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𝑐 ൌ 2.998 ൈ 10଼ m/s ℎ ൌ 6.626 ൈ 10ିଷସ Js 
𝑘஻ ൌ 1.381 ൈ 10ିଶଷ J/K 𝑁஺ ൌ 6.022 ൈ 10ଶଷ  
𝑚௘௟௘௖ ൌ 9.109 ൈ 10ିଷଵ kg 𝑒 ൌ 1.602 ൈ 10ିଵଽ C 

𝜀଴ ൌ 8.854 ൈ 10ିଵଶ C2/Nm2 

𝜇଴ ൌ 4𝜋 ൈ 10ି଻ Tm/A   𝜎 ൌ 5.670 ൈ 10ି଼ W/m2K4 
General E&M 
∇ ⋅ 𝐄 ൌ 𝜌/𝜀଴    
∇ ൈ 𝐄 ൌ െ𝜕𝐁/𝜕𝑡    
∇ ⋅ 𝐁 ൌ 0  
∇ ൈ 𝐁 ൌ 𝜇଴𝐉 ൅ 𝜇଴𝜀଴𝜕𝐄/𝜕𝑡  
∇ ⋅ 𝐃 ൌ 𝜌௙௥௘௘  

∇ ൈ 𝐇 ൌ 𝐉௙௥௘௘ ൅
డ𝐃

డ௧
  

∇ ⋅ 𝐉 ൌ െ
డఘ

డ௧
  

𝐃 ൌ 𝜀଴𝐄 ൅ 𝐏,    ൌ 𝜀଴𝜀௥𝐄 for linear isotropic 

𝐇 ൌ
𝐁

ఓబ
െ 𝐌,    ൌ

𝐁

ఓబఓೝ
  for linear isotropic  

𝐏 ൌ 𝜀଴𝜒𝐄  for linear isotropic 
𝜀௥ ൌ 1 ൅ 𝜒  for linear isotropic 
𝜌 ൌ 𝜌௙௥௘௘ ൅ 𝜌௕௢௨௡ௗ      𝜌௕௢௨௡ௗ ൌ െ∇ ⋅ 𝐏 

𝐉 ൌ 𝐉௙௥௘௘ ൅ 𝐉௕௢௨௡ௗ ൅ 𝐉௣௢௟௔௥   

     𝐉௕௢௨௡ௗ ൌ ∇ ൈ𝐌     𝐉௣௢௟௔௥ ൌ 𝜕𝐏/𝑑𝑡 

∇ଶ𝐸 െ 𝜀଴𝜇଴
𝜕ଶ𝐄
𝜕𝑡ଶ

ൌ 𝜇଴
𝜕𝐉௙௥௘௘
𝜕𝑡

൅ 𝜇଴
𝜕ଶ𝐏
𝜕𝑡ଶ

െ
1
𝜀଴
∇ሺ∇ ⋅ 𝐏ሻ 

Plane wave: 𝐄෨ ൌ 𝐄෨଴𝑒௜ሺ𝐤⋅𝐫ିఠ௧ሻ 

𝜀௥̃ ൌ 𝑛෤ଶ    
ఠ

௞
ൌ

௖

௡
    𝑘෨ ൌ

ఠ

௖
𝑛෤    𝜆 ൌ

ଶగ

௞ೝ೐ೌ೗
    𝛿 ൌ

ଵ

௞೔೘ೌ೒
  

Lorentz Model 

𝜔௣ଶ ൌ
ே௤మ

௠ఢబ
  

𝜒 ൌ
ఠ೛
మ

ఠబ
మିఠమି௜ఠఊ

  (dielectrics) 

𝜒 ൌ
ఠ೛
మ

ିఠమି௜ఠఊ
  (metals) 

Poynting 

∇ ⋅ 𝐒 ൅
డ௨೑೔೐೗೏
డ௧

ൌ െ
డ௨೘೐೏೔ೠ೘

డ௧
  

𝐒 ൌ
ଵ

ఓబ
ሺ𝐄 ൈ 𝐁ሻ  

𝑢௙௜௘௟ௗ ൌ
ఌబ
ଶ
𝐸ଶ ൅

ଵ

ଶఓబ
𝐵ଶ  

డ௨೘೐೏೔ೠ೘

డ௧
ൌ 𝐄 ⋅ 𝐉  

𝐼ሺ𝑡ሻ ൌ 〈𝑆ሺ𝑡ሻ〉 ൌ
ଵ

ଶ
𝑛𝜀଴𝑐𝐸ሺ𝑡ሻଶ  

Fresnel Eqs 

𝛼 ൌ
ୡ୭ୱఏమ
ୡ୭ୱఏభ

,  𝛽 ൌ
௡మ
௡భ

  

