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Chapter 7 

𝐉
𝐏
   

𝐉𝐭𝐨𝐭 𝐉 𝐉 𝐉   

∇ 𝐇 𝐉𝐟
𝐃

  

𝐉 𝜎𝐄    

𝜎     

𝑀    

𝐿     

ℇ 𝐿     

𝑈 𝐸 𝐵 𝑑𝜏    

𝑢 𝐸 𝐵    

𝑢 𝐄 ⋅ 𝐃 𝐁 ⋅ 𝐇   

 
Chapter 8 
𝐒 𝐄 𝐁  

𝐒 𝐄 𝐇  

∇ ⋅ 𝐒 𝐄 ⋅ 𝐉   

∮𝐒 ⋅ 𝑑𝐚   

∇ ⋅ 𝐒  (if no 𝐉) 

𝐠 𝐒 𝜇 𝜖 𝐒 𝜖 𝐄 𝐁    

𝑇 𝜖 𝐸 𝐸 𝛿 𝐸

𝐵 𝐵 𝛿 𝐵   

𝐅 �⃗⃖� ⋅ 𝑑𝐚
⬚

𝜖 𝜇
𝜕
𝜕𝑡

𝐒 𝑑𝜏
⬚

 

𝐹
𝐹
𝐹

∮

𝑇 𝑇 𝑇
𝑇 𝑇 𝑇
𝑇 𝑇 𝑇

𝑛
𝑛
𝑛

𝑑𝑎
⬚

𝜖 𝜇
𝑆
𝑆
𝑆

 𝑑𝜏
⬚

  

𝐟 ∇ ⋅ �⃗⃖� 𝜇 𝜖
𝐒
   

𝐠
∇ ⋅ �⃗⃖�   (if no 𝐟) 

 
Chapter 9 

  

∇ 𝑓   

𝑐   

∇ 𝐄
𝐄

0  (free space)  

∇ 𝐁
𝐁

0  (free space) 

𝑣 𝜆𝑓  

𝜆   

𝑓    

𝜔 2𝜋𝑓 𝑘𝑣  

∇ 𝐄 𝜇𝜖
𝐄

𝜇𝜎
𝐄
  

∇ 𝐁 𝜇𝜖
𝐁

𝜇𝜎
𝐁

   
 

𝐄 𝐫, 𝑡 𝐄 𝑒 𝐤⋅𝐫   
𝐄 𝐫, 𝑡 E 𝑒 𝐤⋅𝐫 𝐧  

𝐁 𝐫, 𝑡  𝐤 𝐄 𝐫, 𝑡   

𝐁 𝐫, 𝑡 E 𝑒 𝐤⋅𝐫 𝐤 𝐧    

〈𝑆〉 𝑐𝜖 𝐸   (free space) 

〈𝑆〉 𝑛𝑐𝜖 𝐸   

𝑃 𝜖 𝐸   

𝑛 √𝜖 𝜇 √𝜖   
𝑣   

𝜃 𝜃   
𝑛 sin𝜃 𝑛 sin𝜃   

𝛼   

𝛽   

𝑟   

𝑡   

𝑅 𝑟   

𝑇 𝛼𝛽𝑡 1 𝑅  

𝑟   (normal incidence) 

𝑡   (normal) 

𝑅    (normal) 

𝑇    (normal) 

𝑟   (p-polar) 

𝑡    (p-polar) 

𝑅   (p-polar) 

𝑇    (p-polar) 

tan𝜃   

𝑟     (s-polar) 

𝑡     (s-polar) 

𝑅    (s-polar) 

𝑇    (s-polar) 

𝜖̃ 𝑛   

   

𝑘 𝜇𝜖𝜔 𝑖𝜇𝜎𝜔  

𝛿   

𝜖̃ 𝜖 , 𝑖    

𝜔   

𝜒    

𝜖̃ 1   

𝜖̃ 1   (conductor) 

𝑘  (rect) 

𝑘   (cylindrical) 

(𝑢  is Bessel function zero for TM, 
Bessel function derivative zero for TE) 

 
Chapter 10 

𝐄 ∇𝑉
𝐀
  

𝐁 ∇ 𝐀  
𝐀 𝐀 ∇𝜆  

𝑉 𝑉   

∇ ⋅ 𝐀 0  (Coulomb gauge) 
∇ 𝑉 𝜌/𝜖  (Coulomb) 

∇ 𝐀 𝜇 𝜖
𝐀

𝜇 𝐉

μ ϵ ∇𝑉   (Coulomb) 

∇ ⋅ 𝐀   (Lorentz gauge) 

∇ 𝑉 𝜇 𝜖   (Lorentz) 

∇ 𝐀 𝜇 𝜖
𝐀

𝜇 𝐉 (Loren.) 

