
  



 

 

 

  



 
 
 
 
  



Chapter 5, 6, 7, 8 useful relationships 
 

 
Separation of variables general solutions 
 
Cartesian:  ܸ(ݔ, ,ݕ (ݔ݇)ݏ݋ܿ as combinations of (ݖ + (ݔ݇)ℎݏ݋ܿ or (ݔ݇)݊݅ݏ +  (ݔ݇)ℎ݊݅ݏ
   or  ݁௞௫ + ݁ି௞௫ 
 
Spherical:  ܸ(ݎ, (ߠ = ∑ ௟ݎ௟ܣ) + (௟ିଵିݎ௟ܤ ௟ܲ(ܿ(ߠ) ݏ݋)ஶ

௟ୀ଴  
 
Cylindrical:  ܸ(ݎ, ߮) = (ݎ)݈݊ܣ + ܤ + ∑ ௡ݎ௡ܣ) + ௡ܥ)(௡ିݎ௡ܤ cos(݊߮) +  ((߮݊) ௡sinܦ

ஶ
௡ୀ଴  

 

Legendre polynomials: ଴ܲ(ݔ) = 1;  ଵܲ(ݔ) = (ݔ)ଶܲ  ;ݔ =
ଷ

ଶ
ଶݔ − 1;  ଷܲ(ݔ) =

ହ

ଶ
ଷݔ −

ଷ

ଶ
 ݔ

 

 Legendre orthogonality relationship:  ׬ ௡ܲ(ݔ) ௟ܲ(ݔ)ଵ
ିଵ ݔ݀ = ௡௟ߜ

ଶ

ଶ௡ାଵ
 

 
 
Polarization relationships 
 
Ԧ݌ = ሬԦ     ሬܲԦܧߙ = ߯௘ߝ଴ܧሬԦ    ߝ = ଴(1ߝ + ߯௘)    ߢ = 1 + ߯௘ =

ఌ

ఌబ
 

 

௕ߪ = ො݊ ⋅ ሬܲԦ ߩ௕ = −∇ሬሬԦ ∙ ሬܲԦ 
 
ሬܲԦ = ߙ Ԧ݌݊ =

ଷఌబ

௡

఑ିଵ

఑ାଶ
 

 
ሬሬԦܦ = ሬԦܧ଴ߝ + ሬܲԦ = ሬԦ  ∇ሬሬԦܧߝ ∙ ሬሬԦܦ =   ௙ߩ
 
 
 
Current and current densities 
 

ܫ =
ௗொ

ௗ௧
= ܫ݀ ݒ௅݊ݍ = Ԧܬ ∙ Ԧܬ  ሬሬሬሬሬԦܣ݀ = Ԧ ∇ሬሬԦݒ݊ݍ ∙ Ԧܬ = −

డఘ

డ௧
 

 

Ԧܬ = ܫ݀  ሬԦܧߪ = ሬሬԦܭ ∙ ݁ෞୄ݈݀  ܴܥ =
ఌ

ఙ
 

 
 

Magnetic vector potential  
 

ሬԦܤ = (Ԧݔ)Ԧܣ  Ԧܣ×∇ =
ఓబ

ସగ
׬

௃Ԧ(௫ᇱሬሬሬԦ)

|௫Ԧି௫ᇱሬሬሬԦ|
݀ଷݔ 

  



Chapter 9, 10, 11 useful relationships 
 
 
 
Magnetization relationships 
 

ሬሬԦܯ = ߯௠ܪሬሬԦ     ߤ = ଴(1ߤ + ߯௠)     
 
 

Ԧ௕ܬ = ሬሬԦ௕ܭ      ሬሬԦܯ×∇ = ×ሬሬԦܯ ො݊ 
 
 

ሬሬԦܪ = ஻ሬԦ

ఓబ
− ሬሬԦܯ = ஻

ఓ

ሬԦ
   

 
 
