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Derivation of Fresnel Equations for s-polarization 
by Dr. Colton, Physics 471 (last updated: 29 Jan 2024) 

using the method of Griffiths, Introduction to Electrodynamics 
 
 
 
For s-polarization the electric field is perpendicular to the plane of 
incidence. This is out of the page for this image. 
 
The direction of the magnetic field is chosen the make 𝐄ሬ⃗ ൈ 𝐁 ሬሬሬ⃗  be in 
the direction of propagation.  

 
 
 

  
 
incident  𝐄෨୧ ൌ 𝐸෨଴௜𝑒௜

ሺ𝐤𝐢⋅𝐫ିఠ௧ሻሺെ𝐱ොሻ  

𝐁෩୧ ൌ
1
𝜈ଵ
𝐸෨଴௜𝑒௜

ሺ𝐤𝐢⋅𝐫ିఠ௧ሻ ሺെ cos𝜃ଵ 𝐲ො ൅ sin𝜃ଵ 𝐳ොሻ 

reflected 𝐄෨୰ ൌ 𝐸෨଴௥𝑒௜
ሺ𝐤𝐫⋅𝐫ିఠ௧ሻ ሺെ𝐱ොሻ 

𝐁෩୰ ൌ
1
𝜈ଵ
𝐸෨଴௥𝑒௜

ሺ𝐤𝐫⋅𝐫ିఠ௧ሻ ሺ൅ cos𝜃ଵ 𝐲ො ൅ sin𝜃ଵ 𝐳ොሻ 

transmitted 𝐄෨୲ ൌ 𝐸෨଴௧𝑒௜
ሺ𝐤𝐭⋅𝐫ିఠ௧ሻ ሺെ𝐱ොሻ 

𝐁෩୲ ൌ
1
𝜈ଶ
𝐸෨଴௧𝑒௜

ሺ𝐤𝐭⋅𝐫ିఠ௧ሻ ሺെ cos 𝜃ଶ 𝐲ො ൅ sin𝜃ଶ 𝐳ොሻ 

 
 
Boundary condition 1:  ሺ𝐸∥ሻଵ ൌ ሺ𝐸∥ሻଶ   this is the x-component 

 
𝐸෨଴௜𝑒௜

ሺ𝐤𝐢⋅𝐫ିఠ௧ሻ ൅ 𝐸෨଴௥𝑒௜
ሺ𝐤𝐫⋅𝐫ିఠ௧ሻ ൌ 𝐸෨଴௧𝑒௜

ሺ𝐤𝐭⋅𝐫ିఠ௧ሻ  
 

The exponentials must all be equal, so cancel them out. 
 

             𝐸෨଴௜ ൅ 𝐸෨଴௥ ൌ 𝐸෨଴௧             (1) 
 

Boundary condition 2:  
ଵ

ఓభ
ሺ𝐵∥ሻଵ ൌ

ଵ

ఓమ
ሺ𝐵∥ሻଶ  this is the y-component 

 
Nonmagnetic, so 𝜇ଵ ൌ 𝜇ଶ ൌ 𝜇଴. Cancel them out.  
Cancel exponentials again. 
 

     
ଵ

ఔభ
𝐸෨଴௜ሺെ cos𝜃ଵሻ ൅

ଵ

ఔభ
𝐸෨଴௥ሺ൅ cos 𝜃ଵሻ ൌ

ଵ

ఔమ
𝐸෨଴௧ሺെ cos 𝜃ଶሻ      (2) 

 
 
  

Figure 1. Incident, reflected, and 
transmitted plane wave fields at a 
material interface. 
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Let 𝛼 ൌ  
ୡ୭ୱఏమ
ୡ୭ୱఏభ

        𝛽 ൌ  
ఔభ
ఔమ

     ቀൌ
௡మ
௡భ
ቁ     

 

Multiply Eq (2) by 
ఔభ

ୡ୭ୱఏభ
 on both sides, remove the tildes for simplicity, 

                𝐸଴௜ ൅ 𝐸଴௥ ൌ 𝐸଴௧                 (3) 
 

െ𝐸଴௜ ൅ 𝐸଴௥ ൌ െ𝛼𝛽𝐸଴௧           (4) 
 

Use Eq (3) and Eq (4) and solve for the ratio 
ாబ೟
ாబ೔

, call it “t”, 

 
2𝐸଴௜ ൌ ሺ1 ൅ 𝛼𝛽ሻ𝐸଴௧ 

 

𝑡 ൌ  
ଶ

ଵାఈఉ
  “transmission coefficient” for s, P&W Eq.3.21 

 
Multiply Eq (3) by 𝛼𝛽 then add to Eq (4): 
 

               𝛼𝛽𝐸଴௜ ൅ 𝛼𝛽𝐸଴௥ ൌ     𝛼𝛽𝐸଴௧    
൅             െ 𝐸଴௜ ൅      𝐸଴௥ ൌ െ𝛼𝛽𝐸଴௧ 

 
                ሺ𝛼𝛽 െ 1ሻ𝐸଴௜ ൅ ሺ1 ൅ 𝛼𝛽ሻ𝐸଴௥ ൌ 0   
 

Solve for the ratio 
ா೚ೝ
ாబ೔

, call it “r”: 

 

𝑟 ൌ  
ଵିఈఉ

ଵାఈఉ
  “reflection coefficient” for s,  P&W Eq.3.21 

 
 
The two boxed equations for 𝑟 and 𝑡 are the “Fresnel equations” for s-polarized light (with 𝛼 and 𝛽 
defined above). 


