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New formulas, important considerations, 
important formulas, important concepts

Memo

Mathematical tools to be exploited

Mathematics

Color legend

Very important for the discussion
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Plane Waves

Time domain (TD)

Spectral domains
Phasor Domain (PD)

Fourier Domain (FD)

Dispersive media: attenuation, distortion, phase velocity and group velocity

General expression of plane waves (PD)

Incidence 
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Plane Waves

Time domain
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Plane Waves (TD)
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In all these 4 cases the electric and magnetic fields are related each other through the
following relation:

 ,x ye h   ,x ye h   ,y xe h   ,y xe h 

where points to the propagation direction
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 

p̂i

Source-free

 ,x ye h  ,y xe h
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 ,x ye h   ,y xe h 

 ,y xe h 

  2 ˆ
y zh z ct i    s

   2 ˆ
x zh z ct i    s

  2 ˆ
y zh z ct i     s

   2 ˆ
x zh z ct i     s



  2

ˆx

z

e z ct
i






   s
   2

ˆy

z

e z ct
i






   s


In all these 4 cases the Poynting vector can be written as follows:

 ,x ye h   ,x ye h   ,y xe h   ,y xe h 

where points to the propagation direction

2
2ˆ ˆ

p pi i


 
e

s h
 

p̂i
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Plane Waves (TD)

and     are proportional through 

the e.m. field lies on the plane xy orthogonal to the propagation direction

p̂i  h e
 

h


e


 
 

,

,

y x

x y

e h

e h
Independent 
each other

Medium

- Time non-dispersive

- Linear

- Homogeneous (TI – SI)

- Isotropic

- Lossless

0
x y

 
 

 

   , , 0z ze z t h z t 

   , ,t z te r e
  

   , ,t z th r h
 

Source-free

- Space non-dispersive   
   
,

,

x x

y x

e z t e z ct

h z t e z ct

 

 

  


  

   
   
,

,

y y

x y

e z t e z ct

h z t e z ct

 

 

  


 

the e.m. field propagates along ˆ ˆ
p zi i 

 ,x ye h 

 ,y xe h 

the e.m. field propagates along

   
   
,

,

x x

y x

e z t e z ct

h z t e z ct

 

 

  


 

ˆ ˆ
p zi i

   
   
,

,

y y

x y

e z t e z ct

h z t e z ct

 

 

  


  

 ,x ye h 

 ,y xe h 