𝑟 ൌ
ఈିఉ

ఈାఉ
, 𝑡 ൌ

ଶ

ఈାఉ
 (p-polar) 

𝑟 ൌ
ଵିఈఉ

ଵାఈఉ
, 𝑡 ൌ

ଶ

ଵାఈఉ
 (s-polar) 

𝑅 ൌ |𝑟|ଶ,   𝑇 ൌ 𝛼𝛽|𝑡|ଶ 
Two Interfaces 

𝑡௧௢௧ ൌ
௧బభ௧భమ

ୣ୶୮ሺି௜௞భௗ ୡ୭ୱఏభሻି௥భబ௥భమ ୣ୶୮ሺ௜௞భௗ ୡ୭ୱఏభሻ
  

𝑇௧௢௧ ൌ
௡మ
௡బ

ୡ୭ୱఏమ
ୡ୭ୱఏభ

 
|௧బభ|మ|௧భమ|మ

|ଵି௥భబ௥భమ ୣ୶୮ሺ௜ଶ௞భௗ ୡ୭ୱఏభሻ|మ
  

𝑇௧௢௧ ൌ 𝛼଴ଶ𝛽଴ଶ|𝑡଴ଶ|ଶ ൌ  ೘்ೌೣ 

ଵାி ୱ୧୬మ஍/ଶ
  

𝑇௠௔௫ ൌ  బ்భ భ்మ

ሺଵିඥோభబඥோభమሻమ
   

𝐹 ൌ
ସ|௥భబ||௥భమ|

ሺଵି|௥భబ||௥భమ|ሻమ
  

Φ ൌ 𝜙ଵ଴ ൅ 𝜙ଵଶ ൅ 2𝑘ଵ𝑑 cos 𝜃ଵ  

ΔΦ୊୛ୌ୑ ൌ 4/√𝐹   

Δ𝜆ிௐுெ ൌ
ఒమ

గ௡భௗ ୡ୭ୱఏభ√ி
  

Δ𝜆ிௌோ ൌ
ఒమ

ଶ௡భௗ ୡ୭ୱఏభ
  

𝑓 ൌ 2𝜋/ΔΦ୊୛ୌ୑ ൌ Δ𝜆ிௌோ/Δ𝜆ிௐுெ ൌ 𝜋√𝐹/2  
Multilayers 
𝑡௧௢௧ ൌ 1/𝑎ଵଵ  
𝑟௧௢௧ ൌ 𝑎ଶଵ/𝑎ଵଵ  
𝛽௝ ൌ 𝑘௝ℓ௝ cos𝜃௝  
p-polar:  

𝑀௝ ൌ ቌ
cos𝛽௝ െ

௜ ୱ୧୬ఉೕ ୡ୭ୱఏೕ
௡ೕ

െ
௜௡ೕ ୱ୧୬ఉೕ
ୡ୭ୱఏೕ

 cos𝛽௝
ቍ  

𝐴 ൌ
ଵ

ଶ௡బ ୡ୭ୱఏబ
൬
𝑛଴ cos𝜃଴
𝑛଴ െ cos𝜃଴

൰ ൈ  

 ൫∏ 𝑀௝
ே
௝ୀଵ ൯ ൬

cos𝜃ேାଵ 0
𝑛ேାଵ 0൰  

s-polar: 

𝑀௝ ൌ ൭
cos𝛽௝ െ

௜ ୱ୧୬ఉೕ
௡ೕ ୡ୭ୱఏೕ

 

െ𝑖𝑛௝ sin𝛽௝ cos𝜃௝  cos𝛽௝
൱  

𝐴 ൌ
ଵ

ଶ௡బ ୡ୭ୱఏబ
൬
𝑛଴ cos𝜃଴ 1
𝑛଴ cos𝜃଴ െ1൰ ൈ  

൫∏ 𝑀௝
ே
௝ୀଵ ൯ ൬

1 0
𝑛ேାଵ cos𝜃ேାଵ 0൰  


