends on these constants βx, βy and βz

Case #1: βx is a real number 

)cos(),( 1 xtBtxE xβω +=



Separation of Variable Solutions

xjxj xx eBeAxf ββ
11)( += −

Answer:  It depends on these constants βx, βy and βz

Case #1: βx is a real number 

)cos()cos(),( xtxttxE xx βωβω ++−=

?????



Separation of Variable Solutions

xjxj xx eBeAxf ββ
11)( += −

Answer:  It depends on these constants βx, βy and βz

Case #1: βx is a real number 

)cos()cos(),( xtxttxE xx βωβω ++−=



Separation of Variable Solutions

xjxj xx eBeAxf ββ
11)( += −

Answer:  It depends on these constants βx, βy and βz

Case #2: βx is a purely imaginary number 



Separation of Variable Solutions

xjxj xx eBeAxf ββ
11)( += −

Answer:  It depends on these constants βx, βy and βz

Case #2: βx is a purely imaginary number 

αβ jx =Let where α is purely real



Separation of Variable Solutions

xjxj xx eBeAxf ββ
11)( += −

Answer:  It depends on these constants βx, βy and βz

Case #2: βx is a purely imaginary number 

αβ jx =Let where α is purely real
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These solutions represent waves that do not travel but instead either 
grow or attenuate in space.  These solutions are called “evanescent 
waves”
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What do these solutions look like physically?
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These solutions represent waves that travel and either grow or 
attenuate as they travel.  
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