Forms of Faraday’s Law 
 

ܨܯܧ = −
ௗః

ௗ௧
ሬԦܧ×ߘ             = −

డ஻ሬԦ

డ௧
          ∮ ሬԦܧ ∙ ݈݀ሬሬሬԦ = −

ௗ

ௗ௧
׬ ሬԦܤ ∙       ሬሬሬሬሬԦܣ݀

 

ර ሬԦܧ ∙ ݈݀ሬሬሬԦ = − න
ܤ߲
ݐ߲

ሬሬሬሬሬԦ
∙  ሬሬሬሬሬԦܣ݀

 
 
Momentum & energy  
 

Ԧܵ = ாሬԦ×஻ሬԦ

ఓబ
௘௠ݑ     = ଵ

ଶ
ଶܧ଴ߝ + ଵ

ଶఓబ
  ଶܤ

ௗ௉ሬԦ

ௗ௏
= ଴ߝ଴ߤ Ԧܵ 

 
 
Boundary conditions in matter 
 
ଶ,௣௘௥௣ܦ − ଵ,௣௘௥௣ܦ = ଵ,௣௘௥௣ܤ  ௙ߪ =  ଶ,௣௘௥௣ܤ
 
ሬԦଵ,௣௔௥௔௟௟௘௟ܧ = ሬሬԦଶ,௣௔௥௔௟௟௘௟ܪ ሬԦଶ,௣௔௥௔௟௟௘௟ܧ − ሬሬԦଵ,௣௔௥௔௟௟௘௟ܪ = ×௙ሬሬሬሬԦܭ ො݊ 
 
 
Potentials & Gauges 
 

ሬԦܧ = −∇ܸ − డ஺Ԧ

డ௧
ሬԦܤ    = ∇  :Ԧ  Coulombܣ×∇ ∙ Ԧܣ = 0  

      

Transforms:   ܸ → ܸ −
డ௙

డ௧
Ԧܣ  → Ԧܣ + ∇݂  Lorentz: ∇ ∙ Ԧܣ = ଴ߤ଴ߝ−

డ௏

డ௧
 

  



 
Chapter 13, 14, 15 useful relationships 

 
 
 
Optics 
 

Brewster’s angle:  tan ஻ߠ =
௡మ

௡భ
       ܶ =

ூ೟ೝೌ೙ೞ

ூ೔೙೎೔೏೐೙೟
     ܴ =

ூೝ೐೑೗೐೎೟

ூ೔೙೎೔೏೐೙೟
 

 

Phase velocity   ݒ௣௛ =
ఠ

௞
 Group velocity   ݒ௚ =

ௗఠ

ௗ௞
  

 
 
 
Retarded potentials and radiation 
 

Lorentz gauge potentials:  −∇ଶܸ +
ଵ

௖మ

డమ௏

డ௧మ =
ఘ

ఌబ
           −∇ଶܣറ +

ଵ

௖మ

డమ஺റ

డ௧మ =         റܬ଴ߤ
 

Larmor formula:  ܲ =
ଵ

ସగఌబ

ଶ௤మ௔మ

ଷ௖య    Scattering cross-section:  ߪ =
௉ೌ ೡ೒

ௌ೔೙೎
 

 

Lienard-Wiechert:  ܸ(ݔറ, (ݐ =
௤

ସగఌబோ

ଵ

ଵି௡ො∙ఉሬሬറ
,റݔ)റܣ   (ݐ =

௤௩ሬറ

ସగఌబ௖మோ

ଵ

ଵି௡ො∙ఉሬሬറ
 

 
 
 
Handbook goodies  
 

sin ݔ = ݔ −
௫య

ଷ!
+

௫ఱ

ହ!
− ⋯  cos ݔ = 1 −

௫మ

ଶ!
+

௫ర

ସ!
− ⋯        ݁௫ = 1 + ݔ +

௫మ

ଶ!
+ ⋯ 

 
 

׬
ௗ௨

(௔ା௕௨మ)
య

మൗ
=

௨

௔√௔ା௕௨మ  
ௗ

ௗ௫
ቀ

ଵ

୲ୟ୬ ௫
ቁ =

ଵ

ୱ୧୬మ ௫
 

 