𝑡 𝑡    

𝑉 𝐫, 𝑡
𝐫,

𝑑𝜏′  

𝐀 𝐫, 𝑡
𝐉 𝐫,

𝑑𝜏   

𝑉 𝐫, 𝑡
⋅𝐯

  (L-W) 

𝐀 𝐫, 𝑡
𝐯
𝑉 𝐫, 𝑡   (L-W) 

𝐮 𝑐 𝐯  

𝐄 𝐫, 𝑡
 

⋅𝐮
𝑐

𝑣 𝐮 𝐮 𝐚   

𝐁 𝐫, 𝑡  𝐄 𝐫, 𝑡    

𝐄
/

/
𝐑

   

(constant velocity; 𝐑 = from current 
location of charge to field point, 𝜃  
angle between 𝐯 and 𝐑) 

𝐁 𝐫, 𝑡  𝐯 𝐄   
 
Chapter 11 
𝑃 〈𝐒〉 ⋅ 𝑑𝐚     

〈𝐒〉~
 
; 𝑃  (electric 

dipole) 

〈𝐒〉~
 
; 𝑃   

(magnetic dipole) 

𝑃   (arb. localized source) 

〈𝐒〉~
 
;  𝑃  (Larmor) 

~ ; 𝑃

𝑎
𝐯 𝐚

 (Liénard) 

𝐅
𝒂
  (Abraham-Lorentz) 

 
Chapter 12 
𝛽 𝑣/𝑐  

𝛾      

𝛽    

𝑢
/

  

𝑢
/

  

𝑢
/

  

(prime frame is moving to the right)  

Δ𝑡 Δ𝑡   

Δ𝑥 𝛾Δ𝑥   
𝑐𝑡
𝑥

𝛾 𝛾𝛽
𝛾𝛽 𝛾

𝑐𝑡
𝑥

  

𝚲 Λ
𝛾 𝛾𝛽 0 0
𝛾𝛽 𝛾 0 0
0 0 1 0
0 0 0 1

   

𝑥 Λ 𝑥  (gen. vector transf.) 

𝑥

𝑐𝑡
𝑥
𝑦
𝑧

  

𝜂

𝛾 𝑐
𝛾 𝑢
𝛾 𝑢
𝛾 𝑢

   

𝐸 𝛾𝑚𝑐   
𝐩 𝛾𝑚𝐮  

𝑝

𝐸/𝑐
𝑝
𝑝
𝑝

    

𝑎

⎝

⎜
⎜
⎜
⎛

𝛾  
𝐮⋅𝐚

 

𝛾 𝑎

𝛾 𝑎

𝛾 𝑎 ⎠

⎟
⎟
⎟
⎞

   

𝐾 𝑚𝑎    

𝐴

𝑉/𝑐
𝐴
𝐴
𝐴

   

𝐉 𝜌𝐮  

𝐽

𝜌𝑐
𝐽
𝐽
𝐽

   

𝑎 𝑎 ,𝑎 ,𝑎 ,𝑎   (covar.) 
𝐸 𝑝𝑐 𝑚𝑐   
𝐸  𝐸   
𝐸 𝛾 𝐸 𝑣𝐵   
𝐸 𝛾 𝐸 𝑣𝐵   
𝐵  𝐵    

𝐵 𝛾 𝐵 𝐸    

𝐵 𝛾 𝐵 𝐸      
(prime frame is moving to the right) 

𝐹 Λ Λ 𝐹  (tensor transf.) 

𝐹

⎝

⎜
⎛

0 𝐸 /𝑐 𝐸 /𝑐 𝐸 /𝑐
𝐸 /𝑐 0 𝐵 𝐵
𝐸 /𝑐 𝐵 0 𝐵
𝐸 /𝑐 𝐵 𝐵 0 ⎠

⎟
⎞

    

𝐺

⎝

⎜
⎛

0 𝐵 𝐵 𝐵
𝐵 0 𝐸 /𝑐 𝐸 /𝑐
𝐵 𝐸 /𝑐 0 𝐸 /𝑐
𝐵 𝐸 𝐸 /𝑐 0 ⎠

⎟
⎞

    



𝑇

⎝

⎜
⎛

𝑢 𝑆 /𝑐 𝑆 /𝑐 𝑆 /𝑐
𝑆 /𝑐 𝑇 , 𝑇 , 𝑇 ,

𝑆 /𝑐 𝑇 , 𝑇 , 𝑇 ,

𝑆 /𝑐 𝑇 , 𝑇 , 𝑇 , ⎠

⎟
⎞

  

𝜇 𝐽   (two of Maxwell)  

0  (other two of Maxwell) 

𝐾 𝑞𝜂 𝐹   (Lorentz force) 

𝐹  (E,B from V,A) 

0  (Lorentz gauge) 

□ 𝐴 𝜇 𝐽  (V,A from 𝜌,J)   

0  (Eq of cont. for charge) 

0 (Eq. of cont. for E & p)  

 
 
 
 

 


