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Reflection and Refraction at the boundary - between two transparent isotropic media 
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Plane wave is 

The direction cosines of the direction of 

propagation of the incident wave are … 
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Reflection and Refraction at the boundary - between two transparent isotropic media 
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The electric wave in the reflected and refracted 

1

1

1

2

2

2

2

2

2 sin cos
cos cos

2 sin cos
cos

2 sin cos
sin cos

2 sin cos
cos cos

2 sin cos
cos

sin

r p

r s

r P

p

s

P

x z
X R t

T V

x z
Y R t

T V

x z
Z R t

T V

x z
X D t

T V

x z
Y D t

T V

Z D

  


  

  


  


  



  
    

 

  
   

 

  
     

 

 
    

 

 
   

 

  
2

2 sin cos
cos

x z
t

T V

   
  

 

1

1

1

1

1

1

2 2

2

2 2

2

2 sin cos
cos cos

2 sin cos
cos

2 sin cos
sin cos

2 sin cos
cos cos

2 sin cos
cos

r s

r p

r s

s

p

x z
R t

T V

x z
R t

T V

x z
R t

T V

x z
D t

T V

x z
D t

T V

  
  

  
 

  
  

  
  

  
 

  
     

 

  
   

 

  
    

 

 
     

 

 
   

 

2 2

2

2 sin cos
sin coss

x z
D t

T V

  
  

 
    

 

The magnetic wave in the reflected and refracted 



Reflection and Refraction at the boundary - between two transparent isotropic media 
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Infinitely thin B.D condition – for z=0  
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At interface between two bulk phase 
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Elliptic polarization of the reflected light and the surface or transition layer 



Definition of the electric and magnetic current in the 

electromagnetic system 

In the electrostatic system the current density i 
de

i
dt



If the cross-section is unity, i is equal to the current density j. 

In the electromagnetic system the current i´ is defined by the fact that it 

requires 4i´=W units of work to carry unit magnetic pole once around the 

current. 
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The whole work W done in moving a magnet pole m=+1 

around the circuit from A through B, C, D, and back to A is 
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The current i´  this work is equal to 4i´= 4j´dxdy 

Definition of the electric and magnetic current in the 

electromagnetic system 
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electromagnetic current density j´ 

→ electrostatic current density j  
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Magnetic current density  
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Definition of the electric and magnetic current in the 

electromagnetic system 
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magnetic current density  
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electric current density  Electric or magnetic lines of force is numerically 

equal to the electric or magnetic force 
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Isotropic Dielectrics 
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Elliptic Polarization of the Reflected light and surface or Transition 

layer 
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Multiplied by an element dz 

of the thickness of the 

transition layer 
z 

ɛ 
Transition interface 

ɛ1 
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varies 

continuously 

from 1 to  2 
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α, β, and Z approximately constant within 

the transition layer 
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Elliptic Polarization of the Reflected light and surface or Transition 

layer 

Added to phase  
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Yr is the real part of the complex quantity 

Writing now 

Ri

s sR e  

So Real amplitude Es,  Ep, Rs, Rp, etc., will be replaced by complex amplitude Es, Ep, Rs, Rp, etc.   

X1=Xe+Xr, α1=αe+αr  for z=0  
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Elliptic Polarization of the Reflected light and surface or Transition 

layer 
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Snell’s law 
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Assumed by 45° pol. 
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Elliptic Polarization of the Reflected light and surface or Transition 

layer 
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At the near Brewster angle 
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η is an abbreviation  
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